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Abstract
Acute pancreatitis (AP) is a common and potentially
lethal acute inflammatory process with a highly
variable clinical course. It is still unclear why some
patients progress to organ failure and others do not.
Ability to predict which patients will develop severe
disease is limited. Routine clinical and laboratory
data and multi-factorial clinical scores measured on
admission and during the first 48 h of hospitalization
are currently the standards of care used to estimate
the magnitude of the inflammatory response to
injury. Current literature highlights several common
environmental, metabolic and genetic factors that
increase the risk of AP development and subsequent
adverse sequelae. Several cytokines have been
found to play a critical role in the pathogenesis
of AP by driving the subsequent inflammatory
response, to include tumor necrosis factor-α (TNF-α),
Interleukin-1 (IL-1), IL-6 and monocyte chemotactic
protein-1 (MCP-1). Large, prospective studies are
still needed to address these questions by identifying
AP risk factors and serum biomarkers of severe
disease.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is a common and potentially lethal
acute inflammatory process with a highly variable clinical
course. It accounts for greater than 300 000 emergency
room visits annually in the US, which is steadily increasing,
with a mean length of hospital stay of 7 d[1].
Approximately 20% of affected individuals will
develop a severe clinical course in association with the
development of a systemic inflammatory response
syndrome (SIRS), multiple organ failure (MOF), and
on occasion death. Despite substantial animal model
research [2], it is still unclear as to why some patients
progress to organ failure and others do not, or at what
step in the inflammatory cascade will an intervention
have an impact upon disease progression. Predictive
disease severity scoring systems are widely used in clinical
practice; but in reality they reflect the inflammatory
response rather than the severity of the insult experienced
by the pancreatic parenchyma.
Several clinical and molecular pre-AP susceptibility and
severity factors have been identified which may modify
an individual’s predisposition to AP, and the associated
risk of severity. Obesity is one such important factor. An
elevated BMI (≥ 30 kg/m2) significantly increases the
extent of AP severity (OR, 2.6; 95% CI, 1.5-4.6) and is
implicated in both local and systemic complications[3]. The
severity risk increases at an OR of 1.2 per 5 units of BMI.
Severe AP is associated with android fat distribution,
increased waist-hip ratio (> 1.0) and appears to correlate
with an “overactive” immune response.
Alcohol consumption is another risk factor
associated with severe AP as it lowers the threshold
for intrapancreatic tr ypsin activation and shifts
pancreatic acinar cell death from apoptosis to necrosis
as demonstrated in alcohol-fed animals[4]. Our group
reaffirmed this finding in human subjects consuming two
or more alcoholic drinks per day[5]. Furthermore, active
tobacco smoking has been suggested as a susceptibility
www.wjgnet.com
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factor for AP (RR, 2.14; 95% CI, 1.48-3.09)[6].
In preliminary genetic susceptibility factor studies,
the presence of a single nucleotide polymorphism in
the gene of a potent chemokine, named monocyte
chemotactic protein-1 (MCP-1), at position -2518 A/G
predicted that the inflammatory response to AP would
be systemic and associated with death[7]. The G allele was
present in 86% of severe pancreatitis cases, 46% of mild
pancreatitis cases and 43% of controls. The presence of
the G allele increased the risk of developing severe AP
seven fold (OR, 7.7; 95% CI, 1.6-100).
Routine clinical and laboratory data and multifactorial clinical scores measured on admission and
during the first 48 h of hospitalization are currently the
standards of care used to estimate the magnitude of the
inflammatory response to injury, and to predict whether
or not intensive care support is needed to address
inflammation-associated complications. Admission
hematocrit, C-reactive protein (CRP) at 48 h, Ranson’s
criteria and the Acute Physiology and Chronic Health
Evaluation (APACHE-Ⅱ) scores are the most popular.
In addition, a variety of cytokines, chemokines, and
other markers of the inflammatory response have been
evaluated as predictors of severe AP, as well as markers
of development of specific organ-system failure.
Collectively, the literature highlights several common
environmental, metabolic and genetic factors that
are predisposing factors increasing the risk of AP
development and subsequent adverse sequelae. The
mechanisms by which such factors increase the risk of
severe disease, and whether or not they directly interact
with or potentiate one another remains speculative.
Knowledge of the inflammatory cascade is important in
recognizing when the peak response occurs for various
cytokines and inflammatory mediators.
Several repor ts have evaluated patients with
endoscopic retrograde cholangiopancreatography
(ERCP) induced pancreatitis, and studied post-ERCP
cytokine profiles. Cytokines play a critical role in
the pathogenesis of AP by driving the subsequent
inflammatory response. Patients with post-ERCP
AP have an amylase and lipase increase within the
first hour reaching a maximum value between 4 h
and 12 h following ERCP [8] . Interleukin-6 (IL-6)
increases to a maximal concentration at 24-48 h, and
the highest CRP concentrations are established 72 h
following an ERCP. In another study, in patients who
developed post-ERCP pancreatitis, the serum levels
of these cytokines including tumor necrosis factor-α
(TNF-α), IL-1, IL-6, IL-8, and IL-10 rose significantly
at 8 and 24 h but not at 1 h and 4 h when compared to
patients without pancreatitis[9]. These data suggest that
serum markers (amylase/lipase) are detected early, but
that the acute inflammatory response does not fully
develop until at least 8-12 h after the initial pancreatic
insult. These data may be useful for deter mining
the extent of pancreatic injury, the timing of the
acute inflammatory response and for assessing such
inflammatory markers in equation-based models.
www.wjgnet.com
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tnf-α
TNF- α is a pleiotropic cytokine expressed in acinar
cells, and is a key regulator of other pro-inflammatory
cytokines and leukocyte adhesion molecules which acts
as a priming activator of immune cells[10]. It is also a cell
death signal through the TNF-α-related apoptosis induced
ligand (TRAIL) receptor pathway, with the potential to
cause severe tissue damage. TNF-α plays a pivotal role in
severe AP, acting early in the disease course, and is quickly
cleared. As a result of its rapid clearance, TNF-α serum
levels are less useful as biomarkers of early events than
downstream cytokines (e.g. IL-6). To limit the systemic
effect of TNF-α, the body releases TNF-α inhibitors.
The soluble TNF receptor (sTNFR) attenuates the effects
of TNF-α by binding to TNF-α in the serum and thus
acts as an anti-inflammatory molecule. sTNFR levels have
been found to predict severity in AP with an accuracy of
96%, and also to have a high sensitivity for mortality[11].

IL-1
IL-1 is another major pro-inflammatory cytokine that
can drive the SIRS response. It has recently been shown
to be the major cytokine mediating inflammation in
sterile necrosis[12], which is often problematic in severe
AP. In contrast to TNF-α, IL-6 does not directly cause
pancreatic damage[13]. It has been used as a biomarker
of disease severity and has similar accuracy to IL-6 in
predicting severe AP on admission (82% vs 88%)[11]. IL-1
receptor antagonist (IL1-RA) levels also correlate with
the inflammatory response and severity in AP and may
in fact be superior to IL-6 or CRP within the first 48 h.

IL-6
IL-6 is a multifunctional cytokine released by macrophages
in response to tissue injury and constitutes the principal
mediator in the synthesis of acute-phase proteins, in
addition to transitioning the acute inflammatory response
to a chronic response. It is an accurate early predictor of
severity in AP, with a sensitivity range of 89% to 100%
and 90% accuracy within the initial 24 h[11]. It has also
been shown to be superior to CRP and the APACHE-Ⅱ
score at 24 h following admission.

MCP-1
MCP-1 is a potent chemokine which is released early in
the inflammatory process. MCP-1 serum concentrations
have been shown to display a dramatic increase in
patients with AP who develop local complications or
remote organ failure. A close correlation has also been
found between the incidence of remote organ failure and
the degree of MCP-1 level elevation[7,14]. As highlighted
earlier, a common single nucleotide polymorphism
on the MCP-1 gene is shown to predispose to severe
AP. Macrophage migration inhibitory factor (MIF) is
a unique chemokine; that participates in inflammation,
immune response and cell growth. Serum MIF levels

Papachristou GI. Prediction of severe acute pancreatitis		

have been found to be higher in patients with severe AP
than patients with mild disease[11].
Although altering the inflammatory response in
animals translates into a possible benefit, the potential
translational benefit to humans has not been confirmed
to date. For example, the platelet activating factor (PAF)
inhibitor, Lexipafant displayed early promise. However,
it was not deemed to be an effective treatment in a large,
multi-national study of 1500 patients[15]. Although IL-10
decreases the severity of AP in mouse models, and could
be of potential benefit in humans, sufficiently powered
human studies have yet to be reported in the literature.
The discriminatory power of general prediction
schemes improved considerably in the early 1990’s.
Indeed, Ranson’s criteria and APACHE Ⅱ score achieved
reasonable discrimination with receiver-operating
characteristic curve (ROC) area under the curve (AUC)
values approaching 0.8 in most validation studies. Yet,
these classification tools are designed to predict ICU
mortality and not potentially preventable complications;
they are, therefore, least useful in the middle prediction
range where the clinician needs most support and
information to direct management. Although these
tools are of assistance in medical decision making at the
extreme end of the prediction range, their use has been
confined to a global ICU performance assessment and
criteria for clinical trial enrolment.
Successful prediction of individual outcomes is
undoubtedly one of the holy grails in the care of the
critically ill. Remarkably, although progress has been made
along all those fronts in risks and markers for severe AP,
little has been achieved in translating data and quantitative
tools into clinically useful and appealing predictive
knowledge for physicians managing patients with AP.
Large, prospective studies are needed to address
these questions by identifying AP risk factors and
serum biomarkers of severe disease. Such data could be
potentially used to develop patient-specific predictive
algorithms of AP risk and to guide the treatment decisionmaking process early in the disease course. Such studies
could aim to: firstly, determine the role of demographic,
environmental, genetic and physiological variables on the
initiation, progression, severity and clinical outcomes of
AP; secondly to identify biomarkers that reflect the extent
of pancreatic injury and the acute inflammatory response
which are critical in the assessment of the activity of
potentially pathologic cascades; thirdly to build advanced
statistical models based on pre-injury risk factors and
biomarkers of pancreatic injury and inflammation to
accurately predict primary and secondary outcomes of
AP, including organ failure, complications and death; and
finally to guide the research on inflammatory cascade
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blocking agents administered early in the disease course
based on patient-specific predictive algorithms.

REFERENCES
1
2
3

4
5

6
7

8

9

10
11
12

13

14

15

Whitcomb DC. Clinical practice. Acute pancreatitis. N Engl
J Med 2006; 354: 2142-2150
Steinberg WM, Schlesselman SE. Treatment of acute
pancreatitis. Comparison of animal and human studies.
Gastroenterology 1987; 93: 1420-1427
Martinez J, Sanchez-Paya J, Palazon JM, Suazo-Barahona
J, Robles-Diaz G, Perez-Mateo M. Is obesity a risk factor in
acute pancreatitis? A meta-analysis. Pancreatology 2004; 4:
42-48
W a n g Y L , H u R , L u g e a A , G u k o v s k y I , S moot D,
Gukovskaya AS, Pandol SJ. Ethanol feeding alters death
signaling in the pancreas. Pancreas 2006; 32: 351-359
Papachristou GI, Papachristou DJ, Morinville VD, Slivka
A, Whitcomb DC. Chronic alcohol consumption is a major
risk factor for pancreatic necrosis in acute pancreatitis. Am J
Gastroenterol 2006; 101: 2605-2610
Lindkvist B, Appelros S, Manjer J, Berglund G, Borgstrom
A. A prospective cohort study of smoking in acute
pancreatitis. Pancreatology 2008; 8: 63-70
Papachristou GI, Sass DA, Avula H, Lamb J, Lokshin A,
Barmada MM, Slivka A, Whitcomb DC. Is the monocyte
chemotactic protein-1 -2518 G allele a risk factor for severe
acute pancreatitis? Clin Gastroenterol Hepatol 2005; 3: 475-481
Messmann H, Vogt W, Holstege A, Lock G, Heinisch A,
von Furstenberg A, Leser HG, Zirngibl H, Scholmerich J.
Post-ERP pancreatitis as a model for cytokine induced acute
phase response in acute pancreatitis. Gut 1997; 40: 80-85
Chen CC, Wang SS, Lu RH, Lu CC, Chang FY, Lee SD. Early
changes of serum proinflammatory and anti-inflammatory
cytokines after endoscopic retrograde cholangiopancreatogr
aphy. Pancreas 2003; 26: 375-380
Papachristou GI, Clermont G, Sharma A, Yadav D,
Whitcomb DC. Risk and markers of severe acute pancreatitis.
Gastroenterol Clin North Am 2007; 36: 277-296, viii
Malleo G, Mazzon E, Siriwardena AK, Cuzzocrea S. Role
of tumor necrosis factor-alpha in acute pancreatitis: from
biological basis to clinical evidence. Shock 2007; 28: 130-140
Chen CJ, Kono H, Golenbock D, Reed G, Akira S, Rock
KL. Identification of a key pathway required for the sterile
inflammatory response triggered by dying cells. Nat Med
2007; 13: 851-856
Denham W, Yang J, Fink G, Denham D, Carter G, Bowers
V, Norman J. TNF but not IL-1 decreases pancreatic acinar
cell survival without affecting exocrine function: a study in
the perfused human pancreas. J Surg Res 1998; 74: 3-7
Rau B, Baumgart K, Kruger CM, Schilling M, Beger HG.
CC-chemokine activation in acute pancreatitis: enhanced
release of monocyte chemoattractant protein-1 in patients
with local and systemic complications. Intensive Care Med
2003; 29: 622-629
Johnson CD, Kingsnorth AN, Imrie CW, McMahon MJ,
Neoptolemos JP, McKay C, Toh SK, Skaife P, Leeder PC,
Wilson P, Larvin M, Curtis LD. Double blind, randomised,
placebo controlled study of a platelet activating factor
antagonist, lexipafant, in the treatment and prevention of
organ failure in predicted severe acute pancreatitis. Gut
2001; 48: 62-69
S- Editor Zhong XY

E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.6276

			

World J Gastroenterol 2008 November 7; 14(41): 6276-6284
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

EDITORIAL

Hypnosis and upper digestive function and disease

Giuseppe Chiarioni, Olafur S Palsson, William E Whitehead
Giuseppe Chiarioni, Division of Gastrointestinal Rehabilitation
of the University of Verona, Valeggio sul Mincio Hospital,
Azienda Ospedaliera and University of Verona, Valeggio sul
Mincio, Italy
Olafur S Palsson, William E Whitehead, UNC Center for
Functional Gastrointestinal and Motility Disorders, University
of North Carolina at Chapel Hill, Chapel Hill, NC 27599,
United States
Author contributions: Chiarioni G, Palsson OS, and
Whitehead WE contributed equally to the conceiving of the
designing and the drafting of the review.
Supported by In part by Grant R24 DK067674
Correspondence to: Dr. Giuseppe Chiarioni, Divisione di
Riabilitazione Gastroenterologica dell’Università di Verona,
Azienda Ospedaliera di Verona, Ospedale di Valeggio sul
Mincio, 37067 Valeggio sul Mincio (VR), Italy. chiarioni@tin.it
Telephone: +39-4-56338548 Fax: +39-4-57950188
Received: August 1, 2008
Revised: September 18, 2008
Accepted: September 25, 2008
Published online: November 7, 2008

Abstract
Hypnosis is a therapeutic technique that primarily
involves attentive receptive concentration. Even though
a small number of health professionals are trained
in hypnosis and lingering myths and misconceptions
associated with this method have hampered
its widespread use to treat medical conditions,
hypnotherapy has gained relevance as an effective
treatment for irritable bowel syndrome not responsive
to standard care. More recently, a few studies have
addressed the potential influence of hypnosis on upper
digestive function and disease. This paper reviews
the efficacy of hypnosis in the modulation of upper
digestive motor and secretory function. The present
evidence of the effectiveness of hypnotherapy as
a treatment for functional and organic diseases of
the upper bowel is also summarized, coupled with a
discussion of potential mechanisms of its therapeutic
action.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hypnosis can be defined as an altered state of
consciousness, different from both sleep and normal
wakefulness, characterized by highly focused attention
and heightened compliance with suggestion [1]. As a
rule, the onset of this state is facilitated by eye closure.
A number of other phenomena are often described as
associated with hypnosis, including altered perception
of passage of time, partial or complete amnesia for
the events experienced, and attenuation of stress
experiences[1-3]. In addition, subjects may show enhanced
compliance to suggestion given during hypnosis meant
to influence favorably their behavior after the trance
state has been terminated (post-hypnotic suggestion)[1].
Furthermore, a more contentious property of hypnosis
is either increased access to memories, feelings, and
perceptions which are normally kept below the level of
conscious awareness, or vice versa enhanced suppression
of these from the conscious mind[4-6].
Clinical hypnosis is the method of deliberately
inducing the state of hypnosis in a patient through verbal
guidance, and making use of its characteristic properties
for targeted therapeutic purposes. The possibilities of
hypnosis as a healing method stem principally from the
heightened responsiveness to suggestion in this altered
mental state. Hypnotic and post-hypnotic suggestions
can be used to facilitate desired therapeutic changes
in feelings, behavior and physiology, and this can be
useful not only for mental health purposes, but also in
medicine[1]. Although a single hypnosis session targeting
a simple symptom or bodily function can sometimes
yield useful results, treatment of complex psychological
and somatic conditions with hypnosis typically
requires a structured form of therapeutic intervention,
hypnotherapy, administered in a series of several therapy
sessions[1].
Hypnosis has a long history of application as a
clinical tool in medicine, dating back to the early 18th
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Century, when it was used with considerable success for
the purpose of inducing anesthesia during surgery in
thousands of cases, predominantly by British physicians.
Only the availability of chemical anesthesia with ether
and chloroform in 1846 and 1847 made this application
obsolete[7].
In the latter half of the 19th century, hypnosis
became prominently utilized in the treatment of
psychiatric conditions like hysteria by some of Europe’s
foremost authorities in neurology and psychiatry of
that time, such as Sigmund Freud in Austria and JeanMartin Charcot in France[8]. Ever since then, hypnosis
has been more widely recognized as a treatment aid
for mental health problems than for physical ailments.
However, medical uses of hypnosis continued, and
sufficient experience with various advantageous medical
applications gradually accumulated for the technique of
clinical hypnosis to earn formal acceptance in mainstream
medicine[7,8]. Hypnosis gained official approval as a medical
treatment, first by the British Medical Association in 1955
and then by the American Medical Association in 1958, in
a report that stated that hypnosis had “definite and proper
applications in medicine and dentistry”, and recommended
that physicians should receive training in the technique[7,8].
However, even today, most medical school curricula in
the U.S. and elsewhere provide no training or education in
hypnosis. Although clinical hypnosis is currently practiced
by thousands of health professionals in many Western
countries, it is practiced by a variety of professional
disciplines, including psychologists, counselors, clinical
social workers, dentists, nurses and nurse practitioners,
but relatively few physicians[7,8]. In many places, the great
majority of practitioners providing hypnosis are mental
health professionals who rarely use it to treat physical
conditions. Additionally, hypnosis services are commonly
offered also by large numbers of lay hypnotherapists
without any qualifications or formal education in treating
medical problems[8]. These limitations, as well as myths,
misconceptions and apprehensions that still linger in
the public’s mind from the exploitation and inaccurate
portrayal of hypnosis in stage shows, movies and other
popular media, has continued to hamper a widespread
proper medical use of hypnosis.
Nonetheless, several medical applications of
clinical hypnosis have been sufficiently investigated
and considered effective in multiple formal studies. A
review by a 1995 National Institutes of Health panel
in the U.S. concluded that there is “strong evidence for
the use of hypnosis in alleviating pain associated with
cancer”[9]. Published systematic reviews of randomized
clinical trials have also deemed hypnosis to be effective
for treating nausea and vomiting associated with
cancer chemotherapy[10] as well as the most promising
psychological treatment for controlling procedurerelated pain and distress in children and adolescents[11].
Fur ther more, three separate systematic reviews
published in the past three years[12-14] have concluded that
hypnotherapy is an effective treatment for irritable bowel
syndrome.
Research on the use of hypnosis for gastrointestinal
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disorders began with a randomized placebo-controlled
study of hypnotherapy for treatment-refractory irritable
bowel syndrome (IBS) in England, published in the
Lancet in 1984[15]. In this study, by Peter Whorwell and
colleagues in Manchester, England, the investigators
randomly allocated 30 patients with IBS which was
refractory to standard medical care, to either seven
sessions of hypnotherapy or to the same amount
of supportive psychotherapy plus placebo pills. The
hypnosis approach used was a structured intervention
developed by this Manchester team called gut-focused
hypnotherapy. This technique aims primarily to
normalize disordered bowel function, but additionally
provides relaxation, coping skills, and ego-strengthening
suggestion[16]. After the treatment, the patients in the
hypnosis group showed substantial improvement in all
cardinal IBS symptoms, and were significantly more
improved on all outcome variables than the supportive
psychotherapy group[15]. In a later paper, the investigators
reported that the benefits of hypnotherapy in the same
group of patients persisted up to 18 mo[17].
This study, albeit small, was a landmark trial,
demonstrating for the first time the substantial
possibilities that hypnosis offers for ameliorating
gastrointestinal symptoms. Since then, positive results
on the efficacy of hypnotherapy as a treatment for
IBS have been reported by independent investigators
both in uncontrolled and controlled trials (Table 1)[18-22].
The Manchester group has created a Hypnotherapy
Unit, where this mode of therapy is routinely offered
to functional GI patients who do not gain satisfactory
benefit from more conventional medical treatment[16].
This group recently reported the long-term outcomes of
the first 250 IBS patients treated in their clinic[22,23]. The
results show an impressive 71% overall response rate to
treatment, more than 50% average reduction in bowel
symptom severity, and with four out of five treatment
responders maintaining the full therapeutic benefit for
one to five years after treatment termination[22,23].
The Manchester group has also expanded their
experience from IBS therapy to other functional
bowel disorders[16]. They demonstrated that functional
esophageal disorders and functional gastroduodenal
disorders are also suitable targets for hypnotherapy, with
equally satisfactory results (Table 1)[24,25]. A small, but
significant group of papers now provides evidence that
hypnosis and hypnotherapy may effectively influence
upper digestive function and disease. The aim of this
review is to focus on this literature and to highlight the
potential of hypnotherapy as a treatment option for
upper digestive functional disorders.

HYPNOSIS AND UPPER DIGESTIVE
FUNCTION
Gastric acid production is the bowel function where the
influence of hypnosis was first investigated[26,27]. In the
past, gastric acid secretion was an important research
domain for gastroenterologists and its responsiveness to
www.wjgnet.com
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Table 1 Randomized controlled trials of hypnosis treatment for severe functional bowel disorders
Authors & yr
A: Irritable bowel syndrome
Whorwell et al (1984)
Galovski & Blanchard (1998)
Palsson et al (2002)
B: Functional Dyspepsia
Calvert et al (2002)
C: Non-cardiac chest pain
Jones et al (2006)

No. of patients

Control treatment

Positive outcome

Follow-up (mo)

30
11
24

Psychotherapy plus Placebo Pill
Waiting List
Waiting List

Hypnosis 100% P < 0.0001
Hypnosis 82% P = 0.016
Hypnosis 87% P = 0.002

12
2
10

Psychotherapy plus Placebo Pill or
Ranitidine 300 mg daily

Hypnosis 73% vs Placebo P < 0.02 vs
Ranitidine P < 0.01

14

Psychotherapy plus Placebo Pill

Hypnosis 80% P = 0.008

4

126

28

Note: Randomized controlled studies run in primary care are not reported for different patient population.

emotions and psychological stress were documented[28,29].
This interest was driven by the belief that peptic ulcer
disease was a psychosomatic disease, and excess gastric
acid secretion the pathophysiological mechanism
linking emotion to the disease[30,31]. As a consequence,
acid secretion was an attractive parameter to attempt
to influence by hypnosis. A few studies were published
in the nineteen sixties and early seventies examining
the gastric secretory responses to hypnotic conditions,
where either food-related (hunger-eating) or emotionrelated (sleep-relaxation) suggestions were provided[27-29].
These early studies were flawed by small samples and
questionable research methodology, and produced
contradictory results. In 1989, however, Klein and Spiegel
published a well-designed trial investigating the ability
of hypnosis to modulate gastric acid secretion in highly
hypnotizable healthy volunteers, as defined by accepted
scales of trance depth[32]. The study was conducted in
two centers, by two experienced hypnotherapists using
two different hypnosis induction techniques. After nasogastric intubation, gastric secretion was measured both
basally and after pentagastrin stimulation in two separate
studies. In the first study (acid stimulation test), acid
secretion was collected in 28 subjects (13 females, age
range 18-60 years) after hypnotic instructions to visualize
and eat the most delicious meal possible. All the sensory
aspects of the eating process, including food appearance,
aroma, texture and taste, were explored and reinforced
by hypnotic suggestions from the therapist. The second
study consisted of two separate sessions that were
held in random order. In the no-hypnosis session, the
peak acid output (PAO) was obtained after maximal
pentagastrin stimulation in 17 subjects (7 females, age
range 18-60 years), but hypnosis was not provided. The
procedure for the hypnosis sessions was the same, but
deep muscle relaxation and intense imagery to divert
one’s attention from eating were provided. Imagery
involved either lying on a beach, watching a sunset,
or meeting a friend somewhere else. In both studies,
none of the subjects reported difficulty in following the
hypnotic suggestion or adverse side effects. Hypnotic
suggestion of eating significantly increased gastric acid
output compared to basal conditions[32]. In addition, the
pentagastrin-stimulated PAO was significantly lowered
in the averting-food hypnosis condition compared to
the no-hypnosis session[32]. The authors concluded that
www.wjgnet.com

gastric acid secretion may be modulated by hypnosis in
highly hypnotizable subjects. Treatment mechanisms of
action were left unexplored. But, the authors postulated
that hypnosis influenced cognitive processing within the
central nervous system[32]. Since the relevance of gastric
secretion in peptic ulcer disease has diminished, no other
centers have tried to replicate these positive results.
Two additional studies have evaluated the influence
of hypnosis on upper digestive transit. In 1991 Beugerie
et al studied the ability of hypnosis to modulate the
orocaecal transit time of 10 g lactulose in six healthy
volunteers[33]. Orocaecal transit time was measured by
the hydrogen breath test. Oral ingestion of a poorly
absorbable carbohydrate (lactulose) results in a sustained
rise in breath hydrogen, which occurs within minutes
of the substrate entering the cecum[34]. The orocaecal
transit time is the interval elapsing from the ingestion of
the substrate to the evidence of a persistent increment
in breath hydrogen concentration [34]. It is commonly
considered a non-invasive, reliable index of small bowel
transit, particularly when lactulose is included in a caloric
meal to securely interrupt the fasting motility pattern
of the small bowel[35]. The subjects in this trial were
recruited irrespectively to their hypnotizability, but two
of them had previously been hypnotized. Orocaecal
transit was evaluated on three occasions in random
order: (A) control session without hypnosis; (B) hypnotic
session with suggestion of deep relaxation; (C) hypnotic
session with visualization of a cascading waterfall to
promote transit acceleration[33]. All hypnosis sessions
were started just before orocaecal transit and maintained
till the transit time elapsed. The mean orocaecal transit
time was significantly longer during the hypnotic
relaxation session compared to the control session[33]. On
the contrary, the hypnotic acceleration session did not
result in significant modification of small bowel transit
time[33]. The small sample size and the limited breath
technique used (lactulose not administered together with
a caloric test meal) did flaw the results of this study.
However, it was the first study showing an influence of
hypnosis on upper digestive function in individuals not
selected for high hypnotizability.
The potential influence of hypnosis on gastric
emptying rates has been evaluated only recently, by
Chiarioni and coworkers in Italy[36]. In this study, the
gastric emptying rate of a typical Mediterranean meal
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(pasta with meat sauce, cheese, bread) was tested by
a non-invasive ultrasonography technique. Real-time
ultrasonography was used to measure the diameters of
the gastric antrum in the sagittal plane passing through
the aorta. Serial measurements were taken before the
meal, immediately after eating and at 30 min intervals
thereafter to obtain total emptying time of the meal.
The total emptying time of the meal has been validated
as reliable index of gastric motor function both in health
and in disease when compared with total emptying time
measured by gastric scintigraphy[37]. Gastric emptying
rates and epigastric sensations were evaluated in 11
healthy volunteers from the hospital staff and in 15
patients with severe functional dyspepsia unresponsive to
standard care under three conditions according to a fixed
schedule to avoid a carry-over effect: (A) basal session,
(B) prokinetic drug session (cisapride 10 mg po 30 min
before meal), and (C) hypnosis session (90 min hypnosis
session 30 min after finishing meal). An additional
session was run in eight healthy volunteers while
listening to relaxing music, to address the potential
influence of both repeated testing and posture. Cisapride
is a prokinetic agent that has been shown to significantly
improve both gastric emptying and symptoms in
functional dyspepsia compared to placebo, before being
withdrawn from the market for its cardiovascular sideeffects[38,39]. The method of progressive relaxation by
verbal suggestion was used for hypnosis induction.
Techniques to deepen the hypnosis included induction
of limb heaviness and warmth. The hypnotically warmed
hand was then placed over the epigastrium to associate
suggestion of improved well being and gastric function
mediated by the warmth of the hand. Imagery was
provided of water flowing in a river and in a waterfall.
This was related to suggestions for improved well-being
and gastric function, derived from the gut-oriented
suggestions developed by the Manchester group to treat
irritable bowel syndrome[16]. The hypnosis session was
completed by the classic Hartland’s ego-strengthening
technique, providing direct and broad hypnotic
suggestions to increase the patient’s confidence[40]. In
patients with functional dyspepsia, gastric emptying was
significantly shortened by cisapride and even more by
hypnosis compared to the basal session[36]. In healthy
volunteers, gastric emptying was significantly accelerated
by hypnosis, but not by cisapride, compared to the basal
session[36]. The relaxing music session did not influence
gastric emptying rates. Epigastric sensations (i.e. fullness
and discomfort) were significantly improved by hypnosis
in the dyspeptic patients, but not by cisapride [36] .
Interestingly, symptomatic improvement did not
correlate with improved gastric motor function, leaving
the mechanism/s of action of hypnosis unexplained[36].
Limitations of the study were lack of randomization and
the highly selected study population.

HYPNOTHERAPY TO TREAT UPPER
DIGESTIVE DISEASES
Hypnotherapy delivered as a structured, multi-session

6279

focused intervention has been most extensively used to
treat IBS according to the protocols of the Manchester
group or the North Carolina group [13,16] . However,
the Manchester group has also provided experimental
evidence to support the use of hypnotherapy in some
upper digestive diseases. The first of these was a
controlled study to prevent relapse of peptic ulcer[41].
The investigation was published in 1988 when peptic
ulcer was considered to be a psychosomatic disorder
caused by increased gastric secretion [30,31] . Thirty
patients with frequently relapsing duodenal ulcer were
randomized to receive either seven sessions of gutfocused hypnotherapy plus ranitidine 150 mg twice daily
or seven routine consultations at a GI clinic without
hypnosis plus the same ranitidine dosage over a 10-wk
interval[41]. Hypnosis was induced with an arm-levitation
technique followed by a combination of standard
deepening procedures. The subject was then asked to
place her/his hand over the abdomen, feel a sense of
warm beneath the hand, and relate this to the control of
gastric secretions. Reinforcement by visualization was
used depending on the patient’s ability. Patients were
also given an audio tape for daily autohypnosis. At one
year follow-up, all the subjects in the no-hypnosis group
had relapsed while only 53% in the hypnotherapy group
showed endoscopic evidence of relapsing duodenal
ulcer [41] . The authors concluded that hypnotherapy
is helpful in maintaining remission in those patients
with peptic ulcer who are prone to relapse[41]. Shortly
after the study, consensus developed that Helicobacter
pylori infection of the stomach is the primary cause of
peptic ulcer disease, and hypnotherapy was, therefore,
not pursued further as potential treatment for peptic
disease[42]. Nonetheless, this remains the first study to
investigate the efficacy of hypnotherapy to treat upper
digestive diseases.
Recently, the Manchester group assessed the efficacy
of hypnotherapy for upper digestive functional diseases
in two controlled trials; one on functional dyspepsia (FD)
and the other for non-cardiac chest pain (NCCP)[24,25].
Functional dyspepsia refers to symptoms thought to
originate in the gastroduodenal region in the absence of
any organic or metabolic disease that is likely to explain
the symptoms [43]. Postprandial fullness, early satiety,
epigastric pain and/or burning may be reported as
symptoms in FD[43]. Delayed gastric emptying, abnormal
gastric tone, altered visceral perception, and autonomic
imbalance have all been considered as potential etiologic
factors[43,44]. In addition, comorbidity with psychiatric
disorders, especially anxiety disorders, is reported to be
high in FD[45]. Up to 30% of people in the community
report having dyspeptic symptoms each year [43,45] .
Symptomatic drug treatment, especially proton pump
inhibitor medications, are often used for FD symptoms.
But, the results are unsatisfactory[43,44,46]. To investigate
the efficacy of hypnotherapy in FD, Calvert and
coworkers randomly assigned 126 FD patients to receive
either 12 hypnotherapy sessions, supportive therapy plus
placebo tablets, or medical treatment with ranitidine
150 mg twice daily [24] . Patients underwent a 16-wk
www.wjgnet.com
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treatment phase followed by a 40-wk follow-up phase
where no further study interventions were undertaken.
Hypnosis was induced using eye fixation followed
by progressive muscular relaxation and deepened by
standard procedures. The patients were then asked to
place their hands on their abdomens and imagine a
reduction of all symptoms. Suggestions of improvement
in gastric motor function, sensitivity and gut secretion
activity were also given. Reinforcement by appropriate
visualization processes were administered as well. At the
short term follow-up (16 wk), hypnotherapy significantly
ameliorated symptoms compared to both the supportive
therapy and the medical treatment groups[25]. Analogous
improvements were observed when quality of life
scores (QOL) were considered. Anxiety scores were
lower after hypnotherapy; but there was no correlation
between improvement in anxiety and FD symptom
improvement[24]. No differences were evident between
groups in terms of depression scores. Improvement
in FD symptoms and QOL were well-maintained at
long term follow-up (56 wk)[24]. In addition, patients in
the hypnotherapy group were significantly less likely to
consult the referring physician and to establish additional
drug treatments than were the subjects in the other two
groups[24]. The authors concluded that hypnotherapy is
an effective treatment for functional dyspepsia both in
the short and long term, but the mechanism/s of action
remained speculative[24]. Hypnotherapy seems also to be
cost-effective for the observed reduction in medication
use and consultation rate at long term follow-up. This
study was methodologically sound by most standards: (A)
study design and sample size were both adequate, and (B)
the double placebo control condition plus the standard
care arm were likely to have produced a high expectation
of therapeutic effect. Replication of these positive
results by independent investigators is eagerly awaited.
Recently, the Manchester group has extended the
application of hypnotherapy to non-cardiac chest
pain, a condition later redefined as functional chest
pain of presumed esophageal origin by the Rome Ⅲ
Committee [25,47] . This functional disorder refers to
relapsing episodes of unexplained chest pain that
is usually located in the midline of the chest and of
visceral quality[47]. The pain involved may be similar in
nature to the one reported by angina patients, and by
those affected by other esophageal disorders including
achalasia and gastro-esophageal reflux disease (GERD)[47].
To diagnose functional chest pain, heart disease needs
to be excluded as well as structural esophageal diseases,
GERD, and esophageal motility disorders with defined
histopathologic bases (i.e. achalasia, scleroderma of the
esophagus)[47]. Epidemiology of functional chest pain
is ill defined; but one should consider that 15%-30%
of coronary angiograms performed for chest pain are
negative for ischemic heart disease [47,48]. Disordered
esophageal motility, altered visceral perception, and
abnormal central signal processing with secondary errors
in autonomic response have all been reported, alone
or in combination, as potential causative factors[47]. In
addition, overrepresentation of psychiatric disorders,
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particularly depression, anxiety and somatization
disorders, have been described in functional chest pain
of presumed esophageal origin [49]. Quality of life is
impaired in continued pain and spontaneous recovery is
rare[47]. In these patients, a therapeutic trial with proton
pump inhibitors is mandatory to exclude symptomatic
reflux disease[50]. Antidepressants may be of help, but
their continuous use is associated with a high rate of
side effects[47,51].
To address the effect of hypnotherapy in NCPP,
the Manchester group randomized 28 patients with
functional chest pain to receive either 12 sessions
of individualized hypnotherapy or 12 sessions of
supportive listening plus placebo tablets to control
for expectancy and equalize the amount of time spent
with a clinician [25]. All the patients were referred by
the local cardiothoracic center after negative coronary
angiography for angina-like chest pain. Reflux disease as
a potential causative factor of chest pain was excluded
in all subjects either by normal 24 h pH monitoring
or by non-responsiveness to a proton pump inhibitor
trial. Hypnosis was induced by eye closure, followed by
progressive muscle relaxation and deepened by standard
techniques. Suggestions focused on improved esophageal
functioning and sensitivity were then introduced by using
both imagery and conditioning techniques. In addition,
direct suggestions of reduced pain and improved general
health were given on a repetitive basis at each session.
After treatment, 80% of patients in the hypnotherapy
group described their chest pain as completely better or
moderately better, compared to only 23% of patients in
the control group[25]. This benefit persisted long-term
(2 years), as reported by the authors in a follow-up
paper[52]. Hypnotherapy also resulted in a significantly
greater reduction in pain intensity scores, greater
improvements in quality of life, and a greater reduction
in medication usage when compared to the control
treatment [25]. There were no significant differences
between treatment groups in terms of improvement of
either anxiety or depression scores as assessed by the
Hospital anxiety and depression scale[25].
Limitations of this trial include the small sample size
and the high patient selection. As in previous studies, the
mechanism of action of hypnosis was left unexplored
in this study. However, it remains the only randomized
trial to show that hypnotherapy is effective treatment for
functional chest pain, a disabling disorder that responds
poorly to conventional care. Therefore, additional
larger studies evaluating the effect of hypnotherapy on
functional chest pain of presumed esophageal origin
should be pursued.

MECHANISM OF ACTION OF HYPNOSIS
AND HYPNOTHERAPY
The mechanism of action of hypnosis is ill defined; but
we may speculate that many factors possibly contribute
to its influence on physiological function and symptoms
in the upper digestive tract. Abnormal motor activity and
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altered autonomic function have both been reported in
functional gastroduodenal and esophageal diseases[43,47].
In functional dyspepsia, delayed gastric emptying seems
particularly common in patients complaining of nausea,
fullness and vomiting; but this is controversial [43,53].
Other disturbances of gastroduodenal motility have
been described in functional dyspepsia (e.g. antral
hypomotility, gastric dysrhythmia, reduced frequency
of interdigestive migrating motor complexes); but their
relationship to the symptoms is less documented [43].
On the contrary, evidence of increased gastric visceral
perception (so-called hypersensitivity) in a subset of
functional dyspepsia patients is well documented in the
literature[43,54]. This altered perception may be mediated
by the autonomic imbalance both on a cortical and a
peripheral level often described in functional bowel
disorders [55]. Hypnosis induces a state of profound
relaxation consistent with a generalized decrement in
sympathetic nervous system activity[1,3]. This relaxation
response is not specific to hypnosis, but may be induced
by different techniques such as autogenic training, yoga,
and meditation [3]. The physiological changes of the
relaxation response include simultaneous lowering of
blood pressure, heart and respiratory rates, which are
opposite to those induced by stressful events[3]. These
changes are actually distinct from those observed during
sleep and characterize a wakeful hypometabolic state[56].
In addition, the relaxation response seems to last longer
than the actual hypnosis interval[3]. A distinct feature
of the relaxation response is that its action seems to be
mediated through a reduction in epinephrine end-organ
responsivity[3]. Stress has been shown to increase gastric
acid secretion, and it used to be considered a risk factor
to developing peptic ulcer disease[30,57]. We may speculate
a potential influence of hypnosis on gastric secretion
through modulation of the sympathetic tone. In
addition, experimental stress delays gastric emptying and
increases plasma levels of noradrenaline plus accelerating
small bowel transit [58-60] . Therefore, the capability
of a single session of hypnosis either to accelerate
gastric emptying or to slow small bowel transit may be
secondary to the relaxation response. However, a recent
study investigating hypnosis mechanisms of action
showed that hypnotherapy did not change cardiovascular
responses in IBS[23]. The only parameter of sympathetic
tone that was significantly decreased by hypnotherapy
was skin conductance, a measure reflecting sweat gland
responses to stress[23].
The effect of hypnosis in gastric visceral sensitivity
has not been investigated. However, in IBS the influence
of hypnotherapy on rectal perception has been evaluated
with controversial results. The Manchester group
provided experimental evidence that hypnosis improved
rectal sensitivity; but this was not confirmed by a recent
study by the North Carolina group[23,61]. In addition, one
should consider that significant symptom improvement
has been re por ted in functional bowel diseases
without correlating with gut sensorimotor functioning
modifications [23,36,12] . Therefore, the symptomatic
improvement observed after hypnosis should also be
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related to some modulation of perception at a cortical
level. Brain imaging studies have shown a variety of
alterations in cortical activation pattern to visceral
sensitive stimulation (rectal distension, esophageal
distension and acid perfusion) in patients with functional
bowel disorders compared with controls[62]. However,
a consistent finding has been the reported excessive
activation of the anterior cingulated cortex where the
affective response to pain is elaborated[62]. It has also
been shown that non-painful esophageal distension
activated the somatosensory and anterior cingulated
cortex while visual stimulation activated a different
central area (visual cortex), thus postulating a more
specific response to visceral stimulation[63]. Studies on
somatic pain have shown that hypnosis is capable of
decreasing reported pain sensation in response to paininducing stimuli, while the neurophysiological reactions
of spontaneous and evoked EEG were unaffected (i.e.
cerebral potentials were modified as the subject was
actually feeling pain)[64]. Further supporting evidence
has been given by studies on somatic pain analgesia
where hypnosis reduced activity of the anterior cingulate
cortex, but not that of the somatosensory cortex[65]. This
dissociation of sensory and affective components of
pain under hypnosis would also be consistent with the
new “dissociation theory” to explain the effectiveness
of hypnotherapy in psychopathology [1,8,66]. There is
growing evidence that patients with IBS, functional
chest pain and probably functional dyspepsia show
increased levels of vigilance toward gut pain related
sensations, easily interpreting them as symptoms
of disease as a consequence [62,67,68]. Modulating the
affective component of pain ratings may be one of the
therapeutic mechanisms of hypnotherapy in functional
bowel disease.
An additional reason for the effectiveness of
hypnotherapy in functional bowel diseases could be
related to the focus of many protocols on reducing the
catastrophising cognitions commonly present in these
patients[67,68]. Gonsalkorale and coworkers reported that
hypnotherapy improved symptom-related cognitions in
IBS by using a dedicated cognitive scale[69]. In this study,
improved cognitive scores correlated with symptomatic
improvement[69]. Finally, the role of the placebo effect
of hypnotherapy needs to be considered in producing
the beneficial hypnotherapy outcomes observed. In
many hypnotherapy trials patients affected by severe,
unremitting symptoms of functional bowel disorder have
been included[13,24,25,36]. The motivation to undergo a new
treatment and therapy expectancy in these patients are
predicted to be high[70]. In addition, the most powerful
placebo effect is to be expected in patients suffering
from chronic pain syndromes [70]. In this context, the
placebo effect is stronger when complex interventions
such as hypnotherapy are provided[70]. Unfortunately, to
undertake a double blind controlled trial of treatments
such as hypnotherapy is almost impossible because
the recipient will know what treatment is provided and
establishing a sham hypnosis therapy is not doable[16].
Therefore, appropriate control treatments (e.g. supportive
www.wjgnet.com
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listening and placebo pills) are desirable options when
designing a meaningful trial of hypnotherapy [13,16] .
However, the results of such placebo-controlled studies
conducted so far on hypnosis for IBS[15,24] and FD, using
a powerful double placebo of inert pills combined with
supportive listening, suggest that the placebo effect
only plays a small role in the therapeutic impact of
hypnotherapy on these conditions.

LIMITATIONS OF HYPNOTHERAPY IN
UPPER DIGESTIVE DISEASES
Only two studies, coming from the same center, have
tested the efficacy of hypnotherapy in the treatment of
upper digestive functional diseases[24,25]. These studies
provide encouraging evidence that hypnotherapy
is effective treatment for functional dyspepsia and
functional chest pain of presumed esophageal origin[19,20].
However, these results need to be replicated in less
selected populations, and by independent investigators
before a more widespread use of hypnotherapy to treat
upper digestive dysfunction can be recommended.
In addition, hypnotherapy is a time consuming, labor
intensive and costly treatment, and the number of
health care providers trained in hypnosis is limited.
Non-medical qualified hypnotherapists and hypnosis
audiotapes may reduce costs, but the effectiveness of
these alternative delivery methods on outcomes have not
been thoroughly investigated[13,16]. Specific knowledge
in gut-directed hypnosis is required to obtain successful
outcomes in treating gastrointestinal disorders, and such
training has not been widely available[13,16]. In an effort
to overcome this problem, some centers are providing
gut-focused hypnosis scripts to treat IBS [13]. Finally,
skepticism by some patients and physicians about the
use of a psychological intervention for a gut disease may
deter them from trying this treatment option. This may
be particularly true for hypnosis because of the aura of
magic and mystery associated with it.

CONCLUSION
Hypnosis is an altered state of consciousness characterized
by highly focused attention and heightened compliance
with suggestion[1]. Clinical hypnosis can be used to treat a
range of complex psychological or somatic diseases, but
this generally requires a structured form of hypnotherapy
intervention consisting of several sessions[1,8]. Hypnosis
has a long history of applications in medicine, and is
now formally recognized as a valuable aid for various
medical problems. However, a limited number of health
professionals offer hypnotherapy for medical problems,
and it has traditionally been hampered by misconceptions
shrouding this psychological intervention [8,16] . Yet,
sufficient evidence has amassed over the years to firmly
support the effectiveness of hypnotherapy for various
pain problems, as well as to treat IBS, a complex and
prevalent functional disorder of the lower bowel[12,13,16].
Recently, a few studies have addressed the potential
www.wjgnet.com
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influence of both single-session hypnosis and a course of
hypnotherapy on upper digestive function and diseases
with encouraging results.
Hypnosis delivered on a single session by an expert
therapist has been shown capable of modulating gastric
secretion and accelerating gastric emptying in healthy
volunteers [32,36]. In addition, hypnosis has improved
gastric emptying and epigastric sensations in severe
functional dyspepsia[36]. Small bowel transit may also be
influenced by hypnosis[33].
In the past, hypnotherapy has been used with a
successful outcome to decrease the relapsing rate of
peptic ulcer disease[41]. More recently, two randomized
controlled trials have shown hypnotherapy to be a
highly effective treatment for functional dyspepsia and
functional chest pain of presumed esophageal origin
unresponsive to standard care [24,25]. In both of these
upper gastrointestinal diseases, clinical benefits were well
maintained at long-term follow-ups[24,52]. However, both
of these studies were carried out by the same research
team -- the Manchester group in England[16]. Additional
well designed studies from independent investigators
are eagerly awaited to substantiate the efficacy of
hypnotherapy in this domain.
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Abstract
Alterations of normal function of interstitial cells of
Cajal (ICC) are reported in many intestinal disorders.
Diagnosis of their involvement is rare (infrequent), but
necessary to propose a specific treatment. This article
reviews the place of ICC in the pathogenesis of achalasia, gastroesophageal reflux disease, infantile hypertrophic pyloric stenosis, chronic intestinal pseudoobstruction and slow transit constipation. Moreover we
discuss the role of the Cajal cells in the development
of stromal tumors of the gastrointestinal tract.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Digestive motility is highly coordinated and consists of
local, non-propulsive mixing (segmental) and propulsive
(peristaltic) movements. Mixing movements are produced
by intrinsic pacemakers generating rhythmic contractions
and peristalsis by intrinsic excitatory and inhibitory neural reflex pathways[1,2].
Even in the absence of stimulation, most regions of
the gastrointestinal tract can generate some spontaneous
electrical and mechanical activity. Recordings made from
isolated muscle cells in the gastrointestinal tract show a
regular discharge recorded as plateau and slow potentials. These pacemaker potentials are generated by a specialized population of cells, known as interstitial cells of
Cajal (ICC)[3].
Together with the enteric nervous system, composed
of both the myenteric (inter-muscular) plexus and the
submucosal plexus, the ICC plays a major role in gastrointestinal motility[4]. The ICC was firstly described by Cajal SR in 1911[5]. He characterized “interstitial neurons”
as “primitive accessory components that could modify
smooth muscle contraction, subject themselves to regulation from principal neurons”. Cajal provided detailed
pictures of methylene blue-stained networks of interstitial cells, which were described as spindle shaped or
stellate cells with long, ramified cell processes and large,
oval, nuclei with sparse perinuclear cytoplasm, and intercalated between autonomic nerve endings and smooth
muscle cells[5].
ICC constitutes networks that are widely distributed
within the submucosal, intra-muscular and inter-muscular layers of the gastrointestinal tract from the lower
esophagus to the internal anal sphincter.
These cells are defined by the expression of the
CD117 (c-kit) protein which is a membrane receptor
with tyrosine kinase activity[3,4,6].
In the past decade, knowledge of the role of ICC in
the digestive physiology and pathology has progressed.
In this review, we highlight some of these advances
which could have clinical impact either in pathogenesis
or treatment.

ESOPHAGUS
Achalasia
Achalasia is characterized by relaxation failure of lower
www.wjgnet.com
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esophageal sphincter (LES) and lack of peristaltic contraction of esophageal body[7]. The etiology of this disorder is unknown and may be “idiopathic” or secondary
to malignancy (local invasion or a paraneoplastic manifestation).
In primary or idiopathic achalasia, the failure of deglutitive inhibition is responsible for aperistalsis. This
dysfunction is due to a loss of inhibitory nerves and
progressive degeneration of ganglion cells containing
vasoactive intestinal peptide (VIP) and nitric oxide (NO).
Hypertensive LES is thought to result from a combination of the lack of tonic inhibitory nitrergic influence
and an unopposed cholinergic activity.
The mechanism of inflammatory process responsible
of these alterations is unclear. It is suggested to be an
autoimmune disorder induced by a viral or food antigen
in a patient genetically predisposed to the disease[8,9]. ICC
involvement in achalasia is debated[10,11].
Electronic microscope studies of muscle coat of
LES in seven patients with achalasia showed that muscle
wall components (nerve endings, smooth muscle cells,
ICC and connective tissue) were modified. ICC ultrastructure was altered, namely clear cytoplasm, fewer mitochondria, and scarce smooth endoplasmic reticulum.
A reduced number of contacts between nerves and ICC
were reported. Specific changes in smooth muscle cells
were also documented, whereas the nerve endings had a
normal ultrastructure. Alterations in older patients were
more pronounced[12]. Since the LES components specifically altered in achalasia are the nerve endings and ICC,
they are regarded as principally responsible for abnormal
motility[12].
Achalasia is uncommon among pediatric population
and some authors consider it as a different entity. Rare
familial forms, combining early onset achalasia, alacrymia, ACTH insensitivity and dysautonomia, are known
as Allgrove’s syndrome or “four A” syndrome. Allgrove’s
syndrome is inherited in an autosomal recessive mode
and may express in adulthood. Massive loss of neural
elements and neuronal NO synthase as well as a marked
fibrotic process of the muscle layers of the cardia have
been observed in this syndrome[13]. ICC in cardia was
also markedly decreased or absent while ICC (and neural
structures) were preserved in pylorus[13].
Gastro-esophageal reflux disease (GERD)
GERD is a highly prevalent condition. Typical symptoms
of heartburn and acid regurgitation are encountered in
15%-20% of the general population[14].
GERD represents the most common cause of
esophagitis that may be complicated with esophageal ulcers, peptic stenosis and Barrett’s esophagus, which carries a high risk of esophageal adenocarcinoma[14].
The role of the ICC in inhibitory transmission in the
LES is still discussed.
In W/Wv mutant mice (lack of ICC) LOS pressure
was lower than wild-type mice but a normal swallow still
induced LOS relaxation, arguing against the role of ICC
in inhibitory transmission[15]. Another study demonstrated that in W/Wv animals, cholinergic and nitrergic neuwww.wjgnet.com
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rotransmission is greatly reduced pleading for the role
of ICC in mediating neural inputs[16]. However enteric
neurons, varicose processes, and the ability to release
neurotransmitters are not reduced, and smooth muscle
cells demonstrate responsiveness to exogenous transmitters[16].
Loss of ICC during development or in pathologic
conditions would significantly compromise the ability of
GI muscles to generate typical motor reflexes[17].
Esophagitis itself may be at the origin of an alteration of normal function of the Cajal cells: in advanced
stages of GERD, inflammatory changes in the esophageal wall will also involve the ICC. That way, the more
severe the esophagitis, the more severe is the ICC impairment. This destruction leads to loss of effective
contraction of esophagus, maintaining reflux and thus
aggravating the symptoms[18].

STOMACH
Gastroparesis
Delayed gastric emptying can be secondary to muscular,
neural, humoral causes or use of anticholinergic and
opiates medicines. In the absence of an identified cause,
gastroparesis is termed as idiopathic[19]. Clinical features
of gastroparesis are frequently indistinguishable from
true mechanical obstruction and severity of symptoms is
variable. Most patients present with early satiety, nausea,
and abdominal pain. In some cases, symptoms can be
highly incapacitating: chronic abdominal pain and vomiting leading to dehydration, electrolyte imbalance, nutritional impairment and weight loss[20,21].
ICC is involved in regulation of gastric emptying by
generating slow waves.
A decrease in ICC density ranged from 60% to 100%
depending on the area investigated was demonstrated
in histologic studies of stomach of type 1 diabetic patients[6]. The number of immunopositive cells for c-kit
was significantly decreased in the corpus and antrum
of the gastroparesis patients compared with control tissues[21]. The loss of intra muscular ICC and associated
nerves in the gastric fundus could explain the low basal
gastric tone and increased compliance of the stomach.
The hypomotility of the antrum can also be explained
by the absence of slow wave generation by the ICC[21,22].
Infantile hypertrophic pyloric stenosis
This is a congenital disorder characterized by functional
gastric-outlet obstruction. Dysfunction of pyloric inhibition has been implicated in the pathophysiology of hypertrophic pyloric stenosis. Normal inhibition process is
mediated by peptidergic and NO enteric nerves and also
may involve ICC. Although myenteric neurons appear
normal, those innervating the circular-muscle layer of
the pyloric sphincter lack NO synthetase[21]. In children
with hypertrophic pyloric stenosis, there was a significant
decrease in the number of ICC[22,23]. The following observations were made using electron microscopy in gastric specimens from patients with pyloric stenosis versus
normal controls [24]. Muscle cells were primarily in a
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proliferative phase and exhibited very few gap junctions
between smooth muscle cells or ICC: (1) Near absence
of nerve fibers containing large granular vesicles in the
circular muscle layer; (2) Fewer nerve cell bodies in the
myenteric plexus and lower total number of ganglia; (3)
Decreased number of ICC. These findings may plead
for a role of ICC in the pathogenesis.

Table 1 Immunohistochemical analysis of GI mesenchymal
tumors[35,36]

SMALL INTESTINE AND COLON
Idiopathic chronic intestinal pseudo-obstruction (CIIP)
CIIP is characterized by defective gastrointestinal
propulsion together with symptoms and signs of bowel
obstruction in the absence of any lesions or mechanical
obstacle[25]. CIIP is regarded as a neuropathy, myopathy
or both[26,27].
A possible role played by the ICC is demonstrated
by the alterations in ICC network reported in patients
with CIIP. Electron microscopy and immunochemistry
studies showed a decreased number of ICCs along with
structural abnormalities such as loss of processes and
damaged intracellular cytoskeleton and organelles[28].
Slow transit constipation (STC)
This is a very prevalent motility problem, but its mechanisms are unclear. Studies found that ICC density in the
colon of patients with constipation was significantly
decreased compared with those of normal patients[29].
Expression of c-kit mRNA and c-kit protein was
significantly decreased in the colon of STC, suggesting
that the c-kit signal pathway may play an important role in
ICC reduction in STC[30-32].
Since slow-transit constipation is secondary to
problems with the ENS, ICC, or smooth muscle cells,
replacement of the missing or defective cells would be
an attractive way of treatment[31]. Growing precursors of
the defective cells from stem cells should be easy, but the
distribution of the cells to their proper locations is still
problematic[31,32]. For the moment this is a promise of
genetic treatment.

TUMORS OF GASTROINTESTINAL
TRACT
Gastrointestinal stromal tumors (GISTs)
GISTs have been recognized as a biologically distinctive
tumor type, different from smooth muscle and neural
tumors of the gastrointestinal tract. They constitute the
majority of gastrointestinal mesenchymal tumors[33].
GISTs originate from the ICC. Their origin from the
ICC has been proven by their immunophenotypic (CD117
positive) and ultrastructural resemblance and also by the
presence of an embryonic smooth muscle myosin similar
to the one present in the ICC[33-36] (Table 1). Approximately 80% of GISTs also express CD34.
Annual incidence of clinically detected new cases of
GISTs in the United States has increased to 5000-6000
per year due to better diagnosis, and incidence is rising.
Uncommonly, GISTs arise in families, and in these pa-
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Smooth muscle tumor

Smooth muscle actin
Desmin

Schwannoma

S100

Glomus tumor

Smooth muscle actin
Vimentin

tients germline mutations of c-kit have been identified
particularly in exons 11 and 13. A diffuse hyperplasia of
the ICC, which is regarded as a pre-neoplastic lesion is
noted in these patients[33]. The patients with exon 11 mutations develop cutaneous mastocytosis with or without
cutaneous hyperpigmentation, but those with exon 13
mutations do not have these features[33,34]. The tumors
under 3 cm in diameter are mostly benign, but all GISTs
have a malignant potential[35].
The majority of GISTs occurs in the stomach
(60%-70%), small intestine (20%-30%) and only 10% or
less in the esophagus, colon and rectum, and they affect
mainly middle aged patients. Similar tumors, sometimes
known as extra-gastrointestinal stromal tumors (EGIST), may arise in the omentum, mesentery, or retroperitoneum and at least one case of pancreatic tumor
was described[37,38]. The presence of ICC in normal pancreas was demonstrated recently[39].
The symptoms may vary from none or slight abdominal discomfort to brisk gastrointestinal hemorrhage,
perforation or obstruction.
Imatinib mesylate, a synthetic tyrosine kinase inhibitor developed for the use in the management of interferon resistant chronic myeloid leukemia (CML), was
shown to be effective against a number of other tyrosine
kinases including c-kit and platelet derived growth factor (PDGF) and now it is considered to be the drug of
choice for metastatic and inoperable GIST’s[33,34].

CONCLUSION
Knowledge on the role of ICC in gastrointestinal
disorders is increasing. However, with the exception
of GIST’s, no major breakthrough has been made in
treatment. Further studies may provide new treatments.
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Abstract
Intrahepatic cholangiocarcinoma (ICC) is a rare primary
liver cancer with a global increasing trend in recent
years. Symptoms tend to be vague and insidious in
development, often are diagnosed at an advanced stage
when only palliative approaches can be used with a
median survival rate of months. Comparing with HCC,
ICC tends to spread to lymph nodes early, and is rarely
limited to the regional lymph nodes, with a frequent
postoperative recurrence. Surgery is the only choice of
curative therapy for ICC, but recently no consensus has
been established for operation. Thus, more data from
multiple centers and more cases are needed. Generally
speaking, current adjunctive therapy cannot clearly
improve survival. Further research is needed to find
more effective radio- and chemotherapeutic regimens.
© 2008 The WJG Press. All rights reserved.
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Epidemiology
Intrahepatic cholangiocarcinoma (ICC) is a rare
malignant tumor which arises from the epithelial cells
of intrahepatic bile ducts (beyond the second order bile
ducts). The incidence of ICC is reported to be only
about 10% of primary liver cancers. But, recent studies
from several countries have indicated that the incidence
of ICC is increasing which cannot be solely explained
by reclassification and improved detection [1-10]. The
rate of ICC for males is greater than that for females;
but ICC is less distinct than hepatocellular carcinoma
and usually occurs after the sixth decade of life[1-10]. A
recent study reported that in addition to the established
risk factors such choledochal cysts, chronic cholangitis,
inflammator y bowel disease, primar y sclerosing
cholangitis (PSC) parasitic infections, drug or toxin
exposure, and genetic risks, other conditions such as
biliary cirrhosis, cholelithiasis, alcoholic liver disease,
nonspecific cirrhosis, are significantly associated with
ICC[11]. The incidence of diabetes, thyrotoxicosis, chronic
pancreatitis, obesity, chronic nonalcoholic liver disease,
HCV/HBV infection, chronic typhoid carrier state and
smoking, is increasing, suggesting that these conditions
might partly explain the trends of ICC in incidence[12].
However, many tumors arise in the absence of any
known predisposition[13-17]. Despite the global increase,
regional, racial, ethnic, gender and age variations occur.
Moreover, it was reported that the incidence of ICC has
decreased in Denmark[18,19]. ICC has the worst prognosis
of any tumor arising in the liver; its 5-year survival is
poor, and accompanied by a high recurrence rate. The
overall 5-year survival rate ranges 13%-42%[20-22]. Chu
et al[23] showed that the median survival after conservative
therapy and hepatic resection is 1.8 mo and 12.2 mo,
respectively.

Diagnosis
Recent advances have been made in diagnosis of
ICC with MRCP combined MRI, CT, positronemission tomography scanning (PET) with [F-18]
fluorodeoxyglucose (FDG), virtual three-dimensional
images and optical coherence tomography (OCT),
a high-resolution imaging technique that produces
cross-sectional imag es in vi vo [24,25] , endoscopic
retrog rade cholangiog raphy (ERCP) with br ush
cytology and biopsy, endoscopic ultrasound with
guided fine-needle aspiration, advanced cytological
tests including fluorescent in situ hybridization or
www.wjgnet.com
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digital image analysis (DIA), cholangioscopy (peroral
cholangioscopy, percutaneous cholangioscopy,
transpapillary cholangioscopy)[26,27]. Sandwich enzymelinked immunosorbent assay can show a 71% sensitivity
and 90% specificity for new tumor markers in serum
and bile including genomic and proteomic markers
[such as CA199, CEA and mucin5, subtypes A and C
(MUC5AC)][28]. On the other hand, most patients present
too late to be diagnosed at an advanced stage when only
palliative approaches can be used with a median survival
of months.
Macroscopic aspect
ICC is defined as a kind of tumor originating from
the second branch (segmental branch) or the proximal
branch of bile duct[29] and further classified into hilar
type and peripheral type. The former arises from
the large intrahepatic biliary epithelium (segmental
branches) having histological features of a papillary
epithelial component or a large tubular component. The
latter arises from small biliary epithelium (smaller than
segmental branches) with histological features of smallsized glands in a fibrotic background, closely packed,
somewhat distorted small ducts, and cordlike structure,
but lacking large glands, and Shinichi Aishima, etc. It was
recently reported that ICC is associated with different
predispositions when arising from different levels of the
biliary tree and likely to show an aggressive course even
in cases of a small tumor arising from the large biliary
duct[30,31].
Histological aspect
ICC, arising from cholangiocytes, is a moderately- to
well-differentiated tubular adenocarcinoma. Papillary
adenocarcinoma, signet-ring carcinoma, squamous cell
or muco-epidermoid carcinoma and lymphoepitheliomalike forms are rare histological variants. The most
outstanding histological feature is the presence of
abundant desmoplastic stroma in ICC compared with
HCC, leading to a low diagnostic yield of random
biopsies. Desmoplasia may also cause capsular retraction.
According to the degree of stromal desmoplasia in the
tumor and Kajiyama, Kiyoshi, etc, ICC is microscopically
categorized into scirrhous-type (SICC) and nonscirrhoustype (NSICC). The frequencies of lymphatic permeation,
perineural invasion and the proliferative activity
measured by MIB-1 immunostaining, monoclonal
antibody specific for Ki-67 [a nuclear antigen expressed
throughout the cell cycle (G1, S-G2 and M), but absent
in quiescent cells (G0)], were significantly higher in SICC
than in NSICC, and serosal invasion, vascular invasion,
lymph nodes metastases also tend to be more frequent
in SICC and are closely related to the prognosis[32].
Classification
Three types of ICC have been established using the
TNM staging system and the classification system
established by the Liver Cancer Study Group of Japan:
mass-forming type (MF), periductal-infiltration type
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Table 1 Staging system for ICC proposed by Liver Cancer
Study Group of Japan
T1: Meet requirements (single nodule, tumor 2 cm or less and no portal
vein, hepatic vein and serous membrane invasion)
T2: Meet two of the three requirements
T3: Meet one of the three requirements
T4: Meet none of the three requirements
N1: No metastasis to lymph node
N2: Metastasis to any lymph nodes
M0: No distant metastasis
M1: Positive distant metastasis
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage ⅣA
Stage ⅣB

T1
T2
T3
T4
Or any T
Any T

N0
N0
N0
N0
N1
Any N

M0
M0
M0
M0
M0
M1

(PI) and intraductal growth type (IG). MF type forms a
definite round-shaped mass with an expansive growth
pattern, but without fibrous capsule, and locates in the
liver parenchyma. The border between cancerous and
non-cancerous portions is distinct, and this type of ICC
does not invade the major branch of the portal triad. PI
type is defined as a mass extending longitudinally along
the bile duct, occasionally involves the surrounding
blood vessels and/or hepatic parenchyma, often
resulting in dilatation of the peripheral bile duct. IG type
proliferates towards the lumen of bile duct papillary or
like a tumor thrombus, occasionally involving superficial
extension. This type of ICC is usually detected in a thick
bile duct[29].
Staging system
ICC is a rare type of primary liver cancer, accounting
only for 5%-10% of all liver cancers, and has a low
resectability rate. So the International Union against
Cancer (UICC) defined the TNM staging system solely
from clinical experience in treating HCC[33]. Based on
the distinct difference in the mechanism and biologic
behavior between HCC and ICC, the Liver Cancer Study
Group of Japan has proposed a new TNM staging
system for the MF type of ICC (Table 1) [34]. Serosal
invasion is not a T-factor component in the UICC tumor
staging system. Uenishi et al[35] retrospectively analyzed
sixty-three patients who underwent hepatic resection for
mass-forming intrahepatic cholangiocarcinoma between
January 1983 and December 2003, and found that that
serosal invasion has no impact on survival of patients
after hepatic resection for MF type of ICC. Another
staging system used for MF type of ICC, defined a
solitary tumor without vascular invasion as stage Ⅰ,
a solitary tumor with vascular invasion as stage Ⅱ ,
multiple tumor with or without vascular invasion as stage
ⅢA, tumor with regional lymph node metastasis as stage
ⅢB, tumor with distant metastases as stage Ⅳ. In this
system, tumor size is excluded from T factor. It is likely
that the influence of tumor size on its prognosis cannot
be evaluated because the number of small tumors is too
small[36].

Yang J et al . Intrahepatic cholangiocarcinoma

6291

Table 2 Lymph node groups by tumor location
N2

N3

Right lobe Hepatoduodenal
ligament

N1

Along left gastric artery
Along common hepatic
artery
Along celiac artery
Posterior surface
of pancreas head

Distant

Left lobe

Right cardiac
region
Lesser curvature
of stomach

Along left gastric artery

Hepatoduodenal
ligament

Posterior surface
of pancreas head

Along common
hepatic artery
Along celiac artery

Distant

N3 distant: Abdominal aorta, root of the mesentery, inferior vena cava, etc.

Spreading mode
The spreading modes of ICC, such as sinusoidal invasion,
spreading along duct walls and periductal tissue, growth
replacing the biliary epithelium or intraductal growth,
spreading along Glisson’s sheath (lymphatic involvement,
perineural or intraneural invasion, permeation of the
portal connective tissue and vascular involvement)
have been reported[37-40]. Nakajima et al[37] reported that
sinusoidal invasion and portal vein invasion are the
most frequent mode of intrahepatic spread. Different
macroscopic types of ICC have different modes of
spread. The MF type of ICC tends to invade the liver
via the portal vein system and Glisson’s sheath when
the tumor increases in size with a frequent remnant
hepatic recurrence. The PI type of ICC has a tendency
to infiltrate making it difficult to get clear margins during
hepatectomy, and to spread along Glisson’s sheath via
lymphatic vessels, thus invading connective tissue and
major vessels at the hilum and hepatoduodenal ligament.
The IG type of ICC has an extremely favorable prognosis
after surgical resection compared with the other two
types. Moreover, this type of ICC has a lower rate of
lymphatic or intrahepatic metastasis and recurrence
after curative surgical resection[37-39]. Yamamoto et al[40]
suggested that anatomic and extensive hepatectomy is a
rational procedure for MF type of ICC, and hepatectomy
with extrahepatic duct excision and hilar lymph node
resection is a rational procedure for IP and MF types of
ICC with biliary invasion. The Liver Cancer Study Group
of Japan has proposed a criterion for the invasion degrees
of ICC: (1) no tumor invasion of the portal vein, hepatic
vein, or bile duct; (2) tumor invasion distal to the second
branch of the portal vein or bile duct and/or invasion
of a branch of the hepatic vein; (3) tumor invasion of
the second branch of the portal vein or the bile duct, the
major hepatic veins and/or the short hepatic veins; (4)
tumor invasion of the first branch of the portal vein or
of the bile duct and tumor invasion of the inferior vena
cava[29].
Lymph node metastasis
The most outstanding pattern of ICC compared with

HCC is early lymphatic spread. The findings in the
majority recent literature indicate that lymph node
status is an important prognostic factor for patients
undergoing hepatic resection[41-47]. Yet nodal status does
not affect survival after aggressive surgical treatment
in patients with ICC[48], and some long-term survivors
with positive lymph nodes have also been reported[49-51].
It was reported that the rate of metastasis for ICC
to hilar lymph nodes is about 50% [41,42,52]. Nakagawa
et al[43] reported that the positive rate of lymph nodes in
patients with lymph node dissection is 47%, 33%, 17%,
13%, 10%, 3%, respectively. Regarding the pattern of
lymph node spread, the Liver Cancer Study Group of
Japan has proposed a classification of regional lymph
nodes in liver cancer (Table 2) and three major routes
of lymphatic spread of ICC: hepatoduodenal route,
cardiac route (through the lesser omentum to the cardiac
portion of the stomach and the gastric lesser curvature),
and diaphragmatic route[48]. Hepatoduodenal ligament
is the most common site of nodal metastasis in ICC
patients irrespective of the tumor location. Almost all
patients are involved in positive lymph nodes of the
hepatoduodenal ligament or along the common hepatic
artery, lymph nodes are also found in about half of the
patients involving the left lobe of liver[43,44,53-56]. Nozaki
et al[57] reported that extensive lymph node metastasis
was observed in most patients, only 3 (20%) of 15
patients with lymph node metastasis had regional lymph
node metastasis. Shimada et al[47] has reported the similar
observations, suggesting that lymph node metastasis of
ICC is rarely limited to the regional lymph nodes.
Surgical treatment
Surgery is the only choice of curative therapy for ICC.
However, only a few patients are suitable for surgery.
Good results depend on comprehensive preoperative
evaluation, patient selection and discreet operation.

Evaluation
Assessment of resectability
Tumors that are medically fit for hepatic resection
must be completely resected with negative histological
margins, no evidence of metastases, disseminated
disease, and extensive lymphadenopathy. The following
factors must be considered. (1) Biliary tract invasion:
bilateral involvement of hepatic ducts to the level of
the secondary biliary radicals, atrophy of one liver lobe
with contralateral secondary biliary radical involvement
is a contraindication to resection. (2) Lymph node
metastasis: Inoue et al[46] reported that the outcome of
16 patients with lymph node metastasis, accounting
for 31.4% of all patients, was quite poor. Their median
survival time was 14.1 mo and none of them survived
5 years except for one patient with the IG type of
ICC, suggesting that the presence of lymph node
metastasis in the MF type of ICC is a sign of noncurability. However, a longer survival time (over 5
years) in ICC patients with lymph node metastasis has
been described[54,58]. (3) Vessel invasion: Based on some
www.wjgnet.com
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centers’ support for resection of ICC with vascular
reconstruction en bloc, involvement of the main hepatic
artery or portal vein is the relative contraindication to
resection[40,59]. (4) Intrahepatic metastasis: Intrahepatic
metastasis in the remaining liver is considered unfit for
hepatic resection, and disseminated disease should not
undergo hepatectomy. (5) Hepatic functional reserve:
It is important to accurately estimate liver reserve
function before hepatectomy to avoid postoperative liver
failure. Methods to evaluate liver function, including
routine examinations of aminotransferase, bilirubin,
albumin, prothrombin time, Child-Pugh classification,
and hepatic imaging providing volumetric information,
indocyanine green (ICG) test. The indocyanine green
retention rate at 15 min [ICG (R15)] has recently been
considered a sensitive marker for liver reserve function.
Nevertheless, it remains imperfect. Moreover, how
to evaluate the maximal hepatic resection volume
according to liver reserve function remains controversial.
Trimethadione (TMO) tolerance test can show the
Child-Pugh score in evaluation of cirrhosis. Hepatic
99mTc-diethylenetriamine pentaacetic acid-galactosylhuman serum albumin (99mTc-GSA) clearance test
can show postoperative hepatic function and liver
stiffness assessed quantitatively with a tactile sensor. The
combination of Child-Pugh score, presence of ascites,
serum bilirubin levels, indocyanine green retention
(ICG R15) value, and remnant liver CT volumetry as
well as age, diabetes, cardiopulmonary function, and
general performance need to be taken into consideration
preoperatively. Other factors affecting respectability
include the size and extent of the tumor[60].
Evaluation modalities
Ultrasound can diagnose biliary dilatation and suspected
cholangiocarcinoma by localizing the site of obstruction
and excluding gallstones. Color Doppler can detect
tumor-induced compression/thrombosis of the portal
vein or hepatic artery. However, ultrasound is nonspecific, often misses small perihilar, extrahepatic, and
periampullary tumors, and is not good at defining the
extent of tumor.
CT can detect biliar y dilatation, intrahepatic
cholangiocarcinoma greater than 1 cm in diameter, small
liver metastases, lymphadenopathy, biliary obstruction,
suspected perihilar tumor or tumor involving the portal
venous/arterial system. However, CT can only establish
the resectability in 60% of cases[61], and cannot usually
define the extent of cholangiocar-cinoma because of
the sclerosis and fibrosis of surrounding tissue. In
addition, CT cannot accurately differentiate ICC from
PSC[62].
MRI along with MRCP can detect ICC and assess
preoperative ICC patients by investigating all involved
structures, such as the bile ducts, vessels, and hepatic
parenchyma, which are important factors for prognosis.
Some new tissue-specific MR contrast agents with
hepatobiliary and reticuloendothelial cell affinity, such
as gadobenate, and ultra-small iron-oxide (USPIO)
particles contrast agents with lymph node specificity
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can be used to detect and assess tumor invasion[63-65].
MRCP may have some potential advantages over CT in
identifying intrahepatic mass lesions, and can provide
a three-dimensional computerized reconstruction
of the biliary tree allowing assessment of bile ducts
both above and below a stricture. The non-invasively
acquired cholangiographic images obtained by MRCP
are comparable with invasive cholangiographies
(ERCP and PTC), high positive and negative predictive
values for detecting the level and features of biliary
obstructions[61,66-68]. Owing to its intrinsically high tissue
contrast and multiplanar capability, MRCP is superior to
ERCP for defining the anatomy of tumor and assessing
its respectability. However, the tendency of MRCP to
understage the extent of cholangiocarcinoma has been
reported[69]. MRI is not superior to CT in identifying
lymph node metastasis.
PET scanning with the focal accumulation of
nucleotide tracer 18-fluorodeoxyglucose (FDG) is an
emerging staging technique for many cancers. This
technique can detect nodular cholangiocarcinoma
as small as 1 cm in diameter, but is less sensitive to
infiltrating tumors[70]. FDG-PET has a higher specificity
for lymphadenopathy than CT, although there is
no difference in sensitivity between them [71,72]. In a
retrospective study, 21 patients with ICC underwent CT,
MRI and PET for lymph node metastasis, which were
concordant in 16 patients and discordant in 5 patients
(positive FDG-PET in three, positive CT and MRI in
two). Moreover, PET may has some superiority over CT
and MRI in detecting distant metastases[71].
T he above non-invasive techniques may be
complementary and sometimes are all necessary as
part of surgical assessment depending on the clinical
situation. Furthermore, invasive modalities are also
needed sometimes to assess the resectability and predict
the prognosis. In most cases, ERCP/PTC is replaced
by MRCP, but ERCP with OCT can provide more
information for surgical plan [21]. Another advantage
of these techniques over MRCP is that washing,
brushing and intraductal biopsies can be obtained for
cytopathologic analysis, adding some new cytological
tests, such as DIA, fluorescent in situ hybridization, so
that the sensitivity increases, especially to patients with
PSC or apparent biliary obstruction[73,74]. But, negative
cytology from brushings does not exclude malignancy.
Preoperative (percutaneous choledochoscope) and
intraoperative vholedochoscope with biopsy can help to
make an early diagnosis. Blood vessel involvement is an
important prognosis factor. As a means of evaluating
vascular invasion, hypovascular or hypervascular lesion,
concomitant vascular resection and reconstruction,
angiog raphy should be reser ved in some cases.
Percutaneous transhepatic portography (PTP) and
retrograde selective hepatic venography should be
selected. Virtual 3D is a new kind of technique for
constructing three-dimensional virtual images of the
portal vein, hepatic artery, and bile ducts. On account
of it, accurate knowledge of partial anatomy can be
gotten. Preoperative planning for complex biliary
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surgery especially lesions invading the hepatic hilum may
be improved[75]. ICC in patients with lymphadenopathy
is often missed on preoperative imaging. Endoscopic
ultrasound can be useful in identifying local lymph
node enlargement and allows a good view of distal
extrahepatic biliar y tree and vasculature [26] . The
sensitivity of fine needle aspiration of the tumor
mass or its surrounding lymph nodes and endoscopic
ultrasound is greater than ERCP with brushings in
detecting malignancy [26,27,76]. Endoscopic ultrasoundguided regional lymph node sampling can be performed
in early disease to assess the respectability or eligibility
for transplantation[77]. However, endoscopic aspiration
of hilar masses is not recommended because of the
potential of tumor seeding. Laparoscopy is gradually
replaced by ultrasonography and other imaging studies,
but has identified a third case of peritoneal and
superficial liver metastases[51,78,79].

Operation
Hepatectomy
It was recently reported that aggressive surgical strategies
in the treatment of ICC can significantly increase the
survival of ICC patients[14,80,81]. Yamamoto et al[82] and
Ohashi et al[83] suggested that anatomic and extensive
hepatectomy is the rational procedure for mass-forming
ICC, while hepatectomy with extrahepatic duct excision,
and hilar lymph nodal resection is the rational procedure
for infiltrating ICC. The 3- and 5-year survival rates
of ICC patients after curative resection (n = 56, 53%
and 50%, respectively) were significantly higher than
those of patients after non-curative resection (n = 67,
7% and 2% respectively, P < 0.0001). In 54 patients
followed-up after curative resection, the rate of
recurrence after surgery was 46%. The rate of recurrence
was significantly higher in patients with various massforming ICC tumors (P = 0.039) than in those with
other types of tumors or tumors > 3 cm in diameter
than in those with tumors > 3 cm or < less 3 cm
(P = 0.006)[84]. Kim et al[85] reported that the median
survival time after non-curative resection is 3.0 mo. Chu
et al[22] showed the the median survival time is 1.8 mo
and 2.9 mo, respectively, after conservative management
and palliative operations. Only a curative resection can
prolong survival. ICC has no characteristic symptoms at
its early stage and is often at its advanced stage when it is
diagnosed. Consequently, the resectability rate is usually
low, extended hepatectomy possibly in combination with
resection of other structures (e.g. extrahepatic bile duct,
portal vein and inferior vena cava) is generally required.
Wu et al [86] described a case of initially unresectable,
locally advanced intrahepatic cholangiocarcinoma that
showed a remarkable regression after transcatheter
arterial chemoembolization with degradable starch
microspheres, allowing for subsequent successful curative
resection. In a retrospectively study, Yamamoto et al[40]
allocated 83 patients who had undergone resection to a
standard surgery group (n = 56), in which the patients
underwent hepatectomy alone or hepatectomy with bile
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duct resection, and an extended surgery group (n = 27),
in which the patients underwent the standard operation
combined with vessel resection and/or pancreatectomy.
The 5-year survival rate was significantly higher in the
standard surgery group (30%) than in the extended
surgery group (10%, P = 0.0061). So they concluded
that extended surgery does not improve the curative
resection rate or the surgical outcome of ICC[40].
Lymphadenectomy
ICC frequently demonstrates lymphatic spread. Lymph
node metastasis is a significant prognostic factor for
IHCC. Whether lymph nodes are dissected, and what
is the extent of dissection remain the two important
questions to be solved. No consensus has been reached
concerning the indications and value of lymph node
dissection for ICC. Hepatectomy with extensive
lymph node dissection is the standard operation for
intrahepatic cholangiocarcinoma in Japan. However,
lymph node dissection may not always be effective in
reducing tumor recurrence. Chu et al[22] and Shimada
et al[47] that lymph node dissection alone is not likely
to improve the prognosis without further control of
liver metastases. However, there are reported cases of
long-term survival after extended surgical resection of
intrahepatic cholangiocarcinoma with extensive lymph
node metastasis[56,87].
Transplantation
Pichlmayr et al[88] reported that the median survival time
of 18 patients with IHCC after liver transplantation was
5.0 mo, and the 1-year survival rate was 13.9%. Casavilla
et al[89] performed liver transplantation for patients with
unresectable tumor (n = 12) or advanced cirrhosis (n =
8) and found that the mortality within 30 d was 7.4%.
Overall, the tumor-free survival rates were 64% and
57%, respectively at 1 year, 34% and 34%, respectively
at 3 years, and 26% and 27%, respectively at 5 years after
operation. About 59.3% patients experienced tumor
recurrence. When patients with positive margins, multiple
tumors, and lymph node involvement were excluded, the
patient survival rate was 74%, 64% and 62%, at 1, 3, and 5
years, respectively after operation. A Mayo Clinic group[90]
used preoperative irradiation and chemotherapy for
patients with unresectable cholangiocarcinoma above the
cystic duct without intrahepatic or extrahepatic metastases.
Patients initially received external-beam irradiation plus
bolus fluorouracil (5-FU), followed by brachytherapy with
iridium and concomitant protracted venous infusion of
5-FU. 5-FU was then administered continuously through
an ambulatory infusion pump until OLT. After irradiation,
patients underwent an exploratory laparotomy to exclude
metastatic disease. The patients have a median followup time of 44 mo (range 17-83 mo, 7 of 9 patients > 36
mo). Only 1 patient developed tumor relapse. The group
concluded that OLT in combination with preoperative
irradiation and chemotherapy is associated with prolonged
disease-free, and overall survival in highly selected patients
with early-stage cholangiocarcinoma[90]. A comparison of
recent series is shown in Table 3.
www.wjgnet.com
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Table 3 Comparison of recent series
Authors

Yr

Countries

Procedure (patients)

Prognosis (%)
Median (mo) 1 yr

Pichlmayr et al[88]

1995 Germany

Casavilla et al[89]

1997 America

Chu et al[22]

1997 Hong Kong,
China

Madariaga et al[98]
Meyer et al[99]
Kawarada et al[100]
Fu et al[101]
Robles et al[102]
Lang et al[80]

1998
2000
2001
2004
2004
2005

Ghali et al[103]
Urahashi et al[104]

2005 Canada
2007 Japan

De Oliveira et al[105]

2007 America

Becker et al[106]

2008 America

Japan
America
Japan
China
Spain
Germany

Hepatic resection (32)
Liver transplantation (18)
Hepatic resection (34)
Liver transplantation (20)
Conservative management (15)
Palliative operation (23)
Hepatic resection (39)
Hepatic resection (34)
Liver transplantation (207)
hepatic resection (37)
Palliative or curative operation (79)
Liver transplantation (23)
R0-resection (complete tumor removal) (16)
R1-resection (microscopic tumor at the cutting
margin) (11)
Liver transplantation (10)
HPD (hepatectomy with pancreatoduodenectomy)
(12)
Hepatic resection (R0-resection)
Hepatic resection (overall)
Liver transplantation (280)

Adjunctive therapy
Recurrence of ICC is due to failure in surger y,
warranting consideration of adjuvant treatments.
Neither adjuvant nor neoadjuvant therapy, however,
has been shown to improve survival. Roayaie et al[91]
performed chemo-radiation therapy for postoperative
patients with positive resection margins or nodal
invasion and did not find any difference in the actuarial
disease-free survival between the patients with or
without adjuvant chemo-radiation. Sanz-Altamira
et al[92] used 5-fluorouracil, leucovorin, and carboplatin
in patients with unresectable biliary tree carcinoma
and found that 21% of the patients had significant
responses. Ando et al[93] treated an IHCC patient with
postoperative recurrence of multiple liver metastases,
and a complete response was noted 1 year after the
patient underwent 4 courses of hepatic arterial infusion
therapy via a subcutaneously implanted injection port
and received cisplatin. The research of Furuse et al[94]
showed that, of the twenty-four patients not amenable
to surgery, three had a response rate of 12.5%, thirteen
had a stable disease, seven had a progressive disease, and
one was not evaluated. Lee et al[95] treated 24 patients
immunohistochemically proven cholangiocarcinoma
patients with gemcitabine and cisplatin. Of these 24
patients, 5 had a partial response, 12 had a stable disease,
and 7 had a progressive disease during treatment.
These patients had a median survival time of 9.30 mo.
In a study by Feisthammel et al[96], the response rate
was 10% for patients with inoperable intrahepatic
cholangiocarcinoma (n = 17) or gallbladder cancer
(n = 13) after treatment with irinotecan followed
by folinic acid and 5-FU, and an additional 10% of
patients had a stable disease. The median overall
survival time of was 166 d and 273 d, respectively and
median progression-free survival time of intrahepatic
www.wjgnet.com

3 yr

5 yr

60
70

37
29

31
18

57.3
67
72
54.1
49.4
77
94
22

23.9
40
48 (2 yr)
34
17.3
65
82
0

15.9
35
23
23.9
9.6
42

90
42

80
33

20
33

Tumor
recurrence (%)

12.8
5.0

1.8
2.9
12.2
19
31.5
11.9
46
5

80
28
74

56
55

51

35
37.5

80
75

63
40
38

cholangiocarcinoma and gallbladder cancer patients
was 166-273 d, and 84-159 d, respectively. These results
suggest that the present therapy is a useful option for
advanced IHCC. Rai et al[97] reported a 59-year old lady
who underwent orthotopic liver transplantation (OLT)
for intrahepatic cholangiocarcinoma recurrence 13 mo
after transplantation in spite of adjuvant chemotherapy.
She survived 18 mo after her recurrent tumor was
treated with radiofrequency ablation, suggesting that
radiofrequency ablation can be used in treatment of
recurrent tumor after liver transplantation.
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9th NPY Meeting was held for the first time in Japan in
March 2008, which was organized by Akio Inui, Professor and Chairman, Department of Psychosomatic Inter6299

nal Medicine, Kagoshima University Graduate School of
Medical and Dental Sciences, Kagoshima, Japan.
This TOPIC HIGHLIGHT is the “ghrelin version”
of the proceedings of 9th NPY Meeting and presents examples of the critical interplay in ghrelin-NPY pathway in
response to environmental, pharmacological and genetic
challenges in the stomach and hypothalamus. Other major
topics in connection with NPY and related peptides are
published in the special issue of Nutrition, thus together
representing a comprehensive review of state of the art
knowledge of the operation in regulating multiple physiological functions in the periphery and CNS.
These papers are written by leaders in their respective scientific fields by the use of various approaches and
models to examine the secretion and action of ghrelin,
including manometric and force transducer methods to
measure physiological and ghrelin peptides-induced GI
motility, electrophysiology to measure neuronal activity
in NPY neurons, NPY receptor knockout and other animal models to examine appetite, secretion of stomach
ghrelin and leptin or gastric acid, and human studies in
relation to Helicobacter pylori.
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Abstract
Ghrelin causes interdigestive contractions of the stomach in rats. However, it remains unknown whether
ghrelin causes interdigestive contractions in the small
intestine. Four strain gauge transducers were implanted
on the antrum, duodenum, proximal and distal jejunum.
After an overnight fast, gastrointestinal (GI) contractions were recorded in freely moving conscious rats.
Spontaneous phase Ⅲ-like contractions were observed
at every 13-16 min in rat GI tract. The fasted motor
patterns were replaced by the fed motor pattern immediately after food intake. Two minutes after finishing the
spontaneous phase Ⅲ-like contractions in the antrum,
acyl ghrelin (0.8, 2.4 and 8.0 µg/kg per min) was continuously infused for 30 min. Three-five minutes after
the starting ghrelin infusion, augmented phase Ⅲ-like
contractions were observed at the antrum, duodenum,
and jejunum. Ghrelin infusion (0.8, 2.4 and 8.0 µg/kg
per min) significantly increased motility index of phase
Ⅲ-like contractions at the antrum and jejunum in a
dose dependent manner, compared to that of saline injection. Thus, it is likely that exogenously administered
ghrelin causes phase Ⅲ-like contraction at the antrum,
which migrates to the duodenum and jejunum. The
possible role of 5-HT, in addition to ghrelin, in mediating
intestinal migrating motor complex (MMC), is discussed.
© 2008 The WJG Press. All rights reserved.
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GHRELIN AND INTERDIGESTIVE GASTRIC
MOTILITY
In the interdigestive state, the stomach and small intestine
show a remarkable motor pattern, known as the migrating
motor complex (MMC)[1]. MMC consists of three phases;
phaseⅠ(period of motor quiescence), phase Ⅱ (period
of irregular low amplitude contractions) and phase Ⅲ (period of regular high amplitude contractions). In humans
and dogs, MMC is usually observed every 90-120 min in
the interdigestive state. In contrast, in rats, MMC cycle is
less than 20 min and not so regular, compared to humans
and dogs[2,3]. Exogenously administered motilin does not
induce phase Ⅲ-like contractions in rats. Motilin or its receptors are not found in rats[4].
Ghrelin, a 28-amino acid peptide, was discovered
as the endogenous ligand for growth hormone secretagogue receptor (GHS-R) from the rat stomach[5]. Because of a structural resemblance to motilin, ghrelin is
known as the motilin-related peptide[6,7]. Ghrelin administration causes phase Ⅲ-like contraction at the antrum
and duodenum in conscious rats[3,8]. We recently showed
that gastric spontaneous phase Ⅲ-like contractions were
abolished by ghrelin receptor antagonists[9]. This suggests that endogenous ghrelin regulates spontaneous
phase Ⅲ-like contractions of the rat stomach.
However, it still remains unknown whether ghrelin
regulates intestinal phase Ⅲ-like contractions in rats. In
the current study, we investigated whether exogenously
administered ghrelin stimulates phase Ⅲ-like contractions of gastrointestinal (GI) tract in conscious rats.

EFFECTS OF GHRELIN ON THE
INTERDIGESTIVE GI CONTRACTIONS
Male Sprague-Dawley rats weighing 280-340 g were kept
www.wjgnet.com
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in-group cages under conditions of controlled temperature (22-24℃), humidity and light (12 h light cycle
starting at 7:00 am) with free access to laboratory chow
and water. Protocols describing the use of rats were approved by the Institutional Animal Care and Use Committee of Zablocki VA Medical Center (Milwaukee) and
carried out in accordance with the National Institute of
Health “Guide for the Care and Use of Laboratory Animals”. All efforts were made to minimize animal suffering and to reduce the number of animal in experiments.
After overnight fasting, the rats were anesthetized
with intraperitoneal injection of pentobarbital sodium
(45 mg/kg). Through a midline laparotomy, strain gauge
transducers were implanted on the serosal surface of the
antrum, duodenum and jejunum. Duodenal transducers
were implanted at 5 cm distal from the pylorus. Jejunal
transducers were implanted at 15 cm (the proximal jejunum: J-1) and 25 cm (the distal jejunum: J-2) distal from
the pylorus, respectively. The wires from transducer
were exteriorized through abdominal wall, ran under
skin toward the back. Intravenous catheter was inserted
into right jugular vein, and similarly exteriorized to the
back, as previously reported[2,9]. The catheter was filled
with heparinized saline (100 U/mL) to prevent coagulation. Wires and a catheter were protected by a protective
jacket (Star Medical, Tokyo, Japan). After the surgery,
rats were housed individual and were allowed to recover
for one week before the experiments.
After the implantation of transducers, rats were given food once daily at 12:00 pm-16:00 pm, as previously
reported[2]. Experiments of GI motility recording were
started at 9:00 am every day. The wires from the transducer were connected to the recording system (PowerLab model 8SP, ADI instruments, Colorado Springs,
CO). GI contractions were measured with free access
to water in freely moving conscious rats. Spontaneous
phase Ⅲ-like contractions were observed for 2-3 h.
Phase Ⅲ-like contractions were defined as clustered
potent contractions with amplitude of more than 4 g, as
previously reported[10].
Fujino et al[3] reported that bolus injection of acyl
ghrelin (1 g/rat; iv) induced phase Ⅲ-like contraction in
conscious rats. In general, bolus injection of certain peptides abruptly increased its plasma level. In our previous
study, acyl ghrelin (0.8 μg/kg per min) was continuously
infused for 5 min and potent phase Ⅲ-like contractions
were observed in the antrum in rats[9]. In our current
study, acyl ghrelin (0.8, 2.4 and 8.0 μg/kg per min) was
continuously infused for 30 min. Acyl ghrelin was purchased from Tocris Cookson (Ellisville, MO).
Motility index (MI), area under the curve, was calculated using a computer-assisted system (PowerLab, ADInstruments, Colorado Springs, CO). MI in GI tract was
compared thirty minutes before and during the infusion
of acyl ghrelin. Saline infused rats served as controls.
Results were shown as mean ± SE. ANOVA followed by student’s t-test was used to assess the difference among groups. A P value < 0.05 was considered to
be statistically significant.
It has been showed that spontaneous phase Ⅲ-like
www.wjgnet.com
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contractions are observed at 12-15 min intervals of the
stomach [3,9,10] in conscious rats. In our current study,
cyclic changes of contractions were detected in the
antrum, duodenum, J-1 and J-2 including a quiescence
period (phaseⅠ-like contractions) followed by a grouping of strong contractions (phase Ⅲ-like contractions).
Spontaneous phase Ⅲ-like contractions were observed
at every 13-16 min in rat GI tract. The fasted motor
patterns were replaced by the fed motor pattern immediately after food intake[11].
Two minutes after finishing the spontaneous phase
-like
contractions in the antrum, acyl ghrelin (0.8, 2.4
Ⅲ
and 8.0 μg/kg per min) was continuously infused for
30 min. Three-five minutes after the starting ghrelin
infusion, augmented phase Ⅲ-like contractions were
observed at the antrum, duodenum, J-1 and J-2 (Figure 1).
Ghrelin infusion (0.8, 2.4 and 8.0 μg/kg per min)
significantly increased MI of phase Ⅲ-like contractions
at the antrum and jejunum compared to that of saline
injection, in a dose-dependent manner (Figure 2).
It is well established that exogenously administered
ghrelin causes phase Ⅲ-like contractions in the interdigestive state at the antrum and duodenum in rats[3].
However, it is not clear whether intestinal phase Ⅲ-like
contractions are affected by ghrelin administration.
We evaluated the effects of peripherally infused
ghrelin on gastrointestinal phase Ⅲ-like contractions
in freely moving conscious rats. We demonstrated that
ghrelin infusion induced phase Ⅲ-like contractions in
the antrum, duodenum, proximal and distal jejunum in
a dose-dependent manner (0.8-80 μg/kg per min). This
suggests that gastric phase Ⅲ-like contractions induced
by exogenously administered ghrelin migrate distally to
the small intestine.
We have previously shown that GHS-R antagonists
significantly inhibited spontaneous phase Ⅲ-like contractions in conscious rats[9], suggesting that endogenously
released ghrelin regulates spontaneous phase Ⅲ-like contractions. We also showed the correlation between the
plasma ghrelin levels and occurrence of gastric phaseⅠand Ⅲ-like contractions of the antrum[9]. However, it is
not clear whether intestinal phase Ⅲ-like contractions
are regulated by endogenously released ghrelin. Previous
report showed that ghrelin stimulates motility in the rat
small intestine and that the stimulatory effect of ghrelin
is mediated via cholinergic neurons of the myenteric
plexus[12].
Our recent study showed that GHS-R antagonists inhibited phase Ⅲ-like contractions at the antrum, but not
the duodenum and the jejunum[11]. Previous studies also
showed that GHS-R antagonists did not affect phase Ⅲlike contractions in the duodenum[8].
It is likely that exogenously administered ghrelin (a
pharmacological dose of ghrelin) causes phase-Ⅲ like
contraction at the antrum, which migrates to the jejunum. In contrast, endogenously released ghrelin causes
spontaneous phase Ⅲ-like contractions at the antrum,
which do not migrate to the small intestine.
It has been demonstrated that 5-HT is involved in
mediating interdigestive contractions of the small intes-
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ghrelin (0.8 µg/kg per min) was
continuously infused for 30 min.
Three-five minutes after starting
the ghrelin infusion, phase Ⅲ-like
contractions were observed in
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the antrum, duodenum, jejunum-1
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Figure 2 Effect of ghrelin on % changes of MI of phase Ⅲ -like
contractions of GI tract (aP < 0.05 vs saline, n = 5). Ghrelin infusion (0.8, 2.4
and 8.0 µg/kg) dose-dependently increased MI of phase Ⅲ-like contractions of
the antrum and jejunum (aP < 0.05 vs saline, n = 5).

tine in rats[13]. Subcutaneous or intravenous administration of 5-HT can induce intestinal migrating myoelectrical activity in rats[14,15]. Intestinal migrating myoelectrical
activity was reduced by a 5-HT3 antagonist, but not by a
5-HT4 antagonist in conscious rats[15]. However, others
showed that intestinal migrating myoelectrical activity
was reduced by a 5-HT4 antagonist, as well as a 5-HT3
antagonist[16].
Our recent study showed that phase Ⅲ-like contractions at the jejunum, not the antrum and duodenum,
were significantly attenuated by 5-HT4 antagonists. In
contrast, 5-HT3 antagonists did not affect phase Ⅲ-like
contractions in all of upper GI tract[11]. These suggest
that spontaneous phase Ⅲ-like contractions at the jejunum is mediated via 5-HT4 receptors, but not 5-HT3
receptors.
5-HT3 receptors[17] and 5-HT4 receptors[18] are located

on the cholinergic neurons of the myenteric plexus as
well as sensory neurons of the intestinal mucosa[19]. Nerve
endings of sensory neurons may well be the targets for
the 5-HT released from enterochromaffin (EC) cells[20]. It
is generally accepted that 5-HT stimulates intrinsic nerve
fibers via 5-HT4 receptors[21], while 5-HT stimulates extrinsic nerve fibers via 5-HT3 receptors[19,22] in rats.
5-HT3 receptors are located on the nerve terminal of
vagal afferent of the duodenal mucosa in rats[23]. 5-HT
released by mucosal stimuli initiates peristalsis by activating 5-HT4 receptors on sensory CGRP neurons of the
rat colon in vitro[24]. These suggest that 5-HT4 receptors
play a major role in mediating an intrinsic neural reflex.
It is conceivable that luminally released 5-HT from duodenal EC cells initially stimulates duodenal phase Ⅲ-like
contractions via 5-HT4 receptors located on intrinsic primary afferent neurons (IPAN).
It has been shown that ghrelin receptors are synthesized in vagal afferent neurons and transported to the
afferent terminal. This is the major pathway conveying
ghrelin signals for starvation and growth hormone secretion to the brain[25]. Blockade of the gastric vagal neuron
by vagotomy or perivagal application of capsaicin abolished ghrelin-induced feeding, GH secretion, and activation of NPY-producing and GHRH-producing neurons[25]. Ghrelin-induced acid secretion is also abolished
by bilateral vagotomy[26].
Our recent study showed that spontaneous phase Ⅲlike contractions were completely disappeared in vagotomized rats[11]. These results suggest that ghrelin-induced
spontaneous phase-Ⅲ like is mediated via vagal pathways.
Spontaneous phase Ⅲ-like contractions are mainly
regulated by ghrelin in the antrum, while spontaneous
phase Ⅲ-like contractions are regulated by 5-HT in the
jejunum. Released ghrelin from the gastric mucosa initiwww.wjgnet.com
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ates gastric phase Ⅲ-like contractions via vagal dependent
pathways. Released 5-HT from intestinal EC cells induces
intestinal phase Ⅲ-like contractions via IPAN in rats.

13

14

REFERENCES
1
2

3

4

5
6

7

8
9

10

11

12

Szurszewski JH. A migrating electric complex of canine
small intestine. Am J Physiol 1969; 217: 1757-1763
Ariga H, Imai K, Chen C, Mantyh C, Pappas TN, Takahashi
T. Fixed feeding potentiates interdigestive gastric motor
activity in rats: importance of eating habits for maintaining
interdigestive MMC. Am J Physiol Gastrointest Liver Physiol
2008; 294: G655-G659
Fujino K, Inui A, Asakawa A, Kihara N, Fujimura M,
Fujimiya M. Ghrelin induces fasted motor activity of the
gastrointestinal tract in conscious fed rats. J Physiol 2003;
550: 227-240
Depoortere I, De Winter B, Thijs T, De Man J, Pelckmans
P, Peeters T. Comparison of the gastroprokinetic effects of
ghrelin, GHRP-6 and motilin in rats in vivo and in vitro. Eur
J Pharmacol 2005; 515: 160-168
Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo
H, Kangawa K. Ghrelin is a growth-hormone-releasing
acylated peptide from stomach. Nature 1999; 402: 656-660
Tomasetto C, Karam SM, Ribieras S, Masson R, Lefebvre O,
Staub A, Alexander G, Chenard MP, Rio MC. Identification
and characterization of a novel gastric peptide hormone: the
motilin-related peptide. Gastroenterology 2000; 119: 395-405
Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Ueno
N, Makino S, Fujimiya M, Niijima A, Fujino MA, Kasuga M.
Ghrelin is an appetite-stimulatory signal from stomach with
structural resemblance to motilin. Gastroenterology 2001; 120:
337-345
Wang Y, Dong L, Cheng Y, Zhao P. Effects of ghrelin on
feeding regulation and interdigestive migrating complex in
rats. Scand J Gastroenterol 2007; 42: 447-453
Ariga H, Tsukamoto K, Chen C, Mantyh C, Pappas TN,
Takahashi T. Endogenous acyl ghrelin is involved in
mediating spontaneous phase III-like contractions of the rat
stomach. Neurogastroenterol Motil 2007; 19: 675-680
Tatewaki M, Harris M, Uemura K, Ueno T, Hoshino
E, Shiotani A, Pappas TN, Takahashi T. Dual effects of
acupuncture on gastric motility in conscious rats. Am J
Physiol Regul Integr Comp Physiol 2003; 285: R862-R872
Taniguchi H, Ariga H, Zheng J, Ludwig K, Mantyh C,
Pappas TN, Takahashi T. Endogenous ghrelin and 5-HT
regulate interdigestive gastrointestinal contractions in
conscious rats. Am J Physiol Gastrointest Liver Physiol 2008;
295: G403-G411
Edholm T, Levin F, Hellstrom PM, Schmidt PT. Ghrelin
stimulates motility in the small intestine of rats through
intrinsic cholinergic neurons. Regul Pept 2004; 121: 25-30

15

16

17

18
19
20

21

22

23
24

25

26

November 7, 2008

Volume 14

Number 41

Pineiro-Carrero VM, Clench MH, Davis RH, Andres JM,
Franzini DA, Mathias JR. Intestinal motility changes in rats
after enteric serotonergic neuron destruction. Am J Physiol
1991; 260: G232-G239
Sagrada A, Brancaccio N, Schiavone A. 5-Hydroxytryptamine
affects rat migrating myoelectric complexes through different
receptor subtypes: evidence from 5-hydroxytryptophan
administration. Life Sci 1990; 46: 1207-1216
Lordal M, Hellstrom PM. Serotonin stimulates migrating
myoelectric complex via 5-HT3-receptors dependent on
cholinergic pathways in rat small intestine. Neurogastroenterol
Motil 1999; 11: 1-10
Axelsson LG, Wallin B, Gillberg PG, Sjoberg B, Soderberg
C, Hellstrom PM. Regulatory role of 5-HT and muscarinic
receptor antagonists on the migrating myoelectric complex
in rats. Eur J Pharmacol 2003; 467: 211-218
Miyata K, Kamato T, Nishida A, Ito H, Yuki H, Yamano M,
Tsutsumi R, Katsuyama Y, Honda K. Role of the serotonin3
receptor in stress-induced defecation. J Pharmacol Exp Ther
1992; 261: 297-303
Talley NJ. Serotoninergic neuroenteric modulators. Lancet
2001; 358: 2061-2068
Gershon MD. Review article: roles played by 5-hydroxytryptamine in the physiology of the bowel. Aliment
Pharmacol Ther 1999; 13 Suppl 2: 15-30
Berthoud HR, Kressel M, Raybould HE, Neuhuber WL.
Vagal sensors in the rat duodenal mucosa: distribution and
structure as revealed by in vivo DiI-tracing. Anat Embryol
(Berl) 1995; 191: 203-212
Foxx-Orenstein AE, Kuemmerle JF, Grider JR. Distinct 5-HT
receptors mediate the peristaltic reflex induced by mucosal
stimuli in human and guinea pig intestine. Gastroenterology
1996; 111: 1281-1290
Blackshaw LA, Grundy D. Effects of 5-hydroxytryptamine
(5-HT) on the discharge of vagal mechanoreceptors and
motility in the upper gastrointestinal tract of the ferret. J
Auton Nerv Syst 1993; 45: 51-59
Glatzle J, Sternini C, Robin C, Zittel TT, Wong H, Reeve JR
Jr, Raybould HE. Expression of 5-HT3 receptors in the rat
gastrointestinal tract. Gastroenterology 2002; 123: 217-226
Grider JR, Kuemmerle JF, Jin JG. 5-HT released by mucosal
stimuli initiates peristalsis by activating 5-HT4/5-HT1p
receptors on sensory CGRP neurons. Am J Physiol 1996; 270:
G778-G782
Date Y, Murakami N, Toshinai K, Matsukura S, Niijima
A, Matsuo H, Kangawa K, Nakazato M. The role of the
gastric afferent vagal nerve in ghrelin-induced feeding and
growth hormone secretion in rats. Gastroenterology 2002; 123:
1120-1128
Yakabi K, Ro S, Onouhi T, Tanaka T, Ohno S, Miura S,
Johno Y, Takayama K. Histamine mediates the stimulatory
action of ghrelin on acid secretion in rat stomach. Dig Dis
Sci 2006; 51: 1313-1321
S- Editor Xiao LL E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.6303

			

World J Gastroenterol 2008 November 7; 14(41): 6303-6305
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

TOPIC HIGHLIGHT
Akio Inui, MD, PhD, Professor, Series Editor

Growth hormone releasing peptide 2 reverses anorexia
associated with chemotherapy with 5-fluorouracil in colon
cancer cell-bearing mice

Simona Perboni, Cyril Bowers, Shinya Kojima, Akihiro Asakawa, Akio Inui
Simona Perboni, Unità Operativa Day Hospital Area Medica,
Azienda Ospedaliera di Desenzano sul Garda, Ospedale di
Manerbio, I-25025 Brescia, Italy
Cyril Bowers, Tulane University, Health Science Center, New
Orleans, Louisiana 70112, United States
Shinya Kojima, Akihiro Asakawa, Akio Inui, Department
of Psychosomatic Internal Medicine, Kagoshima University
Graduate School of Medical and Dental Sciences, Kagoshima,
890-8520, Japan
Author contributions: Asakawa A, Bowers C, and Inui A
designed research; Perboni S and Kojima S performed research;
Perboni A wrote the paper.
Supported by (in part) A Grant-in-Aid for Scientic Research
(B:16390208) from the Ministry of Education, Culture, Sports,
Science and Technology of Japan (to A.I.)
Correspondence to: Akio Inui, MD, PhD, Professor and
Chairman, Department of Psychosomatic Internal Medicine,
Kagoshima University Graduate School of Medical and Dental
Sciences, 8-35-1 Sakuragtaoka, Kagoshima 890-8520,
Japan. inui@m.kufm.kagoshima-u.ac.jp
Telephone: +81-99-2755748 Fax: +81-99-2755748
Received: October 15, 2008 Revised: October 30, 2008
Accepted: November 6, 2008
Published online: November 7, 2008

Abstract
The cancer-associated anorexia-cachexia syndrome
is observed in 80% of patients with advanced-stage
cancer, and is one of the major obstacles in chemotherapy. Ghrelin is a orexigenic hormone that has been
proposed to prevent anorexia. Aim of the study was
to determine whether the addition of the ghrelin agonist growth hormone releasing peptide 2 (GHRP-2) to
cytotoxic therapy with 5-fluorouracil (5-FU) prevents
the anorexia associated with chemotherapy in cancer
cachectic mice. Thirty-three BALB/c female tumourbearing mice were randomized to receive a solution
containing: (a) placebo; (b) GHRP-2; (c) 5-FU; or (d)
5-FU + GHRP-2. Ten BALB/c no tumour-bearing mice
received placebo solution. Food intake and survival
were checked. Six hours after the drug injection the
cumulative food intake was significantly increased in
mice treated with the combination of 5-FU + GHRP-2
versus the 5-FU alone (P = 0.0096). On day 3, the
cumulative food intake of mice treated with GHRP-2,

5-FU and 5-FU + GHRP-2 significantly increased compared with naive and vehicle groups (P = 0.0007, P
= 0.0038 and P = 0.0166, respectively). The median
survival time was longer in 5-FU + GHRP-2 treated
mice than in those with 5-FU, although it was not
significant (18 d versus 15.5 d, P = 0.7). For the first
time, we demonstrated that the addition of GHRP-2
to cytotoxic therapy with 5-FU improved appetite in
tumour-bearing mice with anorexia/cachexia syndrome
in early stage. These data suggest that GHRP-2 may
improve the efficacy of therapy and the quality of life
of cancer patients thank to the amelioration of their
nutritional state.
© 2008 The WJG Press. All rights reserved.
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CHEMOTHERAPY-INDUCED ANOREXIA
Chemotherapy is the most effective treatment for most
cancer patients because of its systemic distribution. Despite the recent advances in the treatment, many patients
do not respond to therapy, and die of their diseases.
The cancer-associated anorexia-cachexia syndrome is
observed in 80% of patients with advanced-stage cancer,
and it is a very powerful prognostic indicator of poor
outcome and poor quality of life. This syndrome is also
one of the major obstacles in cancer chemotherapy[1].
Ghrelin is the natural ligand of growth hormone
secretagogue receptor. Growth hormone releasing peptide 2 (GHRP-2) is a synthetic compound that acts as a
potent agonist of GHS receptor[2]. Increasing evidences
support that GHRP-2, like ghrelin[3], exerts orexigenic
www.wjgnet.com
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proprieties. Administration of GHRP-2 has shown to
increase food intake and body weight in rodents[4] and
in healthy men[5]. Since ghrelin has a short half-life, the
more stable GHRP-2 was preferred in this experiment.
Aim of the study was to deter mine whether
the addition of GHRP-2 to cytotoxic therapy with
5-fluorouracil (5-FU) prevents anorexia associated with
chemotherapy in cancer cachectic mice [6]. Secondary
aims were to examine the chronic effects of GHRP-2 on
reduced appetite and survival in this animal model.
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The median survival time was longer in the group treated
with 5-FU + GHRP-2 than in the group treated with
5-FU, although it was not significant (18 d versus 15.5 d, P
= 0.7) as shown in Figure 1. At day 0, 6 h after the drug
injection, the cumulative food intake was significantly
www.wjgnet.com
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Figure 1 Kaplan-Meier curve of overall survival in colon 26-bearing mice
(Naïve: 10 mice; Vehicle: 11 mice; GHRP-2: 12 mice; 5-FU: 12 mice; 5-FU +
GHRP-2: 15 mice).
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Six-weeks-old female BALB/c mice (19-24 g) were
housed individually in equal plastic cages and received ad
libitum standard diet and tap water in a regulated environment. The murine colon cancer cell line (colon 26) was
supplied by Dr. Hayashi (Kitazato University, Kanagawa,
Japan). Colon 26 cancer cells (5 × 105) were dissolved
in a 100 μL volume of PBS containing 0.02% EDTA
and then implanted in the abdominal cavity of female
BALB/c mice by intraperitoneal administration. Seven
days later, when mice manifested the first symptoms of
anorexia and cachexia, the tumour-bearing mice were randomized in 4 groups, each of them composed by: (a) 11
mice receiving 5% glucoside solution + PBS (vehicle); (b)
12 mice receiving GHRP-2 + 5% glucoside solution; (c)
12 mice receiving 5FU + PBS; and (d) 15 mice receiving
5-FU + GHRP-2. Ten BALB/c no tumour-bearing mice
received 5% glucoside solution + PBS (naïve). The day of
randomisation was considered as day 0 of the experiment.
GHRP-2 (DalaDβ NalAlaTrpDPheLysNH2) was supplied by Prof. Bowers (Tulane University, New Orleans,
USA). It was dissolved in PBS and was subcutaneously
administered at dose of 10 μg/mouse daily. 5-fluorouracil
(Kyowa Hakko Kogyo Co. Ldt, Tokyo, Japan) was dissolved in 5% glucoside solution and then intraperitoneally
administered at dose of 100 mg/kg weekly. In the acute
experiment, food intake and body weight were measured
at 0, 1, 2, 4 and 6 h after the first injection of the drugs
and then daily. Food intake was evaluated by subtracting
uneaten food from initially pre-measured food and checking for food spillage. All the experiments were approved
by the animal care committees at the Kobe University and
the Kagoshima University (Japan). Results are expressed
as mean ± SE. Analysis of variance (ANOVA) followed
by Bonferroni’s t test was used to assess the differences
among groups. P-values < 0.05 were considered significant. The survival curves after tumour implantation were
analyzed by Kaplan-Meier survival test.
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Figure 2 GHRP-2 reverses reduced food intake and body weight by 5-FU
administration in colon 26-bearing mice-acute experiments. A: Food intake;
B: Body weight.

increased in mice treated with the combination of 5-FU
+ GHRP-2 versus the 5-FU alone (P = 0.0096, Figure
2A). At day 0, 4 h after the drug injection, the cumulative
body weight of the group treated with 5-FU + GHRP-2
showed a reduced loss of body weight compared with the
group treated with 5-FU (P = 0.0074, Figure 2B). At day
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Figure 3 GHRP-2 increases cumulative food intake compared to vehicle
controls in colon 26-bearing mice-chronic experiments.

2, the groups treated with 5-FU and 5-FU + GHRP-2
showed a higher loss of cumulative body weight compared with the group treated with GHRP-2 alone (P =
0.0003 and P < 0.0001, respectively, Figure 3). However,
from day 3 to 5, the cumulative food intake of mice treated with 5-FU and 5-FU + GHRP-2 significantly increased
compared with naive and vehicle groups (P = 0.0038 and
P = 0.0166, respectively, Figure 3). The cumulative food
intake was significantly increased in mice treated with
GHRP-2 respect to naïve and vehicle groups throughout
the observation period (P = 0.0007 and P = 0.0004, respectively, Figure 3). We could not follow the body weight
changes since the tumour-bearing mice developed ascites
after the inoculation of cancer cells into the abdominal
cavity.
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and weight associated with chemotherapy helps mice
remain in a relatively balanced condition of electrolytes
and hydration, thereby decreasing the side effect and
increasing the efficacy of 5-FU. The characteristic of a
long acting drug which allows to increased interval of
time between two consecutive administrations of the
drug, may be a further improve the quality of life in cancer patients.
This study has some limitations. The first is the difficulty to determinate if the survival and the weight loss
experienced by tumour-bearing mice was due to tumour
burden or to the efficacy or side effect of the 5-FU administration. Secondary, although GHRP-2 did increase
the cumulative food intake in tumour-bearing mice, there
was a lack of significant difference among groups in survival analysis which should be examined under various
chemotherapy conditions and tumour models.
Due to the amelioration of the nutritional state, and
of the side effects of chemotherapy, GHRP-2 may offer an interesting treatment for cachexia associated with
cancer in order to improve the efficacy of therapy and
the quality of life of cancer patients.
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Abstract
Ghrelin was isolated as an endogenous ligand for
the GH secretagogue receptor from the rat stomach.
Although physiological effects of ghrelin have been
revealed by numerous studies, the regulation of
stomach ghrelin remains obscure, and the factor that
directly regulates ghrelin expression and production
has not been identified. Here, we show some data
regarding the characteristic features of ghrelin
cells and the regulation of stomach ghrelin. In the
gastrointestinal tract, ghrelin cells were identified
as opened- and closed-type cells, and it was found
that the number of ghrelin cells decreased from the
stomach to the colon. The postnatal change in number
of ghrelin cells in the stomach showed a sexually
dimorphic pattern, indicating a role of estrogen in the
regulation of stomach ghrelin. In vitro studies revealed
that estrogen stimulated both ghrelin expression and
production and that treatment with formestane, an
aromatase (estrogen synthetase) inhibitor, decreased
ghrelin expression level. On the other hand, leptin was
found to inhibit both basal and estrogen-stimulated
www.wjgnet.com

ghrelin expression. Moreover, both aromatase mRNAexpressing cells and leptin cells were found to be
located close to ghrelin cells in the gastric mucosa.
Furthermore, we found an inverse relationship between
gastric ghrelin and leptin levels in a fasting state, and
we revealed relative changes in expression of gastric
ghrelin, estrogen and leptin in the postnatal rats.
We propose that gastric estrogen and leptin directly
regulate stomach ghrelin and that the balance control
through gastric estrogen and leptin contributes to the
altered ghrelin expression level in some physiological
states.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Ghrelin, a 28-amino-acid peptide with an essential
n-octanoyl modification on the third amino acid, was
purified as an endogenous ligand for the growth hormone
(GH) secretagogue receptor from rat stomach in 1999[1].
In initial studies, ghrelin was shown to stimulate GH
release from the pituitary both in vivo and in vitro[1,2], and
ghrelin was later found to be also deeply involved in the
regulation of feeding behavior and energy homeostasis[3-7].
Ghrelin is predominantly produced in the stomach[1].
Date et al[8] further revealed that X/A-like cells in the
stomach were responsible for ghrelin production.
They also found that in the gastrointestinal tract, the
greatest amount of ghrelin was in the gastric mucosa,
and smaller amounts were in the small and large
intestines [8]. However, the detailed distribution and
morphological characteristics of ghrelin cells in the
whole gastrointestinal tract have not been elucidated.

Zhao Z et al . Gastric leptin and estrogen regulate ghrelin

DISTRIBUTION OF GHRELIN CELLS IN
THE RAT GASTROINTESTINAL TRACT
It was found that plasma ghrelin-like immunoreactivity
levels were reduced by 65% in totally gastrectomized
patients, suggesting that the stomach is the major source
of circulating ghrelin[15]. To investigate the morphological
characteristics and distribution of ghrelin cells, we used
anti-acylated rat ghrelin antiserum to detect ghrelinimmunopositive (ip) cells in the rat gastrointestinal tract
in a previous study[16]. We found that ghrelin cells were
present throughout the whole gastrointestinal mucosa
from the stomach to the colon, and that they could be
classified into two types, i.e. closed-type cells (Figure 1A)
and lumen-contacted opened-type cells (Figure 1B).
Interestingly, in ghrelin cells, des-acylated ghrelin was
found to be mainly localized to the perinucleus, while
acylated ghrelin was found to be distributed in the
periphery of the cytoplasm. These findings suggest that
des-acylated ghrelin, which is from the Golgi complex,
underg oes acylation in secretor y g ranules in the
periphery of the cytoplasm.
Further morphometric analysis revealed that the
largest number of ghrelin cells was in the stomach and
the next-largest number was in the duodenum, and
very small numbers of ghrelin cells were observed in
the ileum, cecum and colon[16]. These findings are in
agreement with the results of another study regarding
gastrointestinal ghrelin content[8]. On the other hand,
in the stomach, very few opened-type ghrelin cells were
observed; but it was found that the percentages of
opened-type ghrelin cells in all ghrelin cells in various
regions of the gastrointestine gradually increased in the
direction from the stomach to the lower intestine, being
particularly high in the ileum, cecum and colon[16]. It is
generally accepted that opened-type endocrine cells in
the gastrointestinal tract are mainly regulated by luminal
signals, whereas closed-type cells in the gastrointestinal
tract receive modulation from hormones, neuronal
stimulation or mechanical distension[17]. Therefore, the
distinct distributions of opened- and closed-type ghrelin
cells in the gastrointestine suggest that the ghrelin cells
may be modulated by different stimulators and may play

←
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On the other hand, it has been reported that both
the expression and secretion of ghrelin are mainly
influenced by changes in energy balance, i.e. increased by
fasting and decreased after refeeding[3,9-11]. In addition,
many other factors such as leptin, insulin, somatostatin
and vagal activity have also been shown to be involved
in the regulation of stomach ghrelin [9,12-14]. However,
the factor that directly regulates ghrelin expression or
production remains unclear, and little is known about
the regulation of gastric ghrelin expression in various
physiological states.
Therefore, in this review, we summarize the data
obtained by our group regarding the distribution and
morphological characteristics of gastrointestinal ghrelin
cells, postnatal changes in stomach ghrelin, and the
regulation of stomach ghrelin in some physiological states.
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LU

10 mm

Figure 1 Representative microphotographs of ghrelin-ip cells in the rat
gastrointestinal tract[16]. A: Closed-type ghrelin cells (arrow) were found in
the crypt of the duodenum; B: Opened-type ghrelin cells (arrow) in contact with
the lumen were found in the villi of the duodenum. Bar = 10 µm. VI: Villi; LU:
Lumen.

different physiological roles in various regions of the
gastrointestinal tract.

POSTNATAL CHANGES IN STOMACH
GHRELIN
In a recent study, the mRNA expression level of gastric
ghrelin was shown to be elevated progressively during
the second and third postnatal weeks[18]. Gualillo et al[19]
also reported a gradual increase in the expression level
of the gastric ghrelin gene after birth in the rat (up to
90 days). In agreement with these results, we found that
gastric ghrelin expression was detectable just after birth
in both male and female rats, and that expression levels
of gastric ghrelin gradually increased during postnatal
development (up to 8 wk of age) (Figure 2A and B).
Accordingly, ghrelin-ip and ghrelin mRNAexpressing cells were also observed just after birth[20].
At 1 wk of age, these ghrelin cells were mainly localized
in the glandular base of the fundic gland, and then the
distribution of ghrelin cells gradually extended from
the glandular base to the glandular neck with increasing
age in both sexes[20]. An interesting finding in that study
was that two kinds of stained ghrelin cells, weakly
stained and strongly stained cells, were found in female
rats at the early stage of development (1 and 3 wk of
age), whereas staining in most of the ghrelin cells was
strong in male rats and 7-wk-old female rats[20]. With
increasing age, weakly stained cells were replaced by
www.wjgnet.com
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Figure 2 Changes in ghrelin mRNA levels and the densities of ghrelin-ip cells during the postneonatal period in the rat stomach[20]. The data in (A) and (B) are
shown as the % of 1-wk-old (1 wk) rats (100%) and each bar represents the mean ± SE (n = 3). A: Ghrelin mRNA levels in the male stomach; B: Ghrelin mRNA levels in
the female stomach; C: The densities of ghrelin-ip cells (cells/mm2) in the male stomach; D: The densities of ghrelin-ip cells (cells/mm2) in the female stomach.

strongly stained cells, resulting in almost no change in
the density of ghrelin cells in female rats throughout the
whole period of postnatal development (Figure 2D), in
contrast to the increase in ghrelin mRNA expression
level. On the other hand, in male rats, ghrelin cell
density showed an age-dependent increase after birth
(Figure 2C), and the increase was in concert with
the increase in ghrelin expression level. The sexual
dimorphism of ghrelin cell density suggests that ghrelin
cells in female rats differentiate at an earlier stage
of development than they do in male rats, and that
sex steroids such as estrogen may be involved in the
regulation of stomach ghrelin.

REGULATION OF STOMACH GHRELIN
BY GASTRIC ESTROGEN AND LEPTIN IN
SOME PHYSIOLOGICAL STATES
Regulatory role of gastric estrogen
A role of estrogen in the regulation of stomach ghrelin
has also been suggested by several studies. In a previous
study, the levels of gastric ghrelin mRNA and plasma
ghrelin and the number of ghrelin cells were found
www.wjgnet.com

to be transiently increased by ovariectomy in female
rats[21]. In addition, it was found that ghrelin cells express
estrogen receptor α (ER α ) [21] . On the other hand,
Ueyama et al[22] recently demonstrated that aromatase,
an estrogen synthetase, is expressed in parietal cells of
the rat stomach and that gastric parietal cells are capable
of producing and secreting a substantial amount of
estrogen. These findings indicate that gastric estrogen
plays a role in the regulation of stomach ghrelin.
Therefore, in a previous study, using isolated
stomach cells, which are rich in ghrelin cells, we
determined the direct effect of estrogen on stomach
ghrelin expression and production[23]. In that study, we
found that estrogen treatment significantly stimulated
ghrelin mRNA expression (Figure 3A) and production
in a dose-dependent manner and that treatment of
minced stomach tissue with formestane, an aromatase
inhibitor, decreased ghrelin expression level[23]. Given
that a significant increase in estrogen concentration
in the portal vein compared with that in the artery
was observed in intact rats, but not in gastrectomized
rats [22] , the concentration of gastric estrogen must
be higher than that of plasma estrogen. Moreover,
neither the gastric ghrelin expression nor the plasma
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Figure 3 In vitro effects of estrogen and leptin on ghrelin mRNA expression and distributions of aromatase mRNA-expressing, leptin-ip and ghrelin-ip
cells in the gastric mucosa[23,27]. A: Changes in ghrelin mRNA expression after estrogen treatment; B: Aromatase mRNA-expressing cells were found in the glandular
body of the fundic gland; C: Ghrelin-ip cells were found sporadically throughout the gastric mucosa; D: Changes in ghrelin mRNA expression after leptin treatment.
Ghrelin mRNA level is expressed relative to β-actin mRNA level; E: Leptin-ip cells (arrow) were found in the lower half of the fundic gland; F: Ghrelin-ip cells (arrowhead)
were found in the gastric mucosa. (A, D) Data are presented as mean ± SE. n = 3-4/group. aP < 0.05; bP < 0.01. Bar = 100 µm (B, C) and 20 µm (E, F) respectively.
MU: Mucosa; SL: Smooth muscle layer.

ghrelin concentration was altered by gonadectomy[23].
Furthermore, ghrelin cells and aromatase mRNAexpressing cells were found to be located close together
in the gastric mucosa (Figure 3B and C), suggesting
that ghrelin cells are exposed to gastric estrogen. All of
these results strongly suggest that estrogen produced in
the stomach directly stimulates ghrelin expression and
production in the rat stomach.
Regulatory role of gastric leptin
Reciprocal circadian rhythms in circulating ghrelin and
leptin levels and antagonistic hypothalamus-mediated
control of appetite by ghrelin and leptin have been
revealed by several studies [3,6,24]; however, results of
studies on the modulation of ghrelin expression by
leptin are inconsistent. One group showed that leptin
administration to rats for five days stimulated gastric
ghrelin mRNA expression[11], whereas another group
reported the opposite results[9]. Due to these conflicting
results, the role of leptin in regulation of ghrelin
expression remains unclear. On the other hand, leptin
was initially thought to be adipocyte-derived[25], and it
has also been identified in various tissues, including the
stomach[26]. The fact that the release of gastric leptin
is rapidly stimulated by food intake or CCK treatment
suggests that gastric leptin is involved in the short-term
control of energy balance[26], although adipocyte leptin is
known to be a long-term regulator of energy balance.

In contrast to the stimulatory effect of estrogen, in
another study, we found that leptin inhibits both basal
(Figure 3D) and estrogen-stimulated ghrelin expression
in vitro[27]. The fact that both long and short forms of the
leptin receptor have been identified in the human and
rat gastric mucosa[28,29] strongly suggests that the gastric
epithelium could be a direct target of gastric leptin.
Consistent with results of these studies, mRNAs of
both OB-Ra and OB-Rb were found to be expressed in
the rat gastric fundus, and no inhibitory effect of leptin
on ghrelin expression was observed in leptin receptordefective Zucker fatty (fa/fa) rats, indicating that leptin
inhibits ghrelin expression via the leptin receptor [27].
Furthermore, it was revealed that leptin cells were
mainly located in the lower half of the gastric mucosa,
where most of the ghrelin cells were tightly surrounded
by leptin cells (Figure 3E and F), suggesting that gastric
leptin has a paracrine role in regulation of ghrelin
cells, and that ghrelin cells may be exposed to a higher
concentration of gastric leptin than that of plasma leptin
since leptin infusion at 0.1 nmol/L, which can mimic
the plasma leptin concentration under basal conditions
in rats, has been shown to be incapable of suppressing
ghrelin release from the isolated rat stomach[30].
Relative changes in gastric ghrelin, estrogen and leptin
levels in some physiological states
Direct regulation of stomach ghrelin by gastric estrogen
www.wjgnet.com
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gastric ghrelin expression; (B) Effects of 48 h of fasting and 5 h of refeeding on gastric leptin expression. Ghrelin and leptin mRNA levels are expressed relative to β-actin
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and leptin raises the possibility that gastric estrogen and
leptin contribute to the altered ghrelin level in some
physiological states. It is generally accepted that the
most important physiological state for the regulation of
stomach ghrelin is fasting. Results of numerous studies
have shown that levels of both ghrelin expression
and secretion are increased by fasting and decreased
after refeeding [3,9-11]. Therefore, in a recent study, we
determined the changes in gastric estrogen and leptin
levels in relation to gastric ghrelin expression level
under a fasting condition [27]. In that study, however,
neither the expression level of gastric aromatase nor
the concentration of estrogen in the portal vein was
altered by fasting[27], although the expression level of
gastric ghrelin was significantly elevated as predicted
(Figure 4A). In contrast, both gastric leptin expression
(Figure 4B) and concentrations were found to be
significantly decreased by fasting [27] . In addition,
refeeding of fasted animals induced an increase in
gastric leptin expression level (Figure 4B), which was
also opposite to the decreased gastric ghrelin expression
level after food intake (Figure 4A).
In another study, relative changes in expressions
of gastric ghrelin, aromatase and leptin in postnatal
rats were investigated. We found that gastric ghrelin
expression levels significantly increased from 2 wk
of age to 4 wk of age. Similarly, gastric aromatase
expression level was also significantly elevated in 4-wkold rats compared with the level in 2-wk-old rats. In
contrast, gastric leptin expression level decreased from 2
wk of age to 4 wk of age.
Although the mechanism underlying the fluctuations
in gastric estrogen and leptin levels in a cer tain
physiological state remains to be elucidated, these
fluctuations in gastric estrogen and leptin levels together
with the fact that estrogen and leptin produced in the
stomach directly regulate gastric ghrelin expression led
us to propose a regulatory model of stomach ghrelin
expression in some physiological states. Under a basal
(fed) condition, the expression of gastric ghrelin is
maintained at a certain level due to a balance between
positive regulation from gastric estrogen and negative

www.wjgnet.com

regulation from gastric leptin. In postnatal development,
gastric estrogen level increases and gastric leptin level
decreases with increasing age, resulting in gradual
elevation of ghrelin expression level during postnatal
development. Similarly, under a fasting condition, when
fasting reduces gastric leptin level with no change in
gastric estrogen level, this balance is also broken by
attenuated negative regulation due to decreased gastric
leptin level and finally results in increased ghrelin
expression. These two models do not, however, exclude
the possibility of involvement of other factors such as
neural control through the vagal nerve system or other
hormones inside and outside the stomach such as gastric
somatostatin and insulin. But, we believe that the balance
control through gastric estrogen and leptin at least
partially contributes to the altered ghrelin expression
level in some physiological states.

CONCLUSION
In the gastrointestinal tract, ghrelin cells were identified
as opened- and closed-type cells. The greatest number of
ghrelin cells was found in the stomach, and it was found
that the number of opened-type cells gradually increases
in the direction from the stomach to the lower intestine.
Stomach ghrelin cells in female rats differentiate at an
earlier stage of development than they do in male rats.
Gastric estrogen and leptin directly regulate ghrelin
expression and production in the stomach, and the
balance control through positive regulation from gastric
estrogen and negative regulation from gastric leptin
contributes to the altered ghrelin expression level in
some physiological states. These findings provide new
insights into the physiological regulation of stomach
ghrelin, and may be important for the development of
methods for controlling high ghrelin expression levels
in some negative energy balance states, which directly
contribute to increased food intake and adiposity.
However, the regulatory mechanism of ghrelin is
thought to be more complicated, and may involve other
factors such as vagal activity and hormones outside the
stomach. Further studies are necessary to elucidate the
roles of these factors.

Zhao Z et al . Gastric leptin and estrogen regulate ghrelin

ACKNOWLEDGMENTS
We thank Dr. Kenji Kangawa (National Cardiovascular
Center Research Institute, Japan) for providing ghrelin
antibody and Dr. Toru Tanaka (Josai University, Japan)
for his helpful discussions.

6311

14
15

REFERENCES
1
2

3
4
5

6
7

8

9

10

11

12

13

Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo
H, Kangawa K. Ghrelin is a growth-hormone-releasing
acylated peptide from stomach. Nature 1999; 402: 656-660
Yamazaki M, Nakamura K, Kobayashi H, Matsubara M,
Hayashi Y, Kangawa K, Sakai T. Regulational effect of
ghrelin on growth hormone secretion from perifused rat
anterior pituitary cells. J Neuroendocrinol 2002; 14: 156-162
Tschop M, Smiley DL, Heiman ML. Ghrelin induces
adiposity in rodents. Nature 2000; 407: 908-913
Tschop M, Weyer C, Tataranni PA, Devanarayan V,
Ravussin E, Heiman ML. Circulating ghrelin levels are
decreased in human obesity. Diabetes 2001; 50: 707-709
Wren AM, Small CJ, Ward HL, Murphy KG, Dakin CL,
Taheri S, Kennedy AR, Roberts GH, Morgan DG, Ghatei
MA, Bloom SR. The novel hypothalamic peptide ghrelin
stimulates food intake and growth hormone secretion.
Endocrinology 2000; 141: 4325-4328
Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H,
Kangawa K, Matsukura S. A role for ghrelin in the central
regulation of feeding. Nature 2001; 409: 194-198
Shintani M, Ogawa Y, Ebihara K, Aizawa-Abe M,
Miyanaga F, Takaya K, Hayashi T, Inoue G, Hosoda K,
Kojima M, Kangawa K, Nakao K. Ghrelin, an endogenous
growth hormone secretagogue, is a novel orexigenic peptide
that antagonizes leptin action through the activation of
hypothalamic neuropeptide Y/Y1 receptor pathway.
Diabetes 2001; 50: 227-232
Date Y, Kojima M, Hosoda H, Sawaguchi A, Mondal
MS, Suganuma T, Matsukura S, Kangawa K, Nakazato
M. Ghrelin, a novel growth hormone-releasing acylated
peptide, is synthesized in a distinct endocrine cell type in
the gastrointestinal tracts of rats and humans. Endocrinology
2000; 141: 4255-4261
Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Ueno
N, Makino S, Fujimiya M, Niijima A, Fujino MA, Kasuga M.
Ghrelin is an appetite-stimulatory signal from stomach with
structural resemblance to motilin. Gastroenterology 2001; 120:
337-345
Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse
BE, Weigle DS. A preprandial rise in plasma ghrelin levels
suggests a role in meal initiation in humans. Diabetes 2001;
50: 1714-1719
Toshinai K, Mondal MS, Nakazato M, Date Y, Murakami
N, Kojima M, Kangawa K, Matsukura S. Upregulation of
Ghrelin expression in the stomach upon fasting, insulininduced hypoglycemia, and leptin administration. Biochem
Biophys Res Commun 2001; 281: 1220-1225
Lucidi P, Murdolo G, Di Loreto C, De Cicco A, Parlanti
N, Fanelli C, Santeusanio F, Bolli GB, De Feo P. Ghrelin is
not necessary for adequate hormonal counterregulation of
insulin-induced hypoglycemia. Diabetes 2002; 51: 2911-2914
Shimada M, Date Y, Mondal MS, Toshinai K, Shimbara
T, Fukunaga K, Murakami N, Miyazato M, Kangawa K,
Yoshimatsu H, Matsuo H, Nakazato M. Somatostatin
suppresses ghrelin secretion from the rat stomach. Biochem

16

17
18

19

20

21
22

23

24
25
26

27

28

29
30

Biophys Res Commun 2003; 302: 520-525
Williams DL, Grill HJ, Cummings DE, Kaplan JM.
Vagotomy dissociates short- and long-term controls of
circulating ghrelin. Endocrinology 2003; 144: 5184-5187
Ariyasu H, Takaya K, Tagami T, Ogawa Y, Hosoda
K, Akamizu T, Suda M, Koh T, Natsui K, Toyooka S,
Shirakami G, Usui T, Shimatsu A, Doi K, Hosoda H, Kojima
M, Kangawa K, Nakao K. Stomach is a major source of
circulating ghrelin, and feeding state determines plasma
ghrelin-like immunoreactivity levels in humans. J Clin
Endocrinol Metab 2001; 86: 4753-4758
Sakata I, Nakamura K, Yamazaki M, Matsubara M, Hayashi
Y, Kangawa K, Sakai T. Ghrelin-producing cells exist as
two types of cells, closed- and opened-type cells, in the rat
gastrointestinal tract. Peptides 2002; 23: 531-536
Solcia E, Rindi G, Buffa R, Fiocca R, Capella C. Gastric
endocrine cells: types, function and growth. Regul Pept 2000;
93: 31-35
Lee HM, Wang G, Englander EW, Kojima M, Greeley GH
Jr. Ghrelin, a new gastrointestinal endocrine peptide that
stimulates insulin secretion: enteric distribution, ontogeny,
influence of endocrine, and dietary manipulations.
Endocrinology 2002; 143: 185-190
Gualillo O, Caminos JE, Kojima M, Kangawa K, Arvat E,
Ghigo E, Casanueva FF, Dieguez C. Gender and gonadal
influences on ghrelin mRNA levels in rat stomach. Eur J
Endocrinol 2001; 144: 687-690
Sakata I, Tanaka T, Matsubara M, Yamazaki M, Tani S,
Hayashi Y, Kangawa K, Sakai T. Postnatal changes in
ghrelin mRNA expression and in ghrelin-producing cells in
the rat stomach. J Endocrinol 2002; 174: 463-471
Matsubara M, Sakata I, Wada R, Yamazaki M, Inoue K,
Sakai T. Estrogen modulates ghrelin expression in the
female rat stomach. Peptides 2004; 25: 289-297
Ueyama T, Shirasawa N, Numazawa M, Yamada K,
Shelangouski M, Ito T, Tsuruo Y. Gastric parietal cells: potent
endocrine role in secreting estrogen as a possible regulator of
gastro-hepatic axis. Endocrinology 2002; 143: 3162-3170
Sakata I, Tanaka T, Yamazaki M, Tanizaki T, Zheng Z,
Sakai T. Gastric estrogen directly induces ghrelin expression
and production in the rat stomach. J Endocrinol 2006; 190:
749-757
Friedman JM, Halaas JL. Leptin and the regulation of body
weight in mammals. Nature 1998; 395: 763-770
Zhang Y, Proenca R, Maffei M, Barone M, Leopold L,
Friedman JM. Positional cloning of the mouse obese gene
and its human homologue. Nature 1994; 372: 425-432
Bado A, Levasseur S, Attoub S, Kermorgant S, Laigneau
JP, Bortoluzzi MN, Moizo L, Lehy T, Guerre-Millo M, Le
Marchand-Brustel Y, Lewin MJ. The stomach is a source of
leptin. Nature 1998; 394: 790-793
Zhao Z, Sakata I, Okubo Y, Koike K, Kangawa K, Sakai
T. Gastric leptin, but not estrogen and somatostatin,
contributes to the elevation of ghrelin mRNA expression
level in fasted rats. J Endocrinol 2008; 196: 529-538
Sobhani I, Bado A, Vissuzaine C, Buyse M, Kermorgant S,
Laigneau JP, Attoub S, Lehy T, Henin D, Mignon M, Lewin
MJ. Leptin secretion and leptin receptor in the human
stomach. Gut 2000; 47: 178-183
Wang MY, Zhou YT, Newgard CB, Unger RH. A novel
leptin receptor isoform in rat. FEBS Lett 1996; 392: 87-90
Kamegai J, Tamura H, Shimizu T, Ishii S, Sugihara H,
Oikawa S. Effects of insulin, leptin, and glucagon on ghrelin
secretion from isolated perfused rat stomach. Regul Pept
2004; 119: 77-81
S- Editor Xiao LL E- Editor Lin YP

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.6312

			

World J Gastroenterol 2008 November 7; 14(41): 6312-6317
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

TOPIC HIGHLIGHT
Akio Inui, MD, PhD, Professor, Series Editor

Feeding behavior and gene expression of appetite-related
neuropeptides in mice lacking for neuropeptide Y Y5
receptor subclass

Hiroshi Higuchi, Takeshi Niki, Tomohiro Shiiya
Hiroshi Higuchi, Takeshi Niki, Tomohiro Shiiya, Division of
Pharmacology, Niigata University Graduate School of Medical
and Dental Sciences, Niigata 951-8510, Japan
Author contributions: Higuchi H contributed design and writing
of research and Higuchi H, Niki T and Shiiya T performed
research and analysis of data.
Correspondence to: Hiroshi Higuchi, MD, PhD, Professor
and Chairman, Division of Pharmacology, Niigata University
Graduate School of Medical and Dental Sciences, 1-757
Asahimachi-dori, Chuo-ku, Niigata 951-8510,
Japan. hhiguchi@med.niigata-u.ac.jp
Telephone: +81-25-2272087 Fax: +81-25-2270759
Received: October 15, 2008 Revised: October 30, 2008
Accepted: November 6, 2008
Published online: November 7, 2008

gene expression is important for central compensatory
regulation in feeding behavior.
© 2008 The WJG Press. All rights reserved.

Key words: Neuropeptide Y; Y5 receptor; Feeding;
Arcuate nucleus; Knockout mice
Higuchi H, Niki T, Shiiya T. Feeding behavior and gene expression of appetite-related neuropeptides in mice lacking for neuropeptide Y Y5 receptor subclass. World J Gastroenterol 2008;
14(41): 6312-6317 Available from: URL: http://www.wjgnet.
com/1007-9327/14/6312.asp DOI: http://dx.doi.org/10.3748/
wjg.14.6312

Abstract

INTRODUCTION

Neuropeptide Y (NPY) is a potent neurotransmitter
for feeding. Besides NPY, orexigenic neuropeptides
such as agouti-related protein (AgRP), and anorexigenic neuropeptides such as α-melatonin stimulating
hormone (MSH) and cocaine-amphetamine-regulated
transcript (CART) are also involved in central feeding
regulation. During fasting, NPY and AgRP gene expressions are up-regulated and POMC and CART gene expressions are down-regulated in hypothalamus. Based
on the network of peptidergic neurons, the former are
involved in positive feeding regulation, and the latter
are involved in negative feeding, which exert these
feeding-regulated peptides especially in paraventricular
nucleus (PVN). To clarify the compensatory mechanism of knock-out of NPY system on feeding, change
in gene expressions of appetite-related neuropeptides
and the feeding behavior was studied in NPY Y5-KO
mice. Food intake was increased in Y5-KO mice. Fasting increased the amounts of food and water intake
in the KO mice more profoundly. These data indicated
the compensatory phenomenon of feeding behavior
in Y5-KO mice. RT-PCR and ISH suggested that the
compensation of feeding is due to change in gene expressions of AgRP, CART and POMC in hypothalamus.
Thus, these findings indicated that the compensatory
mechanism involves change in POMC/CART gene expression in arcuate nucleus (ARC). The POMC/CART

Feeding behavior is a complicated process to regulate the
body weight. The body weight is determined by balance
between calorie intake mainly by feeding and energy
consumption including exercise, body temperature and
metabolism. Obesity derived from excess of food intake
results in the metabolic syndrome, diabetes mellitus and
associated cardiovascular diseases. Since hyperphagia
contributes onset and progression of the metabolic syndrome and so on, central feeding regulation is an important issue to be clarified[1,2].
Feeding behavior is regulated strictly by more than
20 appetite-related neuropeptides which are expressed
in feeding center in central hypothalamus[1-4]. The main
regulation to control feeding are the opposing controls
between the orexigenic NPY (neuropeptide Y)/AgRP
(agouti-related protein) neurons and the anorexigenic
POMC (proopiomelanocortin)/CART (cocaine-amphetamine-regulated transcript) neurons, which originate
from the arcuate nucleus (ARC) to the paraventricular
nucleus (PVN)[3-6]. The main pathway of two opposite
neuron groups obtain and integrate nutritional informations, and communicate information regarding nutrient
status and energy stores to the second-order neurons of
feeding regulation in PVN[3,5,6]. Among these appetiterelated neuropeptides, NPY is the endogenous, strongest
orexigenic neuropeptide and fasting induces the most re-
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FEEDING BEHAVIOR IN WILD-TYPE
C57BL/6N MICE
NPY is the endogenous neuropeptide with most orexigenic potency in hypothalamus, and its injection icv or
direct injection into PVN in hypothalamus produces
marked increase in feeding behavior in rodents [13-16].
Fasting or central glucoprivation evoked by 2-deoxyglucose (2DG) induces eating with simultaneous increase
in orexigenic NPY and AgRP gene expressions in ARC,
followed by augmented NPY peptide release[7,8]. Since
this fasting-induced food intake is significantly inhibited
by selective Y1 or Y5 antagonists, the induction is mediated through Y1 and Y5 receptors (apparently, mainly
through Y1 receptors in mice)[13,16]. This NPY/AgRP
neurons are essential for feeding in adult mice[22].
In our experiments with male 10-wk-old wildtype mice, fasting for 48 h increased daily food intake
and daily water intake by 53% and 50%, respectively
(Figure 1). The increase in food intake followed by
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markable increase in NPY gene expression in hypothalamus, indicating its principal and physiological relevance
in feeding regulation[3-7].
We have been studying the regulatory mechanism
of NPY gene expression in hypothalamus, so as to
elucidate the mechanism of feeding-related regulation
of NPY gene expression[8-11]. Leptin is an anti-obesity
hormone derived from adipose tissue and reduces the
NPY gene expression in hypothalamus. This inhibition
of NPY gene expression by leptin is shown to be due
to activation of SOCS3 in the NPY neurons in arcuate
nucleus[11].
In contrast the NPY receptors have been classified
into at least 6 subclasses (Y1-y6). Y1, Y2, Y4, Y5, and y6
receptors have been cloned and Y1, Y2 and Y5 receptors are mainly involved in central feeding regulation in
hypothalamic ARC and PVN[12-19]. NPY-induced marked
induction of feeding behavior intracerebroventricular
(icv) is mediated through mainly Y1 and Y5 receptors
in mammalians[13,15,16]. Interestingly, although activation
of Y1 and Y5 receptors is involved in NPY-induced
hyperphagia, the Y1-KO (knockout) and Y5-KO mice
develop the late-onset obesity with increase in food intake and adiposity, while NPY-KO mice did not change
the feeding behavior or body weight[17,20]. This implies a
compensatory mechanism in feeding behavior in these
KO mice, which is important for understanding the
long-term treatment with the current Y1 and Y5 receptor antagonists for anti-obesity drugs. In addition the
compensation against the orexigenic NPY system has
not been elucidated to date yet. Therefore, first we chose
the Y5-KO mice to investigate the central compensatory mechanism for knockout of NPY system, since
the expression of Y5 receptor is much restricted in the
brain[16,18,21]. Then we characterized change in the feeding behavior and gene expressions of various appetiterelated neuropeptides in the hypothalamus of the NPY
Y5-KO mice.
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Figure 1 Fasting (48 h)-induced change in food intake (A) and water intake
(B) in NPY Y5-KO mice. Fasting (48 h)-induced change in daily amounts of food
intake and water intake in Y5-KO mice was measured and compared with those
in wild-type (C57BL/6N) mice at 10 wk old. aP < 0.05 (unpaired Student’s t test).

the concomitant increase in the orexigenic NPY
and AgRP gene expressions and decrease in the anorexigenic POMC gene expression in ARC [4] . RTPCR indicated that NPY and AgRP gene expression
is increased remarkably and galanin gene expression
is increased moderately, while orexin, MCH, CART
or POMC mRNA did not change significantly. These
findings suggested that fasting-induced food intake
is involved markedly in NPY/AgRP gene expression
and moderately in galanin gene expression in ARC in
wild-type mice. NPY and AgRP coexist in the same
neurons in ARC, and NPY and AgRP gene expressions were increased simultaneously and remarkably by
fasting[4,7,8].
In contrast to the concept that the NPY system plays
a pivotal role in central feeding regulation, the following
studies have performed that in the NPY-KO and NPY
Y1-KO mice their body weights or feeding behaviors
did not change or that in NPY Y5-KO mice the body
weight and food intake increased conversely[17,18,20]. This
suggested the existence of a compensatory mechanism
other than the NPY system. The existence of multiple
www.wjgnet.com
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Figure 2 Growth curves of wild-type (C57BL/6N) and NPY Y5-KO mice from 4 to 69 wk old. Data are the mean ± SE. From 4 to 40 wk old, the body weight of
Y5-KO mice was twice as much as that of wild-type mice.
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Figure 3 Change in feeding and drinking in NPY Y5-KO mice. Daily amounts of food intake (A) and water intake (B) in Y5-KO mice were measured and compared
with those in wild-type (C57BL/6N) mice at the same age (from 11 to 69 wk old). aP < 0.05, bP < 0.01 (unpaired Student’s t test). M: Male; F: Female.

feeding-regulatory systems is very important for the homeostasis of body weight. Therefore, we tried to elucidate the compensatory system except for NPY by using
NPY Y5-KO mice.

COMPENSATORY FEEDING BEHAVIOR IN
NPY Y5-KO MICE
As shown in Figure 2, growth curve of wild-type and
NPY Y5-KO mice from 4 to 69 wk old. Although NPY
is an orexigenic peptide, obviously Y5-KO mice have
obese phenotype. From 4 to 40 wk old, the body weight
of Y5-KO mice was twice as much as that of wildwww.wjgnet.com

type mice. The increase was observed in both male and
female gender but more remarkably in female gender.
Because NPY is related with regulation of release of
female gonadotropins from pituitary glands, and because
female in human being tends to be fatty after menopause,
activation through Y5 receptors may be involved in
suppression of onset and progression of obesity in
female.
As shown in Figure 3, when Y5-KO mice were freely
fed, their daily food intake and daily water intake were
significantly higher than those of wild-type mice at any
age. This suggested that overeating in Y5-KO mice produced obesity of the mice. Next, we measured the fasting (48 h)-induced change in food intake in Y5-KO mice
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(Figure 1A). Compared with fasting-induced food intake
in wild-type mice, obviously fasting-induced feeding was
augmented by about 2 times. The fasting-induced water
intake in Y5-KO mice was significantly increased following increase in food intake (Figure 1B). Thus, obesity in
NPY Y5-KO mice is probably due to overeating ad libitum and on fasting.
To deny the possibility that obesity might be due to
decrease in energy consumption, the decrease rate in
body weight was studied during fasting (48 h) in Y5KO mice. The body weght loss in 2 d of Y5-KO mice
was almost the same to that in wild-type mice (data not
shown). This indicated that the energy consumption rate
is not changed in Y5-KO mice, but the obesity in Y5KO mice is simply due to increased food intake ad libitum
and on fasting.

mice. In contrast orexin and MCH (melanin-concentrating
hormone) gene expressions were not changed by fasting
in the mouse hypothalamus (Figure 4E). Thus, the augmentation of fasting-induced feeding behavior in NPY
Y5-KO mice was accompanied by the concomitant fasting-induced changes in NPY/AgRP (both increase) and
POMC/CART (both decrease) gene expression. Because
the NPY system probably dysfunctions in NPY Y5-KO
mice, the concomitant increase in AgRP gene expression and decrease in POMC and CART gene expression
are the cause of fasting-induced augmentation of feeding behavior in NPY Y5-KO mice. The compensatory
mechanism of feeding is probably due to overfunction of
compensation by POMC and partly CART gene expressions which results in the late-onset obesity in Y5-KO
mice.

CHANGE IN GENE EXPRESSION OF

CONCLUSION

APPETITE-RELATED PEPTIDES IN

Feeding behavior and energy balance are regulated in
complicated manner by networks of neurons with classical neurotransmitters and appetite-related peptides. In
this article, we showed that the compensatory feeding
behavior occurs in NPY Y5-KO mice when the NPY
system is probably inhibited, so that the late-onset obesity has appeared. This is probably due to the compensatory change in POMC gene expression. At present the
mechanism of compensatory change in POMC/AgRP
gene expression is still unknown, and remains to be clarified. This compensatory mechanism is not dependent
on the technical procedure of knockout mice. Questions
regarding when the compensatory mechanism was been
completed, and whether the compensation might occur
essential only in adult brain[22,23].
The investigation about the regulation of NPY,
AgRP and POMC gene expression in hypothalamic nuclei is useful for elucidation of central feeding regulation
and also for development of novel anti-obesity drugs in
future.

HYPOTHALAMUS
The compensatory feeding behavior might be due to
change in gene expressions of appetite-related neuropeptides other than NPY. Therefore, the change in gene
expression of feeding-regulating peptides in hypothalamus was investigated, first, when NPY Y5-KO mice
were fed freely. Under ordinary conditions in NPY Y5KO mice the NPY and AgRP gene expressions were
diminished probably due to disuse[4]. The decrease in
NPY and AgRP gene expression which expresses in the
same neuron group in ARC may be due to increased
leptin level following obesity in Y5-KO mice. The gene
expression of orexin, MCH, or CART was not changed
in hypothalamus; but the POMC gene expression was
significantly decreased by RT-PCR and ISH, suggesting
that the synthesis of anorexigenic POMC-derived peptides such as -MSH is decreased. This decrease in POMC
gene expression appears to be the principal cause of the
compensatory overeating.

AUGMENTATION OF FASTING-INDUCED
CHANGE IN GENE EXPRESSION IN NPY
Y5-KO MICE
Fasting for 48 h produces augmented the fasting-induced
food intake, with the concomitant increase in the orexigenic NPY and AgRP gene expressions and decrease
in the anorexigenic POMC gene expression in ARC in
wild-type mice[4]. Obviously the fasting-induced feeding
behavior is augmented in Y5-KO mice (Figure 1). Next
we investigated whether changes in gene expressions of
appetite-regulated neuropeptides in hypothalamus are
involved in 48 h-fasting-induced induced feeding behavior (Figure 4). NPY and AgRP gene expressions were
induced by 48 h-fasting more profoundly in NPY Y5KO mice than those in wild-type mice (Figure 4A and
B). In contrast, CART and POMC gene expression were
conversely decreased more markedly by fasting in Y5-KO
www.wjgnet.com
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Abstract
Three peptides, ghrelin, des-acyl ghrelin and obestatin
are derived from a common prohormone, preproghrelin by posttranslational processing, originating from
endocrine cells in the stomach. To examine the effects
of these peptides, we applied the manometric measurement of gastrointestinal motility in freely moving
conscious rat models. Ghrelin exerts stimulatory effects on the motility of antrum and duodenum in both
fed and fasted state of animals. Des-acyl ghrelin exerts
inhibitory effects on the motility of antrum, but not on
the motility of duodenum in the fasted state of animals. Obestatin exerts inhibitory effects on the motility
of antrum and duodenum in the fed state, but not in
the fasted state of animals. NPY Y2 or Y4 receptors in
the brain may mediate the action of ghrelin, CRF type
2 receptors in the brain mediate the action of des-acyl
ghrelin, whereas CRF type 1 and type 2 receptors in
the brain mediate the action of obestatin. Vagal afferent pathways might be involved in the action of ghrelin, but not involved in the action of des-acyl ghrelin,
whereas vagal afferent pathways might be partially
involved in the action of obestatin.
© 2008 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
Ghrelin, des-acyl ghrelin and obestatin are derived from a
prohormone, preproghrelin by posttranslational processing. Ghrelin was first identified as endogenous ligand for
growth hormone secretagogue receptors (GHS-R) with
O-n-octanoyl acid modification at serine 3 position[1].
On the other hand, des-acyl ghrelin has no O-n-octanoyl
acid modification [1] . Obestatin was predicted to be
formed from preproghelin by a bioinformatic approach[2].
Obestatin was initially reported to be endogenous ligand
for orphan G protein-coupled receptor GPR39[2]; however, recent studies have found no specific binding of
obestatin to various types of GPR39-expressing cells[3-5].
Ghrelin is a potent stimulator of food intake and gastrointestinal motility[6], while des-acyl ghrelin exerts opposite
effects on food intake and gastrointestinal motility[7]. The
effects of obestatin on food intake and gastrointestinal
motility have been controversial[8-13]. Very recently we have
reported that obestatin exerts inhibitory action on gastroduodenal motility in the fed state of conscious rats[14].
Previous studies have shown that food intake and gastroduodenal motility are tightly related. For example, feeding
stimulatory peptides such as NPY and ghrelin stimulate
gastroduodenal motility[15,16], while feeding inhibitory
peptides such as CRF and urocortin inhibit the gastroduodenal motility[17]. Here, we overview different effects of
ghrelin, des-acyl ghrelin and obestatin on gastroduodenal
motility by using freely moving conscious rat models.

MANOMETRIC MEASUREMENT OF
GASTROINTESTINAL MOTILITY IN
CONSCIOUS RATS
We developed freely moving conscious rat model to
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measure the gastrointestinal motility[15] (Figure 1A). This
model permits the measurement of gastrointestinal motility in animals in the physiological fed and fasted states
by a manometric method[15]. In the fasted state, the cyclic
change of pressure waves were detected in both antrum
and duodenum, including the quiescence period during
which relatively low amplitude contractions occur (phase
I-like contractions), followed by a grouping of strong
contractions (phase Ⅲ-like contractions) (Figure 1B). The
frequency of the onset of phase Ⅲ-like contractions was
5.3 ± 0.5/h (n = 6) in the antrum and 5.6 ± 0.8/h (n = 6)
in the duodenum[16]. After food intake, such fasted motor
pattern was disrupted and replaced by a fed motor pattern, which consisted of irregular contractions of high
frequency (Figure 1B). The fed pattern continued for 85.7
± 6.8 min (n = 5) in the duodenum and for more than 240
min in the antrum when rats were given 3 g of chow, and
then replaced by the fasted motor pattern[14].

GHRELIN AND GASTRODUODENAL
MOTILITY
Intracerebroventricular (icv) and intravenous (iv) injection
of ghrelin stimulated the % motor index (%MI) in the antrum and induced the fasted motor activity in the duodenum when given in the fed state of animals[16] (Figure 2A).
Icv and iv injection of ghrelin increased the frequency of
phase Ⅲ-like contractions in both antrum and duodenum
when given in the fasted state of animals[16]. The effects
of iv injection of ghrelin on gastroduodenal motility

were blocked by iv injection of GHS-R antagonist, but
not by icv injection of GHS-R antagonist[16] (Figure 2B).
In vagotomized animals, iv injection of ghrelin-induced
the fasted motility in both antrum and duodenum when
given in the fed state, iv injection of GHS-R antagonist
completely blocked phase Ⅲ-like contractions in both
antrum and duodenum[16]. Immunoneutralization of NPY
in the brain blocked the stimulatory effects of ghrelin on
the gastroduodenal motility[16] (Figure 2C). These results
indicate that ghrelin released from the stomach may act
on the ghrelin receptor on vagal afferent nerve terminals
and NPY neurons in the brain may mediate the action of
ghrelin on the gastroduodenal motility. C-Fos expression in
the arcuate nucleus (ARC) in the hypothalamus and in the
nucleus tractus solitarius (NTS) induced by intraperitoneal
(ip) injection of ghrelin confirmed this effect (Figure 2D).
Our previous study showed that immunoneutralization
of NPY in the brain completely blocked the phase Ⅲ-like
contractions in the duodenum of normal rats, and Y2 and
Y4 receptor agonists induced the phase Ⅲ-like contractions in the duodenum when given in the fed state of
animals[15]. Combined together, in normal animals ghrelin
may stimulate gastroduodenal motility by activating the
GHS-R on vagal afferent nerve terminals and affect NPY
neurons in the hypothalamus, Y2 and/or Y4 receptors
in the brain may mediate the action of ghrelin (Figure 3).
Once the brain mechanism is eliminated by truncal vagotomy, ghrelin might be primarily involved in the regulation
of fasted molility through GHS-R on the stomach and
duodenum.
www.wjgnet.com
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Figure 2 Ghrelin and gastroduodenal motility. A: Effects of
iv injection of ghrelin on the fed
motor activity of the antrum and
duodenum. Iv injection of ghrelin
induces the fasted pattern in the
duodenum and increases the
motor activity in the antrum; B:
Iv injection of GHS-R antagonist
completely blocks the effect
of iv injection of ghrelin; C: Icv
injection of NPY antiserum
completely blocks the effect of
iv injection of ghrelin; D: The
density of c-Fos-positive cells
in the arcuate nucleus (ARC)
and nucleus tractus solitarius
(NTS) increases with ip injection
of ghrelin compared to salineinjected control.
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Figure 3 Summary diagram of different effects of ghrelin, des-acyl ghrelin and obestatin on the gastroduodenal motility and brain mechanisms mediating
the action of these peptide.

Human ghrelin has a structural resemblance to human motilin, and human ghrelin receptors exhibit a 50%
identity with human motilin receptors[18]. Therefore, the
role of ghrelin in the gastrointestinal motility is comparable with that of motilin[19,20]. Motilin originates from
the endocrine cells in the duodenum[19], while ghrelin
originates from the endocrine cells in the stomach[21],
both of them are involved in the regulation of phase Ⅲ
contractions in the gastrointestinal tracts. Motilin induces fasted motility in the stomach and duodenum when
it is given peripherally, but not when given centrally[20,22],
while ghrelin induces fasted motility in the duodenum
when it is given both peripherally and centrally[16]. Since
it is known that gastric acidification modulates the action
of motilin[23], we examined the relationship between the
effects of ghrelin on gastroduodenal motility and intragastric pH. The results showed that within 30 min after
feeding, low intragastric pH (pH 2.5 ± 0.2) inhibited the
effects iv injected ghrelin on gastroduodenal motility,
and that this effect was reversed by an increase of intragastric pH (pH 5.4 ± 0.6) within 60 min after feeding, or
by pretreatment of famotidine (intragastric pH 6.0-6.7)[16].
These results suggest that the sensitivity of the GHS-R
in the gastrointestinal tract might be inhibited by low intragastric pH.

DES-ACYL GHRELIN AND GASTRODUODENAL MOTILITY
Central and peripheral administration of des-acyl ghrelin has been shown to significantly decrease food intake
in food-deprived mice and decrease gastric emptying[6].
Transgenic mice with overexpression of the des-acyl
ghrelin gene exhibited a decrease in body weight, food
intake and fat mass weight accompanied by moderately
decreased linear growth compared with their nontransgenic littermates[6]. In rats, des-acyl ghrelin injected intraperitoneally (ip) effectively decreased food intake in
food-deprived rats, and decreased the dark-phase food
intake in free-feeding rats, but failed to decrease the
light-phase food intake in free-feeding rats[7].
Icv and iv injections of des-acyl ghrelin disrupted
fasted motility in the antrum, but not in the duodenum[7]
(Figire 4A). The frequencies of fasted motility in the
antrum were decreased to 58.9% and 54.5% by des-acyl
ghrelin injcted icv and iv, respectively[7]. However icv and
iv injections of des-acyl ghrelin did not alter fed motor
activity in both the antrum and duodenum[7] (Figure 4A).
These data indicate that the dominant role of exogenous
des-acyl ghrelin affects fasted motility in the antrum, but
not in the duodenum. The results showed that capsaicin
www.wjgnet.com
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Figure 4 Des-acyl ghrelin and gastroduodenal motility. A: Effects of iv injection of des-acyl ghrelin on the fasted and fed motor activities of the antrum and
duodenum. Iv injection of des-acyl ghrelin decreases the frequency of phase Ⅲ-like contractions in the antrum, but not in the duodenum. Iv injection of des-acyl
ghrelin does not affect fed motor activity in both antrum and duodenum. aP < 0.05; B: The density of c-Fos-positive cells in the paraventricular nucleus (PVN) is
increased by ip injection of des-acyl ghrelin compared to saline-injected control, whereas that in the NTS is not altered; C: The decreased frequency of phase Ⅲ-like
contractions induced by iv injection of des-acyl ghrelin is restored to normal in pretreatment of nonselective CRF receptor antagonist astressin and the selective CRF
type 2 receptor antagonist antisauvagine-30, but not CRF type 1 receptor antagonist NBI-27914. dP < 0.01, fP < 0.001 compared with a.

treatment did not alter the disruptive effect of iv injection of des-acyl ghrelin on fasted motility in the antrum[7].
www.wjgnet.com

These results were consistent with electrophysiological
studies, which showed that peripheral administration of
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ghrelin suppressed firing of the vagal afferent pathways,
whereas des-acyl ghrelin had no effect on vagal afferent
pathways[24]. Difference in the involvement of vagal afferent pathways in the action of ghrelin and des-acy ghrelin
was confirmed by c-Fos expression in the NTS. Ip injection of ghrelin significantly increased the density of c-Fospositive cells in the NTS (Figure 2D), while ip injection of
des-acyl ghrelin induced no change in the density of c-Fospositive cells in the NTS compared with vehicle-injected
controls[7] (Figure 4B). Taken together, these results suggest that peripherally administered des-acyl ghrelin may
cross the blood-brain barrier (BBB) and act directly on
the brain receptor and disrupt the fasted motility in the
antrum (Figure 3).
The results showed that the centrally administered
CRF type 2 receptor antagonist, but not the CRF type 1
receptor antagonist, blocked the effects of centrally and
peripherally administered des-acyl ghrelin on gastric motility[7] (Figure 4C). Among two CRF receptor subtypes,
CRF type 1 receptor is highly involved in anxiety-related
behavior and CRF type 2 receptor is involved in regulating food intake and peripheral functions such as gastric
acid secretion or gastric emptying. CRF is a relatively selective ligand for CRF type 1 receptor, whereas urocortin
is a ligand more selective for CRF type 2 receptor[25,26].
The density of c-Fos-positive cells in the paraventricular
nucleus (PVN) was significantly increased by ip injection
of des-acyl ghrelin compared to vehicle-injected controls[7] (Figure 4B). These data suggest that peripherally
administered des-acyl ghrelin may activate neurons in the
PVN by crossing the BBB, and exert inhibitory effects
on the antral motility via CRF type 2 receptor in the
brain (Figure 3).

OBESTATIN AND GASTRODUODENAL
MOTILITY
Zhang et al[2] first reported that ip injection of obestatin
suppressed cumulative food intake, decreased body
weight gain, and inhibited gastric emptying and jejunal
muscle contraction in mice. Since then, however, the
inhibitory effects of obestatin on food intake and gastrointestinal motility have remained controversial [8-13].
Most of the previous studies which showed the negative effects of obestatin on the gastrointestinal motility
have only measured the gastric emptying or MMC cycle
time as indices for motor activity. In our previous study,
for more precise analysis, motor activity in both fed and
fasted states was quantified by the %MI, and we measured the time taken to the initiation of phase Ⅲ-like
contractions in the antrum and duodenum of conscious
rats[14].
Results showed that motor activity in the antrum and
duodenum was inhibited when obestatin was given iv to
conscious rats in the fed state, but not when it was given
in the fasted state[14]. Iv injection of obestatin decreased
the %MI of fed motility in the antrum and prolonged
the time before the return of fasted motility in the duodenum[14] (Figure 5A). Such inhibitory actions were the
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opposite of those obtained with ghrelin[16]. The results
showed that the inhibitory action of obestatin appeared
30-90 min after iv injection[14] (Figure 5A), which is consistent with the timing of the effects of iv injection of
ghrelin (approximately 30 min) on gastroduodenal motility[16] (Figure 2A). Iv injection of obestatin induced a significant increase in the number of c-Fos-positive cells in
the PVN compared to saline-injected controls[14] (Figure
5B). Immunofluorescence overlap staining showed that
the PVN neurons activated by iv injection of obestatin
contain CRF or urocortin 2[14] (Figure 5B). The involvement of CRF type 1 and type 2 receptors in the action
of obestatin on the gastroduodenal motility was examined[14]. Results showed that the inhibitory action of
iv injection of obestatin on the motor activities in the
antrum and duodenum were blocked by icv injection of
CRF type 1 and type 2 receptor antagonists, suggesting
that both types of CRF receptors in the brain may mediate the action of peripherally injected obestatin on gastroduodenal motility[14] (Figure 5C). The results showed
that vagal afferent nerve blockade by capsaicin reverses
the inhibitory effects of obestatin on duodenal motility,
but does not alter the inhibitory effects of obestatin on
antral motility[14]. These results suggest that vagal afferent pathways might be involved partially, but not entirely,
in the action of obestatin. Involvement of vagal afferent
pathways was confirmed by the finding that the number
of c-Fos-positive neurons in the NTS was increased by
iv injection of obestatin[14]. In addition to vagal afferent
pathways, it is possible that circulating obestatin acts
on brain targets directly by crossing the BBB, because a
previous study has shown that there is a rapid influx of
iv-injected 125I-labeled obestatin from the blood to the
brain[27]. Therefore, the lack of effects of obestatin on
antral motility during capsaicin treatment might be explained by direct action of peripherally injected obestatin
on brain targets by crossing the BBB, similar to what has
been observed for des-acyl ghrelin. We further examined
whether obestatin can antagonize the stimulatory effects
of ghrelin on gastroduodenal motility[14]. We found that
obestatin failed to antagonize the ability of ghrelin either to stimulate the %MI in the antrum or to accelerate
the initiation of fasted motility in the duodenum when
administrated in the fed state[14]. These results were consistent with previous studies in which obestatin failed
to antagonize the ability of ghrelin to stimulate gastric
emptying or to shorten the MMC cycle time[8].
GPR39 was initially proposed as the receptor for
obestatin[2], and GPR39 expression has been detected in
peripheral organs such as the duodenum and kidney, but
not in the pituitary or hypothalamus[4]. However recent
publications indicate that obestatin is unlikely to be the
endogenous ligand for GPR39 on the basis of a lack
of specific binding of obestatin to GPR39 receptorexpressing cells[2,4,5,28]. Nevertheless, although binding of
obestatin to the receptor GPR39 remains controversial,
the functional effect of obestatin on gastrointestinal motility has been clearly demonstrated in our study.
In conclusion, our study indicates that obestatin inhibits gastroduodenal motility in the fed state, but not in
www.wjgnet.com
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Figure 5 Obestatin and gastroduodenal motility. A: Effects of iv injection of obestatin on the fed motor activity of the antrum and duodenum. Iv injection of obestatin
dose dependently decreases the %MI during the 30-90-min period after injection of obestatin in the antrum, and prolongs the time between the initiation of phase Ⅲ-like
contractions and injection of obestatin in the duodenum. bP < 0.01, compared with vehicle-injected controls; B: The density of c-Fos-positive cells in the PVN is increased
by iv injection of obestatin compared to saline-injected control. CRF-positive or urocortin 2-positive neurons are overlapped with c-Fos-positive neurons in the PVN; C: The
decrease in %MI that is observed 30-60 min after iv injection of obestatin is reversed by icv injection of the CRF type 1 antagonist NBI-27914 and the CRF type 2 receptor
antagonist antisauvagine-30. The elongation of the time between injection of obestatin and initiation of phase Ⅲ-like contractions in the duodenum induced by iv injection
of obestatin is also reversed by icv injection of NBI-27914 and antisauvagine-30. cP < 0.05, fP < 0.01, compared with vehicle-injected controls.

the fasted state of conscious rats. In the brain, CRF- and
urocortin 2-containing neurons might be activated by iv
injection of obestatin, and at the level, CRF type1 and
type 2 receptors might be involved in the inhibitory action
of obestatin on antral and duodenal motility (Figure 3).
Vagal afferent pathways might be involved partially, but
not entirely, in these actions of obestatin (Figure 3).
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INTRODUCTION
Abstract
Ghrelin is primarily secreted from the stomach and has
been implicated in the coordination of eating behavior
and weight regulation. Ghrelin also plays an essential
role in the mechanism of gastric mucosal defense.
Thus, it is important to clarify which diseases primarily influence changes in plasma ghrelin concentrations.
Helicobacter pylori (H pylori ) infection is involved in
the pathogenesis of gastritis, gastric and duodenal
ulcer, gastric carcinoma, and mucosa-associated lymphoid tissue lymphoma. H pylori eradication is related
to body weight change. Compared, H pylori infected
and negative subjects with normal body mass index,
plasma ghrelin concentration, gastric ghrelin mRNA,
and the number of ghrelin producing cells in gastric
mucosa are significantly lower in H pylori infected subjects than in H pylori -negative controls. Plasma ghrelin
concentration decreases with the progression of gastric
atrophy. Impaired gastric ghrelin production in association with atrophic gastritis induced by H pylori infection
accounts for the decrease in plasma ghrelin concentration. However, the ratio of plasma acylated ghrelin to
total ghrelin levels is higher in patients with chronic
atrophic gastritis than in healthy subjects. This may result from the compensatory increase in plasma active
ghrelin concentration in response to gastric atrophy.
After H pylori eradication, gastric preproghrelin mRNA
expression is increased nearly 4-fold in most cases.
However, changes in plasma ghrelin concentrations before and after H pylori cure are not associated with the
gastric ghrelin production. Plasma ghrelin changes are
inversely correlated with both body weight change and

Ghrelin, a 28 amino acid peptide isolated from rat and
human stomach, possesses strong growth hormonereleasing activity and plays central as well as peripheral
roles in food intake, gastric motility, and acid secretion[1-3]. Ghrelin has been shown to evoke weight gain
by actions in the hypothalamus[3]. Plasma ghrelin concentrations rise before meals and fall after meals. This
peptide also contributes to the regulation of both somatic growth and adipose tissue mass, and is therefore, a
short-term, meal-related orexigen as well as a long-term
regulator of body weight[4,5]. Circulating ghrelin concentrations in newborns are not associated with gender,
body weight, or hormonal parameter[6]. In children and
adults, however, plasma ghrelin concentrations are lower
in obese subjects compared with those with normal
body weight and lean subjects[7]. The decrease of plasma
ghrelin concentrations appears to compensate for the
positive energy balance in obese individuals[7].

SOURCES OF GHRELIN AND Helicobacter pylori (H pylori) INFECTION
Ghrelin is predominantly produced by the stomach[8],
whereas substantially lower amounts are derived from
bowel [9], pituitary, kidney, placenta, hypothalamus [8],
lung, kidney, and A-cells of the pancreatic islet. Thus, it
is important to clarify which organ primarily influences
changes in plasma ghrelin concentrations in various
diseases. Although the majority of circulating ghrelin is
produced in the stomach, other sources may increase or
decrease ghrelin secretion in a compensatory manner.
After gastrectomy, for example, plasma ghrelin level is
www.wjgnet.com
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surprisingly reduced only by 65%[5].
The gastric ghrelin is produced in X/A like-cells of
enteroendocrine cells/oxyntic glands in the mammalian
gastric mucosa[9]. Thus, there exists the possibility that
chronic persistent damage of the gastric mucosa, such as
chronic gastritis, might affect ghrelin production, leading to changes in food intake and body weight. H pylori
is a gram-negative bacterium that colonizes the stomach.
H pylori infection is involved in the pathogenesis of
gastritis, gastric and duodenal ulcer, gastric carcinoma,
and mucosa-associated lymphoid tissue lymphoma[10-12].
More than 50% of the adult population is infected with
H pylori worldwide. H pylori infection first leads to
atrophic gastritis and intestinal metaplasia, which may
further lead to dysplasia and gastric carcinoma. Thus, it
is an intriguing question whether H pylori infection affects gastric ghrelin production and consequently alters
plasma ghrelin concentration.

Several investigators clarified the effect of H pylori
infection on plasma ghrelin levels. Plasma ghrelin concentrations were significantly lower in H pylori-positive
patients than in H pylori-negative controls [15,16,19]. Its
level is obviously independent of sex and BMI and
varied among H pylori infected subjects even with
same BMI[15]. Mean plasma ghrelin levels in H pyloripositive subjects remain two-third of those of H pylorinegative subjects [19] . In addition to several clinical
factors including BMI, food intake, and serum insulin levels[7,20], H pylori infection is also another determinant of plasma ghrelin levels as well as body mass
index.

RELATIONSHIP BETWEEN PLASMA

EXPRESSION LEVELS OF GASTRIC

GHRELIN LEVELS AND BODY MASS

GHRELIN ARE LOWER IN H PYLORI-

INDEX IN H PYLORI INFECTED PATIENTS

POSITIVE SUBJECTS

In determining whether ghrelin is involved in long-term
energy homeostasis, several studies have found that circulating ghrelin is elevated in individuals with anorexia
nervosa[7], reduced in obesity[7,13,14] and normalized with
weight gain[13] or weight loss. Circulating ghrelin levels
are negatively correlated with the percentage of body fat,
fat mass, body mass index (BMI), body weight, insulin,
leptin, and T3 in cross-sectional and longitudinal studies examining anorexia nervosa and obesity. In H pyloriinfected subjects, however, the correlation between BMI
and circulating ghrelin levels was weak[15,16]. This suggested that H pylori infection could affect plasma ghrelin
levels strongly.

It is important to focus on the gastric mucosa in order to
better understand the effects of H pylori infection on the
alteration of ghrelin expression. Gastric ghrelin mRNA
levels were much lower in H pylori-positive patients than
in H pylori-negative controls using real-time quantitative
RT-PCR [16,19]. The median of gastric ghrelin mRNA
expression levels in H pylori-positive subjects was less
than one 45th of that in H pylori-negative controls[19].
Moreover, plasma ghrelin concentrations were in parallel
with the gastric ghrelin mRNA expression levels in
H pylori-positive patients. Therefore, the attenuation of
the ghrelin production in the gastric mucosa accounts
for the decrease in the plasma ghrelin concentrations in
H pylori-positive individuals[19].

EFFECT OF H PYLORI INFECTION ON
PLASMA GHRELIN LEVELS
Several investigators reported the relationship between
plasma ghrelin levels and H pylori infection. Nwokolo
et al[17] reported that plasma ghrelin concentrations increased after the eradication of H pylori. On the contrary,
Gokcel et al[18] reported that H pylori infection has no effect on plasma ghrelin levels. Although the relationship
between H pylori infection and plasma ghrelin concentrations had been still controversial in Western countries,
Japanese investigators revealed the effects of H pylori
infection on plasma ghrelin concentrations[17,18]. The direct relationship between H pylori infection and gastric
ghrelin production, which could influence plasma ghrelin
concentrations, have been demonstrated. Osawa et al[19]
and Tatsuguchi et al[16] investigated the association of
H pylori infection with gastric ghrelin production in the
human stomach concomitantly examining plasma ghrelin
concentrations.

www.wjgnet.com

PLASMA GHRELIN CONCENTRATIONS
ARE LOWER IN H PYLORI-POSITIVE
SUBJECTS

GHRELIN-PRODUCING CELLS IN THE
GASTRIC MUCOSA ARE FEWER IN
H PYLORI-POSITIVE SUBJECTS
Ghrelin immuno-reactive cells are seen in the lower
half of fundic epithelial glands [9]. Immunoreactivity
is concentrated in the basal cytoplasm of the positive
cells. The number of ghrelin-positive cells in the gastric
mucosa of H pylori-positive individuals was significantly
lower than those of H pylori-negative individuals [19].
Furthermore, the numbers of ghrelin-positive cells in
the gastric mucosa fell significantly in accompaniment to
the decrease in plasma ghrelin concentrations in H pyloripositive subjects[16,19]. These results reinforce the fact
that the attenuation of the gastric ghrelin production
caused by H pylori infection accounts for the decrease
in the plasma ghrelin concentrations in H pylori-positive
individuals.
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PLASMA GHRELIN CONCENTRATIONS
ARE ASSOCIATED WITH THE DEGREE
OF GASTRIC ATROPHY IN H PYLORIPOSITIVE SUBJECTS
Since H pylori infection first induces gastric atrophy in its
pathological course, it is important to clarify the association between plasma ghrelin concentration and degree
of gastric atrophy in H pylori-positive patients. Several
reports revealed that groups of H pylori-positive subjects
with higher degrees of gastric atrophy tended to have
lower plasma ghrelin concentrations, leading to a negative association between plasma ghrelin concentration
and gastric atrophy grade[15,16,19]. Moreover, activity and topography of gastritis affects circulating ghrelin levels[21].
Histological severity of mononuclear cell infiltration and
glandular atrophy of the corpus significantly influenced
the expression levels of ghrelin mRNA, its peptide contents and the density of immunoreactive cells, indicating
that gastric ghrelin biosynthesis seems to be affected
by chronic mucosal inflammation and/or atrophy in
association with H pylori infection. In addition, plasma
ghrelin concentrations in H pylori-positive patients correlated with serum pepsinogenⅠconcentration as well as
pepsinogenⅠ/Ⅱ ratio. PepsinogenⅠand pepsinogen Ⅱ
differ in their location in the stomach. Both are located
in the chief and mucous neck cells of the oxyntic gland
mucosa in the gastric corpus but only pepsinogen Ⅱ is
present in the gastric antrum. A pepsinogenⅠ/Ⅱ ratio
< 3 is considered to be a reliable marker for severe atrophic gastritis[22]. Serum levels of pepsinogenⅠas well as
the ratio of pepsinogenⅠ/Ⅱ fell significantly as plasma
ghrelin concentrations decreased, indicating the positive
association between plasma ghrelin and pepsinogenⅠ
concentrations as well as pepsinogenⅠ/Ⅱ ratios in
H pylori-positive patients[19]. Collectively, these results
reveal that plasma ghrelin concentrations are associated with the progression of gastric atrophy. Although
geographical differences in the prevalence of atrophic
gastritis in Asians and Westerners would require additional consideration, these findings strongly suggest that
the reduction of ghrelin-producing cells in the gastric
mucosa by H pylori infection results in the lower plasma
ghrelin concentration in H pylori-positive patients.
Checchi et al[23] reported that serum ghrelin levels are
negatively affected by autoimmune gastritis as well as by
H pylori associated gastritis, and represent the most sensitive and specific noninvasive markers for selecting those
patients at high risk for having gastric damage. Of particular interest is the fact that the measurement of serum
ghrelin levels is superior to that of pepsinogenⅠ/Ⅱ
ratio and serum gastrin to predict gastric damage.

STOMACH REGULATES ENERGY
BALANCE VIA ACYLATED GHRELIN AND
DESACYLATED GHRELIN
It is known that ghrelin circulates in two different forms:
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the so-called acylated ghrelin, octanoylated, in serine
3, and the so-called desacylated, without the octanoyl
group[24]. This latter form is dramatically less potent on
the GHS-receptor than the acylated form[25]. Acylated
ghrelin is involved in the regulation of GH secretion,
energy balance, gastrointestinal motility, cardiac performance, and anxiety[8]. Administered acylated ghrelin induces body weight gain and adiposity by promoting food
intake and decreasing fat use or energy expenditure[26]. In
contrast to acylated ghrelin, desacylated ghrelin induces
a negative energy balance by decreasing food intake and
delaying gastric emptying[27]. The effect is mediated via
the hypothalamus. Although derived from the same precursor, the inverse effects of these two peptides suggest
that the stomach might be involved as an endocrine organ in the regulation of the energy balance.

PLASMA ACYLATED GHRELIN LEVELS
ARE HIGHER IN PATIENTS WITH
CHRONIC ATROPHIC GASTRITIS
Total plasma ghrelin concentrations decrease in patients with gastric atrophy secondary to H pylori infection, and the levels are related to the degree of atrophy.
These finding might be explained by the loss of ghrelinproducing cells caused by inflammatory and/or atrophic
changes. Campana et al[28] reported that plasma acylated
ghrelin levels were higher in patients with chronic atrophic gastritis than in healthy subjects. This opposite tendency compared to total plasma ghrelin concentration
may result from the compensatory increase in plasma
active ghrelin concentration in response to gastric atrophy. This hypothesis seems to be supported by a recent
report showing that a significant decrease in gastric pH
was found after injection of exogenous ghrelin. Gastric
atrophy causes an increase gastric pH, leading to an increase in serum gastrin levels. Both the increase in acylated ghrelin and gastrin could represent a compensatory
mechanism to stimulate gastric acid production.

GHRELIN HAS A PROTECTIVE EFFECT
AGAINST MUCOSAL INJURY OF
STOMACH
H pylori infection induces gastric mucosal damage including gastric ulcer and chronic gastritis. It is an intriguing question whether lower plasma ghrelin level in
H pylori-infected patients affects gastric mucosa. Sibilia
et al[29] reported that ghrelin protects against ethanolinduced gastric ulcers in rats. Similarly, Konturek et al[30]
reported that ghrelin expression of gastric mucosa is
enhanced after exposure to ethanol, and ghrelin exhibits
a strong gastroprotection due to its anti-inflammatory
action mediated by prostaglandins. The gastroprotective effect of ghrelin is accompanied by a significant
rise in the gastric blood flow, which is known to play
an essential role in the mechanism of gastric mucosal
defense. This ghrelin-induced hyperemia could be probwww.wjgnet.com
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ably attributed to the direct vasodilatory effect of this
peptide.

PLASMA GHRELIN LEVEL AND BODY
WEIGHT
Eradication of H pylori has been a standard therapy for
peptic ulcer disease[10,11] and improves gastritis[10]. Much
attention has recently been directed to the relationship
between obesity and H pylori infection. Several studies showed that H pylori infection is inversely related to
obesity. For example, Wu et al[31] reported that the seropositivity of H pylori infection was significantly lower
in morbid obesity patients. Furuta et al[32] showed the
body weight gain after H pylori cure. As ghrelin is mainly
synthesized and secreted by gastric mucosa, it has been
assumed that the inverse effect of H pylori infection on
body weight may attribute to the difference of plasma
ghrelin concentrations in patients with or without
H pylori infection[33]. This hypothesis states that an increase of gastric ghrelin production after H pylori cure
may elevate plasma ghrelin concentration resulting in
body weight gain.

PLASMA GHRELIN LEVELS AND
BODY WEIGHT GAIN AFTER H PYLORI
ERADICATION
Do plasma ghrelin levels affect body weight gain after
H pylori eradication, or body weight gain affect plasma
ghrelin levels? Gastric ghrelin production is decreased by
H pylori infection and increased by eradication therapy[19].
As ghrelin is a body weight regulating peptide, much attention has been paid to the nutritional status and the
dynamics of gastric and plasma ghrelin in response to
H pylori infection[31,32]. In this respect, Nwokolo et al[17]
reported that plasma ghrelin levels increased at 6 wk after
H pylori cure in 10 patients in UK. Because plasma ghrelin
levels increased significantly by 75%, they proposed that
increased ghrelin following H pylori eradication may play a
role in obesity. This could lead to increased appetite and
weight gain, and contribute to the increasing obesity seen
in Western populations where H pylori prevalence is low.
Also, Czesnikiewicz-Guzik et al[34] reported that plasma
ghrelin levels increased significantly to two-fold levels at
4 wk after H pylori cure in 41 patients in Poland. After
Nwokolo’s report, it has been believed that plasma ghrelin
concentrations will increase after H pylori cure due to the
increase of gastric ghrelin production, leading to body
weight gain[16]. However, their reports suggested that plasma ghrelin levels increased, but did not reveal a changes
of plasma ghrelin levels in patients with body weight
gain after H pylori cure. Plasma ghrelin levels decrease as
a compensatory effect in obesity patients who has positive energy balance. Therefore, it is questionable whether
plasma ghrelin levels increase in a condition of body
weight gain after eradication. Another study found that
plasma ghrelin levels were unaffected[35]. In fact, plasma
www.wjgnet.com
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Figure 1 The relationship between the initial plasma ghrelin levels and the
change in plasma ghrelin levels at 12 wk after H pylori cure. The change
was obtained by subtracting the levels before the treatment from the levels at
12 wk after. The change in 12 wk correlated inversely with initial plasma ghrelin
levels. This figure is cited from J Gastroenterol 2006; 41: 954.

ghrelin concentration is not simply regulated by the levels
of gastric ghrelin production. Even in healthy humans,
plasma ghrelin concentration is tightly correlated with
body weight[7]. Therefore, it has been proposed[36] that it
should be re-examined whether the rise in plasma ghrelin
following H pylori eradication exists and whether it can
be an important determinant of body weight increase. It
is possible that only a subpopulation of infected patients
may show a rise in ghrelin following eradication.

DISPARATE CHANGES IN PLASMA
GHRELIN AFTER H PYLORI CURE
The effect of H pylori eradication on plasma ghrelin concentration was reported in 134 Japanese patients[37]. Interestingly, mean plasma ghrelin concentrations decreased
significantly from 120 fmol/mL before H pylori eradication to 103 fmol/mL at 12 wk after H pylori eradication.
However, its levels after treatment changed diversely
among enrolled patients. In fact, levels increased in 50
patients and decreased in 84 patients. There are some potential mechanisms leading to disparate changes in plasma
ghrelin levels after H pylori eradication. The relationship
between the initial plasma ghrelin levels and their changes
were analyzed after H pylori cure. Figure 1 shows the relationship between the initial plasma ghrelin levels, and the
changes in plasma ghrelin concentration at 12 wk after
H pylori cure. Interestingly, higher initial plasma ghrelin
levels decreased after the cure, but lower initial plasma
ghrelin levels did not change significantly. The change of
plasma ghrelin concentration after 12 wk was inversely
correlated with the initial plasma ghrelin levels.

EXPRESSION LEVELS OF GASTRIC
GHRELIN INCREASES AFTER H PYLORI
CURE
The effect of H pylori eradication on the ghrelin pro-
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Figure 2 The relationship between the plasma ghrelin change and body
weight change at 12 wk after H pylori cure. The alteration of plasma ghrelin
levels correlated inversely with body weight change after H pylori cure. This
figure is cited from J Gastroenterol 2006; 41: 954.

duction in the gastric mucosa was reported in several
studies. Tatsuguchi et al[16] reported that ghrelin immunoreactive cells increase in the gastric mucosa after H pylori
eradication irrespective of the recovery of glandular
atrophy. Osawa et al[37] also reported that the number
of ghrelin positive cells per oxyntic gland was increased
in 77 patients and was unchanged in 57 patients after
H pylori eradication. The number of ghrelin producing cells tend to increase despite the change of plasma
ghrelin levels before and after H pylori cure. In recent
reports, gastric glandular atrophy recovers gradually over
the long term after H pylori eradication. Arkkila et al[38]
reported that atrophy can diminish or even disappear,
especially in the antrum, during a 1-year follow-up after
eradication of infection. If glandular atrophy recovers by
H pylori cure, the number of ghrelin producing cell may
increase more and more. Osawa et al[37] compared gastric preproghrelin mRNA expression levels before and
12 wk after treatment using the corpus mucosa. Median
preproghrelin mRNA expression was increased nearly
4-fold after H pylori cure. Preproghrelin mRNA expression was also increased in the antral mucosa. No correlation was observed between the changes in plasma ghrelin and those of gastric preproghrelin mRNA or ghrelin
positive cells after H pylori cure. Similarly, Isomoto et al[21]
reported that preproghrelin mRNA expression was
increased in the corpus mucosa at 4 wk after H pylori
cure. Therefore, gastric ghrelin production is enhanced
after H pylori eradication even in patients with decreased
plasma ghrelin concentrations.

BODY WEIGHT CHANGES CORRELATE
INVERSELY WITH CHANGES IN PLASMA
GHRELIN CONCENTRATION
Body weight gain is a well-known effect of H pylori
eradication and plasma ghrelin concentration is influenced by body weight change[38,39]. The question as to

100

200		
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400

Initial Plasma ghrelin levels (fmol/mL)

Figure 3 The relationship between the initial plasma ghrelin levels and
body weight change at 12 wk after H pylori cure. Initial plasma ghrelin
levels correlated positively with body weight changes. This figure is cited from J
Gastroenterol 2006; 41: 954.

whether ghrelin is involved in weight gain after H pylori
cure has been discussed[19]. Figure 2 showed clearly that
the change in plasma ghrelin is inversely correlated with
body weight change after H pylori cure[37]. Plasma ghrelin
decreased in 23 of 28 patients (82%) with more than
2 kg of weight gain, and in all 7 patients with more than
3 kg of weight gain. These data suggest that plasma
ghrelin concentration after H pylori cure is more strongly
influenced by body weight change than the increase of
gastric preproghrelin mRNA and ghrelin producing cells.
In contrast, patients with less than 2 kg of body
weight gain or with body weight loss had minor changes
of plasma ghrelin levels. Increased plasma ghrelin levels
after the cure in European studies can be associated with
patients having minor change of body weight. The racial difference of enrolled subjects may account for the
discrepancy. In this respect, Asians including Japanese
are more prone to central adiposity than are white individuals[40]. As body fat storage is closely associated with
plasma ghrelin levels, the racial difference of body fat
distribution may account for the discrepancy.

INITIAL PLASMA GHRELIN LEVELS
CAN BE A PREDICTIVE FACTOR OF
BODY WEIGHT GAIN AFTER H PYLORI
ERADICATION
Initial plasma ghrelin levels before eradication therapy
were significantly higher in those whose plasma ghrelin
decreased after treatment[37]. In addition, these subjects
had a significantly greater increase in body weight than
those with increased plasma ghrelin after treatment.
Figure 3 shows the positive correlation between the initial plasma ghrelin levels and body weight changes. In
particular, 12 of 14 patients (86%) with more than 200
fmol/mL of initial ghrelin levels had an increase in body
weight, suggesting high levels of initial plasma ghrelin
can be a predictive factor of body weight gain after
H pylori eradication. The correlation between initial
www.wjgnet.com
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plasma ghrelin levels and weight changes suggests the
participation of ghrelin in the weight gain after H pylori
eradication. The weight gain after H pylori eradication
does not simply result from an increase in plasma ghrelin
by the recovery of gastric ghrelin production.
However, additional research is needed to clarify
the relationship between the body weight gain and the
plasma ghrelin levels after H pylori cure in Western population.

11

12

13

CONCLUSION
Plasma ghrelin concentrations are influenced by the presence of chronic gastritis in association with H pylori infection. The decrease in gastric ghrelin production accounts
for lower concentrations of plasma ghrelin in H pyloripositive individuals. Gastric ghrelin production increases
after H pylori cure. Plasma ghrelin concentrations decrease
in subjects with body weight gain after H pylori cure. Initial
plasma ghrelin levels before eradication can be a predictive factor for body weight gain after H pylori cure.
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Abstract
Ghrelin, a novel growth hormone-releasing peptide, was
originally isolated from rat and human stomach. Ghrelin
has been known to increase the secretion of growth
hormone (GH), food intake, and body weight gain when
administered peripherally or centrally. Ghrelin is also
known to stimulate the gastric motility and the secretion
of gastric acid. In the previous studies, the action of
ghrelin on acid secretion was shown to be as strong
as that of histamine and gastrin in in-vivo experiment.
In the studies, the mechanism for the action of ghrelin
was also investigated. It was shown that vagotomy
completely inhibited the action of ghrelin on the
secretion of gastric acid suggesting that vagal nerve is
involved in the mechanism for the action of ghrelin on
acid secretion. As famotidine did not inhibit ghrelin-induced acid secretion in the study by Masuda et al , they
concluded that histamine was not involved in the action
of ghrelin on acid secretion. However, we have shown
that famotidine completely inhibited ghrelin-induced
acid secretion and histidine decarboxylase (HDC) mRNA
was increased in gastric mucosa by ghrelin injection
which is inhibited by vagotomy Our results indicate that
histamine is involved in the action of ghrelin on acid
secretion. Furthermore synergistic action of gastrin and
ghrelin on gastric acid secretion was shown. Although
gastrin has important roles in postprandial secretion of
gastric acid, ghrelin may be related to acid secretion
during fasting period or at night. However, further
studies are needed to elucidate the physiological role of
ghrelin in acid secretion.
www.wjgnet.com

© 2008 The WJG Press. All rights reserved.

Key words: Ghrelin; Acid secretion; Vagal nerve;
Vagotomy; Histamine; Histidine decarboxylase
Yakabi K, Kawashima J, Kato S. Ghrelin and gastric acid secretion. World J Gastroenterol 2008; 14(41): 6334-6338 Available
from: URL: http://www.wjgnet.com/1007-9327/14/6334.asp
DOI: http://dx.doi.org/10.3748/wjg.14.6334

GHRELIN AND THE REGULATION OF
GASTRIC ACID SECRETION
Ghrelin, a novel growth-hormone-releasing peptide,
was originally isolated from rat and human stomachs[1]
and was demonstrated to localize in the endocrine cells
of the stomach and hypothalamus[1,2]. Ghrelin has been
known as a multifunctional hormone. Ghrelin increases
secretion of growth hormone (GH), food intake, and
body weight gain when administered peripherally or centrally[1,3-9]. Ghrelin has also positive cardiovascular effects.
In humans, infusion of ghrelin decreases systemic vascular resistance and increases cardiac output in patients
with heart failure. On the functions of stomach, ghrelin
was also known to stimulate gastric motility and the secretion of gastric acid when administered peripherally
or centrally[10,11]. As ghrelin has such multiple actions on
many organs, physiological roles of ghrelin in vivo might
be important even if many of them are not elucidated.
The mechanism for the action of ghrelin on feeding,
growth hormone secretion and the secretion of gastric
acid was studied and demonstrated that the vagal nerve
was involved in the action of ghrelin[10-12]. When ghrelin
was administered peripherally, ghrelin induced c-fos expression in the neurons of the arcuate nucleus of rats[12].
However, ghrelin did not induce c-fos expression in the
neuron in both capsaicin-treated rats and vagotomized
rats[12]. The effects of ghrelin on feeding were also abolished with capsaisin treatment and vagotomy[12]. These
results suggest that gastric vagal afferent is the major
pathway conveying ghrelin’s signals for starvation and
GH secretion to the brain. On the action of ghrelin on
the secretion of gastric acid, vagal nerve was indicated to
be involved in the action of ghrelin[10]. Masuda and coworkers indicated that the action of ghrelin on the secretion of gastric acid was abolished by the pretreatment
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As dictated above, ghrelin stimulates the secretion of
gastric acid[10,11]. The mechanism for the action of ghrelin
on acid secretion was also demonstrated that the vagal
nerve was involved in the action of ghrelin[10,11]. However,
the details of the mechanism after the activation of vagal
nerve by ghrelin administration remains to be elucidated.
In the mechanism for acid secretion, vagal nerve
has been known to play an important role, especially
in the regulation by central nervous system[13] and in
the stimulation by the distenstion of stomach[14]. Vagal
nerve has stimulatory and inhibitory actions on acid
secretion[15,16] and it contains and releases several neurotransmitters such as acetylcholine[17], gastrin-releaseing
peptide (GRP)[18], substance P[19]. Calcitonin gene-related
peptide[19] and pituitary adenylate cyclase activating peptide (PACAP)[20]. Among these, GRP has a stimulatory
action on gastrin release from G cells[21]. Gastrin released
by GRP stimulation is the most important physiological secretagogue and it has a primary role in postprandial acid secretion[22]. Gastrin stimulates acid secretion
via enterochromaffin-like cells (ECL cell)[23]. Another
transmitter, PACA, was also found to increase histamine
release from ECL cell[24]. PACAP-immunoreactive nerve
fibers are abundant in the gastric mucosa of both rat
and humans[25] and gastric ECL cells possesses PACAP
receptors(PAC1) [26]. Gastrin is now known as major
stimulant of histamine release from gastric ECL cells[27].
Histamine released from ECL cells acts on parietal cells
through H2 receptor[28]. It was indicated that the activation of vagal nerve induced an increase in histamine
release from gastric mucosa[29]. Accordingly it is plausible
that histamine release may be involved in the increased
acid secretion induced by administration of ghrelin.
In a previous report, Masuda et al[10] demonstrated that
vagal nerve is involved in the action of ghrelin on acid
secretion. However, they concluded that histamine was
not involved in the action of ghrelin on acid secretion, as
famotidine did not inhibited ghrelin-induced acid secretion[10]. Tthe mechanism that was demonstrated by Masuda
seemed to require further investigation, because the vagal
stimulation[29], as well as transmitter PACAP, is known to
increase release of histamine from ECL cells[24]. Therefore,
if ghrelin administration stimulates the vagal nerve, an increase in histamine release would consequently occur.
Previously we attempted to clarify whether histamine
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with atropine or bilateral cervical vagotomy[10]. Date and
co-workers demonstrated that intracerebroventricular
(ICV) administration of ghrelin induced the increase
in the secretion of gastric acid and vagotomy and the
pretreatment with atropine abolished the action of ghrelin[11]. They also demonstrated that ICV administration
of ghrelin induced c-fos expression in the neurons of
the nucleus of the solitary tract (NTS) and the dorsal
motor nucleus of the vagus nerve (DMX) [11]. Taken
together, these results suggest that vagal nerve plays important roles in the action of ghrelin on the secretion of
gastric acid.
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Figure 1 Effects of rat ghrelin (A) and gastrin-17 (B) on acid output in
gastric lumen-perfused rats. A: Time course of acid output by Ⅳ administration
of ghrelin (0.04, 0.8, 4, 20 µg/kg) in gastric lumen perfused rats; B: Time course
of acid output by Ⅳ administration of gastrin (0.8, 8, 13.2 and 20 µg/kg) in
gastric lumen perfused rats. Saline was administered in control rats. Each value
represents the mean ± SE of acid output at 15 min intervals. n = 4, 5, 6, 7.
Reprinted with permission[30].

is involved in the action of ghrelin[30]. In our study, ghrelin
(0.8-20 μg/kg) dose-dependently increased gastric acid secretion and the action of ghrelin (20 μg/kg, 6 × 10-9 mol/
kg) on acid secretion was almost as efficient as that of
gastrin (20 μg/kg, 9.2 × 10-9 mol/kg) (Figure 1) [30]. The
study demonstrated that vagotomy abolished the increase
in acid secretion by ghrelin administration (Figure 2)[30]
and also that famotidine completely inhibited the stimulatory action of ghrelin [30]. Furthermore, administration of
ghrelin significantly increased HDC mRNA concentration
of gastric mucosa (Figure 3) [30]. Vagotomy also abolished
the increase in HDC mRNA by ghrelin administration
(Figure 4) [30]. Furthermore, in the study, isolated vascularly-perfused stomachs that lacked vagal innervation were
prepared in order to examine the effect of ghrelin on
histamine release. Although the infusion of gastrin (2.1
μg/10 min) increased histamine release, ghrelin (5 μg/10
min) did not induce histamine release from isolated rat
stomachs. Taken together, the results demonstrate the
mechanism of action of ghrelin involves the vagal nerve
as well as increases in release and synthesis of histamine,
www.wjgnet.com
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Figure 2 Effect of famotidine on ghrelin-stimulated acid output in gastric
lumen-perfused rats. Time course of acid output by the Ⅳ administration of
famotidine (0.33 mg/kg) and ghrelin (20 µg/kg) in gastric lumen-perfused rats.
Famotidine was administered intravenously 15 min before ghrelin injection.
Each value represents the mean ± SE of acid output at 15 min intervals. n = 4.
Reprinted with permission[30].

consequently induces the stimulation of parietal cells.
The reason that Masuda et al did not observe the
inhibitory effect of famotidine on the action of ghrelin
is unclear. However, there is a difference between the
administration methods in the study by Matsuda et al and
those used in our study. We administered ghrelin intravenously, while Matsuda et al administered ghrelin subcutaneously. The difference in the results may thus be due to
the difference in the administration methods.

GHRELIN AND GASTRIN IN THE
MECHANISM FOR THE REGULATION
OF GASTRIC ACID SECRETION
Gastrin is known to be released into the circulation in
response to food[31], and to play an important roles in increasing postprandial acid secretion[22], and to exert activity on ECL cells[23]. It was shown that vagotomy did not
affect the maximal response of acid secretion to gastrin
administration thus indicating that the action of gastrin
was not primarily dependent on vagal nerve[32]. On the
other hand, ghrelin is released during fasting period,
and food intake suppresses its release[33]. As vagotomy
completely abolished ghrelin-induced acid secretion and
HDC mRNA production, ghrelin is thought to induce
histamine release via vagal nerve activation, consequently
resulting in increased acid secretion by parietal cells. Accordingly the mechanism for the secretion of ghrelin appears to differ from that of gastrin.
Recently, however, synergistic action of ghrelin and
ghrelin on gastric acid secretion was reported from two
groups[34,35]. Fukumoto et al have shown that Ⅳ administration of gastrin induced transient increases of ghrelin
levels within 10 minutes and that simultaneous administration of both gastrin and ghrelin resulted in a synergistic
increase of gastric acid secretion in rat[35]. They supposed
that gastrin may directly stimulate ghrelin release and both
hormones may increase gastric acid secretion synergistically[35]. We also presented the data that shows synergistic
effects of gastrin and ghrelin on gastric acid secretion and
histamine production by gastric mucosa which involves
www.wjgnet.com
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Figure 3 Effect of ghrelin on the concentration of HDC mRNA in rat gatsric
mucosa. Ghrelin (20 µg/kg) was administered intravenously. The concentration of
HDC mRNA was measured by real time RT-PCR using LightCycler. Control: The
concentration of HDC mRNA in gastric mucosa of rats with saline administration.
1 h; the concentration of HDC mRNA in gastric mucosa of rats with ghrelin
administration, the stomachs were excised 1 h after the administration. 2 h; the
concentration of HDC mRNA in gastric mucosa of rats with ghrelin administration,
the stomachs were excised 2 h after the administration. Each value represents
the mean ± SE of HDC mRNA demonstrated as % of control. n = 28, 20, 20. bP <
0.01. Reprinted with permission[30].
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Figure 4 Effect of vagotomy on the concentration of HDC mRNA in rat
gastric mucosa stimulated by ghrelin administration. Subdiaphragmatic
vagotomy was performed in rats 3 h or 7 d before the experiments. Ghrelin
(20 µg/kg) was administered Ⅳ . The concentration of HDC mRNA was
measured by real time RT-PCR using Light Cycler. Control: The concentration
of HDC mRNA in gastric mucosa of rats with saline administration. Ghrelin:
The concentration of HDC mRNA in gastric mucosa of rats with ghrelin
administration, the stomachs were excised 2 h after the administration. 3 h
after vagotomy, the experiments were performed 3 h after vagotomy. 1 wk after
vagotomy, the experiments were performed 7 d after vagotomy. Each value
represents the mean ± SE of HDC mRNA demonstrated as % of control. n = 8
or 15. NS: Not significant. Reprinted with permission[30].

the vagal nerve[34]. Circulating ghrelin decreases soon after
the initiation of feeding, gastrin oppositely increase with
food intake. Generally simultaneous increases of gastrin
and ghrelin do not occur. Therefore physiological role of
this synergistic action of these hormones remain to be
clarified. We are supposing this synergistic action may occurs in subjects with Hp infection that induces hypergastrinemia in fasting when ghrelin level rises.

CENTRAL REGULATION OF GASTRIC
ACID SECRETION BY GHRELIN
The peripheral vagal nerve and the nuclei of central
nerves are thought to be involved in the mechanism of
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action of ghrelin[6,12]. Ghrelin administered Ⅳ induced
Fos expression only in the neurons of the arcuate nucleus of the hypothalamus in rats[12]. On the other hand,
ICV injection induced Fos expression in the neurons
of NTS and DMX of the medulla oblongata and other
nuclei such as several hypothalamic nuclei, the dentate
gyrus, the hippocampus, and the cerebral cortex [6,11].
The hypothalamus is known to be the center for hunger
and satiety[36]. In particular, the arcuate nucleus of the
hypothalamus is activated by ghrelin administration and
this region is known to have important role in controlling food intake relating to the action of leptin[37]. Date
et al[12] indicated that Ⅳ injection of ghrelin induces Fos
expression in neuropeptide Y (NPY)-producing and
growth hormone-releasing hormone (GHRH)-producing
neurons in the arcuate neucleus. It is known that injection of NPY into cerebral ventricles or directly into the
hypothalamus of rats potently stimulates food intake[38].
Therefore, the activation of NPY neuron in the arcuate nucleus of the hypothalamus by ghrelin is thought
to relate to the stimulatory effect of ghrelin on food
intake. However, it is still unclear whether activation of
the arcuate nucleus induces increase in the secretion of
gastric acid. It has been shown that ghrelin receptors are
synthesized in vagal afferent neurons and transported
to the afferent terminals[12]. Date et al[12] suggested that
the gastric vagal afferent nerve, which is capsaicin sensitive, is the major pathway conveying ghrelin signals for
starvation and growth hormone secretion to the brain.
It is possible that the same pathway mediates the mechanism for the action on the secretion of gastric acid
when ghrelin is administered Ⅳ. On the other hand, as
described above, DMX, NTS and several nuclei of the
brain are apparently activated by ICV administration of
ghrelin[6,11]. As DMX has been demonstrated to relate to
the secretion of gastric acid, the activation of DMX may
be related to the central nervous system mechanism for
the action of ghrelin on acid secretion. Furthermore, vagotomy also abolished the stimulatory effect of ICV administration of ghrelin on acid secretion, thus the vagal
efferent may also be involved in the action of cerebral
ghrelin[11].
The neuronal pathway mediating the peripheral
ghrelin appears to be different from that mediating
central ghrelin. Although the vagal afferent nerve was
demonstrated to be involved in the action of peripheral
ghrelin[10,12], the role of vagal efferent nerve remained to
be elucidated. However, as the action of cerebral ghrelin
is thought to involve vagal nerve, possibly vagal efferent nerve, and the results of our previous study demonstrated that the actions of ghrelin on acid secretion
and HDC mRNA production require the vagal nerve to
be intact, it is possible that vagal efferent nerve is also
involved in the action of peripheral ghrelin. A likely hypothesis based on the results of our study is that peripheral ghrelin stimulation of gastric acid secretion initiates
the activation of central regulatory system that induces
the activation of vagal nerve, resulting in possibly release
of neurotransmitters and ECL cells stimulation.
Recently, as to the action of ghrelin, involvement
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of NO synthesis has been indicated[40]. Bilgin et al reported that ghrelin stimulates the secretion of gastric
acid through NO as a mediator, because acid secretion
induced by ghrelin administration was inhibited by applying L-NAME in rats. Previously the gastroprotective
effect of ghrelin was reported and this can be attenuated
by pretreatment of L-NAME suggesting involvement
of NO pathways in the effect of ghrelin[40]. As NO increases mucosal blood flow, the effect of ghrelin on the
secretion of gastric acid may partially dependent of an
increase of mucosal blood flow.

THE PHYSIOLOGICAL ROLE OF
GHRELIN IN THE REGULATION OF
ACID SECRETION
The physiological role of ghrelin in the regulation of
acid secretion still remains unclear. Comparing the secretion of ghrelin with that of gastrin, the secretion of gastrin is induced by food intake[26], while the secretion of
ghrelin is increased during fasting period[33]. As described
above, there are many differences between gastrin and
ghrelin in the actions, their roles may be different. Gastrin is known to play important roles in the postprandial
secretion of gastric acid, while ghrelin may be related to
acid secretion during fasting period or at night. To elucidate the physiological role of ghrelin in acid secretion,
further studies are required.
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LIVER CANCER

c-Fos overexpression increases the proliferation of human
hepatocytes by stabilizing nuclear Cyclin D1
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flow cytometry showed that c-Fos accelerated the cell
cycle kinetics. Following serum stimulation, Cyclin D1
was more abundantly expressed in c-Fos overexpressing cells. Cyclin D1 accumulation did not result from
increased transcriptional activation, but from nuclear
stabilization. Overexpression of c-Fos correlated with
higher nuclear levels of inactive phosphorylated GSK3β, a kinase involved in Cyclin D1 degradation and
higher levels of EGF-R mRNA, and EGF-R protein compared to IHH-C both in serum starved, and in serum
stimulated cells. Abrogation of EGF-R signalling in IHHFos by treatment with AG1478, a specific EGF-R tyrosine kinase inhibitor, prevented the phosphorylation of
GSK-3β induced by serum stimulation and decreased
Cyclin D1 stability in the nucleus.
CONCLUSION: Our results clearly indicate a positive
role for c-Fos in cell cycle regulation in hepatocytes.
Importantly, we delineate a new mechanism by which
c-Fos could contribute to hepatocarcinogenesis through
stabilization of Cyclin D1 within the nucleus, evoking a
new feature to c-Fos implication in hepatocellular carcinoma.
© 2008 The WJG Press. All rights reserved.

Abstract
AIM: To investigate the effect of stable c-Fos overexpression on immortalized human hepatocyte (IHH)
proliferation.
METHODS: IHHs stably transfected with c-Fos (IHHFos) or an empty vector (IHH-C) were grown in medium supplemented with 1% serum or stimulated
with 10% serum. Cell proliferation was assessed by
cell counts, 3H-thymidine uptake and flow cytometry
analyses. The levels of cell cycle regulatory proteins
(Cyclin D1, E, A) cyclin dependent kinases (cdk) cdk2,
cdk4, cdk6, and their inhibitors p15, p16, p21, p27, total and phosphorylated GSK-3β and epidermal growth
factor receptor (EGF-R) were assayed by Western blotting. Analysis of Cyclin D1 mRNA levels was performed
by reverse transcription-polymerase chain reaction and
real-time polymerase chain reaction (PCR) analysis.
Stability of Cyclin D1 was studied by cycloheximide
blockade experiments.
RESULTS: Stable c-Fos overexpression increased cell
proliferation under low serum conditions and resulted
in a two-fold increase in [ 3H]-thymidine incorporation following serum addition. Cell cycle analysis by
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world, with an increasing number of
new cases emerging each year. Etiologically it is linked
to chronic viral infections (hepatitis B and C viruses),
alcohol-related cirrhosis or aflatoxin B1 exposure, which
www.wjgnet.com
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all cause disruptions in signal transduction cascades leading to abnormalities in gene expression.
The proto-oncogene c-fos is an important member
of the activating protein 1 (AP-1) transcription factor
involved in major cellular functions such as transformation, proliferation, differentiation and apoptosis[1,2]. Such
a large variety of functions is achieved by the combination of different Jun (c-Jun, JunB or JunD) and Fos (cFos, FosB, ∆fosB, Fra-1, Fra-2) family members forming
various AP-1 homo and heterodimers. c-fos is an immediate early gene whose expression is rapidly and transiently
induced after mitogenic stimulation[3]. The role of c-Fos
in cell proliferation and transformation remains controversial. c-Fos is required during all phases of the cell cycle
in exponentially growing cells and is a potent inducer of
cell proliferation[4]. However, some studies have suggested
that c-Fos poorly contributes to proliferation[5], was totally
dispensable for[6], or even down-regulated, cell growth[7,8].
Overexpression of c-Fos leads to morphological transformation of fibroblasts[9,10], and to osteosarcoma formation
in transgenic mice[11,12]. Apart from one study describing a
negative role for c-Fos in hepatocellular tumorigenesis[8],
several reports rather support a potential positive role for
c-Fos in this process. High expression levels of c-Fos were
determined in tumour tissue compared to the adjacent
non-tumour liver in human HCC[13-15], as well as in several
models of HCC in rodents[16-18]. A recent study in humans
identified a subtype of HCC sharing gene expression patterns with foetal hepatoblasts which can be distinguished
from another HCC subtype closer to adult hepatocytes[19].
Interestingly, c-Fos, but not c-Jun expression was higher
in the foetal subtype which displayed a poorer prognosis
and a greater tendency to invasion than the adult subtype.
In addition, the expression of DNA 5-methylcytosine
transferase, a c-Fos target gene involved in DNA methylation[20] is increased in human tumour cells and in HCCs[21].
Despite these studies showing that c-Fos overexpression
might be an important step towards the development of
liver cancer, its precise role in hepatocarcinogenesis remains ill-defined.
In order to clarify c-Fos implication in hepatocarcinogenesis, we examined the effect on proliferation
of stable c-Fos overexpression in immortalized human
hepatocytes (IHH). We show, for the first time, that a
positive role for c-Fos on hepatocyte proliferation can
be attained by stabilization of Cyclin D1 in the nuclear
compartment, a mechanism which has not been described as a c-Fos related process in any cell type to date.

MATERIALS AND METHODS
Cell culture and reagents
IHH were cultured in Williams’ medium E (Invitrogen,
Cergy Pontoise, France) supplemented with 100 mL/L
fetal calf serum (FCS) (Biochrom AG, Cambridge,
UK), 1% penicillin-streptomycin, 1% Glutamax and
1% DMEM sodium pyruvate (Invitrogen). Specific reagents were AG1478 (Calbiochem, San Diego, CA) and
cycloheximide (CHX) (Euromedex, Souffelweyersheim,
France).
www.wjgnet.com
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Generation of stably transfected cells
The human c-fos cDNA was inserted into the cytomegalovirus driven pCIneo expression vector (Promega,
Charbonnières, France) containing a neomycin resistance
gene to obtain the pCIneo-cfos vector. Cells were stably
transfected by electroporation (230V, 960 μF) in PBSHepes Buffer 10 mmol/L, pH 7.4 with the empty vector
(pCIneo) or with pCIneo-cfos. Two days post-transfection, stable clones were selected in media containing 500
μg/mL of G418 (Invitrogen). The resistant clones were
pooled after 3 wk of selection, and maintained with
G418. c-Fos overexpression was verified by Western blot
analysis as shown in Figure 1A.
Growth curve analysis
Cells were plated in triplicate at a density of 1.0 × 105
per well in six-well plates, and cultured in low serum (1%
FCS) conditions for 5 d. Triplicate cultures were trypsinized and diluted in an equal volume of trypan blue
solution (Invitrogen). Viable cells were counted daily in a
haemocytometer counting chamber.
[3H]-thymidine incorporation
DNA synthesis was determined by measuring [ 3H]thymidine incorporation. Cells were plated onto 24-well
plates at a density of 1.0 × 105 cells/well in quadruplets.
Cells were serum deprived for 24 h, and serum stimulated in culture media containing 1.5 μCi/mL tritiated
thymidine ([3H]dT) (specific activity of 740 GBq/mmol)
(Perkin-Elmer, Waltham, Ma) for 4 h. Cells were fixed
and washed in ice-cold 10% trichloroacetic acid. DNA
was solubilized in 0.1 mol/L NaOH for 1 h at 37℃.
[3H]dT incorporated into the DNA was measured using
liquid scintillation counting.
Flow cytometry
DNA cell cycle analysis was measured by 5-bromodeoxyuridine (BrdU) incorporation and propidium iodide
staining of the nuclei by flow cytometry (FACScalibur,
BD Biosciences, Mansfield, MA) and analyzed with the
ProCellQuest software provided by the manufacturer.
Cell cycle progression was measured by pulse/chase experiments. Cells plated at a density of 5 × 105 per 6-cm
dish were serum starved for 24 h, serum stimulated for
12 h and stained with BrdU (30 μg/mL) for 1 h. Cells
were then chased with BrdU free medium for 0, 3, 6,
9, 12 h, stained with propidium iodide and harvested
in 70% ethanol. Cells were then treated with 2 N HCl
and pepsin (0.2 mg/mL) for 30 min. BrdU content was
analyzed using a FITC-labeled monoclonal antibody to
BrdU (BD Pharmingen, Le-Pont-de-Claix, France). Labeled cells were washed and resuspended in PBS containing propidium iodide (10 μg/mL) for 30 min prior to
flow cytometric analysis.
Western blot analysis
Nuclear proteins were extracted as described[22]. Total
proteins were extracted with lysis buffer [1% (v/v) SDS,
1 mmol/L Na3VO4, 10 mmol/L Tris pH 7.4, 1% benzonase) for 10 min at room temperature and heated for
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Figure 1 Overexpression of c-Fos accelerates the cell cycle. A: IHH-C and IHH-Fos were grown in 1% FCS, cultured for 5 d and counted daily. Cell growth
was determined by counting the number of attached cells every day. Results are the mean ± SE of three independent experiments; B: [3H] thymidine incorporation
into DNA. Non-synchronized IHH-C or IHH-Fos serum starved for 24 h then serum stimulated for 4 h were incubated with [3H] thymidine for 4 h. DNA was extracted
as described in materials and methods, and [3H] thymidine incorporation into DNA was assessed by scintillation counting. Results are expressed as percentage of
increase of [3H] thymidine incorporation in serum-stimulated cells over that of quiescent cells for each cell population. Results are the mean ± SE of six independent
experiments; C: Flow cytometry analysis for quantification of cell cycle phase distribution and progression through cell cycle. IHH-C or IHH-Fos serum starved for 24 h
were incubated with BrdU for 1 h and stained with propidium iodide 0, 4, 8 and 24 h after serum stimulation. The percentage of cells in each phase is plotted against
time. Results of a representative experiment are shown (out of 3); D: IHH-C or IHH-Fos serum starved for 24 h were serum stimulated for 12 h, BrdU pulsed for 1 h,
chased with fresh medium for 0, 3, 6, 9, 12 h, and then stained with propidium iodide. The percentage of BrdU-negative cells in the G1 phase (G1 exit) (left panel) and
of the BrdU-positive cells in the G1 phase (G1 entry) (right panel) of the cell cycle is plotted against time. Results are representative of four independent experiments.

5 min at 100℃. Equal quantities of nuclear proteins
were fractionated on a SDS-polyacrylamide gel and
transferred onto nitrocellulose membranes by electroblotting. The antibodies used in this study were as follows:
c-Fos, Cyclin D1, Cyclin E, Cyclin A, cdk2, cdk4, cdk6,
p15, p16, p21, p27 and EGF-R (Santa Cruz Biotechnology, Santa Cruz, CA), GSK3β (Affinity BioReagents,
Golden, CO), Phospho-GSK3β (Serine9) (Abcam, Paris,
France). Immunoreactive bands were visualized using
the ECL kit (Amersham BioSciences, Saclay, France) according to the manufacturer's instructions.
Reverse transcription-polymerase chain reaction (RTPCR) and real-time quantitative PCR analysis
mRNA was isolated from cells by Nucleospin RNA
II kit (Macherey-Nagel, Hoerdt, France) following the
manufacturer’s instructions. RNA (1 μg) was reverse
transcribed using ThermoScriptTM RT-PCR System (Invitrogen, Cergy-Pontoise, France). Real-time quantitative
PCR was performed using the following primers: Cyclin
D1: forward 5'-GCATGTTCGTGGCCTCTAAGA-3';
reverse 5'-CGGTGTAGATGCACAGCTTCTC-3',

EGF-R: forward 5'-GCGTCTCTTGCCGGAATGT-3'
and reverse 5'-GGCTCACCCTCCAGAAGGTT-3'.
Real-time quantitative PCR was performed with an
ABI PRISM 7700 instrument (Applied Biosystems,
Foster City, CA)) using SYBRGreen PCR core reagents
(Applied Biosystems). Fold changes in mRNA were
calculated by the ∆∆Ct method using cyclophilin A (forward: 5'-CAAATGCTGGACCCAACACA-3'; reverse:
5'-TGCCATCCAACCACTCAGTCT-3') as a standard.
All PCR reactions were done in triplicate.
Statistical analysis
Data were expressed as means ± SE. Student’s t-test was
performed and statistical significance was considered as
P < 0.05.

RESULTS
Growth rate and cell cycle regulation by c-Fos
overexpression
To determine whether c-Fos could modulate hepatocyte growth, we carried out growth curve assays. While
www.wjgnet.com
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cell growth was similar in the presence of 10% FCS in
IHH-C and IHH-Fos (data not shown), we observed
that the growth pattern of the two cell lines differed in
low serum conditions (1% FCS). While the number of
IHH-Fos increased exponentially over 5 d in culture,
IHH-C number increased slowly during the first 3 d of
culture, and then reached a plateau, due to the induction
of cell death by serum deprivation (Figure 1A and data
not shown). Thus, c-Fos overexpression correlated with
a more rapid growth in low serum conditions. The effect
of c-Fos overexpression on cell proliferation was further
established by measuring [3H]dT incorporation following
4 h serum stimulation of cells deprived of serum for 24 h.
The increase of [3H]dT incorporation induced by serum
was 2.2 times higher in IHH-Fos than in IHH-C (231%
and 107%, respectively), and the difference was statistically significant (P < 0.001) (Figure 1B). To further analyze the role of c-Fos on the cell cycle, cell cycle phase
distribution and cell cycle kinetics were analyzed by flow
cytometry. Following serum stimulation, the percentage
of cells in the G1 phase decreased, while the percentage of cells in the S-phase increased 24 h after serum
stimulation. However, the percentage of cells in the different stages of the cell cycle was comparable in IHHFos and IHH-C (Figure 1C). Cell cycle progression was
measured by BrdU pulse/chase experiments. The rate at
which BrdU positive cells progress into G1 indicates the
rate of transit through S, G2 and M phases. Similarly, the
rate at which BrdU negative cells become depleted from
the G1 pool indicates the transit rate through G1. We
show that IHH-Fos quit (Figure 1D, left panel) and enter
(Figure 1D, right panel) G1 faster than IHH-C, which reflects a global increase in cell cycle kinetics. The fact that
the cell cycle profile was not altered by c-Fos indicates
that the acceleration is proportional in all phases of the
cycle. These data taken together indicate that c-Fos overexpression increases the growth of exponentially growing cells cultured in low serum medium as well as the
proliferation response induced by serum refeeding.
Induction of cell cycle regulatory proteins by c-Fos
The levels of various cell cycle regulatory proteins before and after serum stimulation of IHH-C and IHHFos were analyzed by Western blotting experiments. In
both cell lines, serum addition induced an increase in the
nuclear levels of Cyclin A, cdk2 and cdk4, but no change
in Cyclin E. Of interest, the nuclear levels of Cyclin D1
were increased after 8 h of stimulation in IHH-Fos, but
not in IHH-C (Figure 2A). In addition, the levels of p27
were higher in the absence of serum stimulation or following serum stimulation in IHH-Fos than in IHH-C
(Figure 2B).
Quantitative RT-PCR analysis was performed to
determine whether the increase of Cyclin D1 at 8 h of
serum stimulation in IHH-Fos was controlled transcriptionally. Interestingly, a similar 2-fold increase in Cyclin
D1 mRNA 2 h following serum stimulation was observed in IHH-Fos and IHH-C, without any significant
differences at any of the time points (Figure 2C), indiwww.wjgnet.com
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Figure 2 Induction of cell cycle regulatory proteins after serum refeeding.
IHH-C or IHH-Fos were serum starved for 24 h. Nuclear (A) or total (B)
extracts prepared before or after serum stimulation for 8 h or 24 h were
immunoblotted with antibodies, as indicated. Loading of nuclear or total extracts
was normalized using a SnRNP or a b-actin antibody, respectively. Results of a
representative experiment are shown (out of 3); C: Quantitative real time PCR
of Cyclin D1 mRNA levels in quiescent IHH-C or IHH-Fos serum stimulated for
the indicated times. Bars indicate mean ± SE of three independent experiments
each performed in triplicate.

cating that the higher levels of Cyclin D1 in the nucleus
in IHH-Fos are not due to transcriptional mechanisms.
Cyclin D1 stabilization in the nucleus
We next deter mined whether post-translational
regulations could explain the increase of nuclear Cyclin
D1 in serum-stimulated IHH-Fos. CHX, a translational
inhibitor, was used to block protein synthesis. While
in IHH-C, nuclear Cyclin D1 protein levels started to
decline as from 1 h, and decreased by 85% after 2 h of
CHX treatment, Cyclin D1 nuclear levels were decreased
by only 20% upon 2 h of CHX treatment in IHHFos (Figure 3), indicating that c-Fos overexpression
correlates with increased stability of nuclear Cyclin D1.
Inactivation of GSK-3β in IHH-Fos contributes to Cyclin
D1 stabilization
Previous studies have indicated that Cyclin D1 degradation is triggered by GSK-3β-induced phosphorylation
on a single threonine residue (Thr-286) [23]. Of note,
phosphor ylated GSK-3 β is the inactive for m of
the protein [24]. We, therefore, compared the level of
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phosphorylated GSK-3 β between the two cell lines
by Western blot analysis. As shown in Figure 4A, the
levels of GSK3β phosphorylation were much higher
in the nucleus of IHH-Fos than in IHH-C, both in
unstimulated and in serum stimulated conditions,
indicating higher basal, and induced levels of inactive
GSK-3β in IHH-Fos (Figure 4A). Therefore, a decrease
in active GSK-3β in IHH-Fos could be responsible for
the increased stability of nuclear Cyclin D1 after serum
stimulation.
Several signaling pathways are able to induce GSK3β phosphorylation, including the two main cascades
targeted by tyrosine kinase receptors: the phosphatidyl
inositol 3-kinase (PI3K) and the Ras/mitogen activated
protein kinase pathways[24]. Since the epidermal growth
factor receptor (EGF-R) is a known transcriptional target
of AP-1[25-27], we tested the hypothesis that overexpression
of EGF-R might contribute to high levels of GSK-3β
phosphorylation in IHH-Fos. Quantitative RT-PCR analysis revealed a 2.2-fold increase in the basal level of EGF-R
mRNA in IHH-Fos compared to IHH-C (Figure 4B).
Higher levels of EGF-R protein were also observed in
serum starved and serum-stimulated IHH-Fos compared
to IHH-C (Figure 4B), strongly indicative of increased
EGF-R signaling in c-Fos-overexpressing cells. Altogether,
these data suggest that increased EGF-R signaling might
contribute, at least partly, to increased levels of GSK-3β
phosphorylation in IHH-Fos cells.
To demonstrate the implication of EGF-R in GSK3β-mediated Cyclin D1 stabilization, IHH-Fos cells were
treated with AG1478, a specific inhibitor of the EGF-R
tyrosine kinase before serum stimulation. Western blot
analysis indicated that AG1478 treatment did block the
phosphorylation of GSK-3β induced by serum (Figure
4C). Interestingly, the decrease in the nuclear level of
Cyclin D1 protein observed after a 2 h-CHX treatment
of IHH-Fos cells stimulated by serum was more impor-
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Figure 3 Nuclear Cyclin D1 stability is increased by c-Fos overexpression.
IHH-C or IHH-Fos serum starved for 24 h were serum stimulated for 6 h and
then treated with CHX (30 µg/mL) for 30 min, 1 h or 2 h. Nuclear extracts were
immunoblotted with an antibody against Cyclin D1, and normalized with a
SnRNP antibody, as indicated (Upper panels). The Cyclin D1 over SnRNP ratios
were quantified by densitometric analysis of the immunoreactive bands (Lower
panel). The results are the mean ± SE of three independent experiments.
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Figure 4 Stimulation of EGF-R signaling by c-Fos overexpression. A: Total
and phosphorylated levels of nuclear GSK-b. IHH-C or IHH-Fos were serum
starved for 24 h. Nuclear extracts prepared from unstimulated (0 h), 8 h or 24 h
serum stimulated IHH-C or IHH-Fos, were immunoblotted with an antibody
against phosphorylated or total GSK3b. B: Upper panel, detection of EGF-R
mRNA in IHH-C and IHH-Fos by quantitative real time PCR analysis of mRNA
isolated from cells grown in the presence of serum. Lower panel, Western blot
analysis of EGF-R in total cell extracts from IHH-C and IHH-Fos cells serum
starved for 24 h (0) or stimulated with serum for the indicated times; C: Serum
deprived IHH-Fos were pre-treated (+) or not (-) with AG1478 (10 mmol/L) for 1 h.
Nuclear proteins were prepared from non stimulated and 8 h serum-stimulated
cells. Phosphorylated and total GSK3b levels were detected by Western blot;
D: Serum-deprived IHH-Fos were pretreated or not with AG1478 (10 mmol/L)
for 1 h, then serum-stimulated for 6 h. Nuclear proteins were extracted before
(0 h, filled columns) or after 2 h (empty columns) of CHX treatment (30 µg/mL).
Cyclin D1 levels were quantified by Western blotting. The immunoreactive
bands were quantified by densitometric analysis after loading normalization of
the blot using a SnRNP antibody. The results are expressed as the % of Cyclin
D1/SnRNP expression and are the mean ± SE of 3 independent experiments.
The lower panel illustrates one representative experiment.

tant in cells treated with AG1478 (50% decrease) than
in untreated cells (10% decrease), and the difference was
statistically significant (P < 0.05, Figure 4D), confirming
that blockade of EGF-R induced signaling in IHH-Fos
leads to a more rapid nuclear Cyclin D1 degradation.

DISCUSSION
Our results indicate that c-Fos overexpression accelerates
www.wjgnet.com
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cell g rowth under reduced ser um concentration
suggesting that hepatocytes overexpressing c-Fos become
relatively independent of the presence of growth factors.
We show that c-Fos enhances DNA synthesis after
serum stimulation, and accelerates hepatocyte cell cycle
progression without altering the overall distribution of
cells in each phase due to a proportional acceleration of
cell cycle kinetics in all phases.
Our results are at variance with those obtained in immortalized murine hepatocytes[8]. In this model, c-Fos
conditional expression for 48 h was shown to decrease
cell growth and [3H]dT incorporation of cells grown in
serum-supplemented medium. Besides species differences (murine vs human cells), the discrepancy in results
can be explained by the use of very different cellular
models which cannot be compared. The human hepatocytes used in our study were immortalized by SV40
T antigen while murine hepatocytes were immortalized
using truncated c-Met[28]. Overexpression of c-Fos in
our model was permanently established as the result of
stable transfection, while in Mikula’s study a c-Fos-estrogen receptor fusion protein was expressed for a limited
period (1-3 d) following estradiol treatment of the cultures[8]. Furthermore, the function of the conditionally
expressed c-Fos protein may have been modified, since
gene fusion has been shown to alter the function of Fos
family proteins[29].
We aimed to determine whether the positive role of
c-Fos on hepatocyte proliferation depicted in our study
was mediated through changes in cell cycle regulation.
Different studies have reported an effect of c-fos gene deletion or c-Fos protein overexpression on Cyclin D1[9,30,31],
Cyclin E[31] or Cyclin A[32] expression, depending on the
cell type studied. In our study, while the levels of Cyclin
E and A and their associated kinases varied with a similar
pattern in both cell types following serum stimulation, nuclear Cyclin D1 levels were higher in IHH-Fos compared
to IHH-C 8 h after serum re-feeding. Contrary to previous reports describing c-Fos as a transcriptional activator
of Cyclin D1[30], the higher levels of nuclear Cyclin D1 in
IHH-Fos than in IHH-C were not due to differences in
transcriptional regulation, but to increased protein stability
in the nucleus. A similar lack of correlation between Cyclin D1 mRNA and protein expression has been previously described in an in vivo experimental model of HCC[33].
Our results strongly suggest a mechanism whereby c-Fos
induces nuclear accumulation of Cyclin D1 without affecting the total cellular amount of the protein.
The Cyclin D1 protein is quite unstable, with a halflife of less than 30 min[34]. It accumulates in the nucleus
during the G1 phase and exits into the cytoplasm during
the S phase. Nuclear export of Cyclin D1, and its subsequent ubiquitination and proteolysis, are dependent on
phosphorylation on a single threonine residue (Thr-286)
performed mainly by GSK-3β[23], a protein kinase active
only when dephosphorylated. In contrast to Cyclin D1,
GSK-3β is predominantly cytoplasmic during G1 phase,
but a considerable amount becomes nuclear during S
phase[23]. We show herein that phosphorylated levels of
nuclear GSK-3β are higher in IHH-Fos than in IHH-C.
www.wjgnet.com
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Lower levels of active GSK-3β would consequently lead
to a decrease in Cyclin D1 phosphorylation, resulting in
its nuclear accumulation in IHH-Fos. Since EGF-R is
a known transcriptional target of AP-1[25-27], we tested
the possibility that c-Fos overexpression increases the
activation of the pathways downstream to EGF signaling. EGF-R activates both the PI3K and the mitogenactivated protein kinase cascades[35], two upstream activators of GSK-3β phosphorylation[24,36]. In support of an
involvement of EGF-R signaling in GSK-3β inactivation
and nuclear cylin D1 stabilization, we show that IHHFos display increased levels of expression of EGF-R
mRNA and protein than IHH-C. Furthermore, blocking
the activation of the EGF-R tyrosine kinase significantly
accelerates the rate of Cyclin D1 degradation assessed in
CHX experiments. Upregulated expression of EGF-R
is a frequent finding in HCC[37-39], and increased EGF-R
signaling has been associated with a poorer prognosis[40].
c-Fos is also frequently overexpressed in HCC tumoral
tissues[13-15,41]. Our data, therefore, suggest that a causal
relationship could exist between c-Fos and EGF-R overexpression in HCC.
Our finding of high levels of nuclear Cyclin D1 associated with c-Fos overexpression adds further support
for a contributing effect of c-Fos on HCC development.
Indeed, Cyclin D1 exit from the nucleus during S phase
is essential for regulated cell division, and its retention
in the nucleus is a cancer promoting or predisposing
event[42]. Thus, expression of a Cyclin D1 mutant that
cannot be phosphorylated by GSK-3 β , and remains
nuclear throughout the cell cycle is highly transforming
and induces tumour growth in nude mice[43].
In accordance with previous reports [32,44], we also
found that p27 protein levels were higher in c-Fos overexpressing cells. It is now well recognized that the family
of p21/p27 proteins plays a dual role in cell cycle regulation. On one hand, they bind to cdk2 complexes and
inhibit their kinase activities. On the other hand, they are
able to promote the activation of Cyclin D1/cdk4-6 by
complex stabilization, and by facilitating the nuclear import of these complexes, without inhibiting Cyclin D-associated kinase activity[45-48]. In our study, higher levels
of p27 in IHH-Fos could, therefore, represent another
mechanism contributing to the increase in nuclear levels
of Cyclin D1, although the precise mechanisms linking
c-Fos and p27 overexpression are currently unknown.
Nevertheless, the mechanism is not at the level of transcription, as indicated by our quantitative PCR analysis
(data not shown).
To conclude, our results clearly indicate a positive
role for c-Fos in cell cycle regulation in hepatocytes. Importantly, we delineate a new mechanism by which c-Fos
could contribute to hepatocarcinogenesis through stabilization of Cyclin D1 within the nucleus, evoking a new
feature to c-Fos implication in HCC.
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transiently and orexin effects long-lastingly in NPY
neurons. The transient property with which leptin
counteracts ghrelin action in NPY neurons may allow
the fasting-associated increase in ghrelin levels to
activate NPY neurons in the presence of physiological
leptin and to stimulate feeding.

Abstract

INTRODUCTION

AIM: To explore the mechanism for interactions of
leptin with ghrelin and orexin in the arcuate nucleus
(ARC) activating neuropeptide Y (NPY) neurons during
physiological regulation of feeding.
METHODS: Single neurons from ARC of adult rats
2+
with matured feeding function were isolated. [Ca ]i
was measured to monitore their activities. The time
course of leptin effects on ghrelin-induced versus
2+
orexin-induced [Ca ]i increases in NPY neurons was
studied.
RESULTS: Administration of ghrelin or orexin-A at
-10
2+
10 mol/L increased cytosolic Ca concentration
2+
([Ca ]i) in NPY neurons isolated from the ARC of adult
-14
-12
rats. Upon administration of leptin at 10 -10 mol/L,
2+
ghrelin-induced [Ca ]i increases were initially (< 10
min) inhibited but later restored, exhibiting a transient
pattern of inhibition. In contrast, orexin-induced
2+
[Ca ]i increases were inhibited by leptin in a longlasting manner. Furthermore, a prior administration of
leptin inhibited orexin action but not ghrelin action to
2+
increase [Ca ]i.
CONCLUSION: Leptin counteracted ghrelin effects

Food intake is controlled by the feeding regulatory
centers, in which the arcuate nucleus (ARC) in the
hypothalamus is considered the first order center that
senses and integrates a variety of central and peripheral
factors[1]. In the ARC, neuropeptide Y (NPY) neurons
that coexpress agouti-related peptide (AgRP) are
mandatory for feeding[2,3], while proopiomelanocortin
(POMC) neurons are essential for satiety[1]. Orexin-A
and -B (hypocretin-1 and -2) are orexigenic peptides[4]
localized in neurons in the lateral hypothalamus (LH)[5],
an area implicated in feeding behavior[6]. Fasting and
lowering glucose concentrations increase prepro-orexin
mRNA level[4] and cytosolic Ca2+ concentration ([Ca2+]i)
in orexin neurons[7], suggesting a possible physiological
role of orexins in feeding. Ghrelin is an orexigenic
peptide released predominantly from the stomach[8-10]
and also from the intestine and pancreas[11-13]. Ghrelin
is the only one orexigenic peptide of the peripheral
origin known. The plasma concentration of ghrelin
increases before meals and rapidly declines upon food
intake[14]. Orexin levels might also change during a day,
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since this peptide is implicated in regulation of sleep/
wakefulness[15]. These rhythmic changes in ghrelin and
orexin levels may alter their inputs on the feeding center
and thereby regulate feeding. Both ghrelin [9,16-17] and
orexin[18] stimulate food intake primarily by activating
NPY neurons in the ARC.
Leptin, a powerful anorectic hormone produced and
released from the adipocytes, is present constantly in
the plasma at the nanomolar range[14] and is considered
to enter the brain through the blood-brain barrier[19].
Therefore, leptin is likely to act continuously on the
feeding center and thereby modulate the efficacy of
orexigenic substances. The primary action of leptin
in the feeding center is inhibition of NPY neurons
as well as activation of POMC neurons in the ARC.
The obesity syndrome in ob/ob mice resulting from
lack of functional leptin is attenuated by the loss
of neuropeptide Y [20]. Therefore, elucidation of the
interaction of leptin with ghrelin and with orexin
in the ARC NPY neurons may provide a clue to
understand the neuronal mechanisms for physiological
regulation of feeding. It has recently been shown that
leptin counteracts ghrelin action to increase cytosolic
free [Ca2+]i in NPY neurons in the ARC, and that the
PI3-kinase (phosphatidylinositol 3-kinase)-PDE3
(phosphodiesterase 3) signaling plays a key role in the
leptin action[17]. In the present study, we isolated single
neurons from ARC of adult rats with matured feeding
function and monitored their activities by measuring
[Ca2+]i. We studied the time course of leptin effects on
ghrelin-induced vs orexin-induced [Ca2+]i increases in
NPY neurons.

MATERIALS AND METHODS
Animals and preparation of single neurons from the
ARC of adult rats
Adult male Sprague-Dawley (SD) rats were maintained
on a 12-h light/dark cycle and given conventional
food and water ad libitum. The ARC was isolated from
the brain of 5-8-wk-old SD rats and single neurons
were prepared according to the procedures reported
previously[16,21] with slight modifications. Briefly, rats
were anaesthetized with an intraperitoneal injection of
carbamic acid ethyl ester (900 mg/kg) and decapitated,
and their brains were removed. Brain slices containing
the ARC were prepared and the whole ARC of the
left and right sides was cut out. The dissected tissues
were washed with 10 mmol/L HEPES-buffered
Krebs-Ringer bicarbonate buffer (HKRB) containing
10 mmol/L glucose. Then they were incubated in HKRB
supplemented with 20 U/mL papain (Sigma Chemical
Co., St. Louis, MO), 0.015 mg/mL deoxyribonuclease,
0.75 mg/mL bovine serum albumin and 1mmol/L
cysteine for 15 min at 36℃ in a shaking water bath,
followed by gentle mechanical trituration for 5-10 min.
After trituration, the cell suspension was centrifuged at
100 × g for 5 min. The pellet was resuspended in HKRB
and distributed on coverslips. The cells were kept at 20℃
www.wjgnet.com

November 7, 2008

Volume 14

Number 41

in moisture-saturated dishes for up to 10 h. The animal
protocols were approved by the Jichi Medical School
Institute of Animal Care and Use Committee.
Measurements of [Ca2+]i in single neurons of the ARC
At 2 to 10 h after cell preparation, [Ca2+]i was measured
by ratiometric fura-2 microfluorometry in combination
with digital imaging as previously reported[16,21]. Briefly,
following incubating with 2 m mol/L fura-2-AM for
30 min at room temperature, the cells were mounted in
a chamber and superfused with HKRB at 1 mL/min at
34℃. Fluorescence images due to excitation at 340 nm
and 380 nm were detected every 8.0 s with an intensified
charge-coupled device (ICCD) camera, and the ratio
image was produced by an Argus-50 system (Hamamatsu
Photonics Co., Hamamatsu, Japan). Ratio values were
converted to [Ca2+]i according to calibration curves. Data
were taken from the cells identified as neurons by the
procedures reported previously[16,21].
Post-[Ca2+]i imaging immunocytochemistry and
identification of NPY neurons
Neurochemical identification of the neurons that
exhibited [Ca2+]i responses were performed according
to the original method [22] with slight modification [16].
Briefly, the cells were fixed with 4% paraformaldehyde
over night. They were blocked in 10% normal goat
ser um (NGS) and in 0.1 mol/L PBS for 1 h at
room temperature. Primary antiserum against NPY
(DiaSorin, Stillwater, MN) was diluted 1:1000 in PBS
containing 1.5% NGS and was incubated 24 h at 4℃.
The antiserum were then rinsed and incubated with
biotinylated secondary antibody raised against rabbit
IgG (Vector Laboratories Inc., Burlingame, CA; diluted
at 1:400) for 1 h at room temperature. The secondary
antibody was rinsed, and the sections were labeled with
avidin-peroxidase complex (ABC kit, Vector) for 1 h
and color-developed with 3,3'-diaminobenzidine (DAB).
Control experiments were carried out by omitting the
primary antiserum.
To correlate [Ca2+]i and immunocytochemical data,
photographs of all the cells in the microscopic field
subjected to [Ca2+]i measurements were taken at the end
of [Ca2+]i imaging. Based on these photographs, the cells
in which [Ca2+]i was recorded were correlated with their
corresponding immunocytochemical results.
Criteria for [Ca2+]i responses and determination of
response amplitude
Ghrelin, orexin-A and leptin were administered to the
superfusion solution. Amplitudes of [Ca2+]i increases
in response to agents were calculated by subtracting
pre-stimulatory basal [Ca 2+] i levels from peak [Ca 2+] i
levels. When increases in [Ca 2+ ] i took place within
5 min after addition of agents and their amplitudes were
150 nmol/L or larger, they were considered responses.
Suppression by leptin was judged by the following criteria.
In Figures 1 and 2, when the peak amplitude of ghrelininduced [Ca2+]i increase was decreased to a level of 40%
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Figure 1 Ghrelin- and orexin-induced [Ca2+]i increases were suppressed by leptin in a transient or long-lasting manner in NPY neurons. A-D: Ghrelin and
orexin-A at 10-10 mol/L increased [Ca2+]i in single neurons isolated from the ARC, and these [Ca2+]i increases were suppressed by administration of leptin at 10-12 mol/L
(A, C) and 10-14 mol/L (D). Following [Ca2+]i measurements, the neurons in (A) and (C) were proved to contain NPY by immunocytochemistry using anti-NPY antibody (A,
C; right panels). The bars indicate 10 mm. E: Leptin inhibited ghrelin-induced [Ca2+]i increases in a greater number of neurons in 2-7 min after administration than in
10-15 min. In contrast, leptin inhibited orexin-A-induced [Ca2+]i increases in the majority of neurons in 2-7 min and 10-15 min after administration. The numbers above
the bars indicate the number of neurons inhibited by leptin over that responded to ghrelin or orexin-A. F: The number of neurons whose [Ca2+]i responses to ghrelin
or orexin-A were suppressed by leptin in either a transient or long-lasting manner is expressed by percentage. The numbers above the points indicate the number of
neurons inhibited by leptin in the specified manner over that responded to ghrelin or orexin-A.

or smaller for at least 5 min and the recovery of [Ca2+]i
increase was observed after washing out leptin, it was
considered inhibition. In Figure 3, repetitive additions
of ghrelin or orexin-A twice induced repeated [Ca2+]i
increases, and the second challenge to ghrelin or orexin-A
was performed in the presence of leptin. When the

amplitude of the [Ca2+]i response to the second addition
was less than 150 nmol/L, it was considered inhibition.
Solutions and chemicals
The measurements were carried out in HKRB solution
composed of 129 mmol/L NaCl, 5.0 mmol/L NaHCO3,
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Figure 2 Leptin suppresses ghrelin-induced and orexin-induced [Ca2+]i increases via different signaling pathways in NPY neurons. A-G: Effects of inhibitors
for signaling molecules on the leptin action against ghrelin and orexin. Preincubation for 1 h with 50 mmol/L LY294002, an inhibitor for PI3-kinase, interfered with leptin
action to suppress [Ca2+]i responses to ghrelin (A), but not orexin (B). Preincubation for 1 h with 100 nmol/L wortmannin, another PI3-kinase inhibitor, little affected the
leptin suppression of orexin-induced [Ca2+]i increases (C). Preincubation for 30 min with 10 mmol/L milrinone, a PDE3 inhibitor, blocked the leptin action to suppress
[Ca2+]i responses to ghrelin (D), but not orexin (E). Preincubation for 30 min with 10 mmol/L U0126, an inhibitor for MAP-kinase, little affected the leptin action to
suppress orexin-induced [Ca2+]i increases (F). Preincubation for 30 min with a STAT3 inhibitor peptide at 500 mmol/L, did not significantly alter the leptin suppression
of orexin-induced [Ca2+]i increases (G). H: The number of neurons whose [Ca2+]i responses to ghrelin or orexin were suppressed by leptin in the presence of inhibitors
is expressed by percentage. The numbers above the bars indicate the number of neurons inhibited by leptin over that responded to ghrelin or orexin-A. I: Reduction of
amplitudes of [Ca2+]i responses to ghrelin or orexin-A by leptin is expressed by percentage. aP < 0.05, bP < 0.01 vs control. The data regarding ghrelin in H and I were
in part taken from our previous paper[17].
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4.7 mmol/L KCl, 1.2 mmol/L KH2PO4, 1.8 mmol/L
CaCl 2 , 1.2 mmol/L MgSO 4 , and 10 mmol/L N-2hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES)
at pH 7.4. Fura 2-acetoxymethylester was obtained
from Dojin Chemical (Kumamoto, Japan). Ghrelin
and orexin-A were obtained from Peptide Institute,
Inc. (Osaka, Japan), Leptin was from R&D Systems
(Mineapolis, MN).
Data presentation and statistical analysis
The data are presented as the mean ± SE (n: number of
neurons). Each study was based on at least 7 neurons
prepared from at least 3 rats. Student’s paired or unpaired
t-test was used to evaluate differences and values of P <
0.05 were considered to be significant.

RESULTS
Leptin inhibits ghrelin- and orexin-A-induced [Ca2+]i
increases in NPY neurons
Single neurons isolated from the ARC were superfused

with HKRB and subjected to measurements of [Ca2+]i
with fura-2 fluorescence imaging. Administration of
ghrelin or orexin-A at 10-10 mol/L for 40-50 min into
superfusion solutions increased [Ca2+]i in a continuous
manner (Figure 1A and B) as reported previously[16-18].
The [Ca2+]i increases in response to ghrelin and orexin
took place in an oscillatory manner. The peaks of [Ca2+]i
responses to ghrelin [486 ± 49 nmol/L (n = 33)] and
orexin-A [433 ± 47 nmol/L (n = 27)] were significantly
(P < 0.001) higher than the corresponding basal [Ca2+]i
levels prior to administration of the peptides [107 ±
12 nmol/L (n = 33) for ghrelin; 110 ± 10 nmol/L (n =
27) for orexin].
Both ghrelin-induced (Figure 1A) and orexininduced [Ca2+]i increases (Figure 1C) were inhibited by
administration of 10-12 mol/L leptin in the ARC neurons,
which were subsequently proven to be immunoreactive
to NPY (Figure 1A and C, right panels). The results
that leptin counteracts ghrelin and orexin actions on
[Ca 2+] i in the ARC NPY neurons confirm previous
reports[16-18].
www.wjgnet.com
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Leptin inhibits ghrelin-induced [Ca2+]i increases
transiently and orexin-A-induced [Ca2+]i increases longlastingly in NPY neurons
Typical results of the effects of leptin on [Ca 2+ ] i
responses to ghrelin and orexin-A are shown in Figure 1;
leptin at 10-12 mol/L inhibited ghrelin-induced [Ca2+]i
increases in a transient manner (Figure 1A) and orexininduced [Ca2+]i increases in a longer-lasting manner (Figure
1C) during the 20 min period of leptin administration.
Among 20 neurons that exhibited [Ca2+]i responses to
ghrelin, administration of 10-12 mol/L leptin inhibited
[Ca2+]i increases in 9 neurons (45%) during the earlier
2-7 min of leptin treatment, but only in 4 neurons
(20%) later in the 10-15 min period of treatment
(Figure 1E), showing attenuation of the counteracting
effect of leptin for ghrelin in the later period (Figure 1F).
In contrast, among 20 neurons that exhibited [Ca 2+] i
responses to orexin, administration of 10-12 mol/L leptin
inhibited [Ca2+]i increases in 12 neurons (60%) during the
2-7 min of leptin treatment, and in 10 neurons (50%) in
the 10-15 min period of treatment (Figure 1E), showing
a long-lasting counteracting effect of leptin (Figure 1F).
The long-lasting effect was also evoked by leptin at a
lower concentration of 10-14 mol/L (Figure 1D). Leptin
at both 10-14 mol/L and 10-12 mol/L counteracted ghrelininduced [Ca2+]i increases predominantly in a transient
manner and orexin-induced [Ca2+]i increases mainly in a
long-lasting manner (Figure 1F).

linked to several signaling pathways, which include
phosphatidylinositol 3 (PI3)-kinase and, its downstream
effecter phosphodiesterase 3 (PDE3)[23], signal transducer
and activator of transcription 3 (STAT3)[24], and mitogenactivated protein (MAP)-kinase[25]. We have previously
shown that leptin suppresses ghrelin-induced [Ca 2+] i
increases via PI3-kinase- and PDE3-, but not MAP-kinaseand STAT3-, mediated pathway[17]. Therefore, whether
these signaling mechanisms could be involved in the leptin
action to counteract orexin-induced [Ca2+]i increases was
examined. Pretreatment with inhibitors for PI3-kinase,
LY294002 (Figure 2A) or wortmannin (data not shown),
blocked the leptin action to suppress [Ca2+]i responses to
ghrelin in both the response incidence (Figure 2H) and
response amplitude (Figure 2I). Likewise, pretreatment
with an inhibitor for PDE3, milrinone, blocked the leptin
action against ghrelin (Figure 2D, H and I). These results
confirm previous report[17]. In contrast, LY294002 (Figure
2B), wortmannin (Figure 2C) and milrinone (Figure 2E)
failed to significantly affect the leptin suppression of
orexin-induced [Ca2+]i increases in both the response
incidence and amplitude (Figure 2H and I). Furthermore,
pretreatment with a MAP kinase inhibitor U0126 (Figure
2F) or a STAT3 inhibitor peptide (Figure 2G) little altered
the leptin ability to inhibit [Ca2+]i responses to orexin in
both the response incidence and amplitude (Figure 2H
and I), the results similar to those reported for ghrelininduced [Ca2+]i increases[17].

Pretreatment with leptin inhibited orexin-induced, but
not ghrelin-induced, [Ca2+]i increases in NPY neurons
The data that leptin inhibited ghrelin-induced [Ca2+]i
increases transiently prompted us to hypothesize that
efficacy of leptin is attenuated by time. Therefore, we
examined whether prior administration of leptin is less
effective in counteracting ghrelin action. Repetitive
additions of ghrelin or orexin-A twice induced
repeated [Ca 2+] i increases twice in a similar manner
(Figure 3A and C). Following infusion of leptin that
had started 8 min in advance, the addition of ghrelin
induced [Ca2+]i increases with amplitudes comparable to
those in the control without leptin (Figure 3B), and the
similar result was observed in the majority of neurons
(Figure 3E). This result indicates a marked attenuation
of inhibitory ability of leptin by time. In contrast,
infusion of leptin that started 8 min in advance inhibited
[Ca2+]i responses to the addition of orexin-A in 8 of 16
orexin-responsive neurons (50%) (Figure 3D and E).
This incidence of the inhibition by leptin administered
in prior to orexin was comparable to the inhibition by
leptin administered after orexin (12 of 20 neurons, 60%)
(Figure 1E). These data indicate that the ability of leptin
to counteract orexin action is well preserved without
appreciable attenuation.
We next examined whether the difference in the
time dependence of leptin action on ghrelin-vs orexininduced [Ca2+]i increases could involve different leptin
signaling mechanisms in NPY neurons. Leptin is

DISCUSSION
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The present data indicate that leptin inhibits ghrelininduced [Ca2+]i increases in a transient manner and orexininduced [Ca2+]i increases in a long-lasting manner. The
transient action of leptin to inhibit ghrelin-induced [Ca2+]i
increases is not due to insufficient concentration of leptin,
since leptin at a lower concentration of 10-14 mol/L is
already maximal in counteracting the ghrelin effect[17] and
more specifically in exhibiting the transient inhibitory
property (Figure 1F). Furthermore, the transient property
for leptin inhibition of ghrelin-induced [Ca2+]i increases
is neither due to excessive concentration of ghrelin,
since the ghrelin concentration of 10-10 mol/L used in
the present study is close to a maximal, but never supermaximal concentration in activating NPY neurons[16].
Therefore, the transient manner with which leptin
counteracts ghrelin action reflects the intrinsic property
of interaction between leptin and ghrelin.
The present study clearly indicated that the leptin
signaling underlying the inhibition of [Ca2+]i responses
to orexin-A in NPY neurons is distinct from that
to ghrelin. The transient action of leptin to inhibit
ghrelin-induced [Ca2+]i increases in NPY neurons may
be mediated by the leptin signaling via PI3-kinase and
PDE3, since the inhibitors for these enzymes block the
leptin action (Figure 2A and D)[17]. The ghrelin signaling
via the cAMP system could be the target for this leptin
signaling[17]. On the other hand, the long-lasting action
of leptin to counteract orexin-induced [Ca2+]i increases

Kohno D et al . Leptin antagonizes ghrelin and orexin in NPY neurons

was not affected by inhibitors for PI3-kinase, PDE3,
MAP-kinase and STAT3, well known leptin signaling
molecules. This result suggests that the long-lasting
counteracting action of leptin for orexin is mediated
by a yet unidentified leptin signaling, which may longlastingly inhibit the orexin-stimulated PLC-PKC-IP3
pathway reported previously[18], though further study is
definitely needed to elucidate the signaling interaction
between leptin and orexin.
The transient nature with which leptin counteracts
the ghrelin action on NPY neurons may serve as the
neuronal mechanism that allows fasting-associated
increases in ghrelin levels to activate the ARC NPY
neurons in the continuous presence of leptin [14] and
thereby stimulate feeding.
Both ghrelin and orexin have been suggested to be
concerned with obesity and type 2 diabetes[26,27]. Based
on the present results, leptin resistance could alter the
sensitivity to ghrelin and orexin in the ARC NPY neurons,
which may alter the energy metabolism and thereby
influence the pathogenesis of obesity and type 2 diabetes.
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Abstract
AIM: To elucidate the metabolism and the effect of
the cyclosporin A (CyA) as a representative immunosuppressive drug used in transplantation in a partially
hepatectomized rat model.
METHODS: CyA was administered to rats that underwent a 70% hepatectomy. These rats were randomly
assigned into three groups according to the dose of
CyA administration as follows; (group 1) water, (group
2) 5 mg/kg CyA, (group 3) 10 mg/kg CyA. On postoperative days-1, 3, 7 and 14, the rats were killed to
analyze the serum concentration of CyA, the liver regeneration ratio, biochemical or histological markers,
and mRNA expression using reverse transcriptase-polymerase chain reaction method to determine albumin
and cytochrome p450 expression.
RESULTS: The serum concentration of CyA in group
3 was significantly higher than group 2 during liver
regeneration. CyA enhanced the liver regeneration in a
dose dependent manner. The mRNA expression associated with CyA metabolism was significantly decreased
on day 14, while preserving the albumin producing
activity.
CONCLUSION: These data indicate that the p-450 ac-

tivity required to metabolize the CyA may be reduced
during regeneration of the remnant liver after a hepatectomy, which may, therefore, be linked to difficulty in
controlling the optimal dose of CyA during early period
of LDLT.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Orthotopic liver transplantation is an established
treatment for patients with end-stage liver disease.
However, donor organ shortages remain extremely
problematic. To address this issue, living donor liver
transplantation (LDLT) was developed [1] . During
transplantation, the liver graft is subjected to a variety
of potential hepatic injuries including ischemic injury
associated with organ har vesting and the obligate
storage before revascularization, reperfusion injury
following revascularization, immunological attack caused
by the immune system of the recipient, toxicity of
certain drugs used during the post-transplant period,
and certain infections [2,3]. After transplantation the
liver graft goes into a regeneration process, which may
be important for the overall success of the transplant
procedures. Notably, the liver graft must be capable of
normal growth, repair, and regeneration in the presence
of immunosuppressive dr ugs such as calcineurin
inhibitors. The aim of the present study was, therefore,
to investigate the pharmacokinetics of cyclosporin A
(CyA)[4] and its effect on liver regeneration and metabolic
www.wjgnet.com
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activity to elucidate the mechanism of metabolic
activity and serum concentration of cyclosporin A as an
example of calcineurin inhibitors administered during
liver regeneration in a rat model.

MATERIALS AND METHODS
Animals and treatments
Adult male Sprague Dawley rats, weighting 250-320 g
(CRJ Charles River Japan, Kanagawa, Japan), were
provided with water, and a standard laboratory diet ad
libitum. All of the studies were performed according to
the rules and regulations of the University of Nagasaki
Research Animal Resources Guidelines.
Surgical procedures
A 70% hepatectomy was carried out according to the
method described by Higgins and Anderson[5] under light
ether anesthesia. Surgery was performed between 9:00 and
12:00 a.m. to avoid diurnal variation in the regenerative
responses. The rats were randomly assigned to three
groups, and treated daily by gavage beginning immediately
after the hepatectomy. Group 1 animals were given
water. Group 2 animals received 5 mg/kg CyA (Neoral®,
Novartis Pharma, Basel) and group 3 animals received 5
or 10 mg/kg CyA. These CyA doses were selected based
on the results reported by Morii et al[6].
In each group, five rats were killed before and at day
1, 3, 7 and 14 after the hepatectomy. Immediately before
they were sacrifices, blood samples were obtained from
the inferior vena cava. The remnant liver was removed
to investigate hepatic restoration. The experimental
protocol is demonstrated in Figure 1.
Serum concentration of CyA
The serum concentration of CyA was measured in the
whole blood by fluorescence polarization according to
the manufacturer’s protocols (AxSYM® analyzer, Abbott,
Tokyo)[7].
Regeneration ratio
The liver regeneration ratio in each experiment was
defined as the ratio of the remaining liver weight to the
initial body weight.
Serum ALT and T-Bil level
To evaluate liver toxicity of CyA administration, plasma
concentrations of alanine aminotransferase (ALT) and
total bilirubin (T-Bil) were examined using an automated
analyzing system according to the manufacturer’s
protocol.
RT-PCR analysis
Total hepatic RNA was prepared by the method as
described previously[8] and used for the determination
of the expression levels of albumin (ALB) and
cytochrome-P 3A2 (CYP3A2). In addition, the level
of gene expression of glyceral-dehyde-3-phosphate-
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Experimental protocol
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Figure 1 Administration schedule of CyA. Rats underwent a 70% hepatectomy
immediately followed by the daily administration of CyA for up to 14 d per os.
Blood samples were collected on post operative day 1, 3, 7 and 14.

dehydrogenase (GAPDH) was measured as an internal
control. Complementary DNA (c-DNA) was prepared
from total RNA by the method described previously[8].
The primers used in the present study are listed in Table 1.
Statistical analysis
The data are expressed as the mean ± SD (n = 5).
Statistical analyses were performed by unpaired, two
tailed Student’s t-test. A P value less than 0.05 was
considered to be significant.

RESULTS
Changes of serum concentration of CyA during liver
regeneration
Figure 2 shows that the concentration of CyA reached
a maximum during 3 to 7 d, and gradually declined
thereafter. The levels of CyA in the PH group were
significantly higher than that in control group.
The effect of CyA on liver regeneration ratio
As shown in Figure 3, the lower concentration of CyA
(5 mg) did not affect the liver regeneration potential
during the observation period; however, the rate of liver
regeneration was significantly higher than that in the low
CyA group on postoperative day 7.
Changes of hepatocyte specific gene expression during
liver regeneration
Alb mRNA expression remained constant during liver
regeneration, while hepatocyte specific p450 activityCYP3A2 was significantly reduced on postoperative day
14 (Figure 4).
The effect of CyA on liver function
Rats were anesthetized and blood samples were collected
through the tail vein at the indicated time points.
ALT and T-Bil levels were measured as indicators of
liver function. On day 1, plasma ALT concentrations
increased during the first 24 h after the hepatectomy and
then decreased gradually returning to the preoperative
values at 72 h. There was no significant difference
between the groups (Figure 5).
As shown in Figure 5, the ALT level in control animals
were slightly increased, and thereafter gradually reduced.
There was no statistically significant difference in any of
the groups.
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Table 1 Primers used in the present study. The hepatocyte specific gene expression levels were
determined by using RT-PCR method. As hepatocyte specific parameters, albumin and CYP3A2 were
selected. As an internal control, GAPDH gene expression was also examined. The primer sequences and
optimal PCR conditions were summarized
Gene

Sequence (5’-3’ sense/antisense)

Reaction condition
Denaturation

Annealing

Elongation

Product size

Cycles

GAPDH

TTCAACGGCACAGTCAAG
CACACCCATCACAAACAT

95℃, 1 min

60℃, 1 min

72℃, 2 min

240 bp

26

CYP3A2

TACTACAAGGGCTTAGGGAG
CTTGCCTGTCTCCGCCTCTT

94℃, 1 min

60℃, 1 min

72℃, 2 min

348 bp

27

ALB

ATACACCCAGAAAGCACCTC
CAGAGTGGAAGGTGAAGGTC

94℃, 1 min

60℃, 1 min

72℃, 2 min

305 bp

27

300

4.0

PH, CyA 5 mg

PH, CyA 10 mg

3.5

150

a

Lw/Bw ratio

b

200

3.0
2.5
2.0

100

1.5

50

0

1		

		
0

0

1		

3

7

14

t /d

		

PH, CyA 10 mg

1000

Control, CyA 10 mg

3

7

14

t /d

Figure 3 The effect of CyA on the liver regeneration ratio. The values are
expressed as the mean ± SE of 5 samples in each group. The low concentration
of CyA (5 mg) did not affect the liver regeneration potential during the observation
period; however, the rate of liver regeneration was significantly higher than that in
the-low CyA group on postoperative day 7. bP < 0.01.

800
Serum CyA (ng/mL)

b

PH, CyA 5 mg

250
Serum CyA (ng/mL)

PH, CyA (-)

Control, CyA 5 mg

a

Marker

NS

day 0 day 1 day 3 day 7 day 14
Positive control (462 bp)
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Product size

↓
GAPDH

400

240 bp
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0

0

1		

		

3

7

CYP3A2

348 bp

ALB

305 bp

14

t /d

Figure 2 Changes in the serum concentration of CyA during liver
regeneration. The values are expressed as the mean ± SD of 5 samples in
each group. The concentration of CyA reached a maximum during 3 to 7 d, and
gradually declined thereafter. The level of CyA in the PH group was significantly
higher than that in control group. aP < 0.05, bP < 0.01.

DISCUSSION

Figure 4 Changes of hepatocyte specific gene expression during liver
regeneration. Alb mRNA expression remained constant during liver regeneration,
while the hepatocyte specific p450 activity-CYP3A2 significantly decreased on
postoperative day 14.

The present study, investigated the pharmacokinetics
of the CyA in a rat two thirds hepatectomy model, for
the first time. The results yielded important information
concerning the interrelationship between the CyA and
regenerating liver. (1) The metabolism is retarded in a
regenerating liver, which is actually seen in clinical partial

liver transplantation. (2) CyA has possible hepatotrophic
effect on the regenerating liver in a CyA-dose dependent
manner. (3) The p450 activity of the regenerating liver
was down-regulated after CyA administration.
As expected, the serum concentrations of CyA after
www.wjgnet.com
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Figure 5 The effect of CyA on liver function. Rats were anesthetized and
blood samples were collected through the tail vein at the indicated time points.
ALT and T-Bil level were measured as indicators of liver function. On day 1, ALT
level were significantly increased and thereafter gradually reduced. There was no
statistically significant difference in each group (P > 0.05).

a hepatectomy were significantly higher than that seen
in the sham operated group as previously reported in
clinical settings. There are several possible explanations
for this, including increased absorption, decreased
volume of distribution, or decreased clearance.
However, an increased absorption is not likely. The
CyA used in this study was the microemulsified type,
and the absorption is bile independent. Therefore,
absorption of the CyA was table in both groups[9]. The
volume of distribution should be smaller in the partially
hepatectomized rats. In other words, a smaller volume
of distribution could increase the relative blood level of
an immunosuppressant for a given dose.
Another possibility for the higher levels of CyA
after the partial hepatectomy is reduced hepatic
immunosuppressive clearance, which may be explained
by two possible mechanisms. One is simply because
of the reduced hepatic mass available to metabolize
the drugs. Another possibility is that immediately after
hepatectomy, the hepatic mass is reduced because of
the surgical excision of hepatic tissue. As a result, the
ability to clear substances through the liver is reduced.
For instance, the indocyanine green half-life is increased
four-fold after a 60% hepatectomy and by 33% after
a 40% hepatectomy [10]. In the rats after a two thirds
hepatectomy, the whole-organ reduced for m ofcytochrome c reductase and cytochrome p-450 activity
are reduced by half. After a 90% hepatectomy, galactose
clearance in rats was reduced by 90% within 24 h after
surgery. The genetic data regarding the cytochrome p-450
gene suggested that the metabolic activity of specific
enzymes responsible for drug metabolism is reduced in
the remaining hepatic tissue. Marie et al reported that
www.wjgnet.com
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the cytochrome p-450 activity decreased soon after a
two-thirds hepatectomy in rats, returning to 90% of the
initial activity 2 wk postoperatively. In the present study,
the expression analysis of cytochrome p450 activity was
performed using RT-PCR method. The results showed
the cytochrome p-450 activity remained at the initial
stage of liver regeneration, finally declined in the late
stages. Although, no other liver specific enzymes were
examined, a previous study demonstrated that the levels
of mRNA for enzymes responsible for gluconeogenesis
and the acute phase proteins are increased up to four
fold after a hepatectomy[11]. Therefore, there are adaptive
changes in the hepatic tissue after a partial hepatectomy.
Collectively, the activity of enzymes that support hepatic
regeneration is increased, whereas the activity of the
enzymes responsible for drug metabolism is reduced.
The present data also suggest that cyclosporine
enhances the hepatic regenerative response without
affecting the individual hepatocellular function. Among
immunosuppressive drugs currently in clinical use,
azathioprine and steroids have been reported to exert
an antiproliferative action on the regenerating liver.
Azathioprine inhibits the DNA or RNA synthesis of
hepatocytes, acting as an antimetabolite, whereas the
action of steroids is more complex. Several investigators
have suggested a functional linkage between lymphoid
tissues and hepatocytes. Craddock et al reported that a
partial hepatectomy induced proliferation of hepatocytes
as well as lymphoid tissues. Another study recently
suggested a very close and positive interrelationship
between hepatocyte replication and lymphocyte
activities [12] . The new potent immunosuppressor,
cyclosporin A has been extensively compared with
azathioprine and steroids. It primarily inhibits
T-lymphocyte responses, and has no functional effects
on other hematopoietic cells or phagocytic cells[13-16].
The present study on hepatectomized rats confirmed
the antimitotic action of these immunosuppressants on
hepatocytes, although the degree of suppression was less
than that seen in previous reports.
Notably, there seems to be some discrepancy in
these data showing that the statistical difference of the
serum concentration of CyA between 5 mg treated and
control animals was not observed in the groups treated
with 10 mg of CyA treated as demonstrated in Figure 2.
However, this is probably a reflection of-the fact that
the liver regenerative effect of CyA at a higher dose may
improve the impaired metabolic potential for CyA itself.
The limitation of this study is that this model
potentially does not require immunosuppresion;
therefore, further research will be needed to elucidate
the underlining mechanism for these findings in a partial
liver transplant model.
In conclusion, these results indicate that CyA levels
in hepatectomized rats were significantly higher in control rats without a hepatectomy, probably because of
the decreased volume of distribution, and/or decreased
clearance by reduced metabolic activity. The possible
hepatotrophic effect of CyA on the regenerating liver
has also been confirmed.
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Abstract
AIM: To investigate the therapeutic potential of an
RNA ligand (aptamer) specific for the catalytic ricin
A-chain (RTA), the protective effects of a 31-nucleotide RNA aptamer (31RA), which formed a high affinity
complex with RTA, against ricin-induced toxicity in cellbased luciferase translation and cell cytotoxicity assays
were evaluated.
METHODS: To test the therapeutic potential of antiRTA aptamers in Chinese hamster ovary (CHO) AA8
cells stably transfected with a tetracycline regulatable promoter, ricin ribotoxicity was measured using luciferase and ricin-induced cytotoxicity was
ascertained by MTS cell proliferation assay with tetrazolium compound [3-(4,5-dimethylthiazol-2-yl)5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Htetrazolium].
RESULTS: Inhibition of protein synthesis by ricin in
CHO AA8 cells resulted in diminished luciferase activity
and treatment with polyclonal antibody against deglycosylated RTA (dgA) neutralized the inhibitory effects
www.wjgnet.com

of ricin on luciferase activity and protected against
ricin-induced cytotoxicity as measured by MTS assay.
The 31RA anti-RTA aptamer inhibited the translation of
luciferase mRNA in cell-free reticulocyte translation assay. 31RA aptamer also partially neutralized the inhibitory effects of ricin on luciferase activity and partially
protected against ricin-induced cytotoxicity in CHO AA8
cells.
CONCLUSION: We have shown that anti-RTA RNA
aptamer can protect against ricin ribotoxicity in cellbased luciferase and cell cytotoxicity assays. Hence,
RNA aptamer that inhibits RTA enzymatic activity represents a novel class of nucleic acid inhibitor that has
the potential to be developed as a therapeutic agent
for the treatment of ricin intoxication.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Ricin, a lectin from the castor bean plant R. communis
is considered one of the most potent plant toxins.
Ricin poisoning can cause severe tissue damage and
inflammation and can result in death. More than 750
cases of accidental or deliberate ricin poisoning have
been described in humans. Most accidental exposures
occur by ingestion of the seeds of castor beans whereby
the toxin is released after the seed coat is damaged. The
ingested toxin causes severe gastrointestinal damage
with symptoms including nausea, vomiting, diarrhea, and
abdominal pain and may progress to hypotension, liver
failure, renal dysfunction, and death due to multiorgan
failure or cardiovascular collapse[1]. Ricin administered
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intragastrically to mice induced villus atrophy and
epithelial damage in the proximal small intestine[2]. In
experimental exposed animals, intravenous injection of
ricin to mice induced severe inflammatory responses
and clinical symptoms resembling hemolytic uremic
syndrome (HUS), including thrombotic microangiopathy,
hemolytic anemia, thrombocytopenia, and acute renal
failure[3].
Ricin belongs to a group of toxins referred to as ribosome-inactivating proteins (RIPs)[4,5] and is composed
of two glycoproteins, the A-chain (RTA) and the B-chain
(RTB), linked by a disulfide bond[6]. RTB binds to galactose residues on cell surface receptors and cell binding is
followed by endocytic uptake. A proportion of the ricin
moves from early endosomes to the trans-Golgi network
and to the endoplasmic reticulum (ER) lumen. In the ER
lumen, RTA and RTB dissociate and RTA is retrograde
transported across the ER membrane into the cytosol[7].
RTA is a ribotoxin that possesses RNA N-glycosidase
activity that disables protein translation by depurinating a single adenine in the 28 S eukaryotic ribosomal
RNA[8] which prevents the binding of elongation factor 2,
thereby terminating protein synthesis[9,10]. The irreversible poisoning of the ribosome and inhibition of protein
synthesis may lead to eventual cell death.
Since currently there is no antidote or specific
therapy available for ricin poisoning, the discovery of
antitoxins is a high priority. Ricin ribotoxicity can be
counteracted by several different types of antitoxins
including neutralizing anti-ricin antibodies, small
molecule RTA inhibitors, polynucleotide active site
inhibitors and polynucleotide substrate analogues[11,12].
In vitro selection had been used to generate RNA ligands
(aptamers) specific for the catalytic ricin A-chain[13]. An
initial 80-nucleotide RNA ligand was minimized to a
31-nucleotide RNA aptamer (31RA) that contained all
sequences and structures necessary for forming high
affinity complexes with RTA and blocking enzymatic
activity of RTA in vitro. A transient cell-based luciferase
assay had been utilized for quantifying protein synthesis
inhibition by bacterial toxins[14]. In this report, we utilized
a stable cell-based luciferase assay and showed that
31RA aptamer also neutralized the inhibitory effects of
ricin on translation inhibition in cell-free and cell-based
luciferase assays and ricin-induced cytotoxicity assay. The
use of a stably transfected cell-based luciferase assay will
facilitate the development of high throughput screening
for inhibitors of ricin as potential antidotes for the
treatment of ricin intoxication.

MATERIALS AND METHODS
Cell-free luciferase translation assay
Ricin (Ricinus communis agglutinin Ⅱ) and ricin A-chain
(RTA) were purchased from Vector Laboratories, Inc.
(Burlington, CA). Anti-deglycosylated ricin A-chain
(anti-dgA) antibody was IgG purified by protein-A
sepharose from pooled polyclonal antisera obtained
from mice hyperimmunized with dgA (USAMRIID, Fort
Detrick, MD). The anti-RTA RNA aptamer (31RA) (G
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GCGAAUUCAGGGGACGUAGCAAUGACUGCC)[13]
was synthesized by Sigma-Genosys. Rabbit reticulocyte
lysate (nuclease treated), amino acid (complete) mixture,
luciferase control RNA, RNasin inhibitor, nuclease-free
water, and luciferin substrate (CFT luciferase reporter
buffer) were purchased from Promega (Madison, WI).
31RA aptamer was diluted and heated for 3 min at 65℃,
cooled to 25℃ and incubated at 25℃ for 10 min. After
incubation, aptamer and toxin were mixed together
and incubated at 25℃ for an additional 10 min. As a
standard control, ricin (1.6 to 200 ng/mL) and RTA
(0.4 to 50 ng/mL) diluted in PBS buffer were added to
a V-shaped 96-well microtiter plate. Rabbit reticulocyte
lysate, RNAsin, amino acid complete mixture, nucleasefree deionized water, and luciferase mRNA were mixed
together and kept on ice. Five μL of each standard and
treatment group were added to microtiter plate, and
then 25 μL of the lysate mixture was added to each
well. The plate was wrapped in a damp paper towel,
placed in a plastic bag and incubated for 90 min at
37℃. After incubation, 5 μL of reaction mixture was
transferred to a black microtiter plate and 45 μ L of
the luciferin reaction buffer was added to each well.
Luminescence was measured as counts per second (CPS)
using a SpectraMax Luminometer (Molecular Devices).
Data were presented as the % of control (PBS only or
no treatment) [CPS experimental/CPS PBS control ×
100] as previously described[15]. Statistical analyses were
calculated using Microsoft Excel 7.0 and SigmaPlotTM
V3.01. Three separate assays were performed for each
experimental group.
Cell-based luciferase and cytotoxicity assays
Chinese Hamster Ovary AA8 (CHO AA8) cells offered
a stably transfected luciferase reporter cell system,
whereby expression of the luciferase gene was under
the transcriptional control of a tetracycline-repressible
promoter system (Tet-Off™ Expression System from
Clontech/BD Biosciences). CHO AA8 cells were
cultured in Dulbecco’s modified Eagle’s Medium
(DMEM) supplemented with 10% FBS, penicillin and
streptomycin and incubated at 37℃ in a humidified 5%
CO2 incubator. Isotype control mouse IgG, anisomycin
and doxycycline were obtained from Sigma-Aldrich.
To suppress luciferase expression, CHO AA8 cells
were cultured in DMEM containing 10% FBS and
doxycycline (Dox) (1 μ g/mL). For the kinetics of
induction of luciferase activity, cells were trypsinized
and seeded at 2 × 105 cells/well in 6-well plate without
Dox and 3 h after cell plating, residual and cell-attached
Dox was removed by several washes with PBS. Cells
were subjected to the indicated treatment and incubated
for different lengths of time before cell lysis. As control,
cells were treated with anisomycin (10 μg/mL). Equal
amounts of protein (20 μg) were assayed for luciferase
activity using the Bright-Glo™ Luciferase Assay System
(Promega) and luminescence was measured with EG&G
Berthold microplate luminometer (MicroLumat Plus
LB96V).
To evaluate the protective effects of anti-dgA Ab
www.wjgnet.com
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and 31RA aptamer, 5000 CHO AA8 cells were plated
in 96-well plates in the absence of Dox overnight. Ricin
was co-incubated with anti-dgA IgG or control IgG at a
ratio of 1 μg ricin to 10 μg antibody for 30 min at 37℃
in 5% CO2 as previously described[16]. The ricin-antibody
mixture was added to CHO AA8 cells in triplicate wells.
Prior to use, the 31RA aptamer was heated at 65℃ for
3 min and cool at 25℃ for 10 min. Various dilutions of
the 31RA aptamer were added to ricin and incubated at
37℃ for 30-40 min before incubation with cells. Cells
were harvested 24 h after treatment for luciferase assay.
For ricin-induced cytotoxicity assay, CHO AA8 cells
were seeded in 96-well flat-bottom plates at 5000 cells/
well in 100 μL DMEM plus 10% FBS and incubated at
37℃ overnight. Ricin was pre-incubated with anti-ricin
Ab or aptamer as described above and cell viability was
assayed at 48 h post-treatment. Cytotoxicity of CHO
AA8 cells induced by ricin was quantitated in triplicate
wells using the CellTiter 96® Aqueous Non-Radioactive
Cell Proliferation (MTS) Assay (Promega) and the plate
was read using a 492 nm absorbance filter in a Perkin
Elmer HTS700 BioAssay plate reader.
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RESULTS
Hale ML[15] developed a cell-free in vitro translation assay
for measuring the ribotoxicity of ribosome-inactivating
toxins based on inhibition of protein translation of the
luciferase mRNA in a rabbit reticulocyte assay. As shown
in Figure 1 (upper panels), the amount of luciferase
translated, as measured by luminescence, was inversely
proportional to the concentration of RTA and ricin
holoenzyme. The protective effects of 31RA aptamer
were first evaluated using the cell-free translation assay.
Preincubation of RTA (5 ng/mL) with 31RA aptamer
at both 1 and 5 ng/mL protected equally against RTAinduced translation inhibition while dose-dependent
protection was observed with a higher dose of RTA
(10 ng/mL) (Figure 1A, lower panel). When preincubated with the ricin holoenzyme, 31RA aptamer partially
neutralized protein synthesis inhibition by ricin (Figure
1B, lower panel).
To evaluate the protective effects of 31RA aptamer
against ricin ribotoxicity in cells, we utilized a cell-based
luciferase assay to complement the cell-free luciferase
translation assay. For the cell-based luciferase assay,
CHO AA8 cells stably transfected with a luciferase
reporter gene under a tetracycline-repressible promoter
were used to measure the ribotoxicity of ricin. In
the presence of ATP, the luciferase enzyme catalyzes
the oxidation of D-luciferin to produce light and the
light output corresponds to the concentration of
the luciferase enzyme and activity. The light output
(Relative light unit, RLU) was used to measure the
dose-dependent inhibition of luciferase activity by
ricin compared to anisomycin, a small molecule protein
synthesis inhibitor known to target ribosomal RNA
(rRNA) at an adjacent site distinct from that targeted by
ricin[10]. First, the kinetics of induction of expression of
the luciferase reporter gene after removal of doxycycline
www.wjgnet.com

20
0

1.6

3.2

6.3

12.5

25

50

Ricin (ng/mL)
100

31 RA 5 ng/mL
31 RA 1 ng/mL

80

No aptamer

60
40
20
0

50		

12.5
Ricin (ng/mL)

Figure 1 Cell-free luciferase translation assay for biological activity
of ricin and protective effects of anti-RTA 31RA aptamer. A: Effects of
increasing concentrations of RTA on luciferase activity in cell-free translation
assay (upper panel) and neutralization by 31RA aptamer (lower panel); B:
Effects of increasing concentrations of ricin holoenzyme on luciferase activity
in cell-free translation assay (upper panel) and neutralization by 31RA aptamer
(lower panel).

was determined by measuring luciferase activity over
a 24-h period in the absence and presence of ricin or
anisomycin (Figure 2A) The increase in luciferase activity
was observed at 3 h after induction and ricin (1 μg/mL)
and anisomycin (10 μg/mL) completely inhibited the
increase in luciferase activity. Treatment of CHO AA8
cells with increasing concentrations of ricin resulted
in increased inhibition of luciferase activity in a dosedependent manner compared to untreated control and
maximal inhibition was obtained with > 0.5 μg/mL ricin
(Figure 2B).
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Figure 2 Cell-based luciferase assay for biological activity of ricin in CHO
AA8 cells. A: Kinetics of induction of luciferase activity in CHO AA8 cells and
inhibition by ricin and anisomycin. CHO AA8 cells were cultured in medium
containing doxycycline (Dox) to suppress luciferase expression. For induction of
luciferase expression, medium containing Dox was removed and replaced with
medium (untreated) or medium containing ricin (1 mg/mL) or anisomycin (10
mg/mL). At various timepoints (0, 3, 6, 12, 24 h) after treatment, luciferase activity
was measured. Light output is expressed as RLU; B: Dose-dependent inhibition
of luciferase activity by increasing concentrations of ricin or anisomycin as control.

To determine the utility of this cell-based assay for
testing specificity of antitoxins against ricin toxicity, the
effects of polyclonal anti-deglycosylated ricin A chain
(dgA) antibody in neutralizing the inhibitory effects of
ricin on luciferase activity were determined. We have
previously shown that anti-dgA Ab protected against ricininduced cytotoxicity of RAW 264.7 mouse macrophage
cells and ricin-induced lung injury and lethality[17]. CHO
AA8 cells were treated with ricin or anisomycin in the
presence of control IgG or IgG purified from the sera
from dgA-immunized mice (anti-dgA IgG) and luciferase
activity was measured 24 h later. As depicted in Figure 3A,
anti-dgA IgG specifically neutralized the inhibitory effects
of ricin on luciferase activity, but not that of anisomycin.
Compared to anti-dgA IgG, 31RA aptamer partially
protected against ricin-induced ribotoxicity as assessed by
luciferase assay (Figure 3B).
To examine the effects of increasing doses of ricin
on viability of CHO AA8 cells using the MTS assay. As
shown in Figure 4A, treatment of CHO AA8 cells with
increasing concentrations of ricin resulted in decreased
cell survival. Interestingly, similar to the dose-dependent
inhibition of luciferase activity (Figure 2B), ricin
(100 ng/mL) induced ~50% cell death while > 0.5 μg/mL
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Figure 3 Protective effects of polyclonal anti-dgA IgG and anti-RTA 31RA
aptamer on ricin-inhibited luciferase activity. A: Protective effects of antidgA IgG against ricin-inhibited luciferase activity, but not anisomycin-inhibited
luciferase activity; B: Protective effects of various concentrations of 31RA aptamer
against ricin-inhibited luciferase activity.

induced > 80% cell death (Figure 4A). Treatment with
anti-dgA IgG, but not control IgG protected against
cytotoxicity induced by ricin, and not anisomycin in
CHO AA8 cells (Figure 4A). Pretreatment of ricin with
31RA aptamer also neutralized ricin-induced cytotoxicity
in CHO AA8 cells (Figure 4B) and RAW264.7 mouse
macrophage cells (data not shown).

DISCUSSION
In vitro selection is a powerful molecular tool for the
generation of ligands for a wide variety of targets
for therapeutic purposes. RNA aptamers that bind to
human immunodeficiency virus typeⅠRev also inhibit
viral replication[18]. Therefore, aptamers that recognize
and inhibit ricin might be useful therapeutic agents.
Interestingly, although the 31RA aptamer specific for
the catalytic RTA bore no resemblance to the normal
RTA substrate, i.e. the sarcin-ricin loop (SRL) and was
not depurinated by RTA[13], it contained all sequences
and structures necessary for interacting with RTA.
This minimal 31-nucleotide RNA formed high affinity
complexes with RTA (Kd = 7.3 nmol/L) which could
compete with SRL for binding to RTA and inhibited
RTA depurination of the SRL and could partially
protect protein translation from RTA inhibition in
in vitro translation assay. The IC50 of the aptamer for
www.wjgnet.com
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Figure 4 Protective effects of polyclonal anti-dgA IgG and anti-RTA 31RA aptamer on ricin-induced cell cytotoxicity as measured by MTS assay. A: Protective
effects of anti-dgA IgG against ricin-induced cytotoxicity, but not anisomycin-induced cytotoxicity; B: Protective effects of 31RA aptamer against ricin-induced cytotoxicity.

RTA in the latter assay was 100 nmol/L, roughly 3
orders of magnitude lower than a small molecule
inhibitor of ricin, pteroic acid[19]. Here we showed that
31RA aptamer can inhibit ricin ribotoxicity in cellfree and cell-based luciferase translation assays and cell
cytotoxicity assay. It will also be interesting to determine
if the 31RA aptamer will be effective against ricin after
cell internalization which will be relevant for postexposure treatment. We are currently testing various
methods for intracellular delivery of the 31RA aptamer
to determine if internalized aptamer can block toxicity
of intracellular ricin A-chain. Hence, anti-RTA aptamers
have the potential to be developed as ricin inhibitors
and the therapeutic effects of aptamers in vivo in animal
models of ricin intoxication remain to be determined.
Luciferase and luminescence assays, commonly used
readouts for small molecule screens because of high
sensitivity and linear signal response, can readily be
adapted for high throughput screening of large libraries
of compounds [20]. We have utilized a CHO Tet-Off
luciferase system for measuring the biological activity
of ricin based on protein synthesis inhibition and have
shown that this assay can be used for measuring the
protective effects of ricin inhibitors including antiRTA neutralizing antibodies and an anti-RTA RNA
aptamer. Compared to the transient luciferase-based
assay described by Zhao et al[14] which utilized adenoviral
transduction to deliver the luciferase gene, our cell-based
assay is a stable cell system whereby the luciferase gene
is stably integrated and its expression can be regulated
by removal of tetracycline or doxycycline. Another
advantage of using a stable cell system compared to
adenoviral transduction is that the variability due to
batch-to-batch variations of viral titers and infection
efficiency are avoided. The conventional assays for
protein synthesis utilize radioactive amino acids, but
these assays suffer from significant sample-to-sample
variability and insufficient sensitivity for high throughput
assays. Hence, the adaptation of the stable luciferasebased assay in combination with cell cytotoxicity
assay will be useful for high throughput screening of
compounds for inhibitors of ricin and other related
ribotoxins.
www.wjgnet.com
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Background

Ricin, a lectin from the castor bean plant Ricinus communis is considered
one of the most potent plant toxins. Ricin poisoning can cause severe tissue damage and inflammation and can result in death. More than 750 cases
of accidental or deliberate ricin poisoning have been described in humans.
Most accidental exposures occur by ingestion of the seeds of castor beans
whereby the toxin is released after the seed coat is damaged. The ingested
toxin causes severe gastrointestinal damage with symptoms including nausea,
vomiting, diarrhea, and abdominal pain and may progress to hypotension, liver
failure, renal dysfunction, and death due to multiorgan failure or cardiovascular
collapse.

Research frontiers

Since currently there is no antidote or specific therapy available for ricin poisoning, the discovery of antitoxins is a high priority. Ricin ribotoxicity can be counteracted by several different types of antitoxins including neutralizing anti-ricin
antibodies, small molecule RTA inhibitors, polynucleotide active site inhibitors
and polynucleotide substrate analogues. The development of specific inhibitors
of RTA will offer novel insights into the development of effective therapeutics
against ricin poisoning.

Innovations and breakthroughs

In vitro selection had been used to generate RNA ligands (aptamers) specific
for the catalytic ricin A-chain. An initial 80-nucleotide RNA ligand was minimized
to a 31-nucleotide RNA aptamer (31RA) that contained all sequences and
structures necessary for forming high affinity complexes with RTA and blocking
enzymatic activity of RTA in vitro. In this report, authors utilized a stable cellbased luciferase assay and showed that 31RA aptamer also neutralized the
inhibitory effects of ricin on translation inhibition in cell-free and cell-based luciferase assays and ricin-induced cytotoxicity assay.

Applications

The use of a stably transfected cell-based luciferase assay will facilitate the
development of high throughput screening for inhibitors of ricin as potential antidotes for the treatment of ricin intoxication.

Peer review

The manuscript deals with the inhibitory effects of a previously described aptamer against ricin toxicity. The authors employ an in vitro translation and a cellbased luciferase assay. This is an interesting paper.
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Abstract

INTRODUCTION

AIM: To determine the most frequent etiologies of
hepatic epithelioid granulomas, and whether there was
an association with chronic hepatitis C virus (HCV).
METHODS: Both a retrospective review of the pathology database of liver biopsies at our institution from
1996 through 2006 as well as data from a prospective
study of hepatic fibrosis markers and liver biopsies
from 2003 to 2006 were reviewed to identify cases of
hepatic epithelioid granulomas. Appropriate charts,
liver biopsy slides, and laboratory data were reviewed
to determine all possible associations. The diagnosis of
HCV was based on a positive HCV RNA.
RESULTS: There were 4578 liver biopsies and 36
(0.79%) had at least one epithelioid granuloma. HCV
was the most common association. Fourteen patients
had HCV, and in nine, there were no concurrent conditions known to be associated with hepatic granulomas.
Prior interferon therapy and crystalloid substances
from illicit intravenous injections did not account for
the finding. There were hepatic epithelioid granulomas
in 3 of 241 patients (1.24%) with known chronic HCV
enrolled in the prospective study of hepatic fibrosis
markers.
CONCLUSION: Although uncommon, hepatic granulomas may be part of the histological spectrum of
chronic HCV. When epithelioid granulomas are found
on the liver biopsy of someone with HCV, other clinically appropriate studies should be done, but if nothing

Epithelioid granulomas are found in 1%-10% of liver
biopsy specimens[1-3]. They tend to fall into three broad
categories which are systemic granulomatous disease,
primary liver disease, or miscellaneous conditions that
fit neither category. Hepatic granulomas are sometimes
a surprise finding that may trigger an extensive search
for an etiology. In some cases the granulomas are associated with a clinical picture which includes a high alkaline
phosphatase and hepatomegaly; but these features are
frequently absent. A significant percentage of liver biopsies performed today are for the staging of chronic
hepatitis C. Granulomas have been reported with possible increased frequency in patients with hepatitis C
with both mild disease as well as in explants[4-8]. It has
been postulated that hepatitis C virus (HCV) may have a
role in granuloma formation[9]. We decided to undertake
a retrospective review of cases of hepatic granulomas at
our institution during the last decade in order to determine the most frequent etiologies, and also to determine
if there was an association with HCV.

www.wjgnet.com

MATERIALS AND METHODS
Patients studied
Following approval by our institutional review board,
we used the data information system in our surgical
pathology information system to identify all patients

Snyder N et al . HCV and granulomas		

			

6367

Table 1 Patients with hepatic granuloma by diagnosis

Table 2 Patients with HCV only

Diagnosis

Age (yr) Gender Fibrosis stage Granuloma location

HCV
Histoplasmosis
Sarcoidosis
HIV alone
HCV/HBV
HCV/HIV
Mycobacterium avium
Primary biliary cirrhosis
Unknown
Tuberculosis
Coccidiomycosis
Cryptococcus
HBV
Hodgkin’s lymphoma
Q Fever
Mucormycosis
Drug induced

Number of patients
9
4
3
2
2
2
2
2
2
1
1
1
1
1
1
1
1

46
54
46
52
51
45
67

Female
Male
Male
Female
Female
Male
Male

F3
F2
F2
F1
F1
F1
F1

Portal tract
Lobule
Portal tract
Diffuse
Portal tract
Lobule
Portal tract

47
37

Male
Female

F1
F2

Portal tract
Portal tract

Comments
Multiple
Multiple
Single
↑ alkaline phos
Single
Multiple
Multiple, refractile
Crystals
Multiple
Single

also recorded regarding the patient’s HCV genotype and
routine liver tests. The stage of fibrosis based on the
Batts Ludwig (F0-F4) staging system[14] was also noted.

RESULTS
from 1995 through 2005 that had a percutaneous or
surgical liver biopsy, and also had the word granuloma
or granulomatous in the final diagnosis or in the
pathologists description. This data base includes all
liver biopsies that are performed at our institution. The
University of Texas Medical Branch is a tertiary care
institution that consists of 5 hospitals and an outpatient
center in Galveston, Texas, USA. Each year it serves
patients from most of the counties in Texas, although
two thirds of the patients are residents of the Texas
Upper Gulf of Mexico Coast. One of the hospitals
provides out patient and hospital care to a majority of
the inmates in the Texas prison system. No explanted
livers were included. We also excluded cases where
the biopsy was performed at another institution, but
slides were reviewed for a second opinion, and we
also excluded several cases where biopsy of ossified
nodules at surgery revealed old burned out or inactive
granulomas. Autopsies were also excluded. Patients that
had only lipogranulomas or small, poorly organized
granulomas on their original pathology report were
excluded from the study.
Since March 2003, the hepatology service at our
institution has been in the midst of a prospective study
of hepatic fibrosis markers in patients undergoing pretreatment liver biopsies in chronic HCV. Some of the
results of this study have been published[10,11]. This data
base was searched as well for patients with evidence of
hepatic granulomas on liver biopsy.
Parameters assessed
When appropriate, charts, reports, and the liver biopsy
slides were reviewed. We tabulated information on special stains and cultures that were obtained on the specimens. All patients with hepatic granulomas had their
biopsies examined with polarized light for crystalloid
particles[12]. Clinical data was assessed to determine HCV,
hepatitis B virus (HBV), and human immunodeficiency
virus (HIV) status. The diagnosis of HCV was based on
the presence of serum HCV RNA[13]. Information was

There were a total of 4578 liver biopsies performed at
our institution during this time. There were 36 (0.79%)
patients identified from the surgical pathology review
that had at least one hepatic epithelioid granuloma
(Table 1). Special stains were performed in 26 f and
tissue cultures in five. The associated diagnoses are listed
in Table 1. The most common association was HCV.
Fourteen (36.1%) had HCV, and nine of these had no
other clinical associations to explain the granulomas. Five
of the HCV patients had other confounding associations
including chronic hepatitis B, sarcoidosis, histoplasmosis,
and HIV (2 patients). The etiologies with more than
one case in the non HCV patients were sarcoidosis (3),
histoplasmosis (4), primary biliary cirrhosis (3), HIV
only (2), mycobacterium avis complex (2), and primary
biliary cirrhosis (2), and unidentifiable (2).
There were 241 patients with chronic HCV that had
liver biopsies while enrolled in the prospective hepatic
fibrosis study during 2003-2006. Three (1.24%) had
granulomas, and all of these had been identified in the
above database search.
Patients with HCV and granulomas
Table 2 summarizes the results of the 9 patients with
HCV, hepatic granulomas, and no other identifiable
associations. All of the patients had special stains performed on their liver biopsies, and only one had a crystalloid substance noted on polarizing light. Eight of the
patients had genotype 1, and the fibrosis stages F1, F2,
and F3 were all present in at least one patient. None of
the patients had cirrhosis. One patient with diffuse granulomas had an alkaline phosphatase consistently twice
normal. Otherwise the liver function tests were typical
of chronic HCV.
Characteristics of granulomas in HCV
The histologic findings in the patients with HCV only
were variable. Figure 1 shows a large granuloma in an asymptomatic patient with mild elevation of ALT that had
a staging liver biopsy. The granulomas were present in the
www.wjgnet.com
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Figure 1 Large granuloma in the hepatic lobule noted in an asymptomatic
patient with chronic HCV and mildly elevated ALT (HE, × 40).

portal area in 6 patients, the hepatic lobule in 2 patients,
and diffusely in both the portal tract and lobule in one patient. In three patients, there was only a solitary granuloma
in the portal tract, while in the others there were multiple
granulomas. The case that had crystalloid substance on
polarized light had multiple portal granulomas.

DISCUSSION
We found granulomas in less than 1% of our liver biopsies. Other reports have found granulomas in up to 10%
of liver biopsies[1-3]. The frequency of detection as well as
the frequency of various diagnoses can depend upon the
geographic location of the center and the diseases endemic in that area as well as the diligence of the histopathology laboratory and the pathologists that prepare and examine the slides. Previous studies of hepatic granulomas
have primarily been from eras before HIV and widespread
organ transplantation, and before HCV became prominent. Although the percentages varied, sarcoidosis and tuberculosis tended to be most common associated diseases
reported. A study from our institution from another era
found that tuberculosis accounted for 53% and sarcoidosis 12% of the cases of hepatic epithelioid granulomas
while in 20% no etiology could be determined[1]. In a large
series of 565 cases of epithelioid hepatic granulomas in
over 6000 biopsies accumulated over 4 decades, Klatskin[2]
found that 36% had sarcoidosis, 12% had tuberculosis
and 7% were undiagnosed. While our study indeed found
3 patients with sarcoidosis and another with M. tuberculosis,
most cases were associated with HCV or HIV with associated infections.
There have been several reports of granulomas in the
liver biopsies of patients with HCV and no other known
systemic or hepatic diseases. This may not be unexpected
since the most common reason for liver biopsies at most
institutions today is staging of chronic HCV, and some
unexplained granulomas have long been found on liver
biopsies. On the other hand, the concurrence of HCV
and granulomas may be frequent enough to not be simply
explained by chance. A large recent retrospective review
found epithelioid granulomas in 63 of 1662 liver biopsies[5]. While primary biliary cirrhosis (23.8%), sarcoidosis
(11.1%), and unknown (11.1%) were the most common
www.wjgnet.com
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associations, HCV was associated with 9.5% of the cases.
Emile et al[9] found that the explants of 5 of 52 patients
undergoing liver transplantation for cirrhosis from HCV
had epithelioid granulomas, and none of these patients
had evidence of any other diseases such as tuberculosis
or sarcoidosis. Goldin et al[4] found in a retrospective
study that there were granulomas in the liver biopsy specimens of 14/155 patients with HCV compared with only
3/151 with HBV and 3/129 with alcoholic liver disease.
Yamamoto et al[6] found unexplained granulomas in 2/273
(0.73%) liver biopsies of patients with chronic HCV. In a
more recent study from Turkey, 8/605 (1.3%) of patients
with chronic hepatitis C had unexplained granulomas on
liver biopsy[7]. This is the same percentage that we found
among chronic HCV patients in our prospective study
of hepatic fibrosis markers that underwent liver biopsies
over a three year period. Consequently, it has been postulated that hepatic granulomas may themselves be part
of the histologic picture of chronic HCV, albeit uncommonly. Our finding that 9 of 36 patients with hepatic
epithelioid granulomas had HCV as their only disease
association would support this. We cannot rule out that
some of these patients could have had other undiagnosed
disorders such as sarcoidosis; but in follow up, none of
them have manifested pulmonary or systemic findings to
support another diagnosis.
Alpha interferon in regular or pegylated form has
been used in the therapy of chronic HCV since the
discovery of the virus[13]. It has been speculated that interferon itself can stimulate granuloma production, and
there are several reported cases of the development of
sarcoidosis in patients receiving interferon therapy[15-19].
This is thought to be related to the ability of interferon
to stimulate a Th 1 immune response which is felt to be
responsible for the granulomas in sarcoidosis[20]. Both
the sarcoidosis and granulomas have usually regressed
when interferon was stopped. It is unlikely that interferon usage played a major factor in our patients since
only one subject with chronic HCV and granulomas had
received interferon prior to liver biopsy.
Intravenous drug use is the most common route of
transmission of chronic hepatitis C[21]. Since granulomas
can be induced by foreign substances that might be used
in a “street prepared” illicit drug mixture, we examined
all the slides of patients with HCV and granulomas with
polarized light, and a crystalloid substance was found
in only one patient. Therefore, foreign body induced
granulomas do not appear to be an explanation for most
of the granulomas found in our patients with HCV.
We realize that there are problems interpreting the results of a retrospective study such as ours. The majority
of the liver biopsies that we perform are on patients that
are being staged prior to proposed treatment for chronic
HCV. Therefore, the finding of otherwise unexplained
granulomas in multiple patients with chronic HCV may
not be that unusual or surprising. Nevertheless, in this
study the most common association of hepatic granulomas was chronic HCV.
We would recommend if a patient with chronic HCV
should have granulomas on liver biopsy that a search
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for another disease should be made by utilizing special
stains and other clinically appropriate tests such as a
chest X-ray. However, if no other abnormality is found,
the clinician should be comfortable associating the
granuloma(s) with the chronic HCV.
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Abstract
AIM: To study the small bowel (SB) mucosa on biopsy
in cirrhotic patients with portal hypertension and in
non-cirrhotic controls and grade findings according to
the Marsh criteria.
METHODS: We prospectively enrolled 51 consecutive
patients undergoing an upper endoscopy for their
routine medical care. Twenty five patients with cirrhosis
and portal hypertension were compared to 26 controls.
We obtained coeliac serology and multiple upper small
bowel biopsies on all 51 patients. A GI pathologist
interpreted biopsies and graded findings according to
the Marsh criteria. We assessed equivalence in Marsh
grade between cirrhotic and non-cirrhotic controls
using the Mann-Whitney test for equivalence.
RESULTS: Gender, ethnicity and age were similar
between both groups. Marsh grades were equivalent
between the groups. Grade of 0 was present in 96%
and grade of 1 was present in 4% of both groups and
there was no villus atrophy or decrease in villus/crypt
ratio in patients with portal hypertension.
CONCLUSION: This study provides evidence for
the lack of villus atrophy in patients with cirrhosis
and portal hypertension, and supports the continuous reliance on the Marsh criteria when the diagnosis
www.wjgnet.com

of coeliac disease is to be made in the presence of
cirrhosis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Studies of small bowel (SB) mucosa in cirrhosis and
portal hypertension report a diverse spectrum of histological abnormalities[1-5]. These include increased capillary angiogenesis, mucosal edema, decreased villus to
crypt ratio, villus atrophy and decreased total absorptive
surface. Villus abnormalities resemble the abnormalities
of coeliac disease (CD) and this may affect the interpretation of small bowel biopsy, and lead to confusion
when CD is to be excluded in patients with cirrhosis and
portal hypertension.
The diagnosis of CD is increasingly considered and
work up recommended during the evaluation of abnormal liver enzymes[6-7]. This is in part due to the heightened
awareness of the association of CD with a variety of
liver disorders. Most commonly described associated liver
disorders include autoimmune hepatitis, primary biliary
cirrhosis, non-alcoholic fatty liver disease, unexplained
abnormal liver tests and cirrhosis[8-15]. The mechanisms of
this association are not clear and the prevalence of CD in
patients with liver disease is variable depending on the associated liver disease. For example, while CD affects 1%
of the general population, one study reports that about
4% of 185 cirrhotic patients who had undergone liver
transplantation were found to have CD, and 3 of 4 pa-
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tients presenting with severe liver disease were diagnosed
with CD and were remitted as possible candidates for
liver transplantation when placed on a gluten free diet[16].
Approximately 40% of patients with CD have abnormal
liver enzymes, and these return to normal in 75% to 95%
when a gluten free diet is instituted[16,17]. Based on these
and other studies, it is recommended that clinicians should
have a low threshold for testing for CD in patients with
abnormal liver blood tests[6].
The diagnosis of CD is based on initial screening
with coeliac serological tests (endomysial EMA and human tissue transglutaminase hTTG antibodies); but histological examination of SB biopsy is required for establishing a definite diagnosis[6,10]. However, in patients with
cirrhosis, the diagnosis of coexisting CD is a challenge
because of the reported similar changes on SB mucosa
in both cirrhosis and CD. CD may, therefore, be underdiagnosed in cirrhosis. Studies of SB biopsy in cirrhosis[1-5], have thus shed doubt on the validity of biopsy in
the diagnosis of CD in cirrhotic patients; but reported
findings are poorly characterized, lack standardized
grading, and of unclear significance. The current study
was undertaken to determine if SB biopsies in cirrhosis
show features that might mimic CD. Findings would determine if SB biopsy should be used in the diagnosis of
CD in patients with cirrhosis and portal hypertension.
The aim of the study was to prospectively assess the
histological abnormalities of the SB mucosa in patients
with and without cirrhosis and portal hypertension by
grading findings according to the grading system defined
by Marsh[6].

MATERIALS AND METHODS
Selection of patients and data collection
This is a prospective case control study approved by
the Institutional Board Review at the Cleveland Clinic.
Eighty consecutive patients scheduled for an upper
endoscopy EGD at the Cleveland Clinic between
9/1/2005 to 11/30/2005 were identified. Medical
records were reviewed. Of 80 patients, 25 with cirrhosis
and portal hypertension and 26 without cirrhosis, portal
hypertension or liver disease fulfilled inclusion and
exclusion criteria and were enrolled in the study.
Records reviewed included age, ethnicity, gender,
indications for upper endoscopy EGD, imaging studies
and laboratory tests. Laboratory tests obtained within
the preceding 6 mo of the date of enrollment were
reviewed for liver transaminases, alkaline phosphatase,
protime/INR, celiac serology panel, complete blood
count and differential, iron saturation and ferritin, and
viral hepatitis panel.
Patients were included if they were older than 18
years old and able to give informed consent. Patients
with cirrhosis and undergoing EGD were included regardless of the etiology of cirrhosis. Patients without
cirrhosis and undergoing EGD for acid reflux, abdominal pain, dysphagia or vomiting were included.
Cirrhosis was defined histologically according to
Batts and Ludwig staging system[18]. In patients without a

liver biopsy, diagnosis of cirrhosis and portal hypertension was based on a combination of clinical data (jaundice, cutaneous spider angiomas, muscle wasting, ascites,
and palmar erythema), biochemical data (decreased
serum albumin and prolonged protime), imaging study
(nodular surface on ultrasound or CT scan), and manifestations of portal hypertension (low platelets, splenomegaly, esophageal varices, hepatic encephalopathy or
ascites) in the setting of chronic liver disease.
Patients were excluded if they were pregnant, on dialysis, had a bleeding disorder or were actively bleeding
at the time of endoscopy, taking anticoagulants or had
INR greater than > 1.5 or platelet count less than 30 ×
103/mm3. Patients with a diagnosis of malabsorption,
coeliac disease, patients taking corticosteroids or immunosuppressant drugs, patients with a history of Crohn’s
disease, organ transplant, graft versus host disease, food
allergies, iron deficiency anemia, osteoporosis, ataxia,
and autoimmune disorders that could potentially be associated with CD such as thyroid disorders, dermatitis
herpetiformis and type 1diabetes were excluded. In the
control group, additional exclusions encompass individuals with a history of chronic liver disease or a history of
abnormal liver tests.
Informed consent for SB biopsy and for blood draw
for coeliac serology panel was obtained on all 51 patients. Severity of cirrhosis was assessed by calculating
Child Turcotte Pugh (CTP) and Model for End-Stage
Liver Disease (MELD) scores for all cirrhotic patients.
Laboratory assessment
Coeliac serology panel included antibodies to human tissue transglutaminase (IgG and IgA for hTTG, QUANTA liteTM ELISA, Inova diagnostics, San Diego CA),
endomysial antibodies (IgA EMA, Immunofluorescence
Inova diagnostics San Diego CA), and total IgA levels
by nephelometry (Beckman Coulter Immage/image 800
Immunochemistry system and Calibrator 1, Fullerton
CA). Tests were consecutively analyzed in the immunology laboratory at the Cleveland Clinic. These tests are
reported to be highly sensitive and specific in the diagnosis of CD in the general population with sensitivities
and specificities above 85%, and they supplant the use
of gliadin antibody testing as the preferred mean of
serological detection[6]. Abnormal serology panel is any
value for IgA EMA above 1:10 dilution, or any value for
either IgG hTTG or IgA hTTG above 20 U.
Histological assessment
Upper endoscopies were performed by gastroenterologists at the Cleveland Clinic. The gastroenterologists
were not blinded to the study, and they were asked to
obtain at least 3 biopsies from the second part of the
duodenum or beyond on all subjects. Biopsy specimens
were placed in vials containing 10% of buffered formalin solution for fixation. Paraffin sections were prepared
and stained by hematoxylin and eosin (HE) stain. Pathology slides were interpreted by a Cleveland Clinic pathologist (A.B.) experienced with the spectrum of mucosal
changes in CD. The pathologist was blinded to names
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and diagnosis. All slides were batched and read after
samples from all 51 subjects collected and processed.
The pathologist graded findings according to the Marsh
grading system[6]. Marsh 0 is defined by normal mucosal
and villus architecture, MarshⅠis defined by normal villus architecture, but increased numbers of intraepithelial
lymphocytes, Marsh Ⅱ shows increased intraepithelial
lymphocytes, enlarged crypts and increased crypt cell
division, Marsh Ⅲ is defined by villus atrophy, shortened
blunt villi and enlarged hyperplastic crypts. Marsh Ⅳ
demonstrates hypoplastic mucosa.
Statistical analysis
The sample size estimation was based on the inference
that the standard deviation of the Marsh grade would
be equal to 1 for both groups. The study was designed
to establish equivalence in small bowel mucosa (defined
as a difference in mean Marsh grades no greater than1)
between cirrhotics and non-cirrhotics with a significance
level of 0.05 and a power of at least 90%. Therefore,
it was estimated that a total of 25 subjects would be
required in each group.
Descriptive statistics, such as frequencies for categorical factors and mean (SD) for continuous factors, were
computed for all variables. A Student’s t-test was used to
assess differences in age between cirrhotics with portal
hypertension and non-cirrhotic controls. In addition,
Pearson’s χ2 and Fisher’s exact test were used to compare
gender and race between the groups.
In order to assess whether the SB mucosal architecture in cirrhotic patients with portal hypertension was
indistinguishable from the mucosal architecture in noncirrhotic controls, the Mann-Whitney test for equivalence was used[19]. It tests the null hypothesis (H0) of
difference in SB mucosal architecture between groups
versus the research hypothesis (Ha) of equivalent SB mucosal architecture between groups. A P-value < 0.05 was
considered statistically significant. SAS version 9.1 software (SAS institute, Carey, NC) was used to carry out all
analyses.

RESULTS
Study populations
A total of 51 patients were enrolled. Twenty five had
cirrhosis and portal hypertension and 26 controls had
no evidence of liver disease or portal hypertension. Fifty
patients had normal coeliac serology and one patient in
each group had abnormal biopsy.
Baseline demographic characteristics of patients who
fulfilled inclusion criteria are shown in Table 1. The mean
age was 57 (± 10) years in the portal hypertension with
cirrhosis group and 52 (± 15) years in the control group.
Fifty two percent were males and 92% were Caucasians
in the former group versus 42% and 84% respectively
in the control group. There was no evidence to suggest
statistically significant differences in the demographic
characteristics between the groups (P > 0.05).
The most common indications for upper endoscopy
in cirrhotic patients with portal hypertension were
www.wjgnet.com
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Table 1 Demographic characteristics of study subjects (mean
± SD) n (%)
Cirrhotic
n
Age
Gender
Male
Female
Ethnicity
Caucasian
Other

Non-cirrhotic

25
57.5 ± 9.7

26
51.9 ± 15.3

13 (52)
12 (48)

11 (42.3)
15 (57.7)

23 (92)
2 (8)

22 (84.6)
4 (15.4)

P value
0.12
0.49

0.67

screening for or banding of esophageal varices (100%).
In the control group, the most common indications were
acid reflux (30.8%), dysphagia (23.1%), epigastric pain
(23.1%), and nausea and vomiting in (15.4%).
All 25 patients with cirrhosis had evidence of portal
hypertension, esophageal varices, thrombocytopenia
and an imaging study showing cirrhotic liver. Fifteen
patients had a liver biopsy. Twelve patients had CTP
score A, 11 had CTP score B and 2 had CTP score C.
The mean platelet count was 89.76 × 103/mm3, with
a range between 45 and 148 × 10 3/mm 3. The mean
MELD score was 10 with a range between 5 and 17. The
most common etiologies for cirrhosis were nonalcoholic
steatohepatitis (24%), hepatitis C (24%) and cryptogenic
cirrhosis (24%).
Histological findings in patients with and without
cirrhosis
There was strong evidence to suggest that based on
Marsh grade, cirrhotics and non-cirrhotics have indistinguishable SB mucosa (Mann-Whitney test of equivalence: P < 0.01). One patient in each group (4%) had an
abnormal small bowel biopsy and 96% of patients from
each group had a normal small bowel biopsy (Figures
1 and 2). Both patients with abnormal biopsy were females with normal coeliac serology. The two women had
Marsh gradeⅠbased on 3 SB biopsies obtained for each.
One of these women was 57 years old, and had a liver
biopsy that was consistent with nonalcoholic steatohepatitis and cirrhosis. Her platelet level was 130 × 103/mm3,
her MELD score was 10 and her CTP score was B. The
other woman with Marsh gradeⅠon SB biopsy did not
have cirrhosis. She was 51 years old and was scheduled
for EGD for epigastric pain and bloating.

DISCUSSION
Portal hypertension and cirrhosis due to a variety of
parenchymal liver diseases are associated with malnutrition[20,21]. The pathophysiologic mechanisms are not
totally understood and several factors may be involved.
Malabsorption has been implicated and this was presumed to be related to changes in the SB villi[2,4,5]. For
example, Such et al[4] investigated 6 patients with cirrhosis using jejunal biopsies, and studied the mucosa under
electron microscopy. The authors observed that “the
microvilli were reduced in number and appeared shorter

%
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Figure 1 Percentage of patients with Marsh grade 0 and Marsh grade 1 in
cirrhosis and no cirrhosis.

and thicker when compared to controls”, and their conclusion was that “the total absorptive surface may be
reduced in cirrhotic patients”. Misra[2] found a significant
decrease in villus/crypt ratio in cirrhotic patients when
compared to healthy volunteers. On the other hand,
Nagral[22] reports a significant number of patients with
large vessels in duodenal mucosa of patients with portal hypertension in comparison with controls, but did
not find a statistical difference in severity and type of
infiltrate, edema of lamina propria or villus/crypt ratio
between the groups. In the study of Barakat[5], abnormal
villus changes were present in 11.4% of portal hypertensive patients. These were described as “shortened villi,
decreased or even reversed villus to crypt ratio down
to total villus atrophy”. The authors implied that these
changes might have an effect on the intestinal absorptive
functions, and in turn, might have a share in the pathogenesis of nutritional derangements in portal hypertensive patients.
Results of these studies implicate SB villus shortening and atrophy as underlying factors in the malabsorption and malnutrition observed in cirrhosis. Such conclusions need further validation and other diseases that may
affect the SB mucosa should be considered in the differential diagnosis. Furthermore, histological abnormalities
were reported descriptively and without systematic classification. Lack of a proper classification of abnormalities
was once described by Marsh[23] as follows: “The system
of qualitative terminology is not only inappropriate but
also seems to have paralyzed any new intellectual activity
that might elucidate afresh the immunopathogenic basis
of mucosal response”. And in 1992, Marsh described
the mucosal abnormalities of the SB by establishing a
classification system that utilized inflammatory and atrophic grades. This grading system has since been adopted
by clinicians and pathology researchers in the diagnosis
and study of CD, and is the only available system to
systematically grade mucosal abnormalities of the SB. In
this unprecedented study, we prospectively analyzed and
graded changes of SB mucosa on biopsy according to
the unified and accepted grading system characterized by
Marsh[6,10].
We found no difference in Marsh grade between the
study groups. Our patients had either a grade of 0 or
a grade ofⅠ. One patient in each group had a Marsh
grade ofⅠ, but neither had abnormal coeliac serology.
The presence of Marsh gradeⅠor intraepithelial lymphocytes is a non-specific finding especially in the absence of coexistent abnormal serology. We did not find

Marsh 1
in control
patient

Figure 2 Small bowel mucosa in the cirrhotic and in the control patient,
respectively.

any Marsh grades Ⅱ, Ⅲ or villus/crypt changes of CD
among patients in either group. This provides evidence
that histological abnormalities of the SB mucosa are
equivalent between cirrhotic patients with portal hypertension and non-cirrhotic controls.
Since the etiology of cirrhosis has not been shown to
influence the changes in mucosal architecture of the SB,
we included all eligible cirrhotic patients regardless of
the etiology of their cirrhosis. We excluded patients with
clinical and laboratory evidence of malabsorption, patients with known SB mucosal disease and/or on therapy
that included corticosteroids and immunosuppressants,
and patients with autoimmune diseases that have the potential to be associated with CD or induce changes in the
SB mucosa, because such cases may not necessarily yield
the direct effects of cirrhosis on the SB mucosa.
We calculated the MELD and CTP scores on all cirrhotic patients. Although our study did not aim to examine whether the severity of liver disease would further
exacerbate villus damage, we did not observe any correlation between Marsh grade and the degree of MELD
and CTP scores. This has been reported previously[22].
An exact quantitative count for the intraepithelial
lymphocytes IEL and immunohistochemical typing were
not obtained because such stains are not utilized in routine clinical practice, and because one observer (pathologist A.B.) interpreted and analyzed all biopsy specimens.
Portal hypertensive enteropathy is receiving increased
recognition in research studies of recent years. Studies
have aimed at characterizing abnormalities on endoscopy, wireless capsule imaging, and SB biopsy. Small
www.wjgnet.com
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bowel biopsy findings describe villus changes and villus
atrophy. Contrary to previously reported studies, our
study did not show shortened villi, reversal of villus to
crypt ratio, villus atrophy, crypt hyperplasia or changes
suggestive of CD in patients with portal hypertension.
This concurs with the study of Nagral[22].
Our study is unique and different from other studies of the effects of cirrhosis and portal hypertension
on the SB mucosa because we used the validated Marsh
grading system to grade for abnormalities and we excluded subjects with CD and other diseases that would
potentially affect the SB mucosa such as Crohn’s and
lymphoma etc, because we intended to study the sole
effect of cirrhosis on the SB. SB villus changes and atrophy are characteristic, but are not specific for coeliac
disease[24,25].
Coeliac serological tests have low sensitivities and
specificities in chronic liver disease and cirrhosis[15,26-29]
which emphasizes the importance of validating SB biopsy as the most important tool for the diagnosis of CD
in this group of patients. Results of this study support
the use of SB biopsy in patients with cirrhosis and portal hypertension when the diagnosis of CD is suspected.
Furthermore, and since cirrhosis is not associated with
significant inflammatory or atrophic changes of SB villi,
we can extrapolate that there is a low probability that different results would be seen in the earlier stages of liver
disease when cirrhosis has not yet developed.
Due to the estimated high prevalence of CD in patients with cirrhosis that is higher than in the general
population[8,16,29,30], and the potential reversibility of liver
dysfunction on a gluten free diet, we recommend prompt
consideration and exclusion of SB mucosal diseases
and CD (by using a combination of laboratory, clinical,
pathologic and genetic examinations, and response to a
gluten free diet), when shortened villi, reversal of villus
to crypt ratio or villus atrophy are seen in patients with
cirrhosis.
As to the mechanisms of malabsorption reported
in patients with cirrhosis and portal hypertension, factors other than cirrhosis- related- villus changes should
be considered. These may include bile salt deficiencies,
motility disorders, protein losing enteropathy and other
concomitant diseases of the SB. Further studies are
needed.
In conclusion, our study provides evidence for the
lack of villus atrophy in patients with cirrhosis and portal hypertension. Hence, small bowel biopsies can be
interpreted reliably to exclude coeliac disease in these patients. Furthermore, findings of shortened villi and villus
atrophy should trigger the exclusion of coeliac disease
and other diseases of the small bowel in this group of
patients.
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Comments
COMMENTS
Background

Cirrhosis affects the small bowel mucosa in ways not totally elucidated. Villus
shortening and atrophy are described. But these findings are reported descriptively and without proper classification, which may affect the interpretation of
small bowel biopsy when the diagnosis of coeliac disease is to be excluded in
patients with cirrhosis. We aimed to study the small bowel mucosa on biopsy
in cirrhotic patients with portal hypertension and in non-cirrhotic controls and
grade findings according to the standardized grading system described by
Marsh.

Research frontiers

Studies of recent years have shown that coeliac disease is increasingly recognized in association with chronic liver disease and cirrhosis, and coeliac
disease is more common than previously thought but is under diagnosed. It
is, therefore, recommended to exclude coeliac disease in patients who have
cirrhosis and cryptogenic abnormality of liver tests, and the diagnostic tool of
choice is a small bowel biopsy.

Innovations and breakthroughs

This study is different from other studies of the small bowel mucosa in cirrhosis
and portal hypertension because we graded findings according to the standardized Marsh grading system and excluded subjects with diseases that could
potentially affect the small bowel in order to assess the sole effect of portal hypertension on the small bowel mucosa. Additionally, we used the Mann-Whitney
test of equivalence to support the equality of mucosal abnormalities in both
study groups, and we estimated a sample size of 25 individuals in each group
in order to confer a statistical power of at least 90%.

Applications

Today’s medical practice emphasizes evidence based medicine. Our study
provides evidence for the lack of villus atrophy in cirrhosis and portal hypertension; hence SB biopsies can be interpreted reliably to exclude coeliac disease
in these patients and in future studies of the mechanisms of liver disease in patients with coeliac disease. Additionally, small bowel mucosal diseases should
be excluded when villus shortening and atrophy are seen in patients with cirrhosis and portal hypertension

Peer review

This is a well designed study, and the data looks sound. Patients with liver disease of unknown etiology can have small bowel biopsies that reliably exclude
coeliac disease as an association or cause of their hepatic disease.
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Abstract
AIM: To evaluate the relation of cluster of differentiation
44 (CD44) expression with clinicopathological features
of gastric adenocarcinoma, and also its effect on
prognosis with an emphasis on the differences between
intestinal and diffuse types.
METHODS: From 2000 to 2006, 100 patients with
gastric adenocarcinoma, who had undergone total
or subtotal gastrectomy without any prior treatment,
were studied. Haematoxylin & eosin (HE) staining was
www.wjgnet.com

used for histological evaluation, including the type
(Lauren’s classification) and grading of the tumor. The
expression of CD44 in the gastric adenocarcinoma
mucosa and the adjacent mucosa were determined
by immunohistochemistry. The survival analysis was
obtained using the Kaplan-Meier test.
RESULTS: Of 100 patients, 74 (74%) patients were
male. The tumors were categorized as intestinal type
(78%) or diffuse type (22%). Sixty-five percent of
patients were CD44-positive. CD44 expression was not
detected in normal gastric mucosa. Rather, CD44 was
more commonly expressed in the intestinal subtype (P
= 0.002). A significant relation was seen between the
grade of tumor and the expression of CD44 (P = 0.014).
The survival analysis showed a poor prognosis of
patients with CD44-positive tumors (P = 0.008); and
this was more prominent in the intestinal (P = 0.001)
rather than diffuse type.
CONCLUSION: Cell adhesion molecule CD44 is highly
expressed in gastric adenocarcinoma. CD44 expression
is correlated with a poor prognosis in patients with the
intestinal type of gastric adenocarcinoma. CD44 can,
therefore, be utilized as a prognostic marker for this
group of patients.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric malignancy is one of the leading types of cancer
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and is the second most common cause of cancer-related
death in the world[1,2]. According to reports from Iran’s
Ministry of Health, gastric cancer is the most common
fatal gastrointestinal malignancy, while cancer is the third
most common cause of mortality in this country [3,4].
Adenocarcinoma is the most prevalent type of gastric
cancer. According to Lauren’s histological classification,
it is subdivided into diffuse and intestinal pathologic
subtypes, each having different epidemiological and
prognostic features[5,6]. Multiple genetic and epigenetic
alterations in oncogenes, tumor-suppressor genes, cellcycle regulators, cell adhesion molecules and DNA
repair genes are implicated in the multistep process of
human stomach carcinogenesis[6,7], and different genetic
pathways have been proposed for these two subtypes of
gastric carcinoma[2]. Depth of invasion and lymph node
metastasis result from the polygene, and their protein
expression in gastric carcinoma. The key step of the
basic and clinical research of gastric carcinoma is to
discover the related etiological biomarkers.
The loss of normal cellular adhesion is a significant
event in human cancer development. Metastasis is
characterized by a loss of adhesion that allows cancer
cells to invade, and leave the site of origin, subsequently
adhering to other sites, such as lymph nodes, liver, or
peritoneum [8]. Cluster of differentiation 44 (CD44)
is a transmembrane glycoprotein involved in cellular
adhesion. This polymorphic integ ral membrane
glycoprotein, which is expressed by many cell types,
serves as the principal transmembrane hyaluronate
receptor. It is considered a determinant of metastatic
and invasive behavior in different malignancies, such as
lung carcinoma, malignant melanoma, leukemia, breast
cancer, as well as gastrointestinal carcinomas[2,9,10]. On
the other hand, contradictory reports concerning the
biological role of CD44 in tumorigenesis and its clinical
value in prognosis have also been presented [9]. The
expression of CD44 potentiates tumor cells to adhere
to the extracellular matrix through ligands such as
hyaluronan and facilitates the efficient formation of cell
colonies[11,12].
The reported frequency of CD44 expression in
human gastric carcinoma specimens varies widely from
31% to 72%, most likely reflecting the differences in the
study population[13,14]. The intensity of CD44 expression
has been reported to correlate with an increased depth
of invasion[13], although different correlations have been
reported in the two histological types of this cancer.
In this study, the expression of CD44 in patients with
gastric carcinoma was measured by immunohistochemical
method, with an aim to evaluate the relation of CD44
expression with clinicopathological features and also its
effect on prognosis with an emphasis on the differences
between intestinal and diffuse types.

MATERIALS AND METHODS
From 2000 through 2006, 100 gastric adenocarcinoma
patients, who underwent total or sub-total gastrectomy
without any prior treatment such as chemotherapy or
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radiation therapy at Omid Oncology Hospital (Mashhad,
Iran), were enrolled in this study. All patients had been
residing in the north-eastern provinces of Iran at the
time of surgery. Demographic data of all patients were
recorded and TNM staging was performed according to
AJCC (American Joint Committee on Cancer) staging by
supra- and infra-diaphragmatic imaging studies. Followup data were also gathered from patients, including
local and distant recurrence and metastasis. The study
protocol was approved by the Clinical Research Ethics
Committee of the Mashhad University of Medical
Sciences.
Formalin-fixed and paraffin wax-embedded gastric
adenocarcinoma specimens from these patients were
selected from the pathology archive. Specimen blocks
were stained with HE and histological typing was
determined according to the Lauren’s classification
and tumor grade (well-differentiated, moderatelydifferentiated and poorly-differentiated). The pathologist
reviewed all the blocks and chose one block with
more tumoral tissue and less necrotic tissue for
immunostaining. Specimens were cut into 4-μm thick
sections, and the sections were dewaxed and processed
for immunohistochemical (IHC) staining. The sections
were stained using the streptavidin-biotin-peroxidase
complex method (Dako LSAB2 system, Denmark).
Mouse anti-CD44 monoclonal antibody (1:50 dilution;
clone DF1485, Dakocytomation, Denmark) which is
able to detect all isoforms of CD44, was employed as
the primary antibody for 30 min. Internal lymphocytes
were used as positive control, and normal gastric tissue
as negative control. Also, for negative control, the
primary antibody was omitted.
All sections were evaluated by the pathologist who
was unaware of the clinical outcome of the patients.
Tumors with more than 5% of CD44-positive cancer
cells were regarded as positive. The results were reported
as positive (cytoplasmic and/or membranous staining)
or negative with the percentage of positive cells for each
section.
Statistical analysis
The correlation between the CD44 expression status
and clinicopathological variables was analyzed using
parametric and non-parametric tests run by the statistical
software SPSS version 13. Also a log-linear model by
the statistical software SAS was used for more detailed
analysis of the data. The survival analysis was performed
by the Kaplan-Meier test. A P value less than 0.05 was
considered statistically significant.

RESULTS
This study included 100 gastric adenocarcinoma cases
(74 males and 26 females; male/female ratio: 2.8), with
a mean age of 63.3 years (range 26-82 years). Data
about stage, grade, histological types and location of
tumors are summarized in Table 1. Forty-seven percent
of patients were less than 65 years old. The mean
age of patients with poorly differentiated tumors was
www.wjgnet.com

6378

ISSN 1007-9327 CN 14-1219/R

A

World J Gastroenterol

B

C

D

Table 1 Clinicopathological data of all patients
Data

Percentage (%)

Sex
M
F

74
26

Age (yr)
< 65
> 65

47
53

Location
Cardia
Body & Fundus
Antrum

37
33
30

Histology type
Intestinal
Diffuse

78
22

Grade
Well-Diff
Mod-Diff
Poor-Diff

54
17
29

T
T1
T2
T3
T4

0
5
84
11

N
N0
N1
N2
N3

16
51
30
2

M
M0
M1

98
2

Stage
1
2
3
4

3
13
71
13

Diff: Differentiated; Mod: Moderately; Poor: Poorly; M: Male; F: Female.
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Figure 1 Representative example demonstrating the immunohistochemical staining
of CD44 molecule in
gastric adenocarcinoma tissue. A: Negative
CD44 staining in adenocarcinoma glands and
positive staining in the
background lymphocytes
(× 40); B: Membranous
expression of CD44 in
carcinoma cells with the
stained lymphocytes as
internal positive control
in the background (× 40);
C: Positive membranous
staining of CD44 in
carcinoma cells (x 40);
D: Membranous and
cytoplasmic expression
of CD44 in carcinoma
cells (× 40).

significantly lower than other patients (55 years vs 65
years, P = 0.019). Stage Ⅳ disease was significantly more
common among patients younger than 65 years (P =
0.02). All stageⅠcases were observed among patients
older than 65 years. The diffuse-type cancer was two
times higher among the patients younger than 65 years
(P = 0.021).
Sixty-five percent of patients were CD44-positive
and 35% were CD44-negative. CD44 staining was not
detected in any adjacent normal gastric mucosa (Figure 1).
Of 65 CD44-positive cases, 52 showed CD44 staining
only on tumor cell surface membrane, while 13 showed
both in cytoplasm and membrane.
In addition, a significant difference in CD44
expression was seen between the two histological
subtypes: intestinal-type showed a significantly higher
CD44 positivity (71%) compared to diffuse-type (42%)
(P = 0.002). Moreover, poorly differentiated carcinomas
showed a significantly less CD44 positivity, indicating
a significant relation between CD44 expression, and
the grade of tumor (P = 0.014; log linear, P = 0.004).
Patients with stage 4 cancer expressed CD44 more
than other stages, although this was not statistically
significant. Other studied variables (sex, age and location
of tumor) did not show any significant correlation with
the expression of CD44.
Follow-up data were gathered for 71 patients. The
median follow-up time was 6 mo. The overall survival
was 16 mo. Regarding the results of survival analysis,
there was no correlation between sex, age, location, type
and the grade of tumor with prognosis. Poor outcome
was seen among the patients with higher stage tumors
(stages Ⅲ and Ⅳ, P = 0.034) compared to those with
lower stages. In addition, the patients with CD44-positive
tumors showed a poor prognosis (Log Rank, P = 0.008,
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Figure 2 Kaplan-Meier curves of overall survival for CD44-positive and
-negative gastric cancer cases.

Figure 2). Among patients with lower stage tumors,
CD44 expression affected the prognosis regardless of
tumor stage (P = 0.040). When analyzing the correlation
of CD44 positivity, and intestinal/diffuse-type tumors
separately, the results showed that CD44 only affected
survival time in intestinal-type (P = 0.001), but not the
diffuse-type tumors (P = 0.7).

DISCUSSION
T he present study examined the expression of
CD44 as an adhesion molecule in primary tumors by
utilizing the IHC technique in 100 patients with gastric
adenocarcinoma who had undergone surgery as the
first step of management. The results showed that the
expression rate of CD44 in tumoral tissue reached 65%
in contrast to no expression of this molecule in the
adjacent normal mucosa. CD44 was more commonly
expressed in the intestinal-type tumor than in diffusetype tumor, indicating that CD44 expression was
related to the histological subtype of tumor, which is
in agreement with previous studies[15,16]. In addition, a
correlation was found between CD44 expression and
tumor grade. But, no correlations between CD44 and
other clinicopathological parameters were observed.
Sur vival analysis showed that the g rade and the
histological type of gastric adenocarcinoma did not
significantly affect survival. On the other hand, patients
with higher stage adenocarcinoma showed a poor
prognosis. CD44 was shown to affect survival, even
more significantly than, and independently from the
stage of the tumor. Moreover, CD44 positivity appeared
to provide a poor prognosis only in patients with the
intestinal-type gastric adenocarcinoma.
Since 1993 when Hieder et al [17] repor ted the
expression of CD44 variants in gastric cancer, this
adhesive molecule was recognized as a molecular
marker related to the clinicopathological aspects of
gastric cancer. CD44 is a member of a widely expressed
family of adhesion receptors. This molecule was first
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described as a lymphocyte-homing receptor; however,
it is expressed on a wide variety of cell types including
mature T and B-cells[9,18-20]. Metastasizing tumor cells
and recirculating (activated) lymphocytes share several
properties, including motility and invasive behavior, an
analogy which prompted the hypothesis that malignant
cells might use molecules like CD44 for metastasizing[9].
CD44 gene is located on chromosome 11p12-13,
having at least 20 exons, of which ten are expressed in
hematopoietic cells or the standard form of the gene.
Other exons can be alternatively spliced to make up a
wide variety of CD44 splice variants which have been
found in various types of human malignancies, and
have been considered markers in tumor progression and
metastasis[15].
It has been supposed that the evaluation of the
CD44 isoforms expression by the IHC method in
cases of non-Hodgkin lymphoma, colon and renal cell
carcinomas, as well as neuroblastomas may be a useful
diagnostic parameter indicating invasive processes[21]. In
1994, Yokozaki et al[22] indicated that the detection of
CD44 transcription variants can serve as a powerful tool
for the diagnosis of gastric cancer. Many studies have
indicated that the generation of CD44 splice variants,
like V5 and V6, might be linked closely to gastric
carcinoma tumorigenesis and differentiation, suggesting
that these isoforms can be used as an indicator of
tumor progression in the biopsies of patients with
gastric carcinoma[23-28]. Moreover, it has been shown that
patients with an over-expression of CD44 have a higher
lymph node metastatic rate and invasion[27].
It is possible that different results among studies
reflect the use of diverse antibodies having subtle
variations in specificity. The problem is complicated
more by the existence of numerous CD44 isoforms,
which may have remarkable homology in their antigenic
repertoire, thus increasing the possibility of crossreactivity between the antibodies. Another reason for
such discrepancies is probably the comparison of results
having different techniques[9].
T he cor relation between clinicopathological
parameters and CD44 expression in the tumor is known
to be different between intestinal and diffuse types of
gastric carcinoma[29,30]. A study showed that the intestinaltype was more frequently CD44s- and CD44v6positive than the diffuse-type tumor [15], although the
reactivity to these two antibodies did not correlate with
histopathological and clinical prognostic factors in
intestinal-type carcinoma[31]. More recently, Yamaguchi
et al[16] found that the expression of CD44v6 protein was
significantly higher in differentiated adenocarcinoma
than in diffuse-type carcinoma. On the other hand,
Saito et al[29] observed that CD44v6 appeared to play an
important role in the invasion and metastasis of diffusetype gastric carcinoma, but not in that of intestinal-type
gastric carcinoma, and also demonstrated a significant
correlation between CD44v6 expression and poor
prognosis of diffuse-type gastric carcinoma.
The results of this study are consistent with previous
findings, demonstrating that CD44 is mostly expressed
www.wjgnet.com
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in the intestinal-type gastric cancer, and its expression
is associated with poor prognosis. Thus, it can be
concluded that the expression of CD44 is related to
the phenotype of gastric malignancy, and may serve as
a useful indicator of tumor metastasis, and may have a
potential significance in diagnosing gastric cancer.
The mortality associated with gastric carcinoma
is almost entirely caused by a subsequent metastatic
disease. In fact, the prognostic assessment of gastric
carcinoma still relies mainly on TNM staging, but the
wide individual variability in prognosis is observed
even in the same stages. The accurate prediction of the
metastatic potential of the primary tumor, and hence the
probable existence of undetected metastases, would be a
critical factor in the management of patients with gastric
carcinoma [14]. Our results emphasize that expression
of CD44 is related to the prognosis of intestinal-type
gastric cancer.
In conclusion, this study demonstrated that detection
of CD44 protein in routinely fixed gastric carcinoma
tissue by the IHC method can be used, along with other
established parameters, to assess prognostic outcome,
and particularly, to identify patients with a poor shortterm prognosis. Furthermore, this suggests that, in
the future, assessment of CD44 expression may guide
the clinician in delineating a subset of patients with
biologically unfavorable tumors who may profit from
more intense post-operative adjuvant therapy.
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Abstract
AIM: To evaluate the efficacy of continuous regional
arterial infusion therapy (CRAI) with gabexate mesilate
and antibiotics for severe acute pancreatitis (SAP).
METHODS: We conducted a prospective study on
patients who developed SAP with or without CRAI. Out
of 18 patients fulfilled clinical diagnostic criteria for SAP
in Japan, 9 patients underwent CRAI, while 9 patients
underwent conventional systemic protease inhibitor
and antibiotics therapy (non-CRAI). CRAI was initiated
within 72 h of the onset of pancreatitis. Gabexate
mesilate (2400 mg/d) was continuously administered
for 3 to 5 d. The clinical outcome including serum
www.wjgnet.com

inflammation-related parameters were examined.
RESULTS: The duration of abdominal pain in the CRAI
group was 1.9 ± 0.26 d, whereas that in the non-CRAI
group was 4.3 ± 0.50. The duration of SIRS in the
CRAI group was 2.2 ± 0.22 d, whereas that in the nonCRAI group was 3.2 ± 0.28. Abdominal pain and SIRS
disappeared significantly in a short period of time after
the initiation of CRAI using gabexate mesilate. The
average length of hospitalization significantly differed
between the CRAI and non-CRAI groups, 53.3 ± 7.9 d
and 87.4 ± 13.9 d, respectively. During the first two
weeks, levels of serum CRP and the IL6/IL10 ratio
in the CRAI group tended to have a rapid decrease
compared to those in the non-CRAI group.
CONCLUSION: The present results suggest that CRAI
using gabexate mesilate was effective against SAP.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Severe acute pancreatitis (SAP) remains a lethal disease.
It is defined as an inflammatory process of the pancreas
with possible peripancreatic tissue, and multi-organ
involvement inducing multi-organ dysfunction syndrome
(MODS) with an increased mortality rate[1,2]. Continuous
regional arterial infusion (CRAI) with protease inhibitor
nafamostat mesilate and antibiotics has been proven to
be effective as an initial therapy in Japan[2]. However,
evidence supporting the benefit of CRAI in treating
acute pancreatitis is insufficient, and its advisability
according to the JPN guidelines for the management
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of acute pancreatitis is classed as “Recommendation
C” [3]. In the statement, it was described that CRAI
with protease inhibitors and antibiotics may possibly
reduce the mortality rate and incidence of infectious
complications in necrotizing pancreatitis. Actually, until
now, most cases have been treated with the protease
inhibitor nafamostat mesilate. Here, we performed CRAI
using gabexate mesilate to treat SAP, and investigated the
clinical benefits including serum inflammation-related
parameters such as cytokines and chemokines.

MATERIALS AND METHODS
Patients
The severity of acute pancreatitis was assessed within
48 h of admission according to the diagnostic criteria
for the diagnosis of acute pancreatitis by the Research
Committee for Intractable Diseases of the Pancreas in
Japan by Ministry of Health, Labour and Welfare Japan
(Tables 1 and 2) [4-6]. A total of 18 patients fulfilling
clinical diagnostic criteria for SAP at six participating
institutions were selected for the present study. Nine
patients underwent CRAI (CRAI group), while 9 patients
underwent conventional systemic protease inhibitor and
antibiotics therapy (non-CRAI group). Each institution
made the decision to perform CRAI or non-CRAI
therapy, so the present study was not a randomized
controlled trial. Clinical features of both groups were
shown in Table 3. All 9 patients in the CRAI group were
men, average age 48.0 ± 13.4 years (mean ± SD). The
cause of SAP was alcohol (n = 5), gallstone (n = 1),
hyperlipidemia (n = 1), post-endoscopic retrograde
cholangiopancreatography (ERCP, n = 1), or unknown
(n = 1). On the other hand, 4 of the 9 patients in
the non-CRAI group were male and 5 were female
(average age of group, 59.9 ± 15.1 years; mean ± SD).
Regarding age at onset, no significant difference was
observed between CRAI group and non-CRAI group
(P = 0.0979). The causes of SAP patients in the nonCRAI group were gallstones (n = 4), alcohol (n = 3),
post-ERCP (n = 1), or unknown (n = 1). All patients in
both groups were diagnosed as stage 2 SAP. CRAI was
initiated within 72 h of the onset of pancreatitis. A 5-Fr
shepherd’s catheter was placed in either the celiac artery
(including the splenic and gastro-duodenal arteries) or
in the supra-mesenteric artery, and gabexate mesilate
(2400 mg/d) was continuously administered for 3-5 d.
Antibiotics were administered every 12 h (panipenem
in 5 patients, meropenem in 2 patients, imipenem
in 1 patient, and piperacillin in 1 patient). Catheters
were placed in the superior mesenteric, celiac, splenic,
and gastroduodenal arteries of 3, 3, 2, and 1 patient,
respectively. Complications in one patient comprised
thrombosis of the superior mesenteric artery, and
warfarin was administered. Carbapenem antibiotics were
administered to all patients in the non-CRAI group.
Measured parameters
The duration of abdominal pain and of systemic
inflammatory response syndrome (SIRS) as well as the
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Table 1 Criteria for grading the severity of acute pancreatitis
in Japan[4]
Prognostic factors

Clinical signs

Laboratory data

Prognostic factor Ⅰ
(2 points for each
positive factor)

Shock
Respiratory failure
Mental disturbance
Severe infection
Hemorrhagic diathesis

BE ≤ -3 mmol/L
Ht ≤ 30%
(after hydration)
BUN ≥ 40 mg/dL or
creatinine ≥ 2.0
mg/dL

Prognostic factor Ⅱ
(1 points for each
positive factor)

Prognostic factor Ⅲ

PaO2 ≤ 60 mmHg
(room air)
FBS ≥ 200 mg/dL
Total protein ≤ 60 g/L
LDH ≥ 700 IU/L
Ca ≤ 7.5 mg/dL
Prothrombin time
≥ 15 s
Platelet count
≤ 1 × 105/mm3
CT grade Ⅳ or Ⅴ
SIRS score ≥ 3
(2 points)
Age ≥ 70 yr (1 point)

BE: Base excess; Ht: Hematocrit; BUN: Blood urea nitrogen; FBS: Fasting
blood sugar; LDH: Lactate dehydrogenase; SIRS: Systemic inflammatory
response syndrome. CT grade Ⅳ or Ⅴ: Presence of diffuse and uneven
density in the pancreatic parenchyma or the presence of inflammatory
changes extending beyond the border of the pancreas. Severity score: Sum
of the points for the positive prognostic factors is defined as the severity
score. Standardized criteria: Severe, presence of more than one prognostic
factor Ⅰ , and/or the presence of more than two prognostic factor Ⅱ
(severity score ≥ 2 points); Moderate, presence of one prognostic factor
Ⅱ (severity score = 1 point); Mild, acute pancreatitis without prognostic
factor Ⅰ or Ⅱ (severity = 0 point).

Table 2 Stage classification of acute pancreatitis and mortality
rate in 2003 in Japan[4]
Stage

Severity
score

Severity

Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Total

0 point
1 point
2-8 points
9-14 points
≥ 15 points

Mild
Moderate
Severe Ⅰ
Severe Ⅱ
Most severe

No. of patients Died
(%)
943 (53.3)
280 (15.8)
455 (25.7)
63 (3.6)
27 (1.5)
1786 (100)

1
2
17
16
16
52

Mortality
rate (%)
0.1
0.7
3.7
25.4
59.3
2.9

In 2004, nationwide survey of patients with acute pancreatitis in Japan who
visited the hospitals in the year 2003 (from January 1 to December 31) was
performed by stratified random sampling method. From the first survey,
the total number of patients treated for acute pancreatitis in Japan in the
year 2003 was estimated as 35 300 (95% confidence interval, 30 500-40 000).
Clinical records of 1768 patients with acute pancreatitis were obtained
in the second survey for analysis of etiology and outcome. Number of
patients who died of acute pancreatitis or related complications.

length of hospitalization were recorded. As biochemical
markers of pancreatitis, the levels of serum pancreatic
amylase (P-amylase), the white blood counts (WBC), and
C-reactive protein (CRP) were examined on day 0 (onset
of pancreatitis), day 1, day 3, day 7, and day 14. ELISAs
were performed to determine serum IL-6, IL-8, IL-10,
TNF-α, and MCP-1 concentrations on day 0 (onset of
pancreatitis), day 1, day 3, day 7, and 14. Samples were
www.wjgnet.com
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Figure 1 Changes in clinical parameters. The duration of abdominal pain (A) and of systemic inflammatory response syndrome (SIRS) (B) as well as the length of
hospitalization (C) were investigated. Grey columns represent data for continuous regional arterial infusion using gabexate mesilate with antibiotics (CRAI-group) and
white columns for non-CRAI group. Values are expressed as mean ± SE.

Table 3 The clinical features of patients

Mean age
Gender (male/female)
Cause of pancreatitis
Alcoholic
Biliary
Hyperlipidemia
post-ERCP
Idiopathic
Severity score
Mean score (range)

CRAI group
(n = 9)

Non-CRAI
group (n = 9)

48.0 ± 13.4
9/0

59.8 ± 15.1
4/5

5
1
1
1
1

3
4
0
1
1

4.0 (2-7)

3.6 (2-7)

determined with commercially available kits according to
the manufacturer’s instructions for human IL-6, human
IL-8, human IL-10, human TNF-α, and human MCP-1
(Biosource, Camarillo, CA, USA).
Statistical analysis
Results are expressed as mean ± SE. We analyzed the
duration of abdominal pain, SIRS as well as the length
of hospitalization using the proportional hazard model.
Serum pancreatic enzymes, inflammation-related
parameters, cytokines and chemokines were analyzed
using the non-parametric Mann-Whitney U test. P values
< 0.05 were considered significant. Pearson’s correlation
analysis was used to calculate correlations between the
data.

RESULTS
Duration of abdominal pain, SIRS, and hospitalization
The duration of abdominal pain in the CRAI group was
1.9 ± 0.26 d (range, 1-3), whereas the duration in the
non-CRAI group was 4.3 ± 0.50 (range, 3-8). Abdominal
pain disappeared significantly in a short period of time
after the initiation of CRAI with the protease inhibitor
(P = 0.0005, Figure 1A). Similarly, SIRS disappeared
significantly and shortly after the initiation of CRAI
(P = 0.0125, Figure 1B). The duration of SIRS in the
CRAI group was 2.2 ± 0.22 d (range, 1-3), whereas the
www.wjgnet.com

duration in the non-CRAI group was 3.2 ± 0.28 (range,
2-4). The average length of hospitalization significantly
differed between both groups, 53.3 ± 7.9 and 87.4
± 13.9 d for the CRAI and non-CRAI, respectively.
Patients in the CRAI group discharged significantly in a
short period of time after the initiation of CRAI with
gabexate mesilate (P = 0.048, Figure 1C).
Changes in serum inflammation-related parameters
P-amylase and WBC quickly decreased, with no
significant differences between the groups (Figure 2A
and B). During the first two weeks of therapy, levels
of serum CRP in the CRAI group rapidly decreased
(Figure 2C). IL-6 and IL-10 in the CRAI group rapidly
decreased in the same manner as the IL-6/IL-10 ratio
(Figure 2D). On the other hand, both CRP and IL-6/
IL-10 in the non-CRAI group tended to decrease slowly
with a 2-d delay in peak values compared to those in the
CRAI group, with no significant differences between the
groups. Levels of serum IL-8, TNF-α, and MCP-1 over
time did not significantly differ between the two groups
(data not shown).

DISCUSSION
Protease inhibitors are widely applied to treat acute
pancreatitis in Japan; but since randomized controlled
trials (RCTs) are difficult to conduct on patients with
acute pancreatitis, only five RCTs have been examined
gabexate mesilate[7-11]. The results of a meta-analysis of 4
among 5 trials were negative, and indicated that gabexate
mesilate does not lower rates of surgical intervention or
mortality. One of the reason was considered as follows;
the protease inhibitors used to treat acute necrotizing
pancreatitis cannot easily reach the pancreas when
administered intravenously, and, because of ischemia
or impaired microcirculation, they hardly penetrate into
pancreatic tissue[12,13]. However, Chen et al[11] conducted
an RCT and reported that continuous intravenous
administration of high doses of gabexate mesilate
(2400 mg/d) decreased the incidence of complications
and mortality. On the other hand, since Takeda et al
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Figure 2 Changes in serum inflammation-related parameters. The levels of serum pancreatic amylase (P-amylase) (A), the white blood counts (WBC) (B),
C-reactive protein (CRP) (C, and IL-6/IL-10 ratio D) were examined on days 0 (onset of pancreatitis), 1, 3, 7, and 14. Straight lines give data for continuous regional
arterial infusion using gabexate mesilate with antibiotics (CRAI-group) and dotted lines for non-CRAI group. Values are expressed as mean ± SE. No significant
differences between the groups were observed.

described arterial infusion with a protease inhibitor
together with an antibiotic in Japan, severe acute
pancreatitis has been treated by CRAI with nafamostat
mesilate, and whereas an RCT has not been conducted,
the usefulness of CRAI has been documented [14-17].
This strateg y suppresses early inflammation and
infection in pancreatic tissue, which controls subsequent
systemic inflammation. The level of protease inhibitor
in pancreatic tissues after CRAI using nafamostat
was 5-fold higher than that delivered by intravenous
injection, and trypsin activities in pancreatic tissues
are significantly suppressed by CRAI[18]. On the other
hand, the level of protease inhibitor in pancreatic
tissues after CRAI using gabexate mesilate was 32-fold
higher than that delivered by intravenous injection[19].
However, until now, CRAI using gabexate mesilate has
not been examined sufficiently. In the present study,
therefore, we investigated the usefulness of CRAI
using gabexate mesilate for patients with SAP. The
reasons for using gabexate mesilate were as follows:
(1) Gabexate mesilate is the only intravenous protease
inhibitor that has been proven effective in an RCT[11,20].
(2) Gabexate mesilate has a higher anticoagulant capacity
than nafamostat mesilate [21]. (3) Gabexate mesilate
induces less hyperkalemia even at high doses compared
to nafamostat mesilate[22]. (4) In Japan, most studies on
CRAI have used nafamostat mesilate, and more needs to
be understood about gabexate mesilate.
All patients in this study had stage 2 pancreatitis,

and since the severity was relatively mild, the patients
were discharged in good health without requiring
surgical intervention. The duration of pain, SIRS, and
hospitalization was shorter for the CRAI group than the
non-CRAI group. Previous studies of CRAI evaluated
the mortality rates and surgical intervention in lethal
SAP; but the present study suggested that CRAI is also
effective against relatively milder forms of non-lethal
SAP.
Blood cytokines and chemokines play important
roles in the progression of severe acute pancreatitis.
Local release of the proinflammatory cytokines, IL-18,
TNF-α, and IL-1 upregulates IL-6. Levels of antiinflammatory cytokines such as IL-10 also increase
to maintain homeostasis. Excessive proinflammatory
responses advance SIRS, and activated neutrophils and
endothelial cells damage multiple organs. Ohmoto et al[23]
reported that, during the healing process of acute
pancreatitis, the IL-10/IL-6 ratio initially decreased, but
increased as the pancreatitis improved. Put another way,
IL-6/IL-10 ratio reveals an increase in a more severe
stage of acute pancreatitis. We found here that IL-6 and
IL-10 levels quickly increased and then decreased with
therapy. The changes in the IL-6/IL-10 ratio were the
same as those in CRP, but the ratio tended to decrease 2
d earlier in the CRAI group than in the non-CRAI group.
These findings suggested that CRAI using gabexate
mesilate effectively treats acute pancreatitis regarding
biochemical features. On the other hand, changes in other
www.wjgnet.com
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proinflammatory cytokines such as IL-8 and TNF-α were
not significant. However, among patients with relatively
mild stage 2 SAP in the present study, the release of these
cytokines in tissues was insufficient to increase and reflect
in their blood concentrations.
Essentially, a large-scale RCT should be necessary to
verify the effects of CRAI; but to conduct such a study
on patients with highly lethal SAP seems to be unethical
in Japan. A future RCT might consider enrolling patients
with stage 2 pancreatitis that is relatively mild and less
fatal than in the present study. In conclusion, the present
results suggest that CRAI using gabexate mesilate
was effective against SAP in terms of yielding clinical
benefits for patients with SAP.
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Abstract
AIM: To evaluate the prevalence of chronic gastrointestinal symptoms and their impact on health-related
quality of life (HRQOL) in the Korean population.
METHODS: A cross-sectional survey, using a reliable
and valid Rome Ⅱ based questionnaire, was performed on randomly selected residents, between 18
and 69 years in age. All respondents were interviewed
at their homes or offices by a team of interviewers.
The impact of chronic gastrointestinal symptoms on
HRQOL was assessed using the Korean version of the
36-item Short-Form general health survey (SF-36).
RESULTS: Of the 1807 eligible subjects, 1417 (78.4%:
male 762; female 655) were surveyed. Out of the
respondents, 18.6% exhibited at least one chronic
gastrointestinal symptom. The prevalence of gastroesophageal reflux disease (GERD), defined as heartburn and/or acid regurgitation experienced at least
weekly, was 3.5% (95% CI, 2.6-4.5). The prevalence
of uninvestigated dyspepsia, irritable bowel syndrome
(IBS) and chronic constipation based on Rome Ⅱ criteria were 11.7% (95% CI, 10.1-13.5), 2.2% (95%
www.wjgnet.com

CI, 1.5-3.1), and 2.6% (95% CI, 1.8-3.5) respectively.
Compared with subjects without chronic gastrointestinal symptoms (n = 1153), those with GERD (n = 50),
uninvestigated dyspepsia (n = 166) and IBS (n = 31)
had significantly worse scores on most domains of the
SF-36 scales.
CONCLUSION: The prevalence of GERD, uninvestigated dyspepsia and IBS were 3.5%, 11.7% and 2.2%
respectively, in the Korean population. The healthrelated quality of life was significantly impaired in subjects with GERD, uninvestigated dyspepsia and IBS in
this community.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Functional gastrointestinal disorders (FGIDs) are highly
prevalent in different geographic populations and cause
a variety of gastrointestinal symptoms that greatly inconvenience the affected individuals[1,2]. According to
a household survey in the United States, 69% of those
questioned reported as having at least one of twenty
functional gastrointestinal symptoms in the preceding
three months[1]. In other population-based surveys, the
prevalence of non-ulcer dyspepsia was approximately
30% and irritable bowel syndrome was 15% [2,3]. The
prevalence of functional gastrointestinal disorders has
been reported to differ based on the geographical region
and race. Although the prevalence of such disorders in
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Koreans is thought to be different from that in the Westerners, there has been no randomly sampled populationbased study on the prevalence of chronic gastrointestinal
symptoms in the Korean population.
The health-related quality of life (HRQOL) is a
patient-focused concept, referring to an impairment of
functional status (physical or mental) and the sense of
well-being. As such, it is an important measure of the
impact of chronic diseases. Several studies have shown
that the HRQOL is significantly reduced in patients with
chronic gastrointestinal symptoms in referral settings,
compared with the general population, as well as in patients with other chronic conditions, such as GERD and
asthma. However, there is a lack of evidence to support
a decrease in the HRQOL in the general population having chronic GI symptoms[4,5].
The aims of the present study were to evaluate the
prevalence of chronic gastrointestinal symptoms according to the Rome Ⅱ criteria, and to determine whether
the HRQOL is impaired in subjects having chronic gastrointestinal symptoms in the Korean community.

MATERIALS AND METHODS
Subjects
The study was carried out in Asan-si, Chungchungnamdo Province from January 3, 2000 to February 28, 2001.
Asan-Si is a small city located in the middle of South
Korea. The population comprises approximately 180 000
people, and is a combination of urban and farming community. Sociodemographic factors including age, sex, educational background and economic level of Asan-si are
similar to the overall Korean population, based on the
information obtained from the Korean National Statistical Office (http://www.nso.go.kr). We assumed a symptom prevalence of 40%; thus at least 1024 interviews
were required to achieve the required precision of ± 3%
with 95% confidence. Therefore, the target sample size
was 1400. A cross-sectional survey was performed on
randomly selected Asan-si residents, between 18 and 69
years of age. A lengthy consultation was made with the
regional health office (RHO) to prepare the survey. For
instance, the general regional information provided by
the RHO helped to organize visits and complete other
administrative activities. Ten out of Asan-si’s 17 districts,
with population size over 500 were randomly selected.
Within each of these districts, a total of 200 households
from every third street were chosen. The size, gender
and age of all household members were obtained from
the RHO database before the visit. Gender and age were
used to stratify the households and one person in each
household was selected by random sampling, before a
list of selected individuals was compiled in each stratum.
The regional health office checked the eligibility of the
selected individuals by examining their medical records,
followed by a telephone interview. Exclusion criteria included pregnant or lactating women, history of surgery
of the GI tract including partial resection of the stomach and/or resection of the small/large intestine (subjects
with an appendectomy were included), major psychosis,
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mental retardation or dementia, significant illness that
may render them unable to complete the questionnaire,
or had other nationalities. The revised list was used for
actual household visit after excluding the ineligible individuals. Since only housewives and elderly individuals
would be available during the day, we pre-scheduled the
time and order of the house visits with the help of the
regional health office.
Questionnaire
We developed a bowel symptom questionnaire to identify chronic gastrointestinal symptoms in adults, based
on the Rome Ⅱ criteria. The complete questionnaire
was 22 pages long and included 130 questions, of which
103 were used to diagnose gastroesophageal reflux and
chronic gastrointestinal symptoms. The bowel symptoms questionnaire was modified from the Mayo version
of Bowel Symptoms Questionnaire[6] and several items
were adopted from the Rome Ⅱ criteria. The validation
process consisted of forward and backward translation
as well as confirming the patient’s ability to understand.
However, we did not perform test-retest reliability, because this was not a self-reported questionnaire, and
trained interviewers visited homes and helped the subjects to complete the questionnaire. During the survey,
a face-to-face interview was conducted to help describe
certain parts of the Bowel Symptoms Questionnaire.
Specifically, heartburn is not a term in the Korean
language; therefore the symptoms had to be verbally
described and a diagram indicating the location of the
burning sensation was added to the questionnaire in order to help ensure that the subjects fully comprehended
the medical conditions under investigation. The remaining 27 questions enquired about the sociodemographic
characteristics, self-reported height and weight, physician
visits, past illnesses, social habits (smoking, alcohol, and
medication use), impact on everyday life, possible anxiety
induced by the problem, as well as lifestyle changes that
may have been relevant.
HRQOL was assessed by the Korean version of
SF-36 (SF-36-K). We previously assessed the reliability,
discriminant validity and concurrent validity of the SF36-K before conducting this study. The SF-36-K was
fully applicable and well understood by Korean patients,
as well as healthy subjects. The reliability was assessed
by using the test-retest method, and the internal consistency method. The test-retest method showed high
correlation between the two tests. Cronbach’s correlation alpha of all 8 subscales of the SF-36-K was > 0.73
(range, 0.73-0.96). Discriminant validity was supported
by comparing the SF-36 score in 179 healthy subjects
and 44 patients with gastrointestinal disorders. All 8
domains of the SF-36 were well correlated with subscores of the WHO Quality of Life Scale-K and the
Psychological Well-Being Index. The SF-36 is a widely
used general health profile questionnaire with 36 questions comprising eight scales: physical functioning (e.g.
walking, lifting), role functioning-physical (limitations
in ability to perform usual activities), role functioningemotional (impact of emotional problems on work or
www.wjgnet.com
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daily activities), social functioning (impact of health or
emotional problems on social activities), bodily pain (level
of bodily pain or discomfort), mental health (anxiety,
depression, sense of psychological well-being), vitality
(energy level or fatigue), and general health perceptions
(global evaluations of health). The SF-36 is scored from
0 to 100 with higher scores indicating a better HRQOL.

RESULTS
Response rate and subject characteristics
Among the randomly selected 2024 subjects, a total of
217 were not eligible to participate in the study. One
hundred and twenty individuals were no longer living in
Asan-si and 97 could not be interviewed due to physical
or mental disorders. Out of the 1807 eligible subjects,
314 could not be contacted after three attempts, and 76
refused to participate. A total of 1417 (78.4%) of the
1807 eligible subjects returned the completed survey. Of
these respondents, 762 were male (53.8%) and 655 were
female (46.2%), with a mean age of 44 years. The demographic and socioeconomic features of the respondents
are shown in Table 1.
www.wjgnet.com
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Table 1 Characteristics of the study population n (%)
Variable
Age
18-29
30-39
40-49
50-59
60-69
Median age (yr)
Mean age (yr)
BMI (kg/m2)
Ever tobacco smoker (%)
Alcohol use (> 75 g/wk) (%)
Marital status (single)1 (%)
Employed (%)
Presence of religion (%)
High school graduate (%)

Survey design
We conducted a cross-sectional survey of gastrointestinal symptoms and their impact on the quality of life
(QOL) in Korean subjects in cooperation with the public health center. Before the survey, the questionnaire
was explained to the health-care personnel of the Public
Health Center to outline the purpose of the study and to
request their participation. All subjects were interviewed
in person at their homes or offices by a team of interviewers, all trained by the same physician (C.M.G.). The
consistency and completeness of the completed questionnaire was checked after each interview.
Statistics
The 1807 eligible individuals interviewed can be considered as a representative sample of the Asan-si population.
We calculated the prevalence of GERD and chronic gastrointestinal symptoms according to the Rome Ⅱ criteria.
The prevalence is presented in percentages with 95% exact confidence intervals (CI). Comparisons among groups
were performed by the χ2 test or Fisher’s exact test for
categorical data and t-test for continuous data. The association between prevalence rate and age in each group was
tested by logistic regression model. Differences of SF-36
sub-scale scores between groups were estimated by ANCOVA model with adjustment of covariates. Pair-wise differences between groups without chronic GI symptoms
and groups with chronic GI symptoms (GERD, UD and
IBS) were tested by Bonferroni adjusted t-test. Gender,
age, economic level and education variables were used for
adjustment. A multiple regression model was performed
for SF-36 sub-scale scores for individuals who had chronic
GI symptoms. Gender, age, smoking, religion, education,
economic level, physician visit and overlapping symptom
variables were used as predictors. Statistical analyses were
performed using SAS (SAS, Cary, NC, USA).
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Economic status (%)
High
Middle
Low

Male
(n = 762)

Female
(n = 655)

Total
(n = 1417)

163 (11.5)
132 (9.3)
169 (11.9)
150 (10.6)
148 (10.4)
45
44.1 ± 14.4
22.8
67.8a
36.4a
26.5
85.4a
50.5b
57.0a

151 (10.7)
110 (7.8)
146 (10.3)
116 (8.2)
132 (9.3)
44
43.7 ± 15.1
22.0
4.0
2.6
28.7
45.6
65.0
49.2

314 (22.2)
242 (17.1)
315 (22.2)
266 (18.8)
280 (19.7)
44
43.9 ±14.8
22.4
38.3
20.7
27.5
67.0
57.2
53.4

6.3
79.8
13.9

6.4
77.8
15.8

6.4
76.1
17.5

1

Marital status was divided into single or married/living as a couple. Single
status was extended to include unmarried persons, divorced individuals
and those with a deceased spouse aP < 0.01, bP < 0.001 compared to female.

Prevalence of chronic gastrointestinal symptoms
The prevalence of weekly episodes of heartburn and
acid regurgitation was 2.0% (95% CI, 1.2-2.7) and 2.0%
(95% CI, 1.3-2.8) respectively. The prevalence of GERD,
defined as heartburn and/or acid regurgitation experienced at least weekly, was 3.5% (95% CI, 2.6-4.5). The
prevalence of specific chronic gastrointestinal symptoms,
according to the Rome Ⅱ criteria is summarized in Table
2. At least one chronic gastrointestinal symptom was present in 18.6% of the 1417 respondents. The most prevalent chronic gastrointestinal symptom was uninvestigated
dyspepsia (11.7%; 95% CI, 10.1-13.5). According to the
subtypes of dyspepsia, dysmotility-like dyspepsia was the
most prevalent (69.9%), followed by ulcer-like dyspepsia
(28.3%) and non-specific dyspepsia (1.8%). Thirty one
subjects (2.2%) fulfilled the Rome Ⅱ criteria for the diagnosis of IBS (Table 2). Of these, 13 subjects (42%) were
classified as diarrhea-predominant, and 12 (39%) constipation-predominant IBS. The remaining 6 subjects (19%)
fell into the alternating IBS subgroup. There were no differences in the overall prevalence of IBS based on gender;
however, compared to male subjects, females reported
more frequent constipation-predominant IBS (IBS-C). Females also reported more frequent chronic constipation.
There were no gender-based differences in the prevalence
of the other chronic gastrointestinal symptoms (Table 2).
Age-specific prevalence of GERD, uninvestigated
dyspepsia, and IBS are shown in Figure 1, and the odds
ratio with 95% confidence interval are shown in Table 3.
The prevalence of GERD and dyspepsia showed significant differences between different age groups (logistic
regression, P < 0.01).
Physician visit and medication use
In the present population-based study, 50.5% of the
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Table 2 Prevalence of chronic gastrointestinal symptoms,
according to the Rome Ⅱ criteria
Respondent
(n = 1417)

n

Chronic gastrointestinal
symptoms
Globus
Chronic dysphagia
Rumination
Chronic chest pain
Chronic heartburn
Uninvestigated
dyspepsia
IBS
IBS-D
IBS-C
IBS-A
Chronic bloating
Chronic constipation
Chronic diarrhea
Chronic incontinence

%

%

7 0.5 (0.2-1.0)
7 0.5 (0.2-1.0)
0 0.0 (0.0-0.3)
21 1.5 (0.9-2.3)
24 1.7 (1.1-2.5)
166 11.7 (10.1-13.5)

0.4
0.3
0
1.6
1.8
10.8

0.7
0.7
0
1.4
1.6
12.8

1.8
1
0.1
0.7
2.9
0.5
0.8
1.6

2.6
0.8
1.7a
0.2
5.3
5.0a
0.8
1.1

31
13
12
6
57
37
11
18

2.2 (1.5-3.1)
0.9 (0.5-1.6)
0.8 (0.4-1.5)
0.4 (0.2-0.9)
4.0 (3.1-5.2)
2.6 (1.8-3.6)
0.8 (0.4-1.4)
1.3 (0.8-2.0)

Table 3 Association between age and chronic gastrointestinal
symptoms

Male
Female
(n = 762) (n = 655)

% (95%
exact CI)

GERD
UD
IBS

Prevalence/100

15.0

10.0

5.0

0.0

18-29
		

3.3

2.9

1.2

1.6

30-39

40-49

Men
(n = 762)

Women
Total
(n = 655) (n = 1417)

366 (48.0)

351 (53.6)a

50.50

Experience (%) of visiting
a physician due to
GI symptoms

80 (10.5)

75 (11.5)

155 (10.9)

1-2/yr
3-5/yr
6-10/yr
> 10/yr

42 (5.5)
12 (1.6)
8 (1.0)
18 (2.4)

47 (7.2)
12 (1.8)
4 (0.6)
12 (1.8)

89 (6.3)
24 (1.7)
12 (0.8)
30 (2.1)

27 (3.5)
35 (4.6)
11 (1.4)
17 (2.2)

54 (8.2)b
28 (4.3)
4 (0.6)
49 (7.5)b

81 (5.7)
63 (4.5)
15 (1.1)
66 (4.7)

17 (2.2)

18 (2.7)

35 (2.5)

a

P < 0.05, bP < 0.01 compared to male.

3.0
50-59

1.0 (Reference)
1.15 (0.44-3.04)
0.56 (0.18-1.68)
0.68 (0.22-2.04)
0.50 (0.15-1.63)

Use of medications
NSAIDs
Antacids
H2RA
Medications for
constipation
Antihypertensive
medications

7.9

1.0

IBS

1.0 (Reference)
2.12 (1.19-3.77)
1.39 (0.77-2.50)
2.28 (1.30-4.02)
3.00 (1.75 -5.14)

Experience (%) of any
GI symptoms

6.7
2.9
2.5

UD

1.0 (Reference)
0.48 (0.13-1.82)
1.14 (0.44-3.00)
1.23 (0.46-3.33)
3.30 (1.44-7.54)

Variables

13.5

8.9

GERD

18-29
30-39
40-49
50-59
60-69

Table 4 Details of physician visits and use of medications n (%)

17.5
13.2

Age

Values are shown as odds ratio and 95% confidence interval. GERD,
gastroesophageal reflux disease; UD, uninvestigated dyspepsia; IBS, irritable
bowel syndrome.

IBS: Irritable bowel syndrome; IBD-D: Diarrhea-predominant IBS; IBS-C:
Constipation- predominant IBS; IBS-A: Alternating constipation and
diarrhea IBS. aP < 0.05 (Fisher’s exact test) compared to male.

20.0
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1.4
60-69

Age (yr)

Figure 1 Age specific prevalence rate (per 100) of GERD, UD and IBS in
Asan-si, Korea. GERD: Gastroesophageal reflux disease; UD: Uninvestigated
dyspepsia; IBS: Irritable bowel syndrome.

subjects surveyed had experienced at least one gastrointestinal symptom in the previous year, and 10.9% had
reported visiting a physician due to their gastrointestinal
symptoms. With regard to the use of medications, 5.7%
of the respondents took non-steroidal anti-inflammatory
drugs (NSAIDs), and 5.5% had taken anti-acid agents
or antacids in the past year. More women took NSAIDs
and constipation medications (Table 4).
Impact of chronic gastrointestinal symptoms on healthrelated quality of life
Of the 1417 respondents, 1153 individuals did not experience any chronic GI symptoms, while 198 subjects
had features suggestive of GERD, UD or IBS, or a
combination of these symptoms. There was no significant difference between the two groups with respect
to gender, smoking, martial status and BMI (P > 0.05).
However, age, education level and the number of physi-

cian visits were statistically different (P < 0.001). The
mean age of subjects with chronic GI symptoms and
subjects without chronic GI symptoms was 47.8 ± 14.9
and 43.0 ± 14.6, respectively. Subjects with chronic GI
symptoms had a lower education level, and also visited a
physician more frequently for gastrointestinal symptoms
than subjects without chronic GI symptoms. SF-36 subscale scores were calculated for four groups: (1) subjects
without chronic gastrointestinal symptoms, (2) subjects
with GERD, (3) subjects with uninvestigated dyspepsia,
and (4) subjects with IBS. The adjusted mean scores
for gender, age, education and economic level, as well
as the accompanying P-values for the eight domains of
the SF-36 are summarized in Table 5. Compared with
those not experiencing chronic gastrointestinal symptom, subjects with GERD exhibited significantly worse
scores on all except two domains (social-functioning and
role-emotional). Subjects with uninvestigated dyspepsia
and IBS had significantly worse scores on all domains
compared with those not having chronic gastrointestinal
symptoms (Table 5). Multiple regression analysis of the
association between the HRQOL and covariates was
performed on subjects with chronic GI symptoms (n =
198) (Table 6). All covariates shows VIF smaller than 10,
thus no covariates were excluded as the cause of multiwww.wjgnet.com
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Table 5 Comparison of SF-36 subscales between subjects
without chronic GI symptoms, and those with GERD, UD and
IBS

November 7, 2008

Subjects
without CGIS
(n = 1153)

GERD
(n = 50)

UD
(n = 166)

IBS
(n = 31)

87.6 ± 5.1

76.0 ± 6.2b

81.7 ± 5.4b

82.0 ± 66.8a

80.1 ± 10.3
89.3 ± 6.7
68.8 ± 7.0
57.6 ± 7.5
92.0 ± 4.9

64.9 ± 12.4b
74.6 ± 8.1b
49.3 ± 8.5b
50.0 ± 9.0a
88.3 ± 5.9

68.1 ± 10.9b
76.5 ± 7.1b
52.7 ± 7.5b
51.0 ± 7.9b
86.2 ± 5.2b

67.3 ± 13.7a
77.7 ± 8.9b
50.0 ± 9.4b
45.9 ± 10.0b
86.7 ± 6.6a

86.2 ± 10.4

80.7 ± 12.5

77.7 ± 11.0b

71.7 ± 13.8b

77.7 ± 6.2

67.9 ± 7.5b

71.6 ± 6.6b

66.1 ± 8.3b

Physical
functioning
Role physical
Bodily pain
General health
Vitality
Social
functioning
Role
emotional
Mental health

Note: Age, gender, education level and economic level adjusted mean and
95% confidence interval of SF-36 subscale. CGIS: Chronic GI symptom;
GERD: Gastroesophageal reflux disease; UD: Uninvestigated dyspepsia;
IBS: Irritable bowel syndrome. Comparisons were performed between
GERD vs no CGIS, dyspepsia vs no CGIS, and IBS vs no CGIS. P value was
adjusted by Bonferroni method. aP < 0.05 compared to subjects without
chronic gastrointestinal symptom; bP < 0.01 compared to subjects without
chronic gastrointestinal symptom.

collinearity. The results of overall F-test were significant
for all models (P < 0.05). Female gender, old age, a low
level of education (< high school education), a low economic class, number of physician visits within the past
year, and overlapping chronic gastrointestinal symptoms
were associated with reduction in the SF-36 scales.

DISCUSSION
The present population-based study describes the prevalence of chronic gastrointestinal symptoms and their
impact on the HRQOL in the Korean population.
Heartburn and acid regurgitation are specific symptoms of GERD, and a diagnosis of GERD can be made
on the basis of these symptoms alone without further
diagnostic tests [7]. When defined as “at least weekly
heartburn and/or acid regurgitation”, the prevalence
of GERD in the West ranges between 10% and 20%,
whereas in Asia the prevalence is reported to be < 5%[8].
In the present study, the prevalence of GERD was
found to be 3.5% which is much lower than that in Western countries. According to two previous population
studies in Korea, the prevalence of GERD was 5% and
7.1%, respectively[9,10]. It is unclear why the prevalence of
GERD is lower in Korea compared to the West. Differences in the intake of dietary fat, body build, genetic factors, and the prevalence of H pylori infection are possible
contributing factors[11]. The prevalence of dyspepsia has
been shown to vary considerably between different populations. Although our data may represent the presence
of valid epidemiological differences, it is also possible
that the varying definitions used in different populationbased studies may have contributed to this discrepancy.
In the present study, the prevalence of uninvestigated
dyspepsia by Rome Ⅱ criteria was 11.7%. These results
www.wjgnet.com
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Table 6 Multiple regression results: estimated coefficient of
predictors of each SF-36 subscale domain
Variable

SF-36
Subscale

Volume 14

Female sex
Age1
Ever smoking
Religion
< high school
education
Low economic
class
Number of
physician
visit2
Presence of
overlapping
symptoms
R2

PF

RP

BP

GH

VT

SF

RE

MH

-4.6
-5.7c
2.5
4.1
-6.7a

-9.6
-3.2
3
9.7
-5.8

-4.7
-1.3
2
-0.1
-3

-5.3b
-4.6b
-2.6
1.3
2.6

-4.3a
-3.2a
2.3
6.5a
3.1

-3.6
-1.4
2.4
-3.5
0.4

-8.2
-1.2
3
-3.5
3.8

-1.8
-3.5b
1.3
2.3
4.2

-2.8

-14.0a -5.8

-3.3

-0.2

-3.9

-17.3 -0.2

0.6

-4.8a

-4.8c

-4.1b

-1.9

-0.9

-4.8a

-3.5c

-4.7

-3.5

-8.3a

-6.9

1.6

-3.9

-5.5

-8.3b

0.375

0.134

0.165

0.19

0.09

0.09 0.124 0.177

PF: Physical function; RP: Role-physical; BP: Bodily pain; GH: General
health; VT: Vitality; SF: Social function; RE: Role-emotion; MH: Mental
health. 1Age variables are categorized by 10 yr intervals; 2Number of
physician visits for gastrointestinal symptoms: 0/yr(0), 1-2/yr(1), 3-5/
yr(2), 6-10/yr(3), > 10/yr(4). aP < 0.05; bP < 0.01; cP < 0.001.

are similar to a study from Taiwan, which reported
prevalence of functional dyspepsia (FD) by the Rome Ⅱ
criteria as 11.8%[12]. Population-based studies in Australia
and Mexico have reported prevalence rates of dyspepsia
by Rome Ⅱ criteria of 24.4%[13] and 8.0%[14], respectively. Based on Rome Ⅱ criteria, a patient presenting with
upper abdominal pain or discomfort that is exclusively
relieved by defecation and/or is associated with a change
in the bowel pattern is defined as IBS rather than dyspepsia plus IBS[15]. Accordingly, many of the previously
Rome I-defined dyspepsia subjects should be reclassified
as IBS, rather than IBS with dyspepsia. Furthermore, patients with predominant heartburn should be excluded.
Although, the present study could not demonstrate the
prevalence of dyspepsia defined by RomeⅠcriteria, the
prevalence of dyspepsia by Rome Ⅱ criteria was lower
compared to our previous study using the RomeⅠcriteria (11.7% vs 15.5%)[9]. Reduction in prevalence has also
been reported in other studies that directly compared
the prevalence of dyspepsia using RomeⅠand Rome
[12,13,16]
. Several individuals who did not meet
Ⅱ criteria
Rome Ⅱ criteria for dyspepsia were taking medications
such as antacids, prokinetic agents and digestives for a
long time. If medication alone was indicative of dyspepsia, our study indicates that its prevalence would be 16%.
It is also possible that some subjects had GERD and not
dyspepsia, or there was an overlap. One of these factors
may also account for the low prevalence of GERD in
the Korean population. Over-the-counter medications
may explain the underestimation of the prevalence of
other functional GI disorders. Conversely, a number
of drugs can theoretically induce bowel symptoms.
However, data supporting the role of drugs, aside from
NSAIDs, in the development of bowel symptoms in the
general population are lacking[17,18].
The prevalence of IBS in Asian population-based
studies has generally been lower compared to in the
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West, regardless of the criteria applied. The prevalence
of IBS by Rome Ⅱ criteria has been reported to vary
from 4.7% to 25% in the West and from 3.7% to 19.1%
in Asia[19]. In the present study, the prevalence of IBS
by Rome Ⅱ criteria was 2.2%. In addition, the overall
prevalence of IBS was similar among men and women;
however, the prevalence of constipation-predominant
IBS was higher in women. There is typically a significant
female predominance with respect to hospital visits by
IBS patients in Western countries, but this trend is not
consistent with community studies and has been attributed to gender differences in health care utilization[19]. In a
recent systematic review of 13 studies on IBS, based on
Rome Ⅱ criteria, 7 studies found a higher prevalence of
IBS in females and 4 studies found no gender difference,
as in the present study[19]. A possible explanation for the
lower female to male ratio in IBS in Koreans may be that
men encounter more socioeconomic problems, causing
increased stress and, as a consequence, an increased level
of IBS[20].
In the present study, we also examined the impact
of GERD, and two common chronic gastrointestinal
symptoms (uninvestigated dyspepsia and IBS) on the
HRQOL. Although a number of studies suggest that the
HRQOL is significantly reduced in patients with chronic
gastrointestinal symptoms in a referral setting, the data
are conflicting[21], and very few studies have evaluated
the impact of chronic gastrointestinal symptoms on
HRQOL in the general population. In the present study,
we observed that the quality of life was significantly impaired in subjects with GERD, uninvestigated dyspepsia
and IBS. These findings are consistent with previous
studies[5,22-24].
The present study showed that old age, female gender, the number of physician visits per year and presence of overlapping symptoms were associated with a
negative impact on several domains of the SF-36. In
general, old age was associated with a less favorable assessment of their personal health, pessimistic health
appraisal, social isolation and unemployment[25]. Few
studies have investigated whether women and men with
chronic gastrointestinal symptoms differ with respect
to the HRQOL measures. In a study based on referral
center and primary care patients, Simren et al[26] observed
that women with IBS had lower HRQOL compared to
men with IBS. In another study, Lee et al[27] also found
that women with IBS reported lower HRQOL scores. In
the present study, a greater number of hospital visits was
associated with a poorer HRQOL, which is in agreement
with a US population-based study[28]. Fifty five percents
of subjects with IBS had sought health care in the past
year, and subjects with IBS had significantly lower IBSQOL scores in the mental health and social functioning
domains[28].
The strengths of the present study were inclusion of
a random population sample, and the use of personal
interviews with the subjects. As a result, we obtained
a high response rate (78.4%), avoided a significant response bias, and had a negligible number of missing
values. Since the interviewers associated with this study
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were trained before the commencement of contact with
the subjects, a uniform survey was possible due to the
fact that the interviewers could explain each aspect of
the questionnaire fully, especially to subjects who were
old, had low education level, or those who could not understand certain items. Sociodemographic factors including age, gender, educational background and economic
level of the individuals in Asan-si were similar to the
Korean population, based on the information obtained
from the Korean National Statistical Office. Asan-si is
a combined urban and farming community. We selected
10 out of the 17 districts of Asan-si. Five districts were
randomly chosen in urban areas and the remaining five
were selected in rural areas, which may have limited the
generalization of the study. However, no differences
were found between the demographic factors and the
prevalence of GI symptoms in the 10 districts, and between rural and urban areas.
In summary, we evaluated the prevalence of chronic
gastrointestinal symptoms in the Korean general population and demonstrated a significant impact of chronic
gastrointestinal symptoms on the HRQOL. Dyspepsia
was found to be the most common chronic gastrointestinal symptom, and the prevalence of GERD and IBS
was lower compared to in the West. The presence of
chronic gastrointestinal symptoms was found to have a
negative impact on the HRQOL. This negative impact
was greater in females, the elderly, individuals of lower
economic class, and in subjects with higher number of
physician visits, and overlapping symptoms.
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Abstract
AIM: To investigate the efficacy and safety of n-3
polyunsaturated fatty acids (PUFA) from seal oils for
patients with nonalcoholic fatty liver disease (NAFLD)
associated with hyperlipidemia.
METHODS: One hundred and forty-four patients with
NAFLD associated with hyperlipidemia were included
in the 24-wk, randomized, controlled trial. The patients
were randomized into two groups. Group A (n = 72)
received recommended diet and 2 g n-3 PUFA from
seal oils, three times a day. Group B (n = 72) received
recommended diet and 2 g placebo, three times a
day. Primary endpoints were fatty liver assessed by
symptom scores, liver alanine aminotransferase (ALT)
and serum lipid levels after 8, 12, 16, and 24 wk.
Hepatic fat infiltration was detected by ultrasonography
at weeks 12 and 24 after treatment.
RESULTS: A total of 134 patients (66 in group A, 68
in group B) were included in the study except for 10
patients who were excluded from the study. After 24 wk
of treatment, no change was observed in body weight,
fasting blood glucose (FBG), renal function and blood
cells of these patients. Total symptom scores, ALT and
triglyceride (TG) levels decreased more significantly

in group A than in group B (P < 0.05). As expected,
there was a tendency toward improvement in aspartate
aminotransferase (AST), γ-glutamyltranspeptidase
(GGT), and total cholesterol (TCHO) and highdensity lipoprotein (HDL) cholesterol levels (P < 0.05)
after administration in the two groups. However, no
significant differences were found between the two
groups. The values of low-density lipoprotein (LDL)
were significantly improved in group A (P < 0.05),
but no significant change was found in group B at
different time points and after a 24-wk treatment. After
treatment, complete fatty liver regression was observed
in 19.70% (13/66) of the patients, and an overall
reduction was found in 53.03% (35/66) of the patients
in group A. In contrast, in group B, only five patients
(7.35%, 5/68) achieved complete fatty liver regression
(P = 0.04), whereas 24 patients (35.29%, 24/68) had
a certain improvement in fatty liver (P = 0.04). No
serious adverse events occurred in all the patients who
completed the treatment.
CONCLUSION: Our results indicate that n-3 PUFA
from seal oils is safe and efficacious for patients with
NAFLD associated with hyperlipidemia and can improve
their total symptom scores, ALT, serum lipid levels and
normalization of ultrasonographic evidence. Further
study is needed to confirm these results.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) represents a
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spectrum of conditions characterized by an excessive
accumulation of hepatic fat in the absence of alcohol
consumption [1] . In Wester n countries and some
regions of China, the prevalence of nonalcoholic
steatohepatitis (NASH) and NAFLD is 1%-5% and
15%-39%, respectively[2]. In most of patients, NAFLD
follows a relatively benign course and remains stable
for years[1]. However, it was recently reported that many
cases of cryptogenic liver cirrhosis may be related to
unrecognized NASH [3] . Thus, treatment should be
reserved for patients at risk of developing severe liver
diseases. Medical therapy for NAFLD and NASH has
been disappointing to date[4]. Although a number of
treatment modalities are available, they cannot prevent
the progression of early liver disease to its advanced
stage, and the only recommended therapies are dietary
modification and weight loss [1,5]. It has been shown
that n-3 polyunsaturated fatty acids (PUFA) is effective
on NAFLD[6-8]. In this study, we evaluated the efficacy
and safety of n-3 PUFA from seal oils in ameliorating
serum lipids and liver enzymes in patients with NAFLD
associated with hyperlipidemia.

MATERIALS AND METHODS
Patients
One hundred and forty-four patients with NAFLD
associated with mixed dyslipidemia were studied as
outpatients in the Tonggji Hospital, Tongji University,
from September 2006 to June 2008. Written informed
consent was obtained from all patients and the study was
approved by the Ethics Committee in Tonggji Hospital
of Tongji University.
The inclusion criteria were as follows: age between
18 and 65 years, lack of excessive alcohol ingestion
confir med by careful questioning by the primar y
physician and dietitians (consumption of less than 70 g
alcohol in female and 140 g in male per week), elevated
serum alanine aminotransferase (ALT) and/or aspartate
aminotransferase (AST) above the normal limit, but
under 5 times the upper limit of the normal range for
≥ 6 mo before the study. Diagnosis of dyslipidemia
was based on the presence of one or more of the
following findings: fasting serum total cholesterol
(TCHO) > 5.7 mmol/L, serum triglyceride (TG) >
1.8 mmol/L and high-density lipoprotein cholesterol
(HDL-C) < 0.8 mmol/L, fatty liver diagnosed by
abdominal ultrasonography, and ability to give informed
consent. Exclusion criteria included overuse of alcohol,
viral hepatitis, hemochromatosis, Wilson’s disease,
autoimmune hepatitis, α -1 antitrypsin deficiency,
primar y sclerosing cholangitis or primar y biliar y
cirrhosis; history of any other hepatic, gastrointestinal,
renal, cardiovascular, neurological or hematological
disorders, psychiatric disorder which might impair the
ability of patients to provide written informed consent;
as well as pregnancy, breastfeeding, or lack of effective
birth control in women at child-bearing age. In addition,
patients were excluded if they were on any medications
www.wjgnet.com
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that could influence liver function during the observation
period or involved in any clinical trial before the study.
Study design
All the patients meeting the criteria for enrollment
agreed to participate in the study. The patients were
randomized into two g roups to receive a 24-wk
treatment. Group A (n = 72) received recommended diet
and 2 g n-3 PUFA from seal oils (Shanghai Hengsheng
Biology & Medicine CO. Ltd, Shanghai, China), three
times a day. Group B (n = 72) received recommended
diet and 2 g placebo (Shanghai Hengsheng Biology
& Medicine CO. Ltd, Shanghai, China), three times
a day. Recommended diet was composed of 50%
carbohydrates, 20% protein and 30% fat in accordance
with the American Heart Association diet[9]. All obese
and overweight patients were advised to lose their weight
with a restriction of daily caloric intake to 25-30 kcal/kg
per day[9]. All medications the patients received during
the 24-wk treatment period were recorded. At the time
of enrolment and when the study was completed, body
temperature, body mass index (BMI), blood pressure and
heart rate were detected and liver ultrasonography was
performed. Laboratory tests included serum ALT, AST,
γ-glutamyltranspeptidase (GGT), TG, TCHO, HDL-C,
LDL-C, FBS, and complete blood cell counts.
During the 24-wk treatment period, total symptom
scores, liver enzymes and fasting lipids were monitored
at weeks 8, 12, 16, and 24. Hepatic fat infiltration was
detected by upper abdominal ultrasonography at weeks
12 and 24. Symptoms included liver discomfort or pain,
weakness, abdominal distention, and nausea. The severity
of each clinical symptom was scored using a 4-point
scale as follows: 0 score = asymptomatic, 1 score = mild,
2 scores = moderate, 3 scores = severe. All patients
were investigated after 12 h fasting and underwent
ultrasonography for liver steatosis. Ultrasound scans
were performed by a trained operator who was blind to
the treatment of participants. The severity of steatosis
was also scored using a 4-point scale as follows[10]: grade
0 = normal echogenicity, grade 1 = slight, grade 2 =
moderate, grade 3 = severe.
Statistical analysis
The data were presented as mean ± SD and analyzed
using SPSS11.5 for Windows (SPSS, Chicago, IL, USA).
Statistical analysis for baseline characteristics of the
study groups was performed using χ2 test and t-test.
Student’s t-test and Wilcoxon signed rank test were used
to evaluate the changes in biochemical parameters before
and after treatment. P < 0.05 was considered statistically
significant.

RESULTS
Characteristics of the patients
Of the 144 patients enrolled in this study, 134 completed
the protocol and were included in the analysis. The
baseline clinical and demographic data about the two

Zhu FS et al . n-3 PUFA on NAFLD associated with hyperlipidemia
Table 1 Baseline characteristics of groups A and B (mean ±
SD)

Age (yr)
Sex ratio (male/female)
Body height (cm)
Weight (kg)
BMI (kg/m2)
HR (/min)
Duration of NAFLD (mo)
SBP (mmHg)
DBP (mmHg)
HB (g/L)
RBC (× 1012/L)
WBC (× 109/L)
Platelet (× 109/L)
BUN (mmol/L)
Creatinine (μmol/L)
FBG (mmol/L)
Total symptom scores
Steatosis degree 0/1/2/3
(%)

Group A
(n = 66)

Group B
(n = 68)

P vaule

45.00 ± 10.91
47/19
169.07 ± 7.96
75.71 ± 10.99
26.37 ± 3.12
75.57 ± 6.24
22.32 ± 38.82
126.59 ± 10.97
82.26 ± 7.50
143.31 ± 16.49
4.71 ± 0.57
6.16 ± 1.58
205.79 ± 49.43
5.30 ± 1.67
72.56 ± 15.27
5.89 ± 1.20
1.87 ± 1.18
0/30/56/14

44.03 ± 11.30
50/18
169.71 ± 7.89
75.16 ± 11.33
25.96 ± 2.70
75.89 ± 6.58
13.65 ± 20.00
125.89 ± 9.87
81.59 ± 8.02
145.53 ± 15.52
4.76 ± 0.61
6.52 ± 1.45
195.78 ± 53.33
5.19 ± 1.57
76.69 ± 15.35
5.46 ± 1.82
1.79 ± 0.45
0/37/48/15

0.74
0.76
0.88
0.93
0.57
0.32
0.55
0.58
0.81
0.58
0.84
0.18
0.53
0.63
  0.2
0.43
0.23
0.63

Table 2 Liver enzymes, lipid parameters and ultrasound
findings before and after treatment in groups A and B (mean
± SD)
Variables

BMI: Body mass index; HR: Heart rate; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; HB: Haematoglobin; RBC: Red blood cells; WBC:
White blood cells; BUN: Blood urea nitrogen; FBG: Fasting blood glucose.

groups are shown in Table 1. Patients in the two groups
were matched for age, sex, body height and weight, BMI,
HR, course of disease, blood pressure, and blood tests
including transaminase and lipid concentrations. The
ultrasound stages of steatosis were also paired (P = 0.63).
No patient was classified as grade 0. In group A, 37%
of the patients were classified as grade1, 48% as grade 2,
and 15% as grade 3, respectively. In group B, 30% of the
patients were classified as grade 1, 56% as grade 2, and
14% as grade 3, respectively.
Findings in the two groups before and after treatment
No significant difference was obser ved in dietary
compliance, BMI, blood pressure, HR, HB, RBC, WBC,
platelet, serum BUN and creatinine(Cr) between the
two groups. At the end of a 24-wk treatment period,
a significant improvement in several liver and lipid
parameters was observed between the two groups. In
particular, total symptom scores, ALT and TG levels
decreased more significantly (P < 0.01) in Group A (total
symptom score = 1.87 ± 1.18 to 0.42 ± 0.72, ALT =
62.79 ± 35.92 U/L to 39.27 ± 18.94 U/L, TG= 3.94 ±
2.69 mmol/L to 2.08 ± 1.03 mmol/L) than in Group
B (total symptom score = 1.87 ± 1.18 to 0.42 ± 0.72,
ALT = 79.76 ± 50.59U/L to 42.32 ± 22.23U/L, TG =
3.80 ± 2.85 mmol/L to 2.33 ± 1.42 mmol/L) (Table 2).
As compared to the pretreatment values, total symptom
score, ALT and TG levels at weeks 8, 12, and 16
decreased significantly in the two groups after treatment
(P < 0.01).
As expected, there was a tendency toward
improvement in AST, GGT, TCHO, and HDL levels (P
< 0.05) in the two groups after treatment. However, no
significant difference was observed in the two groups.
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At baseline
Total symptom scores
Serum ALT (U/L)
Serum AST (U/L)
Serum GGT (U/L)
Serum TCHO (mmol/L)
Serum TG (mmol/L)
Serum HDL-C (mmol/L)
Serum LDL-C (mmol/L)
Steatosis degree 0/1/2/3 (%)
At week 8
Total symptom scores
Serum ALT (U/L)
Serum AST (U/L)
Serum GGT (U/L)
Serum TCHO (mmol/L)
Serum TG (mmol/L)
Serum HDL-C (mmol/L)
Serum LDL-C (mmol/L)
At week 12
Total symptom scores
Serum ALT (U/L)
Serum AST (U/L)
Serum GGT (U/L)
Serum TCHO (mmol/L)
Serum TG (mmol/L)
Serum HDL-C (mmol/L)
Serum LDL-C (mmol/L)
Steatosis degree 0/1/2/3 (%)
At week 16
Total symptom scores
Serum ALT (U/L)
Serum AST (U/L)
Serum GGT (U/L)
Serum TCHO (mmol/L)
Serum TG (mmol/L)
Serum HDL-C (mmol/L)
Serum LDL-C (mmol/L)
At week 24
Total symptom scores
Serum ALT (U/L)
Serum AST (U/L)
Serum GGT (U/L)
Serum TCHO (mmol/L)
Serum TG (mmol/L)
Serum HDL-C (mmol/L)
Serum LDL-C (mmol/L)
Steatosis degree 0/1/2/3 (%)

Group A (n = 66) Group B (n = 68)
1.87 ± 1.18
62.79 ± 35.92
38.13 ± 20.99
72.53 ± 52.48
6.30 ± 0.83
3.94 ± 2.69
1.01 ± 0.24
3.26 ± 0.98
0/30/56/14

1.79 ± 1.45
79.76 ± 50.59
50.09 ± 39.05
  79.96 ± 5.27
5.91 ± 1.16
3.80 ± 2.85
1.05 ± 0.33
3.19 ± 0.92
0/37/48/15

1.00 ± 0.96b,c
50.81 ± 35.24b,c
35.25 ± 21.20a
57.82 ± 50.22a
5.81 ± 0.81a,c
2.86 ± 1.49b
1.04 ± 0.19
3.16 ± 0.80a

1.23 ± 1.21b
61.09 ± 40.30b
39.84 ± 23.55a
79.97 ± 87.16
5.90 ± 0.97a
3.17 ± 2.80b
1.13 ± 0.24
3.16 ± 0.85

0.66 ± 0.87b,d
47.48 ± 33.30b,c
30.69 ± 16.80a
46.94 ± 35.38b
5.66 ± 1.18a
2.47 ± 1.75a,c
1.12 ± 0.24a
3.10 ± 0.98a
9/64/21/6a

0.97 ± 1.10b
55.17 ± 43.15b
37.26 ± 19.57a
72.87 ± 73.30a
5.74 ± 1.14a
2.80 ± 2.57a
1.15 ± 0.28a
3.14 ± 0.85
9/59/26/6a

0.40 ± 0.60b,d
45.06 ± 34.23b,c
30.18 ± 15.40a
44.34 ± 39.50b
5.69 ± 0.99a
2.26 ± 1.26b,d
1.13 ± 0.22a
3.12 ± 0.83a

0.77 ± 1.07b
44.13 ± 33.15b
32.03 ± 16.51a
62.86 ± 78.00a
5.68 ± 0.99a
2.64 ± 2.90b
1.22 ± 0.28a
3.12 ± 0.87

0.42 ± 0.72b,d
39.27 ± 18.94b,d
30.45 ± 12.67a
42.47 ± 26.84b
5.08 ± 0.76a
2.08 ± 1.03b,d
1.25 ± 0.25a
3.12 ± 0.84a
20/64/12/4b,d

0.53 ± 0.97b
42.32 ± 22.23b
30.25 ± 14.21a
58.43 ± 36.21b
5.21 ± 1.22a
2.33 ± 1.42b
1.20 ± 0.21a
3.11 ± 0.78
7/51/36/6a

TCHO: Total cholesterol; TG: Triglycerides; HDL-C: High density
lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol. aP <
0.05, bP < 0.01 vs baseline; cP < 0.05, dP < 0.01 vs group B.

Significant improvements were found in serum LDL-C
levels of group A (P < 0.05), but not found in group B
after treatment.
Ultrasonography showed a normal liver echopattern
at the end of treatment in 19.70% (13/66) of the
patients, and an overall reduction in 53.03% (35/66)
of the patients in group A. In contrast, only five
patients (7.35%, 5/68) achieved complete regression
(P = 0.04), whereas 24 patients (35.29%, 24/68) had a
certain reduction (P = 0.04) in group B. No change was
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observed in the remaining 64.71% of patients.
Gastrointestinal complaints of increased fecal
frequency, epigastria, and defecation were occasionally
noted in 8 of the 134 patients; but these adverse effects
were not significantly different in the two groups. The
patients recovered when they completed the treatment.
Most of the patients who completed the treatment had
no adverse events, indicating that they can tolerate the
treatment. No severe adverse event was observed.

DISCUSSION
NAFLD is a chronic disease with multiple consequences.
The spectrum of this disease ranges from simple
steatosis to NASH, which may lead to liver fibrosis
and cirrhosis [11-13]. It has also been well established
that NAFLD is intimately related to various clinical
and biological markers of the insulin resistance
s y n d r o m e [14-16]. T h e p a t h o g e n e s i s o f N A S H i s
multifactorial, including insulin resistance, excessive
intracellular fatty acids, oxidant stress, mitochondrial
dysfunction and innate immunity [17] . However, the
pathogenesis of NAFLD/NASH is yet to be clearly
elucidated. Since the most prevailing general theory is
the “two-hit” hypothesis proposed by Day and James in
1998[16], most treatment modalities should be focused
on improving the “two-hit” hypothesis or insulin
resistance[18].
Currently, therapeutic options are limited. The
present “gold standard” for NAFLD is weight reduction,
or more precisely, a reduction in central obesity so
as to reverse insulin resistance[19-21]. Standard practice
advocates weight loss and exercise. Such “lifestyle
adjustment” or anti-obesity measures (including bariatric
surgery when required) can improve insulin sensitivity
with only a modest weight loss (2-8 kg)[22-24], which is
difficult for most patients to achieve.
It was reported that dietary supplementation with
fatty acids, such as fish and fish oils, can improve
NAFLD associated with hyperlipidemia by modifying
the function of platelets and leukocytes[25-26]. Suggested
modes of action are through their modulation of
eicosanoid synthesis and reduction in plasma TG
concentration. The fat composition of seal oils
differs significantly from that of fish. In marine
mammals, eicosapentaenoic acid (EPA, 20:5 n-3) and
docosahexaenoic acid (DHA, 22:6 n-3) are found mainly
at the sn-1 and sn-3 positions of TG, whereas in fish,
these fatty acids are positioned in sn-2, which may
display the better effects on NAFLD associated with
hyperlipidemia than fish oils.
Increased fat intake with an excessive amount of n-6
fatty acids can promote NAFLD. However, n-3 PUFA
can ameliorate experimental NAFLD[27]. It was reported
that n-3 PUFA from different animals is effective against
NAFLD[28-30]. In this study, we evaluated the efficacy and
safety of n-3 fatty acids from seal oils in 144 patients
with NAFLD associated with hyperlipidemia. The
results showed that treatment of NAFLD patients with
hyperlipidemia with n-3 PUFA from seal oils significantly
www.wjgnet.com
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reduced their total symptom score, ALT and lipid levels,
and normalized ultrasonographic evidence compared to
treatment with the recommended diet alone.
As expected, there was a tendency toward improvement in AST, GGT, TC, and HDL levels (P < 0.05) in
the two groups after treatment. However, no significant
difference was seen in the two groups. Spadaro et al[29] also
reported that serum GGT, HDL, ALT, and lipid levels
are decreased after treatment. In the present study, the
values of LDL were significantly improved in group A (P
< 0.05), but not in group B at different time points and
after a 24-wk treatment period. Ultrasonography showed
complete fatty liver regression in 19.70% (13/66) of the
patients, and an overall reduction in 53.03% (35/66) of
the patients in group A. In contrast, only five patients
(7.35%, 5/68) achieved complete regression (P = 0.04),
whereas 24 patients (35.29%, 24/68) had a certain
reduction (P = 0.04) in group B. No change was observed
in the remaining 64.71% of patients.
Tanaka et al[31] reported that treatment with EPA,
one of the major components of n-3 PUFA, seems
to be safe and efficacious for patients with NASH,
largely due to its anti-inflammatory and anti-oxidative
properties. On the other hand, n-3 PUFA could reduce
VLDL production, resulting in decreased ser um
triglyceride levels[32-34]. These findings are consistent with
our findings, such as improvement in total symptom
score, ALT and lipid levels and nor malization of
ultrasonographic evidence in patients with NAFLD
associated with hyperlipidemia. Improvement in serum
biochemistry parameters was also observed in group B,
indicating that restricted diet and exercise can reverse
insulin resistance at a certain extent[35-37]. In the present
study, the two drugs (placebo and seal oils) appeared to
be safe and effective in patients with NAFLD associated
with hyperlipidemia and no severe side effects were
observed during treatment.
The gold standard for diagnosis of NAFLD is liver
biopsy, but it is not frequently performed in NAFLD
patients due to its low acceptance rate[38]. In our study,
ultrasonography was performed to detect and monitor
changes in the liver since it is sensitive, cheap, invasive
and easy to perform. However, lack of histological
findings is a major drawback of this investigation.
In conclusion, treatment of NAFLD associated
with hyperlipidemia with PUFA from seal oils seems
to be safe and efficacious, and can improve the total
symptom score, ALT and lipid levels and normalization
of ultrasonographic evidence. Further study is needed to
confirm these results.
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Abstract
AIM: To determine the influence of excision repair
cross complementing group 1 (ERCC1 ) codon 118
polymorphism and mRNA level on the clinical outcome
of gastric cancer patients treated with oxaliplatin-based
adjuvant chemotherapy.
METHODS: Eighty-nine gastric cancer patients
treated with oxalipatin-based adjuvant chemotherapy
were included in this study. ERCC1 codon 118 C/T
polymorphism was tested by polymerase chain
reaction-ligation detection reaction (PCR-LDR) method
in peripheral blood lymphocytes of those patients;
and the intratumoral ERCC1 mRNA expression
was measured using reverse transcription PCR in
62 patients whose tumor tissue specimens were
available.
RESULTS: No significant relationship was found
between ERCC1 codon 118 polymorphism and ERCC1
mRNA level. The median relapse-free and overall
survival period was 20.1 mo and 28.4 mo, respectively.
The relapse-free and overall survivals in patients with
low levels of ERCC1 mRNA were significantly longer
than those in patients with high levels (P < 0.05), while
there was no significant association found between
ERCC1 118 genotypes and the disease prognosis.
Multivariate analysis also showed that ERCC1 mRNA
level was a potential predictor for relapse and survival

in gastric cancer patients treated with oxaliplatin-based
adjuvant chemotherapy (P < 0.05).
CONCLUSION: ERCC1 codon 118 polymorphism has
no significant impact on ERCC1 mRNA expression, and
the intratumoral ERCC1 mRNA level but not codon 118
polymorphism may be a useful predictive parameter
for the relapse and survival of gastric cancer patients
receiving oxaliplatin-based adjuvant chemotherapy.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In China, gastric cancer is the leading cause of cancer
deaths, accounting for nearly one-fourth of all cancer
deaths. Surgery is the primary modality for managing
early-stage and locally-advanced disease. However, even
after gastrectomy, the majority of patients develop local
or distant recurrence [1]. Adjuvant chemotherapy for
gastric cancer has been under clinical investigation for
more than four decades. Fluoropyrimidines, platinumdrugs and taxanes were shown to be effective in the
treatment of gastric cancer. However, the response rates
of these drugs or their combinations were less than
50%[2,3]. There is no standard regimen for postoperative
treatment at the moment. Having an effective assay
to predict the response to a given chemotherapeutic
protocol beforehand would greatly enhance the success
rate as well as the life quality of the patients.
The nucleotide excision repair (NER) system plays
a significant role in repairing a variety of distorting
www.wjgnet.com
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lesions, including platinum-drug induced DNA adducts.
Oxaliplatin is a platinum-based therapeutic agent that has
shown anti-tumor activities in gastric cancer. Resistance
to oxaliplatin has been attributed to enhanced tolerance
and repair of DNA damage through the NER pathway.
As an excision nuclease within the NER pathway,
excision repair cross complementing group 1 (ERCC1)
has been reported to play a major role in the response
to platinum-based chemotherapy. Studies have shown
that the higher the ERCC1 expression levels, the less
sensitive the tumors to platinum therapies[4-7]. Recently,
a single nucleotide polymorphism at codon 118 (C→T)
was reported to be associated with altered ERCC1 mRNA
levels[8] and clinical outcome in cancer patients treated
with platinum-based chemotherapy[9-12]. However, the
results about the relationship among ERCC1 codon
118 polymorphism, ERCC1 mRNA level and platinum
sensitivity are controversial. In this study, we investigated
whether the ERCC1 codon 118 polymorphism could
influence ERCC1 mRNA expression, and whether the
polymorphism, and the intratumoral ERCC1 mRNA
expression have the prognostic value for the gastric cancer
patients receiving oxaliplatin-based adjuvant treatment.

MATERIALS AND METHODS
Patients
From June 2001 to March 2006, 89 patients with
histologically confirmed gastric cancer were enrolled
in this study at the 4th Affiliated Hospital of Suzhou
University. Inclusion criteria included: (1) patients
without early recurrence or incurable resection, (2)
patients receiving no other adjuvant treatment, such
as radiotherapy or immunotherapy, and (3) patients
with their performance status score of 0-1 and a life
expectancy over 6 mo. All those patients received
radical surgery, and then were treated with at least
four cycles of oxaliplatin-based adjuvant treatment,
including 70 with 5-FU/leucovorin/oxaliplatin
(FOLFOX4: oxaliplatin 85 mg/m 2 and leucovorin
400 mg/m2 followed on days 1 and 2 by 5-FU 400 mg/m2
intravenous (IV) bolus, then 600 mg/m2 IV over 22-h
continuous infusion, and repeated every 2 wk), 9 with
5-FU/leucovorin/oxaliplatin/other regimens (taxanes or
hydroxycamptothecin) (paclitaxel 135 mg/m2 or docetaxol
75 mg/m2 on day 1, hydroxycamptothecin 8 mg/m2 on
days 1-5; and the usage of 5-FU and leucovorin was the
same as that in FOLFOX4). If patients had hematologic
toxic effects of -grade 3 or grade 4 or nonhematologic
toxic effects of grades 2-4, their daily dose was reduced
properly.
Blood samples were collected in EDTA-containing
tubes from gastric cancer patients before surgery or
chemotherapy, and tumor tissue samples were obtained
during surgery, and stored in liquid nitrogen until
preparation of RNA extracts. Follow-up of those
patients was made at 3-mo intervals after chemotherapy
at outpatient clinics or by routine phone calls. This study
was approved by the ethics and research committee of
our hospital.
www.wjgnet.com
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Table 1 The sequences of primers and probes
Primers or
probes
actin-U
actin-L
ERCC1-U
ERCC1-L
ERCC1-118-U
ERCC1-118-L
ERCC1-118-P

Sequences (5'-3')

Length of
product (bp)

AGAAGATGACCCAGATCATGTT
CTTAATGTCACGCACGATTTCC
TACCACAACCTGCACCCAGACTAC
CTGACTGTCCGTTTTGTTGACTGA
GGTCATCCCTATTGATGGCTTCTG
AGCTCACCTGAGGAACAGGGCACAG
p-TTGCGCACGAACTTCAGTACGGGAT
GGGACACTAATCGGAGGATTA-FAM
ERCC1-118-T CTACGGAG GATTATGAGGAGCTGCGT
CGCCAAATTCCCAGGGCACA
ERCC1-118-C CTACGAAATCAGGAGGATTATGAGGA
GACGTCGCCAAATTCCCAGGG CACG

290
321
154

92
97

Genotyping of ERCC1 codon 118 polymorphism
Genomic DNA was isolated from peripheral blood
lymphocytes using Axygene genomic DNA purification
kit (Axygen Biotechnology, China). The primers and
probes are listed in Table 1. Genotyping of ERCC1
codon 118 was performed using polymerase chain
reaction-ligation detection reaction (PCR-LDR ) method
as described previously[13].
Relative quantitative analysis of ERCC1 mRNA using
reverse transcription-polymerase chain reaction (RT-PCR)
Total RNA was extracted from 62 tumor tissues using
Trizol (Invitrogen Corporation, CA) according to the
manufacturer’s instructions. The amount of total RNA
was estimated by ultraviolet absorbance at 260 nm, and
the quality was determined by agarose gel electrophoresis
in the presence of formaldehyde. cDNA strand synthesis
was performed using a reverse transcription system
(Promega Corporation, US).
ERCC1 and an internal reference gene (β-actin) cDNA
fragments were amplified separately by PCR in triplicates.
The PCRs were carried out in a total volume of 25 μL
including 2 μL cDNA, 1× PCR buffer, 1.5 mmol/L
MgCl2, 0.2 mmol/L dNTPs, 0.5 μmol/L each primer,
1 U hot-start Taq DNA polymerase (QIAgen). Cycling
parameters were as follows: 95℃ for 15 min; 35 cycles of
94℃ for 40 s, 52℃ for 30 s, and 72℃ for 30 s; and a final
extension step at 72℃ for 10 min. PCR products were
analyzed by 2% agarose gel electrophoresis, and ethidium
bromide staining following by visualization with ultraviolet
illumination using a gel imaging analyzing system. ERCC1
amplification products were calculated as a ratio of the
gray scale of ERCC1 to that of β-actin.
Statistical analysis
Data analysis was performed using SPSS 13.0 for
Windows. ERCC1 levels were categorized into a low
and high value using the median concentration as a
cut-off point. The relationship between the genotype
frequencies, mRNA, levels and clinical characteristics
were assessed by χ2 or Fisher’s exact probability tests.
The Mann-Whitney U test was used to assess the
correlation between ERCC1 genotypes and mRNA
levels. Relapse-free survival (RFS) was defined as the
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Table 2 Relationship among ERCC1 genotypes, mRNA expression and clinical characteristics of gastric
cancer
n

Clinical
characteristics

χ2

P

C/C
C/T + T/T
(n = 45) (n = 44)

Age (yr)
≥ 58
< 58
Gender
Male
Female
TNM stage
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Grading
G2
G3

90

ERCC1 polymorphism

100

χ2

ERCC1 mRNA
High value
(n = 31)

P

Low value
(n = 31)

48
41

25
20

23
21

0.096

0.833

18
13

18
13

0

1.000

66
23

31
14

35
9

1.318

0.334

20
11

24
7

0.253

0.402

19
70

13
31

6
39

3.082

0.079

6
25

6
25

0

1.000

45
44

20
21

24
20

0.552

0.527

15
16

19
12

1.042

0.444

T C G T GC G C A A  T G T G C  C C T GG  G  A A

1

2

3

4

5

6

7
β-actin

T/T

ERCC1

Figure 2 RT-PCR results of ERCC1 mRNA in gastric cancer tissues.

sz 96.90
90

100

T C G T GC G C A A C GT G C  C C T GG  G  A A

C/T

sz 91.81 sz 96.86
90

T C G T GC G C A A C GT G C  C C T GG  G  A A

C/C

sz 91.80

Figure 1 Genotyping results of ERCC1 codon 118 polymorphism
electrophoresis results of PCR-LDR products with different genotypes and
its sequencing results. LDR products of ERCC1 118 C/C and T/T were 92 and
97 base pairs. The SNP sites are indicated by the arrowhead. The results were
completely matched to the corresponding results derived from PCR-LDR.

time interval between the date of surgery and the date
of confirmed relapse or the date of last follow-up.
Overall survival (OS) was defined as the time between
surgery and death. Survival curves were generated by the
Kaplan-Meier method, and verified by the log-rank test.
Cox proportional hazards regression analysis was used
to estimate odds ratios (ORs) and their 95% confidence
intervals (CIs), representing the overall relative risk of
relapse and death associated with ERCC1 polymorphism
or expression, and to adjust for potential confounding
variables. All of the values were two-sided and statistical
significance was defined as P < 0.05.

RESULTS
ERCC1 genotypes and mRNA expression
A total of 89 patients were analyzed. Their demographic
and disease characteristics are shown in Table 2. The
allelic discrimination data from PCR-LDR assay were
confirmed by direct sequencing of representative PCR
products (Figure 1). Of the 89 patients, the frequencies
of ERCC1 codon 118 C/C, C/T and T/T were 50.6%
(45/89), 42.7% (38/89) and 6.7% (6/89); and the
allele frequencies of A and T were 71.9% and 28.1%,
respectively. Genotype distribution of ERCC1 codon
118 was consistent with the Hardy-Weinberg equilibrium
among patients (χ2 = 0.288, P > 0.05).
Gastric cancer tissue samples were available in 62
patients. The intratumoral expression of ERCC1 mRNA
in those tissues was tested by semi-quantitative RT-PCR
(Figure 2). A marked inter-individual variation in ERCC1
mRNA expression in the 62 samples was observed:
ERCC1/β-actin ratios ranged from 0.087 to 1.006 with a
median value of 0.672. The median value was assigned
as the cut-off value to divide those 62 patients into two
groups with high or low ERCC1 mRNA values.
No significant relationship was found between
ERCC1 expression and ERCC1 codon 118 genotypes
(the median ERCC1 expression was 0.680 for C/C
and 0.665 for C/T + T/T; Z = -0.592, P = 0.554)
(Figure 3).
No significant association was found between
age, gender, stage or grading and ERCC1 codon 118
polymorphism or mRNA levels, except that a trend was
found between the polymorphism and stage (P = 0.079)
(Table 2).
www.wjgnet.com
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Figure 4 Relapse-free survival curves of gastric cancer patients
according to ERCC1 mRNA expression and ERCC1 118 C/T polymorphism
relapse-free survival curves according to ERCC1 mRNA expression (A) or
ERCC1 118 polymorphism (B). The relapse-free survival in patients with high
levels of ERCC1 mRNA (> 0.672) was significantly poorer than that in patients
with low levels (≤ 0.672) (P < 0.05), while there was no significant difference
between patients with ERCC1 118 C/C and variant genotypes (T/T or C/T).

Associations between ERCC1 polymorphism,
mRNA levels and clinical outcome
Patients with the C/C genotype showed a trend towards
correlation with prolonged RFS when compared to those
with the C/T + T/T genotypes (22.0 mo vs 16.5 mo, χ2
www.wjgnet.com
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Figure 5 Overall survival curves of gastric cancer patients according to
ERCC1 mRNA expression and ERCC1 118 C/T polymorphism survival
curves according to ERCC1 mRNA levels (A) or ERCC1 118 polymorphism
(B). The overall survival in patients with low level of ERCC1 mRNA was
significantly longer than that in patients with high levels (P < 0.05), while there
was no significant difference found between patients with ERCC1 118 C/C and
variant genotypes (T/T or C/T).

= 3.602, P = 0.058, Figure 4A). The median OS was 29.8
(95% CI = 20.9-83.1) mo for the patients with the C/C
genotype, and 26.4 (95% CI = 22.1-34.7) mo in those
with the C/T or T/T genotype (χ2 = 1.548, P = 0.214)
(Figure 5A). The median RFS was 23.8 mo in patients
with low ERCC1 values, but only 13.2 mo in patients with
high ERCC1 levels (χ2 = 5.464, P = 0.019) (Figure 4B).
A significant difference in OS also was found between the
groups with low ERCC1 levels and high ERCC1 levels
(29.6 mo vs 18.7 mo, χ2 = 4.546, P = 0.033) (Figure 5B).
Cox multivariate analysis showed that, after adjustment
for age, gender, stage and grading, a high ERCC1 mRNA
level appeared to be an independent risk factor for RFS
(adjusted OR = 2.493, 95% CI: 1.291-4.814, P = 0.006)
and OS (adjusted OR = 2.449, 95% CI: 1.264-4.743, P
= 0.008). No significant association was found between
ERCC1 codon 118 genotypes and RFS (adjusted OR =
1.644, 95% CI = 0.954-2.833, P = 0.074) or OS (adjusted
OR = 1.310, 95% CI = 0.727-2.358, P = 0.369).

DISCUSSION
Optimal chemotherapeutic treatment would allow
clinicians to maximize the benefits of cancer

Huang ZH et al . Prognostic effect of ERCC1 in gastric cancer

chemotherapy. Successful adjuvant chemotherapy
following gastrectomy is crucial for a favorable outcome
in gastric cancer. However, few prognostic and predictive
markers have been identified to individualize treatment,
maximize therapeutic effect. The ERCC1 expression and
codon 118 polymorphism have been reported to influence
platinum-based drug sensitivity in advanced or metastatic
cancers. The aim of this study was to determine whether
ERCC1 codon 118 polymorphism could influence
the intratumoral ERCC1 mRNA level and predict the
clinical outcome of gastric cancer patients treated with
oxaliplatin-based adjuvant chemotherapy.
Some studies suggested that impaired DNA repair
within the tumor could lead to the decreased removal of
platinum-DNA adducts and, therefore, increased clinical
response to platinum chemotherapy. ERCC1 mRNA
level has been shown to correlate with nucleotide excision
repair capacity. Chinese hamster ovary cells, which do not
express a functional ERCC1 protein, are more susceptible
to platinum-drugs than the parental cell line with normal
ERCC1[4]. So it is naturally expected that the higher the
levels of ERCC1 expression, the less susceptible the
tumors to platinum agents. Recently, a synonymous
polymorphism at codon 118 converting a common codon
usage (AAC) to an infrequent one (AAT), both coding
for asparagine, has been associated with reduced mRNA
and protein levels[8]. However, the assumed relationship
between ERCC1 codon 118 polymorphism and
expression was not always observed[14]. In this study, the
ERCC1 mRNA levels in patients with C/C genotype was
higher than that in patients with C/T or T/T genotype;
but the difference failed to reach statistical significance
(P > 0.05), which suggested that the polymorphism may
have limited impact on ERCC1 mRNA levels. In addition,
the possibility that ERCC1 codon 118 polymorphism is
in linkage disequilibrium with other ERCC1 mutations
or polymorphisms that directly affect its expression also
cannot be ruled out. Other possible reasons may be the
relatively small sample size of the present study, and the
quantitative method for ERCC1 mRNA expression used
in this study. In the future, using more accurate real-time
quantitative RT-PCR assay on the large number of patients
may help us to give more persuasive data on the putative
association.
Although ERCC1 codon 118 polymorphism
has been extensively studied for its involvement
in carcinogenesis [15,16] , the predictive value of the
polymorphism on platinum chemotherapy has not been
studied thoroughly. The functional importance of this
polymorphism is still under debate. A limited number
of studies suggest that the favorable prognosis seems
associated with the T allele [12,17-19]; but controversial
results also exist[9-11,20,21]. Viguier et al[12] and MartinezBalibrea et al[19] found that colorectal cancer patients
with the ERCC1 118 T/T genotype were more likely to
respond to oxaliplatin-based chemotherapy than carriers
of the other genotypes. The favorable effect of T/T
genotype also was found in lung cancer[22], pancreatic
cancer [23], and ovarian cancer [18] patients treated with
platinum-based chemotherapy. However, other studies
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on lung cancer[10] and colorectal cancer[9,11,20,21] showed
opposite results. In addition, several studies demonstrated
that no clear association was found between ERCC1
codon 118 polymorphism and platinum sensitivity[24-26].
In a recent study on advanced gastric cancer treated
with fluorouracil/cisplatin palliative chemotherapy, a
tendency to higher response rate was found in patients
with C allele (P = 0.09). In this study, patients with the
C/C genotype also showed a trend to prolonged RFS
when compared to those with the other genotypes,
while no significant relationship was found between
ERCC1 codon 118 genotypes and OS. The small sample
size (n = 89) of the present study might remain a
limitation to clarify the exact role of ERCC1 codon 118
polymorphism. Other possible reasons for controversial
results may include genotyping in normal or tumor
tissues, variable doses and schedules of platinum-based
therapy, different ethnic populations, variable tumor
stage and different kind of cancers.
A limitation of the presented study is that we only
analyzed germline genotype. The germline genotypes
offer better clinical accessibility and applicability,
compared to tumor tissue, which presents difficulties
in obtaining and handling samples. To analyze somatic
genotype from tumor tissues was not easy. It is difficult
to purify malignant cells from miscellaneous normal cells
in clinical tumor tissue even using laser microdissection.
The classification of a certain gene polymorphism may
be hampered in a mixture of normal and malignant
cells, which has been clearly illustrated by loss of
heterozygosity. The correlation between germline
genotype from peripheral blood and tumor tissue should
be considered. To the best of our knowledge, there are
no related reports on the impact of LOH on ERCC1
polymorphism in gastric cancer. Hence, the possible
influence of LOH on ERCC1 genotyping should be
discussed in the future.
Relative consensus conclusions were obtained
regarding the effect of ERCC1 expression on platinumdrug sensitivity. A multi-centers study on non–smallcell lung cancer found that cisplatin-based adjuvant
chemotherapy significantly prolonged survival among
patients with ERCC1-negative tumors, but not among
patients with ERCC1-positive tumors[5]. In advanced
gastric cancer patients treated with 5-FU and oxaliplatin,
favorable response rate and survival were also found in
patients without ERCC1 protein expression[7]. Other
studies showed that the low intratumoral ERCC1
mRNA expression was associated with favorable
clinical outcomes after treatment with platinum-based
chemotherapy in lung cancer[27,28], colorectal cancer[29],
gastric cancer[30-32], ovarian cancer[33], bladder cancer[34],
head and neck cancer[35]. A recent phase Ⅲ trial in nonsmall-cell lung cancer also demonstrated that assessment
of intratumoral ERCC1 mRNA expression is feasible in
the clinical setting and predicts response to cisplatin[36].
However, most of those studies focused on the influence
of ERCC1 expression on the effect of platinum-drug in
advanced or metastatic diseases, little was known about
its effect on platinum-drug adjuvant chemotherapy. Our
www.wjgnet.com
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results suggested that low ERCC1 mRNA level appeared
to be an independent prognostic factor for better
prognosis, which is consistent with the results observed
in advanced gastric cancer[30-32].
In conclusion, ERCC1 codon 118 polymorphism
has no significant effect on ERCC1 mRNA expression;
and the intratumoral ERCC1 mRNA level, but not
ERCC1 codon 118 polymorphism may be an important
prognostic marker for the clinical outcome of gastric
cancer patients treated with oxaliplatin-based adjuvant
chemotherapy. Detection of the intratumoral ERCC1
mRNA expression may give meaningful clinical
information with respect to the rational choice platinum
compound in the treatment of gastric cancer.
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Abstract
Acute acalculous cholecystitis (AAC) is defined as an
acute inflammation of the gallbladder in the absence of
stones. We herein report a case of a young man who
developed AAC after a Salmonella enteritidis gastrointestinal infection.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Acute acalculous cholecystitis (AAC) is defined as an
acute inflammation of the gallbladder in the absence
www.wjgnet.com

of stones. Traditionally, it was considered a fatal disease
almost exclusively of critical ill patients; however, there
are recent reports of cases of AAC affecting less severe
patients with good prognosis treated with antibiotics, in
the absence of cholecystectomy.
We herein report a case of a young man who
developed AAC after a Salmonella enteritidis gastrointestinal
infection.

CASE REPORT
A 27-year-old man was admitted to hospital with
abdominal pain, diarrhoea, persistent vomiting and 38℃
temperature. On physical examination, he was febrile,
but in a good state of health. His abdomen was mildly
tender to palpation with guarding in his lower right area.
Laboratory tests disclosed a white cell count of 5300 ×
1000/μL with 50% neutrophils and 32% lymphocytes,
and haemoglobin and platelets were nor mal. The
biochemical studies including liver and renal tests,
electrolyte panel and coagulation profile, were normal.
An abdominal X-ray film showed gas in several loops
of a moderately dilated small bowel, and an abdominal
sonography disclosed marked mucosal thickening in
the right quadrant affecting ileon loops, cecum and
ascending colon with small lymph node enlargement;
the remainder of the abdominal contents, including the
gallbladder were normal. Serology for Salmonella typhi H
and O, Yersinia and Shigella were negative, as were blood
cultures. The coproculture obtained on admission was
positive for Salmonella enteritidis.
The patient was treated with intravenous fluids,
analgesics and antipyretics and became afebrile on the
second day; in a week time, the abdominal pain subsided
and he was able to restart oral diet so he was discharged
from hospital.
The following day he returned to the Emergency
Department due to epigastric and right hypochondria
pain, nausea and fever. He had no diarrhoea. On physical
examination, he presented a temperature of 38℃, a tender
upper abdomen, and Murphy’s sign. The laboratory tests
showed mild normocytic-normochromic anaemia with
7900 × 1000/μL white cells. The biochemical tests were
normal. A new abdominal sonography disclosed normal
intestinal loops, but his gallbladder was distended and
presented a markedly thick wall (7 mm) with no stones,
and was surrounded by a little fluid collection.
He was then administered intravenous antibiotics
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(ciprofloxacine and metronidazole) and showed no signs
of fever on the second day. The abdominal pain slowly
subsided. Blood, urine and faeces cultures taken on
admission showed negative results. He was discharged
10 d later on oral antibiotics and controlled as an
outpatient. A new abdominal ultrasound disclosed a
normal gallbladder without lithiasis or sludge.

DISCUSSION
AAC accounts for 5%-14% of all cases of acute
cholecystitis[1,2]. Patients tend to be predominantly male
and older than 50 years of age.
The pathogenesis of AAC is not well defined as
the precise mechanism is unknown to date. It seems
that several factors such as ischemia, infection and bile
changes are involved. Ryu et al[1] found that patients with
visceral atherosclerosis may be at increased risk for acute
acalculous cholecystitis due to an impaired mucosal
resistance. Systemic sepsis with release of mediators and
bile stasis with alterations in the chemical composition
of bile are another implicated potential pathogenic
mechanisms involved. Multiple risk factors such as
previous surgery and trauma or burn injury have been
associated, but none of them were present in our patient.
However, as in our patient, AAC may also occur from
secondary infection of the gallbladder following a systemic
infection by bacteria[3], virus[4], parasites[5] or fungi.
AAC due to primary bacterial infection is rare.
Several cases have been reported complicating Salmonella
typhi infection[3,6] and after non-typhoidal salmonellosis[7,8]
as well.
During the past two decades, an increase in the
number of Salmonella enteritidis isolates has been observed
even in developed countries[9], and there are also rare
complications of this common disease described in
medical literature[10] Some of these complications are
extra-intestinal such as septic arthritis[11] or meningitis[12],
but most of them are intra-abdominal[13] due to blood or
lymphatic spread of the gbacteria.
Among the latter, AAC is infrequent and can occur
even weeks after the diarrhoea has stopped [13] (our
patient was discharged from hospital asymptomatic
and developed symptoms 24 h later). The diagnosis is
based on clinical symptoms, and ultrasound provides the
definite diagnosis.
Salmonella enteritidis can be absent in blood cultures
and be cultivated in faeces and bile[8,14]. The bacterium,
like any other intestinal pathogen, can not only reach
the gallbladder through blood drainage but also directly
from the bowel along the bile ducts, as could have been
the case in our patient.
Most cases described in literature experienced a bad
outcome due to gallbladder gangrene, and perforation[2].
Even with early cholecystectomy in good surgical
candidates[2], or cholecystostomy or endoscopy nasobiliary
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drainage in bad ones[15], the outcomes were bad. However,
this has changed as the disease is now described in less
severely ill patients with no adverse prognosis factors. In
this setting, a 4-6 wk course of broad spectrum antibiotics,
as indicated in our patient, is recommended. If symptoms
cease and a control ultrasound shows a non-dilated
gallbladder with a thin wall, cholecystectomy is not needed.
In conclusion, this case shows that AAC, a rare
complication of Salmonella enteritidis, can also be present
in non-critically ill patients. In this setting, the prognosis
is better, cholecystectomy is not always needed and
patients treated with a long course of wide spectrum
antibiotics can obtain a good prognosis.
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Abstract
Colonoscopy is a safe and routinely performed diagnostic
and therapeutic procedure for different colorectal
diseases. Although the most common complications
are bleeding and perforation, extracolonic or visceral
injuries have also been described. Splenic rupture is
a rare complication following colonoscopy, with few
cases reported. We report a 60-year-old female who
presented to surgical consultation 8 h after a diagnostic
colonoscopy. Clinical, laboratory and imaging findings
were suggestive for a massive hemoperitoneum. At
surgery, an almost complete splenic disruption was
evident, and an urgent splenectomy was performed.
After an uneventful postoperative period, she was
discharged home. Splenic injury following colonoscopy
is considered infrequent. Direct trauma and excessive
traction of the splenocolic ligament can explain the
occurrence of this complication. Many times the
diagnosis is delayed because the symptoms are due to
colonic insufflation, so the most frequent treatment is
an urgent splenectomy. A high index of suspicion needs
an early diagnosis and adequate therapy.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colonoscopy is a safe and routinely performed diagnostic
and therapeutic procedure for different large bowel
diseases. The most common complications include
bleeding (1%) and perforation (0.1%-0.2%), and the
chance of complication increases if any therapeutic
actions are added, such as polypectomy or dilation[1,2].
Extracolonic or visceral injuries, including pneumothorax,
pneumomediastinum, acute appendicitis, retroperitoneal
abscess and others, are far less common[3]. Splenic injury
is a rare complication of colonoscopy with few cases
described; the first one was reported in 1974[4]. Even
when some patients with late presentation have been
mentioned [5,6], most of them developed symptoms a
few hours after colonoscopy, and the majority of them
underwent emergency surgery. We report a case of splenic
rupture following colonoscopy, treated with urgent
splenectomy.

CASE REPORT
A 60-year old female, with no significant medical history,
underwent a diagnostic colonoscopy in another center.
During the procedure, two rectal polyps (5 mm each)
were resected. It was not difficult to reach the ileocecal
valve. Endoscopy was performed under intravenous
sedation (midazolam, 5 mg iv). She was observed in
the recovery room for 2 h and then discharged home.
Eight hours later, the patient came to our institution,
complaining of diffuse abdominal pain and distension.
On examination, she was pale, with a pulse rate of
100 beats per minute and her blood pressure was
103/52 mmHg. She had nonspecific abdominal
tenderness, but no peritoneal signs. A colonic perforation
after colonoscopy was suspected. The patient was
resuscitated with vigorous intravenous fluid administration
at the intermediate care unit. Her chest and abdominal
X-ray showed no free air (Figure 1). Blood tests
showed a hematocrit of 18% (hemoglobin, 6 g/dL).
After an adequate haemodynamic stabilization and
transfusion of 3 units of packed red cells, an abdominal
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Figure 1 Abdominal X-ray
showing no free air.

Figure 2 Hemoperitoneum and perisplenic hematoma.

CT scan demonstrated free fluid with a density suggesting
blood, and a 12.5 cm × 9.6 cm left subphrenic perisplenic
hematoma (Figure 2). No pneumoperitoneum was evident.
At laparotomy, about three liters of intraperitoneal
blood, and an almost complete splenic disruption were
evident, so a splenectomy was performed. There were no
perisplenic adhesions. No colon wounds or tears were
seen. The postoperative course was uneventful, and she
was discharged home on postoperative day 4. Specimen
histologic examination revealed nothing but haemorragic
parenchyma and inflammatory response, without any
underlying splenic disease.
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However, these are not constant findings at surgery[9].
The addition of external abdominal pressure during
colonoscopy has also been proposed as a risk factor
for the development of this complication[7,8]. Usually,
the clinical presentation occurs within the first 24 h
after colonoscopy [7,8]; but many times the diagnosis
is delayed because the symptoms are attributed to
colonic insufflation[3]. Finally, the diagnosis is made in a
critically ill patient, with the onset of hypotension and
acute anemia. There are also some reported cases with
a late presentation (from more than 24 h to 10 d) and
mild symptoms [5,6]. CT scan is the imaging modality
of choice[11,12], which determines the extent of splenic
damage, and demonstration of hemoperitoneum.
This information, added to the clinical setting, may
help decide on the therapeutic option. In most series,
splenectomy is the most frequent treatment of choice[3-9].
Very few cases have been treated with transfusion
of hemocomponents, broad spectr um antibiotics
and close hemodynamic monitoring [10,13,14]. Another
therapeutic action successfully described is splenic
artery embolization[15]. The use of this “conservative”
t r e a t m e n t mu s t b e i n d i r e c t r e l a t i o n w i t h t h e
hemodynamic status of each case, and in the expertise
of a multidisciplinary medical team. In our case, the
patient was treated with an urgent splenectomy, and had
an uneventful postoperative period.
We believe that this is an unusual and probably under
reported complication of colonoscopy. As colonoscopy
is performed widely in different centers, the medical
team should be aware of the possibility of a splenic
injury after colonoscopy and a high level of suspicion
needs an early diagnosis and adequate treatment.
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Abstract
The prevalence of diverticular diseases of the colon,
including severe and persistent bleeding in Eastern
countries, has increased in the last decades. The
bleeding from colonic diverticula is the most common
cause of acute lower gastrointestinal bleeding. Herein,
we report four cases of severe and persistent bleeding
of colonic diverticular disease that could be treated
with a high concentration barium enema. These four
cases showed a similar pattern of bleeding whose
source could not be identified. Colonoscopy revealed
fresh blood in the entire colon and many diverticula
were noted throughout the colon. No active bleeding
source was identified, but large adherent clots in
some diverticula were noted. After endoscopic and
angiographic therapies failed, therapeutic barium
enema stopped the severe bleeding. These patients
remained free of re-bleeding in the follow-up period
(range 17-35 mo) after the therapy. We report the
four case series of therapeutic barium enema and
reviewed the literature pertinent to this procedure.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Diverticular hemorrhage is a common cause of lower
gastrointestinal bleeding [1-3]. Most colonic diverticula
are asymptomatic and remain uncomplicated. However,
it was reported that severe diverticular hemorrhage
occurs in 3%-5% of patients with diverticula[4,5]. Most
cases of diverticular bleeding resolve themselves.
However, massive bleeding of diverticula often requires
endoscopic or angiographic therapy. As in some cases,
the source of bleeding cannot be identified or multiple
sites of bleeding are found, endoscopic or angiographic
treatment is not so effective for bleeding. Although
surgical treatment has been performed for persistent
bleeding, the patients are often elderly and, therefore, at
a high risk for surgery.
Most of the reported series of therapeutic barium
enema are from Western countries. However, the
prevalence of diverticular diseases of the colon,
including severe and persistent bleeding in the Eastern
countries, has increased in the last decades. We present
herein four patients with severe and persist bleeding due
to colonic diverticular disease that were treated with high
concentration barium enemas, and have reviewed the
literature pertinent to this procedure.

CASE SERIES
Case 1
A 63-year-old man was hospitalized for a several-day
history of painless passage of bright red blood per
rectum. He had hypertension and diabetes mellitus,
and had been taking medication for hypertension
for ten years. He had no history of receiving nonsteroidal anti-inflammatory drugs, low-dose aspirin, and
anticoagulants. His past history revealed two bleeding
episodes from colonic diverticula that resolved on
their own. Physical examination revealed no abdominal
tenderness. Laboratory tests showed severe anemia.
www.wjgnet.com
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Figure 3 X-ray revealing diverticula in the ascending colon filled
with barium.

Figure 1 Endoscopic appearance of bleeding diverticula with adherent
clots in the ascending colon.

Figure 2 Superior mesenteric arteriogram showing hypervascularity in
the ascending colon.

Colonoscopy revealed fresh blood in the entire colon
and many diverticula with adherent clots were noted
throughout the colon (Figure 1). No active bleeding
source was identified; but large adherent clots in some
diverticula were noted. Endoscopic placement of
metallic clips was done for some diverticula with large
adherent clots suspicious of being a bleeding source. On
the next day, the patient had severe hematochezia again
and required additional transfusion of 4 units of packed
red cells. Scintigraphic examination failed to identify the
bleeding site. Emergency angiography was performed.
Although superior mesenteric arteriography could not
reveal any extravasation, hypervascularity was noted
on the right side of the colon (Figure 2). Vasopressin
infusion was administered; but the patient continued to
bleed, and required 4 units of blood. We discussed the
situation with the patient and his family, and explained
the subsequent treatment modalities, including surgical
treatment or optional therapeutic barium enema. After
obtaining informed consent, we performed therapeutic
barium enema. Barium (concentration: 200%, volume:
about 400 mL) including 50 000 units of thrombin was
administered per rectum, and the leading edge of the
contrast medium was followed up to the ascending colon
by fluoroscopy. The enema tip was withdrawn one hour
after confirming that the diverticula in the ascending
colon were filled with barium (Figure 3). On the next
day, we confirmed that multiple diverticula were filled
www.wjgnet.com

with barium by abdominal X-ray examination. Ten days
after the therapy, we also confirmed that the multiple
diverticula at the right side of the colon were filled with
barium. The patient was discharged without any further
bleeding or complications, and surgical treatment was
avoided. The patient remained free of re-bleeding more
than 3 years after the therapy.
Case 2
A-67-year old man with diverticula, noted on prior
screening colonoscopy, was transferred to our hospital
with sudden painless massive rectal bleeding. While
in hospital, he developed painless hematochezia and
severe anemia requiring transfusion of 2 units of packed
red cells. He had hypertension, and had been taking
medication for hypertension for five years. He had a
history of receiving non-steroidal anti-inflammatory
drugs for lumbago. Colonoscopy revealed fresh blood
in the entire colon and many diverticula throughout
the colon. Endoscopic placement of metallic clips
was done for some diverticula suspicious of being a
bleeding source. Two days later, the patient had severe
hematochezia again and required additional transfusion
of 2 units of packed red cells. Emergency angiography
could not reveal any extravasation. Therapeutic barium
enema was performed and the patient remained free of
re-bleeding two years after the therapy.
Case 3
A-76-year old man visited the Emergency Department
for a three-day history of diarrhea and painless
hematochezia. He had hypertension and had been taking
medication for hypertension. Colonoscopy revealed fresh
blood throughout the colon and many diverticula in the
ascending and sigmoid colon. Endoscopic placement of
metallic clips was done for some diverticula suspicious
of being a bleeding source. Three days later, the patient
began bleeding again, and required transfusion of 2 units
of packed red cells. The patient and his family wished to
avoid intervention, and agreed to the therapeutic barium
enema. Active bleeding was stopped after the therapeutic
barium enema. He remained free of re-bleeding 20 mo
after the therapy.
Case 4
A-63-year old man was hospitalized for a two-day history
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Table 1 Cases undergoing therapeutic barium enema for diverticular hemorrhage
Case

1

2

3

4

Gender
Age (yr)
Associated diseases
NSAID, L-Asp, Anticoagulants
Previous bleeding episodes (n)
Location
Appearance
Hemorrhagic site
Follow-up period (mo)
Recurrent bleeding

M
63
HT,DM
None
2
Throughout the colon
AC, FB
NI
35
None

M
67
HT
NSAID
2
Throughout the colon
FB
NI
23
None

M
76
HT
None
1
Ascending sigmoid
FB
NI
20
None

M
63
None
None
1
Ascending
AC
NI
17
None

NI: Not identified; AC: Adherent clot; FB: Fresh blood; HT: Hypertension; DM: Diabetes mellitus; NSAID: Nonsteroidal
anti-inflammatory drug; L-Asp: Low-dose aspirin.

of painless passage of bright red blood per rectum.
Colonoscopy revealed fresh blood in the entire colon
and many diverticula with adherent clots in the ascending
colon. Endoscopic placement of metallic clips was done
for some diverticula suspicious of being a bleeding
source. During the following hospitalization days, the
patient experienced 3 further episodes of bleeding and
received 3 units of packed red cells. The patient wished
to avoid intervention and agreed to receive therapeutic
barium enema. There was no evidence of re-bleeding
17 mo after the therapy.

DISCUSSION
The prevalence of diverticular diseases of the colon in
the Eastern countries has increased in the last decades,
and the increasing prevalence reflects changes in the
life-style and eating habits. A previous study on 6849
patients undergoing barium enema examination during
an 8-year period (from 1985 to 1992) revealed an increase
in the frequency from 10.7% in 1985 to 17.8% in 1992[6]
Another study concluded that diverticular diseases of the
right colon have increased steadily in Japan, suggesting
that diverticulitis and bleeding may continue to increase[7].
As many reports stated, the prevalence of colonic
diverticula and their related severe bleeding have increased
recently in the Eastern countries including Japan[6-8].
Colonic diverticula are usually asymptomatic.
However, in some cases, acute and chronic inflammation,
hemorrhage, and perforation develop as complications of
this disease. Bleeding from colonic diverticula is the most
common cause of acute lower gastrointestinal bleeding[1-3].
It was reported that acute lower intestinal bleeding
occurs in up to 3%-5% of colonic diverticula[4,5]. Most
cases of diverticular bleeding resolve themselves and
diverticular bleeding stops spontaneously in 70%-80%
of cases[9]. However, some patients require evaluation
by colonoscopy and angiography, or surgical treatment
to stop their bleeding. There are some case reports on
various techniques of treatment with colonoscopy for
diverticular bleeding including heater probes, epinephrine
injection therapy, argon plasma coagulation, and endoclip application [10-16]. Endoscopic treatment can be
useful when a source of lower gastrointestinal bleeding

is identified. However, when the source of bleeding
cannot be identified or multiple sites of bleeding are
found, endoscopic treatment is not effective for stopping
bleeding. The specific location of bleeding points is
very important for therapeutic colonoscopy of bleeding
diverticula. Intermittent diverticular hemorrhage can also
lead to incomplete endoscopic therapy.
Angiography is recognized as an accurate diagnostic
modality for detecting the site of active gastrointestinal
bleeding. Mesenteric angiography is indicated when
the flow is estimated to be greater than 0.5-1 mL/min,
and offers a potential for selective vasopressin
infusion or arterial embolization if the bleeding site is
identified[16]. However, angiography frequently fails to
reveal the source of gastrointestinal hemorrhage. In
addition, in p patients with multiple sites of bleeding or
intermittent and quiescent bleeding, it is difficult to treat
diverticular hemorrhage by angiographic intervention.
Furthermore, angiography is an invasive modality with
complications such as arterial dissection and occlusion,
bowel infarction, myocardial infarction with vasopressin
infusion, and renal failure due to contrast medium[1,17].
In our four cases, colonoscopy demonstrated large
amounts of fresh blood throughout the colon and
many diverticula with adherent blood clots; but it was
difficult to identify the active bleeding site, and the
specific bleeding points. Endoscopic and angiographic
therapies failed to identify the bleeding points, and could
not stop bleeding. As an optional therapy, therapeutic
barium enema was performed for severe bleeding to
avoid surgical treatment. Table 1 summarizes the four
cases of persistent and severe diverticular bleeding in
whom the active bleeding sites could not be identified
and therapeutic barium enema was effective and no
re-bleeding was detected. Each case had one or two
persistent bleeding episodes previously and underwent
repeated endoscopic treatment. However, these patients
remained well and had no re-bleeding after barium enema
treatment for 17-35 mo. In all cases, the concentration
of barium was 200%, the volume was 400 mL,
and the enema tip was withdrawn one hour after the
therapy (Table 1). In our four cases, although no severe
complications of therapeutic barium enema (such as
perforation) occurred, we have to take into account the
www.wjgnet.com
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Table 2 Previous reports on therapeutic barium enema for diverticular hemorrhage
Author, year
Adams et al 1970
Chorost et al 2000
Koperna et al 2001
Matsuhashi et al 2003
Our cases 2008

n
28
1
63
1
4

Location

Concentration
of barium

NR
TO
NR
AC, TC, SC

NR (20%)1
20%
NR
200% (with 1 mg
of epinephrine)
200%

TO
AC, SC (2 cases)
AC

Successful
cases

Recurrent
bleeding

26
1
53
1

9
0
   10
0

4

0

1

Mentioned in the discussion section. TO: Throughout the colon; AC: Ascending colon; NR: Not reported; SC: Sigmoid
colon; TC: Transverse colon.

possibility of perforation in patients with diverticulitis.
Some case reports and clinical studies of
therapeutic barium enema for diverticular hemorrhage
have been reported (Table 2) [8,18-20]. A previous case
report [8] presented successful treatment with a high
concentration of barium with 1 mg of epinephrine.
In that case, epinephrine was added to the solution
for vasoconstriction; but the possible adverse effects
of epinephrine such as sudden hypertension were not
ruled out. Another case report[18] presented successful
treatment with a 20% barium sulphate solution at
a height of 0.9 m for 5 min. In 1970, Adams et al[19]
demonstrated that 26 of 28 acute bleeding episodes
were arrested by therapeutic barium enema with a
20% concentration of barium. That study also stated
that the only single complication was laceration of the
rectal mucosa by the enema tube[19]. A previous clinical
study[20] evaluated the efficacy of barium enema therapy
for severe diverticular bleeding and concluded that
therapeutic barium enema is the treatment of choice
for the first bleeding episode, while surgical resection
should be performed if re-bleeding occurs. In that
report, the failure rate of conservative treatment and
therapeutic barium enema with consequent re-bleeding
was 43.4% and 15.9%, respectively [20]. Furthermore,
an investigation suggested that complications develop
more often in patients after colonic resection than in
those after barium enema therapy, and that the mortality
after surgery is significantly higher than that following
therapeutic barium enema[20].
Most of the reported cases of therapeutic barium
enema were from the Western countries. However, the
prevalence of diverticular diseases of the colon in the
Eastern countries including Japan has increased recently.
From our present experiences, therapeutic barium enema
is also effective for right side diverticula which are typically
located in the Eastern countries.
It is difficult to clarify the mechanism underlying
the effect of therapeutic barium enema. Adams et al[19]
mentioned two potential factors, namely the pressure
by the barium solution producing tamponade of the
bleeding vessel, and the direct hemostatic action by the
barium sulfate. The effect of barium on bleeding in
the gastrointestinal tract is also described in a previous
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report[21]. That report mentioned that tap-water enema
is better, as it contains no anticoagulants, and is more
effective in producing clot formation than most barium
suspensions.
A clinical study on surgery for complicated colonic
diverticula concluded that in patients with multiple
bleeding sites or severe ongoing hemorrhage from a
source that cannot be localized despite endoscopic and
angiographic assessment, subtotal or total colectomy
may be imperative[22]. However, in view of the mortality
of surgical therapy, optional and non-invasive therapies
such as therapeutic barium enema are needed in the
cases that require colonic resection.
In conclusion, the prevalence of diverticular diseases
of the colon has increased in the last decades not only in
the Western countries, but also in the Eastern countries.
Barium enema therapy is effective for diverticular
hemorrhage when the active bleeding site could not be
identified by colonoscopy. When no other therapeutic
techniques are available, barium enema therapy may be
useful as an optional therapy which may avoid surgical
therapy. As far as we know, there are few reports on
randomized trials of treatment of colonic diverticular
bleeding. Because of the limited number of clinical case
series, further randomized controlled trials of treatment
are required to clarify the role of therapeutic barium
enema in bleeding diverticula.
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Abstract
Polysplenia syndrome, defined as the presence of
multiple spleens of almost equal volume, is a rare
condition involving congenital anomalies in multiple
organ systems. We report this anomaly in a 41-yearold female who underwent a left lateral sectionectomy
due to recurrent cholangitis and impacted left lateral
duct stones. Polysplenia syndrome with preduodenal
vein was diagnosed preoperatively by computed tomography (CT) and surgery was done safely. Although
the polysplenia syndrome with preduodenal portal vein
(PDPV) in adult is rarely encountered, surgeons need to
understand the course of the portal vein and exercise
caution in approaching the biliary tract.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Polysplenia syndrome is a rare disease that occurs in
patients with two or more spleens of identical sizes and
various organ anomalies[1]. Reports indicate that most
patients with polysplenia syndrome die before 5 years of
age because the disease is often associated with congenital anomalies, such as cardiovascular anomalies[2]. Severe
cardiovascular anomalies include interruption of the suprarenal inferior vena cava, atrioventricular septal defects,
ipsilateral pulmonary venous drainage, ventricular outflow
tract obstruction, dextrocardia and abnormal great vessel
relationships[3]. Some patients with polysplenia syndrome
have a normal heart or only minor cardiac defects, are
often diagnosed incidentally in patients being treated for
other disease[4]. However, they may harbor anomalies
in abdominal organs or the gastrointestinal tract, one
example of which is a preduodenal portal vein (PDPV)[5].
A PDPV can be diagnosed early as duodenal obstruction
in infants, but is often found incidentally or during surgery
when there are no symptoms[6].
One of the ways to prevent injuries to the hepatic
portal system during surgery is to diagnosis polyspenia
syndrome accompanied by a PDPV prior to surgery. We
treated a patient with polysplenia syndrome, which was
diagnosed during a left lateral sectionectomy to treat intrahepatic duct stones, and we report our findings along
with related studies.

CASE REPORT
A 41-year-old female presented for evaluation of right
upper quadrant pain of 1 mo duration. At a local hospital, she was noted to have polysplenia and left lateral
intrahepatic duct stones without intrahepatic duct dilatation of segment 4. She was referred to our institution for
further evaluation and treatment. The physical examination revealed no abnormalities. An abdominal computed
tomography (CT) showed intrahepatic duct stones with
polysplenia and the portal vein was located anteriorly to
the duodenum (Figure 1). Laboratory findings revealed
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Figure 1 Abdominal computed tomography scan. Polysplenia (asterisks)
are present in the left upper quadrant and it shows the left lateral intrahepatic
duct stones with atrophy (arrow).
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Figure 2 The location and presentation in surgery of the portal vein. A: The
portal vein (PV) was located ventrally to the duodenum (D) and pancreas (P), liver
(L) and stomach (S) are in the normal position; B: At surgery, the portal vein (PV)
was seen running anteriorly across the duodenal first portion (D), the common
bile duct (C) was identified left to the portal vein.

elevated levels of aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase and lactate
dehydrogenase. Echocardiography and chest radiography
were normal. The diagnosis of intraheptic duct stones
with polyspenia syndrome was established.
The surgical procedure for intrahepatic duct stones
began with a thorough exploration of the abdomen. The
portal vein was detected in front of the first part of the
duodenum. The portal vein passed upward, right to the
common bile duct, and bifurcated into the left and right
portal branches in the porta hepatis (Figure 2). Both
the common bile duct and the right hepatic artery were

Figure 3 T-tube cholangiography shows variations of right intrahepatic
bile duct.

identified to the left of the portal vein. The left hepatic
artery originated from the left gastric artery. The presence of two spleens was confirmed on the left side of the
upper abdomen, along with the greater curvature of the
stomach. A nasogastric tube passed through duodenum
without any difficulty. We could not locate the stenotic
duodenal region posterior to the portal vein. The shape of
the liver and pancreas were normal; the small bowel and
colon were normally positioned.
A left lateral sectionectomy with a cholecystectomy
was performed safely. An intraoperative choledochoscopy through the segment 3 bile duct was done for removal of the right intrahepatic duct stone, and we confirmed no residual stones existed in the bile duct based
on T-tube cholangiography (Figure 3). The postoperative
course was uneventful, and the patient was discharged
12 d postoperatively.

DISCUSSION
As the name of the condition implies, polysplenia
syndrome refers to patients with two or more spleens.
Studies also include descriptions of cases that involve a
number of very small spleens, a multilobular spleen with
tiny accessory spleen, and an undivided spleen[2,7].
The spleen develops during the 5th embryonic week
from the splenic primordia, originating from the dorsal
mesogastrium. The initial splenic primordia are then
created as incisures on the left side of the dorsal mesogastrium. When the incisures fail to fuse, they create two
or more spleens[8]. The blood flow of an embryo makes
a transition from symmetric to asymmetric around the
25th d to determine the visceral sidedness, and it has
been suggested that this is when cono-truncal anomalies
and anomalies of atrioventricular canal occur[9]. At the
same time, PDPV also develop. Venous blood is drained
from the primitive gut, consisting of two vitelline veins
of the yolk sac. The veins implement communication
in the liver (cranial communication), behind (middle
communication) and in front of (caudal communication) the duodenum. When the caudal and cranial communications are lost during the 9-mm embryo stage,
the S-shape portal vein is created. It is believed that the
PDPV anomaly is developed during this stage if cranial
www.wjgnet.com
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and middle communications are lost[10].
Although the exact cause of polysplenia is unknown,
studies have suggested that it is caused by various factors including embryogenic, genetic, and teratogenic
components[11]. Since splenic anomalies (splenic agenesis,
hypogenesis and polysplenia) are often accompanied by
anomalies in the cardiovascular tract and other abdominal organs, it can be inferred that the spleen plays a significant role during the early embryonic stage[12].
Reports indicate that polysplenia syndrome occurs in
both genders with an identical frequency[5]. Known cardiovascular anomalies include absence or hypoplasia of
the suprarenal inferior vena cava (with or without azygos
or hemiazygos continuation), levoisomerism of the right
bronchial tree, dextrocardia, ventricular septal defects,
and the absence of the coronary sinuses, most patients
die before 5 years of age due to the accompanying cardiovascular anomalies. Patients without cardiac anomalies
may reach adulthood, accounting for 10%-15% of cases
of polysplenia. Since most adult patients do not exhibit
any symptoms, polysplenia syndrome is often diagnosed
incidentally during other procedures[5]. Even adult patients can have anomalies in abdominal organs including
visceral heterotaxia with a right-sided stomach, a left-sided or large midline liver, right-sided spleen, malrotation
of the intestine, a short pancreas, and anomalies of the
inferior vena cava. Cases with only PDPV, as with our
patient, are recognized as very minor anomalous cases.
Even though intestinal obstruction is often displayed
in such cases, there were no anomalies of the digestion
system for our patient. First described by Knight HO
in 1921, PDPV is a congenital anomaly that involves
the portal vein passing in front of the duodenum[13]. A
PDPV can be associated with duodenal atresia, stenosis,
web, annular pancreas and malrotation, and surgery may
be required for treatment[14]. However, since the portal
vein is a thin-walled, low-pressure vessel, it is highly
unlikely that PDPV alone can cause duodenal obstruction. Patients can survive to reach adulthood without
any symptoms, and the anomaly is often found during
examinations or surgeries to treat other diseases.
Polysplenia syndrome can be detected relatively easily
with diagnostic imaging including abdominal CT and magnetic resonance imaging (MRI)[15]. In our case, polysplenia
syndrome was diagnosed incidentally while examining the
patient who was complaining of pain in the right upper
abdomen and fever. Known causes of atrophy of the lateral segment of the liver in PDPV include selective portal
vein obstruction, biliary duct obstruction, partial obstruction of the portal vein associated with distention of the
hepatic bile duct, long-standing malnutrition and cachexia,
or toxic and vascular influences[14]. However, in the case
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of our patient, it is likely that the atrophy was caused by
intrahepatic duct stones. Reports indicate that most cases
of PDPV in adults involve surgery for cholelithiasis, making us believe that PDPV could be a cause for cholelithiasis[14]. When surgery is required, care must be exercised,
especially for procedures involving the upper abdomen. If
PDPV is not detected prior to surgery, it can cause severe
complications, such as hemorrhage and vascular ligation.
Such accidents can be prevented by performing careful
diagnostic imaging in advance, such as CT, and especially
noting the possibility of PDPV in cases of polysplenia
syndrome.
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Abstract
Splenic tumors are rare. Differentiation of the tumors
before operation is of great value regarding the
outcome. A case of a 32-year-old man with a splenic
inflammatory pseudotumor (IPT) mimicking splenic
angiosarcoma is described. The tumor was highly
suspected of being splenic angiosarcoma based on
radiological findings preoperatively. However, after
splenectomy, histopathological examinations revealed
splenic IPT. Splenic IPT and angiosarcoma are rare
and often pose diagnostic difficulties because the
clinical and radiological findings are obscure. Due to
large differences in prognosis, we briefly reviewed the
clinical, radiological, and pathological features of both
of the tumors.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Although splenic tumors are rare, differentiation of the
tumors before operation is of great value. Among them,
splenic inflammatory pseudotumor (IPT) is a benign
tumor characterized microscopically by a proliferation
of inflammatory cells [1]; but splenic angiosarcoma is
a dismal malignancy of vascular origin [2]. We usually
differentiate them before operation by imaging studies.
In this repor t, we present a case of splenic IPT
mimicking angiosarcoma on radiological findings.

CASE REPORT
A 32-year-old man was a carrier of hepatitis B virus
for years with regular follow-up at outpatient clinics. A
splenic mass was incidentally detected by sonography.
Physical examinations were unremarkable. T he
patient had no systemic complaints except mild vague
discomfort over the epigastric region. Biochemical and
hematological investigations were all within normal
ranges except for slightly elevated serum glutamateoxaloacetate transaminase (SGOT). Tumor markers
including CEA, AFP, CA-199, and CA-125 were all
negative. Sonography of the spleen showed a welldefined encapsulated tumor, 6.3 × 6.1 cm in diameter,
with hyperechoic density in the central por tion
(Figure 1). Non-contrast and contrast abdominal
computed tomography (CT) showed a mass over
the spleen with high density in the central portion
and multiple diffuse low-attenuation nodules in liver
parenchyma (Figure 2A and B). Magnetic resonance
imaging (MRI) was done for differentiation and
revealed a mass lesion around 6 cm in the spleen, which
showed partially dense intensity in T2-weighted image
(Figure 3A) and peripheral nodule enhancement with
gadolinium-contrast filling and pooling in T1 contrastenhancement dynamic study (Figure 3B-D).
Overall, there were two parts of different signal
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Figure 1 Sonography showed a welldefined encapsulated tumor, 6.3 cm
x 6.1 cm in size, over the spleen with
hyperechoic density in the central portion
(arrow) of the tumor.
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Figure 2 Abdominal CT. A: Non-contrast CT showed a well-defined tumor
over the spleen; B:Contrast CT showed partial enhancement of the tumor with
high density in the dorsal portion of the tumor (arrow) and multiple diffuse lowattenuation nodules in liver parenchyma (arrowhead).

intensity comprising the tumor at the spleen. The major
part of the circumscribed lesion showed persistent lowsignal intensity with some stippling enhancement from
MRI dynamic contrast-enhanced series, while the minor
portion located at the dorsal aspect showed similar
signal-intensity change as the normal spleen parenchyma
either at pre- or post-contrast phases, which is suggestive
of hypervascular lesion, such as angiosarcoma.
Diffuse multiple tiny cystic lesions were noted in
bilateral lobes of the liver. Biliary hamartoma was first
considered. However, differential diagnosis should have
included multiple hepatic cysts, micro-abscesses or even
metastases. Therefore, primary splenic angiosarcoma
with the possibility of multiple liver metastasis was the
first consideration.
Surgical intervention was indicated, and exploratory
laparotomy was perfor med thereafter. During the
operation, the spleen was removed smoothly and liver
hypertrophy with multiple tiny cystic lesions over the
liver surface was noted. There was no evidence of
malignancy in the frozen sections examined.
The specimen of spleen measured 11 × 8.5 × 6 cm
in size and weighed 240 g (Figure 4A). Grossly, there was
a well-circumscribed tumor inside the spleen, measuring
5.5 × 5.0 × 4.0 cm in size (Figure 4B). There were two
parts of different appearances comprising the tumor.
The major part of the circumscribed lesion showed
yellowish appearance with some stippling red spots
scattered over the cut surface, while the minor portion
located at the dorsal aspect showed similar appearance as
the normal spleen parenchyma.
Microscopically, the sections of the specimen were
www.wjgnet.com
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Figure 3 MRI. A: In T2-weighted image, a well-circumscribed tumor (arrow)
in the spleen, which showed partially dense intensity; B-D: In T1 contrastenhancement dynamic study, peripheral nodule enhancement with gadoliniumcontrast filling and pooling were noted in the tumor.

composed of fibrosis, focal sclerosis, plump spindle
cells and vascular proliferation (Figure 5). An admixture
of inflammatory cells included lymphocytes, plasma
cells and neutrophils, in which lymphocytes were
predominant. The major part of the tumor consisted
of more fibrosis and focally sclerotic change, while the
minor part consisted of more vascular proliferation and
more inflammatory cell infiltration. The sections of the
specimen were compatible with the picture of IPT.
The patient’s postoperative course was uneventful,
and he has been well for 3 years following surgery.

DISCUSSION
The ter m “inflammatory pseudotumor” was first
proposed in 1954, since these lesions are composed of
inflammatory cells. Inflammatory pseudotumors have
been reported in several anatomic locations, such as
orbit, respiratory tract, gastrointestinal tract, and liver[3].
However, splenic involvement is extremely rare. The
first 2 cases of splenic inflammatory pseudotumor
were reported in 1984. About one-half of the lesions
are discovered incidentally during work-up for other
malignancies after splenectomy for other conditions such
as idiopathic thrombocytopenic purpura, or at autopsy[4].
Clinical symptoms are not specific to the disease, with
left upper quadrant or epigastric pain. Splenomegaly is
usually present. Laboratory investigations may reveal
fever, anemia, hypergammaglobulinemia, thrombocytosis,
or hypersplenism; however, more than one-third of the
cases reported showed no evidence of any abnormality
in laboratory investigations[1]. Other patients have signs
of immune thrombocytopenic purpura[4]. However, our
patient only had history of hepatitis B with mild vague
abdominal discomfort.
There are several radiological modalities suggested
for diagnosing splenic IPT, including ultrasonography,
CT, and MRI. Ultrasonography usually shows a low
echoic mass in most cases [5]. CT is the radiological
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Figure 5 Histologic findings (hematoxylin and eosin stain, original
magnification x 200). The sections of the specimen are composed of fibrosis,
focal sclerosis, plump spindle cells and vascular proliferation.

test that most often demonstrates the presence of a
splenic lesion and usually demonstrates a low-density
mass in both the non-enhanced and enhanced modes.
Although CT is quite sensitive, this modality is not
specific in differentiating between splenic IPT and other
malignancies[3]. MRI findings usually show an iso- or
low-intensity mass on the T1-weighted images and a
low-intensity mass on the T2-weighted images, while
also demonstrating a low-intensity in the early phase and
a high-intensity mass in the delayed phase of a dynamic
study. However, the same criticism can be said about
MRI with T1- and T2-weighted imaging for the poor
specificity in differentiating pseudotumors from other
malignancies[3].
Gross features in all reported cases of splenic IPT
are described as a solitary well-circumscribed lesion
with a white or tan cut surface that compresses the
adjacent splenic parenchyma. Histological examinations
of specimens are composed of acute and chronic
inflammatory cells infiltrating a stroma of mesenchymal
myofibroblastic spindle cells. The inflammatory cells are
predominantly plasma cells, mature lymphocytes, and
rarely eosinophils.
Etiology and pathogenesis of IPT remain unknown.
Some characteristics described support an immunologic
disorder[4]. Pathologic features of pseudotumor may be
related to the production of mediators in inflammation,
and note that interleukin-1 can produce local lesions
and systemic manifestations with IPT. In addition,
granulomatous inflammation process, focal parenchymal
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Figure 4 The specimen of spleen. The
removed spleen (A) was 11 cm x 8.5 cm
x 6 cm in size. A well-circumscribed tumor
(B), measuring 5.5 cm x 5 cm x 4 cm, over
the central portion of the spleen was noted.
There were two parts of different appearances
comprising the tumor. The major part of the
circumscribed lesion (arrow) showed yellowish
appearance with some stippling red spots
scattered over the cut surface. While the minor
portion (arrowhead) located at dorsal aspect
showed similar appearance as the normal
spleen parenchyma.

necrosis with hemorrhage, disturbance of blood supply
or bacterial or viral infection have all been speculated in
the pathogenesis of splenic IPT[6].
If a primary splenic tumor is suspected, splenectomy
is required for diagnostic purposes and for therapy.
Laparoscopic surgery for benign splenic tumors is
considered to be a valid procedure. However, if the
splenic lesions have a malignant potential, laparoscopic
surgery elevates the risk of either intra-abdominal
dissemination or skin metastasis. Therefore, if malignant
splenic tumor can not be ruled out, laparoscopic surgery
is not suggested[7].
Angiosarcoma is a malignancy of vascular origin,
and is characterized by masses of endothelial cells
with cellular atypia and anaplasia[2]. Angiosarcoma may
occur anywhere in the body, but most often in the
skin, soft tissues, breast and liver. Splenic involvement
is exceedingly rare. Clinical manifestations include
abdominal discomforts, splenomegaly and signs of
immune thrombocytopenic purpura[2], which were not
specific to the disease. Pathogenesis remains obscure.
Prognosis is extremely poor, with a 6-month survival
rate of 20%[8]. The tumor commonly metastasizes to the
liver, lung, bone, lymph nodes, omentum, or peritoneum.
There are also several radiological modalities suggested
for diagnosing splenic angiosarcoma including sonography,
CT, MRI and angiography. Unlike splenic pseudotumor,
sonographic findings in splenic angiosarcoma show a
heterogeneous mass or multiple reflective areas[8,9]. CT
may demonstrate hypoattenuating lesions on nonenhanced
scans. Areas of high attenuation on noncontrast CT may
represent acute hemorrhage or hemosiderin deposits.
Contrast enhancement of angiosarcoma may show some
enhancements similar to that of hepatic hemangioma[2].
The MRI appearance of splenic hemangioma is similar to
that of hemangioma of the liver. The lesion will be hypoor isointense on T1-weighted MR images and hypertense
on T2-weighted MR images. T1-weighted images
obtained after contrast administration may demonstrate a
difference between the cystic and solid components[2]. The
most specific modality to differentiate splenic IPT from
angiosarcoma is angiography. Angiographic findings of
angiosarcoma show a hypervascular tumor with contrast
pooling, and that of splenic IPT usually show avascular or
hypovascular tumor[10].
In the present case, sonography showed hyperechoic
density in the central portion of the tumor. CT also
www.wjgnet.com
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showed a high density area and partial enhancement
in the central portion of splenic tumor with multiple
diffuse low-attenuation nodules in liver. MRI revealed
a mass, which showed partial dense intensity in T2weighted imag e. In T1 mode with g adoliniumenhancement, peripheral nodule with contrast filling
and pooling, which was compatible with a picture of
angiosarcoma, was noted. Therefore, the first impression
of angiosarcoma with suspected liver metastasis was
reasonable preoperatively. The reason why splenic IPT
could mimic the picture of angiosarcoma could be
explained by the hypervascular component within the
minor part of the tumor, which absorbed the contrast
medium in radiological examination. Accordingly, the
ITP should be kept in mind in the differential diagnosis
of splenic space-occupying lesions even if the imaging
modality does not favor it.
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Abstract
We report a rare case of acute pulmonary and cerebral
complication after transarterial chemoembolization
(TACE) for inoperable hepatocellular carcinoma. The
case involved a large tumor and hepatic vein invasion.
Nonspecific pulmonary and cerebral symptoms such
as acute dyspnoea and transient consciousness loss
developed in the patient, a 49-year-old woman,
following the TACE due to pulmonary and cerebral
oil embolism. The chest and brain conditions of this
patient improved after some supportive therapies
and nursing interventions. She also subsequently
completed the other three procedures of TACE.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the leading
causes of cancer-related death in China where the
majority of HCC patients have underlying hepatic B
virus (HBV) infection and cirrhosis, and most cases
are unresectable due to late stage and multifocali.
Transarterial chemoembolization (TACE) is one of
the most common treatment modalities as a palliative
and preoperative method for patients with advanced
HCC, which can improve the resection rate of HCC
and prolong the survival time of patients. HCC has a
tendency to invade the portal and hepatic veins, which
may result in formation of hepatic arterio-venous
shunts. Some rare complications such as remote ectopic
embolism can be caused by this kind of abnormal
shunts. In this paper, we report a rare pulmonary and
cerebral complication of HCC, which is probably
associated with hepatic vein invasion.

Case report
A 49-year-old woman was admitted to the Department
of Radiology of the Second Affiliated Hospital of
Zhejiang University in October 2004 with right upper
quadrant pain and weight loss. She was a hepatitis B
virus carrier. Her α-fetoprotein level was 1185.3 ng/mL.
Ultrasonography and computed tomography (CT)
revealed a 10-cm mass in the posterior segments of
the right liver lobe. A 1.5-cm mass was also found in
the left lateral segment. These clinical signs indicated
that the patient had inoperable HCC and Child-Pugh
class A cirrhosis. TACE was offered to the patient.
Angiogram demonstrated no obvious hepatic arteriovenous shunt, but multiple smaller masses in both lobes
of the liver. An emulsion of oxaliplatin, pirarubicin,
hydroxycamptothecin and lipiodol were prepared,
35 mL and 3 mL of the mixture were administered intraarterially to the right and left hepatic artery, respectively.
The patient experienced right upper quadrant pain after
TACE and had an uneventful recovery. One month
later, a second TACE procedure was performed via
the right hepatic artery and 40 mL of the mixture was
administered. On the next day, she experienced sudden
acute dyspnoea and the peripheral oxygen saturation
decreased to 90%. The chest X-ray showed some
www.wjgnet.com
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14 cm

Figure 1 Chest CT scan revealing multiple iodized oil-like high-density
materials in parenchyma of the lung.

[L]

9 cm

Figure 2 Non-contrast enhanced CT scanning showing multiple disseminated hyper-intense lesions in the brain, consistent with deposition of
iodized oil.

increased reticular shadows in the left lung, especially in
the lower zones, and a chest CT scan revealed multiple
iodized oil-like high-density materials in parenchyma
of the lung (Figure 1). After 10 mg dexamethasone i.v.
and other supportive therapies were administered, the
respiratory symptom was attenuated. Two days later, the
patient suffered from a serious headache and transient
consciousness loss, accompanying nausea and vomiting
followed by confusion, lower extremity weakness.
Non-contrast enhanced CT scanning showed multiple
disseminated hyper-intense lesions in the brain, consistent
with deposition of iodized oil (Figure 2). One week later,
her respiratory and neurologic symptoms disappeared
completely, and she was discharged. The patient
also consequently completed the other three TACE
procedures, during which no similar symptoms occurred.

DISCUSSION
TACE has various severe complications, including acute
hepatic failure, intrahepatic biloma, pseudoaneurysm
formation, and ectopic infarction, which occur in
less than 1% of patients. Pulmonary embolism is
a rare complication of TACE. Xia et al [1] reported
a total of 2012 TACE procedures in 1348 patients,
but pulmonary embolism occurred only in case.
Sporadic cases of cerebral embolism after TACE have
www.wjgnet.com
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also been reported [2-5]. No reports are available on
pulmonary embolism accompanying cerebral embolism
after TACE. We encountered a rare pulmonary and
cerebral complication of HCC, which was probably
associated with hepatic vein invasion. The patient had
nonspecific respiratory and neurological symptoms,
including cough, dyspnoea, headache, transient loss of
consciousness, confusion, and weak extremities. Chest
X-ray and CT scanning showed some positive findings,
indicating deposition of iodized oil, and the diagnosis
of pulmonary and cerebral embolism was confirmed
clinically.
The underlying mechanisms of pulmonary and
cerebral embolism after TACE are still obscure.
Hepatic arterio-venous shunt, which is associated with
hepatic vein invasion of HCC, may be the reasonable
explanation for pulmonar y embolism. Vascular
abnor malities, referred to as pulmonary arteriovenous shunt, can be found in patients with advanced
liver disease[6]. If patients have pulmonary embolism
after TACE, the oil emboli may also pass through the
pulmonary arterio-venous shunt and enter the systemic
circulation. In this case, the patient suffered from
pulmonary and cerebral embolism subsequently. Thus,
we hypothesize that iodized oil passed through the
hepatic arterio-venous shunt, and then traveled to the
cerebral artery through intrapulmonary arterio-venous
shunt There are also some other hypotheses including
intracardiac right-to-left shunt (e.g. patent foramen ovale)
and right-to-left shunt via the arteriovenous anastomosis
between the right inferior phrenic artery (IPA) and
the intrapulmonary vasculature. However, there is no
evidence to support the theory of intracardiac or IPA
shunts in this patient.
Although pulmonary and cerebral embolism or
infarctions are rare complications of TACE in patients
with HCC, we should be aware of this kind of situations
when we observe complications of TACE. When
angiogram shows any hepatic arterio-venous shunts,
we should decrease the dose of lipiodol during the
procedure and pay great attentions to the respiratory and
neurological symptoms post-operatively, which may be
caused by ectopic embolism. The manifestations caused
by lipiodol are different from those caused by thrombus,
because lipiodol diffuses to peripheral blood vessels
while thrombus usually obstructs the main branch of
arteries.
A thorough patient assessment should be performed
by nurses before the procedure. Some risk factors
including a large size of HCC, hepatic vein invasion of
HCC, live cirrhosis, congenital cardiovascular disease,
and chronic pulmonary disease should be noticed
before the procedure. If the patients have risk factors
for pulmonary and cerebral complications of TACE,
nurses should give a reassessment, extra education,
psychological support.
In addition to post-embolization syndrome (PES),
with its symptoms manifested as fever, pain, nausea,
and vomiting, there are also some severe or rare
complications of TACE, including acute hepatic failure,
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intrahepatic biloma, pseudoaneurysm for mation,
ectopic infarction, etc. Nurses should keep in mind
that a small number of patients after TACE will suffer
from some severe or rare complications. Our patient
developed a dry cough and dyspnea in the first day after
TACE, followed by severe headache, nausea, vomiting,
weak extremities and lost consciousness transiently in
the third day. Nurses immediately provided nursing
interventions such as semi-reclining position, inhaling
oxygen, administration of steroids and dehydrating
agents, and intensive monitoring of the patient’s vital
signs. She had a good recovery and was discharged. If
some symptoms such as cough, chest pain, chest distress,
headache, nausea, and vomiting occur in patients after
TACE, nurses should make physical examination and
notify the physician to exclude pulmonary and cerebral
complications.
When the diagnosis of pulmonar y embolism
is confirmed, some nursing actions must be taken
immediately. Nurses should keep the patient’s airway
open, and have oxygen inhaled to maintain the patient’s
basic respiratory function. Vital signs, blood oxygen
saturation, mental status, and some laboratory values
must be monitored and documented. If the patient has
signs of respiratory failure, intensive care and mechanical
ventilation must be provided promptly. Tiny lipiodol
particles usually diffuse and stay in the peripheral
bronchus and alveoli, which can damage gas exchange and
cause special inflammations. Steroids, bronchodiators and
prophylactic antibiotics should also be given.
The aim of nursing care during an acute phase of
cerebral embolism after TACE is to minimize cerebral
damage. Nurses should frequently observe the level of
consciousness, pupil size and reaction to light, patient’s
response to commands, movement and strength, patient’s
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vital signs, etc. To reduce the intracranial pressure, some
nursing routines must be given such as keeping the head
of bed above 30º, restriction of fluids, oxygen inhaling
and administration of steroids and dehydrating agents.
Sedatives and tranquilizers, which can depress the
respiratory center and obscure neurological observations,
should not be given except for some specific situations
such as epileptic seizure attack.
In summary, even though pulmonary embolism and
cerebral embolism are rare complications of TACE, we
should be aware of these rare complications in patients
with high risk factors and reduce the dose of iodized oil
or stop the procedure.
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INTRODUCTION
Abstract
We report port site and distant metastases of
unsuspected gallbladder cancer after laparoscopic
cholecystectomy diagnosed by positron emission
tomography (PET) in two patients. Patient 1, a 72-yearold woman was diagnosed as cholelithiasis and
cholecystitis and received laparoscopic cholecystectomy.
Unsuspected gallbladder cancer was discovered with
histological result of well-differentiated squamous
cell carcinoma of the gallbladder infiltrating the entire
wall. A PET scan using F-18-fluorodeoxyglucose (FDGPET) before radical resection revealed residual tumor
in the gallbladder fossa and recurrence at port site
and metastases in bilateral hilar lymph nodes. Patient
2, a 69-year-old woman underwent laparoscopic
cholecystectomy more than one year ago with
pathologically confirmed unsuspected adenosquamous
carcinoma of stage pT1b. At 7-mo follow-up after
surgery, the patient presented with nodules in the
periumbilical incision. Excisional biopsy of the nodule
revealed adenosquamous carcinoma. The patient was
examined by FDG-PET, demonstrating increased FDG
uptake in the right lobe of the liver and mediastinal
lymph nodes consistent with metastatic disease. This
report is followed by a discussion about the utility of
www.wjgnet.com

The vast majority of cholecystectomies are currently
performed laparoscopically, and unsuspected gallbladder
cancer can be discovered incidentally following 1% of
routine cholecystectomies[1]. There is a suspicion that
recurrence of the tumor in the abdominal incision is
more common after laparoscopic operations. Several
possible factors probably involved in the development
of such metastases have been proposed[2,3]. Resection of
the recurrent malignancy developed in the port sites is
warranted, and may lead to survival benefit only when
the port site metastases is the only manifestation of
recurrent disease. The preoperative accurate evaluation
of recurrent gallbladder cancer is essential for reasonable
treatment. We report two cases of port site and distant
metastases of unsuspected gallbladder cancer after
laparoscopic cholecystectomy diagnosed by FDG-PET.

CASE REPORT
Patient 1
A 72-year-old woman presented with right upper quadrant
pain and fever. She had a history of cholelithiasis
documented by ultrasound, and intermittent attacks
of biliary colic over 2 years. She was diagnosed with
cholelithiasis and cholecystitis. She received laparoscopic
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Figure 1 Increased uptake of the radiopharmaceutical in patient 1 (FDG-PET). A:Gallbladder fossa; B: Periumbilical area; C: Bilateral hilar lymph nodes.

A

Figure 2 Increased uptake of the radiopharmaceutical in patient 2 (FDG-PET). A:Right lobe of
the liver; B: Mediastinal lymph nodes.

B

cholecystectomy and the gallbladder was noted to
be edematous and thick-walled, with multiple stones.
Histological evaluation revealed an unsuspected well
differentiated squamous cell carcinoma of the gallbladder
infiltrating the entire wall. More than one month after
surgery, she visited our hospital for further radical surgery.
Palpable nodules in the periumbilical incision were found
by physical examination during admission. A FDG-PET
scan was performed, demonstrating increased uptake
of the radiopharmaceutical in the gallbladder fossa and
periumbilical area as well as bilateral hilar lymph nodes
(Figure 1). The lesions were interpreted as residual tumor
in the gallbladder fossa and recurrence at port site and
metastases in bilateral hilar lymph nodes. Tru-cut biopsy
confirmed metastatic squamous cell carcinoma similar
to the previous histology. The patient refused further
treatment and was discharged.
Patient 2
A 69-year-old woman with a history of intermittent right
upper quadrant pain over 11 years underwent laparoscopic
cholecystectomy more than 1 year ago. The histological
examination revealed an unsuspected adenosquamous
carcinoma of stage pT1b (tumor invades into muscularis).
At 7-mo follow-up after surgery, the patient presented
with nodules in the periumbilical incision interpreted
as inflammation or postoperative change. The nodule
enlarged progressively, and she visited our hospital 19
mo after surgery. Abdominal CT scan revealed a small
nodule in the right lobe of the liver, which was difficult
to interpret. Excisional biopsy of the nodule in the
periumbilical incision was performed and histological
examination revealed adenosquamous carcinoma. The
patient was examined by FDG-PET, demonstrating
increased FDG uptake in the right lobe of the liver and
mediastinal lymph nodes consistent with metastatic
disease (Figure 2). Chest computed tomog raphy

demonstrated enlarged mediastinal lymph nodes
consistent with metastases. The patient has subsequently
been treated with Gemzar and oxaliplatin with regression
of tumor. She died of a non-cancer related cause 4 mo
after the second operation.

DISSCUSSION
PET is a noninvasive scanning method to assess
metabolism in vivo by means of positron-emitting
radiolabeled tracers. This is in contrast with conventional
imaging modalities, including ultrasonography (US),
computed tomography (CT) and magnetic resonance
imaging (MRI) which evaluate structural or anatomical
changes[3]. The tracer to measure cellular metabolism
commonly used in PET is FDG. FDG is a glucose
analogue that is phosphorylated in the cells, but not
further metabolized. Most malignant tumors show
increased uptake of FDG because malignant transformation and growth of tumor cells is associated with
overexpression of glucose transporters and increased
hexokinase activity[4].
FDG-PET imaging has been increasingly used to
identify and stage various tumors. The majority of these
studies show FDG-PET to be superior to traditional
imaging in the differential diagnosis of malignancy.
This has been particularly notable in the evaluation of
recurrent or metastatic disease[5-7]. A few studies have
evaluated the use of FDG-PET in the assessment of
biliary system tumors or gallbladder carcinoma [4,8-10].
In the study of Anderson et al, nine of 14 gallbladder
cancer patients had residual carcinoma at the time of
PET[9]. FDG-PET was useful in our cases to delineate
recurrent gallbladder cancer, and its extent and had an
important clinical impact on the selection of proper
treatment. In both cases, FDG-PET detected residual
tumor or port site and distant metastatic diseases and
www.wjgnet.com
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changed the surgical plan of radical resection with intent
for cure. This report emphasizes that FDG-PET may
play an important role in the posttherapy follow-up of
gallbladder cancer. Taking the accumulation of FDG in
the malignant gallbladder cancer cells into consideration,
FDG-PET can be considered as a complementary
preoperative staging method. In cases in which it is easy
to understaging gallbladder cancer before surgery such
as peritoneal seeding, small hepatic metastases, and small
regional lymph nodes involvement, FDG-PET may be
able to provide important diagnostic information to
obtain a correct presurgical staging, and sometimes lead
to the change of treatment.
Gallbladder cancer is a relatively rare disease that
has no specific symptoms or signs, and the clinical
presentations of gallbladder cancer, and gallstone
disease are commonly difficult to distinguish. The only
effective treatment for carcinoma of the gallbladder is
operative resection, and an open technique is preferred.
Unfortunately, as is often the case, the lack of presurgical
differential diagnosis hampers the planning of surgery.
Recently, a few published articles have studied the utility
of FDG-PET in gallbladder cancer focusing on not
only posttherapy follow-up and preoperative staging,
but also the establishment of the benign or malignant
natures of gallbladder lesions. Koh et al[10] reported that
FDG- PET provided reliable differential diagnoses,
identifying gallbladder carcinoma with 75% sensitivity,
87.5% specificity, and 81.3% accuracy. Anderson et al[9]
report that the sensitivity of this modality was 78% in
their series of 14 gallbladder cancer cases. In the study
of Antonio et al, which comprises a series of 16 patients,
FDG-PET showed a sensitivity of 0.80, a specificity
of 0.82 in diagnosing gallbladder cancer [4] . These
studies revealed that FDG-PET can provide important
information for establishing the nature of gallbladder
lesions especially when in conjunction with conventional
modalities.
Because FDG is taken up not only by malignant
tumor cells, but also by activated inflammatory cells,
benign inflammatory or infectious lesions typically
without obvious increase of FDG uptake under some
circumstances can produce false positive results[11,12]. The
most common reason for false positive FDG-PETs is an
inflammatory lesion. Xanthogranulomatous cholecystitis
and polypoid lesion with adenomyomatosis are also the
common reasons caused false positive result[4,10,11]. PET
imaging must be interpreted with caution in patients with
known severe inflammatory or granulomatous disease.
Nishiyama et al[12] illustrated the relationship between the
severity of inflammation and the specificity of PET, and
proposed that patients with signs of acute inflammation
should be excluded from examination. If the PET scans
are performed under conditions with no or low-grade
inflammation, an accurate diagnosis of acute or chronic
cholecystitis as a benign lesion may be possible.
Although PET was sensitive for the detection of
gallbladder cancer, some false negative findings also
occurred. The limited sensitivity of FDG-PET for small
www.wjgnet.com
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lesions may have several causes[10,12]. Some factors illustrate
the intrinsic limitations of PET resolution for small
lesions: activity in small lesions may be underestimated
because of the partial-volume effect, movement artifacts
caused by nongated breath holding, or physiologic liver
FDG uptake. PET scanning performed under suboptimal
conditions can also decrease the sensitivity: patient fasting
may be too short, and lead to an unnecessarily high liver
FDG uptake; the duration of FDG administration and
data acquisition may be too short. In diabetic patients,
the rate of FDG accumulation in the tumor is decreased,
impaired the sensitivity of FDG-PET [10]. In patients
with mucinous adenocarcinoma of the gallbladder, a
false-negative result has also been reported, probably
secondary to poor cellular density [4]. To increase the
sensitivity for small lesions, the underestimation due to
the partial-volume effect may be reduced by improving
the spatial resolution of PET; movement artifacts may
be reduced by breath gating of the measurement, and
by avoiding reintroduction of the patient to the scanner;
PET scanning can be well performed under optimal
conditions. Nishiyama et al adopted dual-time-point FDGPET to evaluate the nature of gallbladder lesions, and
demonstrated that delayed FDG-PET was more helpful
than early FDG-PET in the evaluation of malignancy,
because of the increased uptake by lesions, and the
increased lesion-to-background contrast[12]. Recent hybrid
PET-CT systems provide structural and functional
information simultaneously, and may offer early and
accurate staging with an improved specificity[13,14].
In conclusion, despite the relatively small number
of gallbladder cancer patients, received FDG-PET
scan, this imaging may play an important role in the
differential diagnosis, staging, restaging, and posttherapy
follow-up of gallbladder cancer.

REFERENCES
1

2
3

4

5

6

Akyurek N, Irkorucu O, Salman B, Erdem O, Sare M,
Tatlicioglu E. Unexpected gallbladder cancer during
laparoscopic cholecystectomy. J Hepatobiliary Pancreat Surg
2004; 11: 357-361
Lundberg O. Port site metastases after laparoscopic
cholecystectomy. Eur J Surg Suppl 2000; 27-30
Lomis KD, Vitola JV, Delbeke D, Snodgrass SL, Chapman
WC, Wright JK, Pinson CW. Recurrent gallbladder
carcinoma at laparoscopy port sites diagnosed by positron
emission tomography: implications for primary and radical
second operations. Am Surg 1997; 63: 341-345
Rodriguez-Fernandez A, Gomez-Rio M, Llamas-Elvira JM,
Ortega-Lozano S, Ferron-Orihuela JA, Ramia-Angel JM,
Mansilla-Rosello A, Martinez-del-Valle MD, Ramos-Font
C. Positron-emission tomography with fluorine-18-fluoro2-deoxy-D-glucose for gallbladder cancer diagnosis. Am J
Surg 2004; 188: 171-175
Herder GJ, Kramer H, Hoekstra OS, Smit EF, Pruim J, van
Tinteren H, Comans EF, Verboom P, Uyl-de Groot CA,
Welling A, Paul MA, Boers M, Postmus PE, Teule GJ, Groen
HJ. Traditional versus up-front [18F] fluorodeoxyglucosepositron emission tomography staging of non-small-cell
lung cancer: a Dutch cooperative randomized study. J Clin
Oncol 2006; 24: 1800-1806
Wiering B, Krabbe PF, Jager GJ, Oyen WJ, Ruers TJ.
The impact of fluor-18-deoxyglucose-positron emission

Hu JB et al . Gallbladder cancer diagnosed by PET		

7

8

9

10

11

tomography in the management of colorectal liver
metastases. Cancer 2005; 104: 2658-2670
Sperti C, Pasquali C, Fiore V, Bissoli S, Chierichetti F, Liessi
G, Pedrazzoli S. Clinical usefulness of 18-fluorodeoxyglucose
positron emission tomography in the management of patients
with nonpancreatic periampullary neoplasms. Am J Surg
2006; 191: 743-748
Wakabayashi H, Akamoto S, Yachida S, Okano K, Izuishi K,
Nishiyama Y, Maeta H. Significance of fluorodeoxyglucose
PET imaging in the diagnosis of malignancies in patients
with biliary stricture. Eur J Surg Oncol 2005; 31: 1175-1179
Anderson CD, Rice MH, Pinson CW, Chapman
WC, Chari RS, Delbeke D. Fluorodeoxyglucose PET
imaging in the evaluation of gallbladder carcinoma and
cholangiocarcinoma. J Gastrointest Surg 2004; 8: 90-97
Koh T, Taniguchi H, Yamaguchi A, Kunishima S, Yamagishi
H. Differential diagnosis of gallbladder cancer using
positron emission tomography with fluorine-18-labeled
fluoro-deoxyglucose (FDG-PET). J Surg Oncol 2003; 84: 74-81
Fletcher JW, Djulbegovic B, Soares HP, Siegel BA, Lowe

			

12

13

14

6431

VJ, Lyman GH, Coleman RE, Wahl R, Paschold JC, Avril N,
Einhorn LH, Suh WW, Samson D, Delbeke D, Gorman M,
Shields AF. Recommendations on the use of 18F-FDG PET
in oncology. J Nucl Med 2008; 49: 480-508
Nishiyama Y, Yamamoto Y, Fukunaga K, Kimura N, Miki
A, Sasakawa Y, Wakabayashi H, Satoh K, Ohkawa M. Dualtime-point 18F-FDG PET for the evaluation of gallbladder
carcinoma. J Nucl Med 2006; 47: 633-638
Rodriguez-Fernandez A, Gomez-Rio M, Medina-Benitez A,
Moral JV, Ramos-Font C, Ramia-Angel JM, Llamas-Elvira
JM, Ferron-Orihuela JA, Lardelli-Claret P. Application
of modern imaging methods in diagnosis of gallbladder
cancer. J Surg Oncol 2006; 93: 650-664
Casneuf V, Delrue L, Kelles A, Van Damme N, Van
Huysse J, Berrevoet F, De Vos M, Duyck P, Peeters M.
Is combined 18F-fluorodeoxyglucose-positron emission
tomography/computed tomography superior to positron
emission tomography or computed tomography alone for
diagnosis, staging and restaging of pancreatic lesions? Acta
Gastroenterol Belg 2007; 70: 331-338
S- Editor Zhong XY

E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
www.wjgnet.com

			

World J Gastroenterol 2008 November 7; 14(41): 6432
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of
Gastroenterology
Many reviewers have contributed their expertise and
time to the peer review, a critical process to ensure the
quality of World Journal of Gastroenterology. The editors
and authors of the articles submitted to the journal are
grateful to the following reviewers for evaluating the
articles (including those published in this issue and
those rejected for this issue) during the last editing
time period.
Seyed-Moayed Alavian, Associate Professor of Gastroenterology
and Hepatology
Department of Internal Medicine, Baqiyatallah University of Medical
Sciences & Tehran Hepatitis Center, PO Box 14155-3651-Tehran, Iran
Einar S Björnsson, Professor
Department of Internal Medicine, Section of Gastroenterology and
Hepatology, Sahlgrenska University hospital, Med pol II, SE-413 45
Gothenburg, Sweden
Gerd Bouma, MD, PhD
Vrije Universiteit Medical Center, Department of Gastroenterology, De
Boelelaan 1117, Amsterdam 1081 HV, Netherlands
Reinhard Buettner, Professor
Institute of Pathology, University Hospital Bonn, Sigmund-Freud-Str.
25, D-53127 Bonn, Germany
Andrew D Clouston, Associate Professor
Histopath Laboratories, Suite 4, Level 9, Strathfield Plaza, Strathfield,
Sydney, 2135, Australia
Maria Stella De Mitri, MD
Department di Malattie dell’Apparato Digestivo e Medicina Interna,
U.O. di Semeiotica Medica, Policlinico S.Orsola-Malpighi, Via Massarenti
9, Bologna 40138, Italy
Conor P Delaney, MD, MCh, PhD, FRCSI, FACS, Professor of
Surgery
Case Western Reserve University, Chief, Division of Colorectal Surgery,
Vice-Chairman, Department of Surgery, Director, Institute for Surgery
and Innovation, University Hospitals, Case Medical Center, 11100 Euclid
Avenue Cleveland, OH 44106-5047, United States

Laura Lladóa, PhD
Department of Surgery, Liver Transplant Unit, Hospital Universitari de
Bellvitge, IDIBELL, 08907 Barcelona, Spain
Mercedes Susan Mandell, MD, PhD
Department of Anesthesiology, University of Colorado Health Sciences
Ctr., 12401 E. 17th Ave, B113 Aurora, CO 80045, United States
Kenji Miki, MD
Department of Surgery, Showa General Hospital, 2-450 Tenjin-cho,
Kodaira, Tokyo 187-8510, Japan
James Neuberger, Professor
Liver Unit, Queen Elizabeth Hospital, Birmingham B15 2TH,
United Kingdom
Lars A Pahlman, Professor
Department of Surgery, Colorectal Unit, University Hospital, SE 751 85,
Uppsala, Sweden
Eamonn M Quigley, Professor
Department of Medicine National University of Ireland, Cork, Cork
University Hospital Clinical Sciences Building Wilton, Cork, Ireland
Philip Rosenthal, MD, Professor of Pediatrics & Surgery, UCSF
500 Parnassus Avenue, Box 0136, MU 4-East, San Francisco, CA
94143-0136, United States
Francis Seow-Choen, Professor
Seow-Choen Colorectal Centre, Mt Elizabeth Medical Centre, Singapore,
3 Mt Elizabeth Medical Centre #09-10 , 228510, Singapore
Mitsuo Shimada, Professor
Department of Digestive and Pediatric Surgery, Tokushima University,
Kuramoto 3-18-15, Tokushima 770-8503, Japan
Qin Su, Professor
Department of Pathology, Cancer Hospital and Cancer Institute,
Chinese Academy of Medical Sciences and Peking Medical College, PO
Box 2258, Beijing 100021, China
Kiichi Tamada, MD
Department of Gastroenterology, Jichi Medical Shool, 3311-1 Yakushiji,
Minamikawachi,Kawachigun, Tochigi 329-0498, Japan

Zvi Fireman, MD, Associate Professor of Medicine, Head
Gastroenterology Department, Hillel Yaffe Med Ctr , POB 169, 38100,
Hadera, Israel

James F Trotter, MD, Associate Professor
University of Colorado, Division of Gastroenterology, 4200 E. 9th
Avenue, b-154, Denver, CO 80262, United States

Peter Raymond Gibson, Professor
Department of Medicine, Box Hill Hospital, Box Hill, Victoria 3128,
Australia

Akihito Tsubota, Assistant Professor
Institute of Clinical Medicine and Research , Jikei University School of
Medicine, 163-1 Kashiwa-shita, Kashiwa, Chiba 277-8567, Japan

Henrike Hamer, PhD
Department of Internal Medicine, Division of Gastroenterology (Box 46),
Maastricht University, PO Box 616, 6200 MD Maastricht, The Netherlands

Siegfried Wagner, Professor
Medizinische Klinik II, Klinikum Deggendorf, Perlasberger Str. 41,
Deggendorf 94469, Germany

Dr. Jörg C Kalff, Professor
University of Bonn, Sigmund-Freud-Str. 25, Bonn 53105, Germany

Dr. Daniel L Worthley
Department of Gastroenterology and Hepatology, Flinders Medical
Centre, Room 3D230, Bedford Park, SA 5042, Australia

Serdar Karakose, Dr, Professor
Department of Radiology, Meram Medical Faculty, Selcuk University,
Konya 42080, Turkey
Dr. Cynthia Levy
Division of Gastroenterology, Hepatology and Nutrition, University of
Florida, MSB-Rm M 440, 1600 SW Archer Road, Gainesville, FL 32608,
United States

Takayuki Yamamoto, MD
Inflammatory Bowel Disease Center, Yokkaichi Social Insurance
Hospital, 10-8 Hazuyamacho, Yokkaichi 510-0016, Japan
Hitoshi Yoshiji, MD, PhD
Third Department of Internal Medicine, Nara Medical University, 840
Shijo-cho, Kashihara, Nara 634-8522, Japan

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
www.wjgnet.com

Meetings
Events Calendar 2008-2009
FALK SYMPOSIA 2008
January 24-25, Frankfurt, Germany
Falk Workshop: Perspectives in
Liver
Transplantation
International Gastroenterological
Congresses 2008
February 14-16, Paris, France
EASL-AASLD-APASL-ALEH-IASL
Conference Hepatitis B and C virus
resistance to antiviral therapies
www.easl.ch/hepatitis-conference

			

Falk Symposium 164: Intestinal
Disorders

Falk Workshop: Strategies of Cancer
Prevention in Gastroenterology

May 18-21, San Diego, California, USA
Digestive Disease Week 2008

September 18-19, Mainz, Germany
Falk Symposium 166:
GI Endoscopy - Standards &
Innovations

May 21-22, California, USA
ASGE Annual Postgraduate Course
Endoscopic Practice 2008: At the
Interface of Evidence and Expert
Opinion
E-mail: education@&#97;sge.org

September 20-21, Mainz, Germany
Falk Symposium 167:
Liver Under Constant Attack - From
Fat to Viruses

June 5-8, Sitges (Barcelona), Spain
Semana de las Enfermedades
Digestivas
E-mail: sepd@sepd.es

September 24-27, Nantes, France
Third Annual Meeting
European Society of Coloproctology
www.escp.eu.com

June 6-8, Prague, Czech Republic
3rd Annual European Meeting:
Perspectives in Inflammatory Bowel
Diseases
E-mail: meetings@imedex.com

February 28, Lyon, France
3rd Congress of ECCO - the European
Crohn’s and Colitis Organisation
Inflammatory Bowel Diseases 2008
www.ecco-ibd.eu

June 10-13, Istanbul, Turkey
ESGAR 2008 19 th Annual Meeting
and Postgraduate Course
E-mail: fca@netvisao.pt

February 29, Québec, Canada
Canadian Association of
Gastroenterology
E-mail: general@cag-acg.org

June 11-13, Stockholm, Sweden
16th International Congress of
the European Association for
Endoscopic Surgery
E-mail: info@&#101;aes-eur.org

March 14-15, HangZhou, China
Falk Symposium 163: Chronic
Inflammation of Liver and Gut
March 23-26, Seoul, Korea
Asian Pacific Association for the
Study of the Liver
18th Conference of APASL: New
Horizons in Hepatology
www.apaslseoul2008.org
March 29-April 1, Shanghai, China
Shanghai-Hong Kong International
Liver Congress
www.livercongress.org
April 05-09, Monte-Carlo (Grimaldi
Forum), Monaco
OESO 9th World Congress, The
Gastro-esophageal Reflux Disease:
from Reflux to Mucosal
Inflammation-Management of
Adeno-carcinomas
E-mail: robert.giuli@oeso.org
April 9-12, Los Angeles, USA
SAGES 2008 Annual Meeting - part
of Surgical Spring Week
www.sages.org/08program/html/
April 18-22, Buenos Aires, Argentina
9th World Congress of the
International Hepato-Pancreato
Biliary Association
Association for the Study of the
Liver
www.ca-ihpba.com.ar
April 23-27, Milan, Italy
43rd Annual Meeting of the European
Association for the Study of the
Liver
www.easl.ch
May 2-3, Budapest, Hungary

September 18-20, Prague, Czech
Republic
Prague Hepatology Meeting 2008
www.czech-hepatology.cz/phm2008

June 4-7, Helsinki, Finland
The 39th Nordic Meeting of
Gastroenterology
www.congrex.com/ngc2008

February 14-17, Berlin, Germany
8th International Conference on New
Trends in Immunosuppression and
Immunotherapy
www.kenes.com/immuno

March 10-13, Birmingham, UK
British Society of Gastroenterology
Annual Meeting
E-mail: BSG@mailbox.ulcc.ac.uk

World J Gastroenterol 2008 November 7; 14(41): 6433
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

June 13-14, Amsterdam, Netherlands
Falk Symposium 165: XX
International Bile Acid Meeting. B
ile Acid Biology and Therapeutic
Actions
June 13-14, Prague, Czech Republic
Central and Eastern European
Conference on Colorectal "Cancer"
Screening, Prevention and
Management
E-mail: idca2008@guarant.cz
June 25-28, Barcelona, Spain
10th World Congress on
Gastrointestinal Cancer
Imedex and ESMO
E-mail: meetings@imedex.com
June 25-28, Lodz, Poland
Joint Meeting of the European
Pancreatic Club (EPC)
and the International Association of
Pancreatology (IAP)
E-mail: office@epc-iap2008.org
www.e-p-c.org
www.pancreatology.org

N.O.T.E.S
April 3-5, November 27-29
Laparoscopic Digestive Surgery
June 27-28, November 7-8
Laparoscopic Colorectal Surgery
July 3-5
Interventional GI Endoscopy
Techniques
Contact address for all courses:
E-mail: info@eits.fr
International Gastroenterological
Congresses 2009
March 23-26, Glasgow, Scotland
Meeting of the British Society of
Gastroenterology (BSG)
E-mail: bsg@mailbox.ulcc.ac.uk
May 17-20, Denver, Colorado, USA
Digestive Disease Week 2009

October 8-11, Istanbul, Turkey
18th World Congress of the
International Association of
Surgeons,
Gastroenterologists and Oncologists
E-mail: orkun.sahin@serenas.com.tr

November 21-25, London, UK
Gastro 2009 UEGW/World Congress
of Gastroenterology
www.gastro2009.org

October 18-22, Vienna, Austria
16th United European
Gastroenterology Week
www.negf.org
www.acv.at
October 22-25, Minnesota, USA
Anstralian Gastroenterology Week
2008
E-mail: gesa@gesa.org.au
October 22-25, Brisbane, Australia
71st Annual Colon and Rectal Surgery
Conference
E-mail: info@colonrectalcourse.org
October 31-November 4, Moscone
West Convention Center, San
Francisco, CA
59th AASLD Annual Meeting and
Postgraduate Course
The Liver Meeting
Information: www.aasld.org
November 6-9, Lucerne, Switzerland
Neurogastroenterology & Motility
Joint International Meeting 2008
E-mail: ngm2008@mci-group.com
www.ngm2008.com

June 26-28, Bratislava, Slovakia
5th Central European
Gastroenterology Meeting
www.ceurgem2008.cz

November 12, Santiago de Chile,
Chile
Falk Workshop: Digestive Diseases:
State of the Art and Daily Practice

July 9-12, Paris, France
ILTS 14th Annual International
Congress
www.ilts.org

November 28-29, Cairo, Egypt
1st Hepatology and Gastroenterology
Post Graduate Course
www.egyptgastrohep.com

September 10-13, Budapest, Hungary
11th World Congress of the
International Society for Diseases of
the Esophagus
E-mail: isde@isde.net

December 7-9, Seoul, Korea
6th International Meeting
Hepatocellular Carcinoma: Eastern
and Western Experiences
E-mail: sglee@amc.seoul.kr

September 13-16, New Delhi, India
Asia Pacific Digestive Week
E-mail: apdw@apdw2008.net

INFORMATION FOR ALL
FALK FOUNDATION e.V.
E-mail: symposia@falkfoundation.de
www.falkfoundation.de

III FALK GASTRO-CONFERENCE
September 17, Mainz, Germany

Institute of Telesurgery EITS - 2008
Strasbourg, France
January 18-19, March 28-29, June 6-7,
October 3-4

Advanced Courses - European

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, nutrition,
digestive surgery, 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-inone” 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.

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
www.wjgnet.com

			

Instructions to authors
GENERAL INFORMATION
World Journal of Gastroenterology (World J Gastroenterol ISSN 1007-9327
CN 14-1219/R) is a weekly open access peer-reviewed journal
supported by an editorial board consisting of 1208 experts in
gastroenterology and hepatology from 60 countries. The aim of
the journal is to deliver the most clinically relevant original and
commentary articles to readers, and to make the full text publicly
available to all clinicians, scientists, patients and biomedical students
on an unrestricted platform, so that they can access and learn about
the most recent key advances in the field.
In addition to the open access nature, another key characteristic
of WJG is its reading guidance for each article which includes background, research frontier, related reports, breakthroughs, applications,
terminology, and comments of peer reviewers for the general readers.
WJG publishes articles on esophageal, gastrointestinal,
hepatobiliary and pancreatic tumors, and other esophageal,
gastrointestinal, hepatic-biliary and pancreatic diseases in relation
to epidermiology, immunology, microbiology, motility & nerve-gut
interaction, endocrinology, nutrition & obesity, endoscopy, imaging
and advanced hi-technology.
The main goal of WJG is to publish high quality commentary
articles contributed by leading experts in gastroenterology and
hepatology and original articles that combine the clinical practice
and advanced basic research, to provide an interactive platform for
clinicians and researchers in internal medicine, surgery, infectious
diseases, traditional Chinese medicine, oncology, integrated Chinese
and Western medicine, imaging, endoscopy, interventional therapy,
pathology and other basic medical specialities, and thus eventually
improving the clinical practice and healthcare for patients.
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 in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. 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 are 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 copy-edit and put onto
our website accepted manuscripts. Authors should follow the
relevant guidelines for the care and use of laboratory animals of
their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting
of clinical trials, we endorse the policy of the International
Committee of Medical Journal Editors to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available,
to our knowledge, is http://www. clinicaltrials.gov sponsored by
the United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables,
photographs and illustrations because rejected manuscripts
will not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing.

World J Gastroenterol 2008 November 7; 14(41): 6434-6436
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://wjg.wjgnet.com/wjg. Authors are highly
recommended to consult the ONLINE INSTRUCTIONS TO
AUTHORS (http://www.wjgnet.com/wjg/help/instructions.
jsp) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to submission@wjgnet.com,
or by telephone: +86-10-85381892. If you submit your manuscript
online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:
Title page
Full manuscript title, r unning title, all author(s) name(s),
affiliations, institution(s) and/or department(s) where the work
was carried out; author contributions; 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
(remove 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.
Author controbutions: The format of this section should be
like this: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F
and Wu XM designed research; Wang CL, Zou CC, Hong F and
Wu XM performed research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed
data; and Wang CL, Liang L and Fu JF wrote the paper.
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJG, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.
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 equipment, and the experimental
procedures should be included. RESULTS: The observed and
experimental results, including data, effects, outcome, etc. should be
included. Authors should present P value where necessary, and also
include any significant data. CONCLUSION: Accurate view and
the value of the results should be included.
The format for structured abstracts can be found at: http://
www.wjgnet.com/wjg/help/11.doc.
Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Text
For articles of these sections, original articles, rapid communication

Instructions to authors
and case reports, the main text should be structured into the
following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
body text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, should be found at: http://www.wjgnet.com/
wjg/help/instructions.jsp.
Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the leg end rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A: ...; B:
...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle to publish high
resolution-figures for the printed and E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement but not duplicate the text. Use one horizontal line
under the title, a second under 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,
b
P < 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. A third
series of P values can be expressed as eP < 0.05 and fP < 0.01. Other
notes in tables or under illustrations should be expressed as 1F, 2F, 3F;
or sometimes as 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.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscripts and who endorse the data and
conclusions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability[1,2]”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references[19,22-24], we know that...”
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.
PMID requirement
PMID roots in the abstract serial number indexed by PubMed
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed).
The author should supply the PMID for journal citation. For
those references that have not been indexed by PubMed, a printed
copy of the first page of the full reference should be submitted.

6435
The accuracy of the information for journal citations is very
important. Using the reference testing system, the authors and
editor should check the authors name, title, journal title, publication
date, volume number, start page, and end page. We will interlink
all references with PubMed in an ASP file so that the readers can
immediately access the abstract of the citations online.
DOI requirement
A CrossRef DOI® (Digital Object Identifier) name is a unique
string created to identify a piece of scholarly content in the online
environment. The author should supply the DOIs for journal
citation(doi:10.3748/wjg.13.6458). This link (http://www.crossref.
org/SimpleTextQuery/) allows you to retrieve Digital Object
Identifiers (DOIs) for journal articles, books, and chapters by
simply cutting and pasting the reference list into the box. You may
use the form with any reference style, although the tool works most
reliably if references are formatted in a standard style such as shown
in this example: Assimakopoulos SF, Scopa CD, Vagianos CE.
Pathophysiology of increased intestinal permeability in obstructive
jaundice. World J Gastroenterol 2007; 13(48): 6458-6464
The accuracy of the information of journal citations is very
important. We will interlink all references with DOI in ASP file
so that readers can access the abstracts of cited articles online
immediately.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number
(in black), start page, and end page [PMID: 11819634 DOI:
10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, BoRong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where
applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where
applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci
USA 2006; In press
Organization as author
4 Diabetes Pr evention Pr og ram Research Gr oup .
Hypertension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. J Urol 2003;
169: 2257-2261 [PMID: 12771764]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment

6436

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: S93-99 [PMID: 12028325]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin Orthop
Relat Res 2002; (401): 230-238 [PMID: 12151900]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care. HRSA
Careaction 2002; 1-6 [PMID: 12154804]
Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd
ed. Wieczorek RR, editor. White Plains (NY): March of Dimes
Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V.
Proceedings of the 5th Germ cell tumours Conference; 2001
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza's
computational effort statistic for genetic programming. In:
Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http//www.cdc.gov/
ncidod/EID/eid.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and
positioning tool assembly. United States patent US
20020103498. 2002 Aug 1
Inappropriate references
Authors should always cite references that are relevant to their
article, and avoid any inappropriate references. Inappropriate
references include those linked with a hyphen when the difference
between the two numbers is greater than five. For example, [1-6],
[2-14] and [1, 3, 4-10, 22] are all considered inappropriate references.
Authors should not cite their own unrelated published articles.
Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as
2
χ (in Greek), related coefficient as r (in italics), degree of freedom
as υ (in Greek), sample number as n (in italics), and probability as P (in
italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc.
Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/wjg/help/15.doc.
Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and
Authors (Ed. Baron DN, 1988) published by The Royal Society of

November 7, 2008

Volume 14

Number 41

Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.
Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H pylori, E coli, etc.

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER
ACCEPTED

Please revise your article according to the revision policies
of WJG. The revised version including manuscript and highresolution image figures (if any) should be copied on a floppy or
compact disk. The author should send the revised manuscript,
along with printed high-resolution color or black and white
photos, copyright transfer letter, and responses to the reviewers
by courier (such as EMS/DHL).
Editorial Office
World Journal of Gastroenterology
Editorial Department: Room 903
Ocean International Center, Building D
No. 62 Dongsihuan Zhonglu
Chaoyang District, Beijing 100025, China
E-mail: wjg@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-59080039
Fax: +86-10-85381893
Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing
needed; (4) Grade D: rejected. Revised articles should reach Grade
A or B.
Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/wjg/help/9.doc.
Responses to reviewers
Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wjgnet.com/wjg/help/10.
doc.
Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.
Links to documents related to the manuscript
WJG will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on the
peer reviewer’s report, authors’ responses to peer reviewers, and
the revised manuscript. We hope that authors will benefit from this
feedback and be able to revise the manuscript accordingly in a timely
manner.
Science news releases
Authors of accepted manuscripts are suggested to write a
science news item to promote their articles. The news will be
released rapidly at EurekAlert/AAAS (http://www.eurekalert.
org). The title for news items should be less than 90 characters;
the summary should be less than 75 words; and main body less
than 500 words. Science news items should be lawful, ethical, and
strictly based on your original content with an attractive title and
interesting pictures.
Publication fee
Authors of accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and
LETTERS TO THE EDITOR are published free of charge.

ISSN 1007-9327
CN 14-1219/R

World Journal of Gastroenterology

World Journal of

Gastroenterology
Volume 14 Number 42
November 14, 2008

www.wjgnet.com
Volume 14

National Journal Award
2005

Number 42

百世登

Baishideng™©

Nov 14

Published by The WJG Press and Baishideng
Room903, Ocean International Center, Building D
No. 62 Dongsihuan Zhonglu, Chaoyang District, Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: wjg@wjgnet.com
http://www.wjgnet.com

2008

I S SN 1 0 0 7  -   9 3 2 7
4 2>

World Journal of

Gastroenterology
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.

Volume 14 Number 42
November 14, 2008

World J Gastroenterol
2008 November 14; 14(42): 6437-6600

A Weekly Journal of Gastroenterology and Hepatology

ISSN 1007-9327 CN 14-1219/R Local Post Offices Code No. 82-261

9 7 7 10 07   9 32 0 45

Online Submissions
wjg.wjgnet.com
www.wjgnet.com
Printed on Acid-free Paper

World Journal of

Gastroenterology
Editorial Board
2007-2009

百世登

Baishideng™©
Published by The WJG Press and Baishideng
Room 903, Ocean International Center, Building D
No. 62 Dongsihuan Zhonglu, Chaoyang District, Beijing 100025, China
Fax: +86-10-8538-1893 E-mail: wjg@wjgnet.com http://www.wjgnet.com

The World Journal of Gastroenterology Editorial Board consists of 1208 members, representing a team of worldwide experts in
gastroenterology and hepatology. They are from 60 countries, including Albania (1), Argentina (4), Australia (39), Austria (10),
Belarus (1), Belgium (15), Brazil (2), Bulgaria (1), Canada (28), Chile (1), China (60), Croatia (2), Cuba (1), Czech (2), Denmark (7),
Egypt (4), Estonia (1), Finland (4), France (44), Germany (108), Greece (9), Hungary (2), Iceland (1), India (12), Iran (3), Ireland (4),
Israel (8), Italy (96), Japan (176), Lebanon (3), Lithuania (1), Macedonia (1), Malaysia (3), Mexico (6), Monaco (1), Morocco (1), The
Netherlands (26), New Zealand (1), Nigeria (1), Norway (3), Pakistan (2), Peru (1), Poland (6), Portugal (1), Russia (3), Saudi Arabia
(2), Serbia (1), Singapore (4), Slovakia (2), Slovenia (1), South Africa (2), South Korea (14), Spain (38), Sweden (15), Switzerland (13),
Turkey (8), United Arab Emirates (1), United Kingdom (83), United States (316) and Uruguay (2).

HONORARY EDITORS-IN-CHIEF
Montgomery Bissell, San Francisco
James L Boyer, New Haven
Chao-Long Chen, Kaohsiung
Ke-Ji Chen, Beijing
Li-Fang Chou, Taipei
Jacques V Dam, Stanford
Martin H Floch, New Haven
Guadalupe Garcia-Tsao, New Haven
Zhi-Qiang Huang, Beijing
Shinn-Jang Hwang, Taipei
Ira M Jacobson, New York
Derek Jewell, Oxford
Emmet B Keeffe, Palo Alto
Min-Liang Kuo, Taipei
Nicholas F LaRusso, Rochester
Jie-Shou Li, Nanjing
Geng-Tao Liu, Beijing
Lein-Ray Mo, Tainan
Bo-Rong Pan, Xi'an
Fa-Zu Qiu, Wuhan
Eamonn M Quigley, Cork
David S Rampton, London
Rafiq A Sheikh, Sacramento
Rudi Schmid, Kentfield[1]
Nicholas J Talley, Rochester
Sun-Lung Tsai, Young-Kang City
Guido NJ Tytgat, Amsterdam
Hsiu-Po Wang, Taipei
Jaw-Ching Wu, Taipei
Meng-Chao Wu, Shanghai
Ming-Shiang Wu, Taipei
Jia-Yu Xu, Shanghai
Ta-Sen Yeh, Taoyuan
Ming-Lung Yu, Kaohsiung

PRESIDENT AND EDITOR-INCHIEF
Lian-Sheng Ma, Beijing
STRATEGY ASSOCIATE
EDITORS-IN-CHIEF
Peter Draganov, Florida
Ronnie Fass, Tucson
Hugh J Freeman, Vancouver
John P Geibel, New Haven
Maria Concepción Gutiérrez-Ruiz, México
Kazuhiro Hanazaki, Kochi
Akio Inui, Kagoshima
Kalpesh Jani, Vadodara
Sanaa M Kamal, Cairo
Ioannis E Koutroubakis, Heraklion
Jose JG Marin, Salamanca
Javier S Martin, Punta del Este
Natalia A Osna, Omaha
Jose Sahel, Marseille
Ned Snyder, Galveston
Nathan Subramaniam, Brisbane
Wei Tang, Tokyo
Alan BR Thomson, Edmonton
Paul Joseph Thuluvath, Baltimore
James F Trotter, Denver
Shingo Tsuji, Osaka
Harry HX Xia, Hanover
Yoshio Yamaoka, Houston
Jesue K Yamamoto-Furusho, México
ASSOCIATE EDITORS-IN-CHIEF
Gianfranco D Alpini, Temple
Bruno Annibale, Roma
www.wjgnet.com

Roger W Chapman, Oxford
Chi-Hin Cho, Hong Kong
Alexander L Gerbes, Munich
Shou-Dong Lee, Taipei
Walter E Longo, New Haven
You-Yong Lu, Beijing
Masao Omata, Tokyo
BIOSTATISTICAL EDITOR
Liang-Ping Hu, Beijing
MEMBERS OF THE EDITORIAL
BOARD

Albania
Bashkim Resuli, Tirana

Argentina
Julio H Carri, Córdoba
Carlos J Pirola, Buenos Aires
Silvia Sookoian, Buenos Aires
Adriana M Torres, Rosario

Australia
Leon Anton Adams, Nedlands
Minoti V Apte, Liverpool
Richard B Banati, Lidcombe
Michael R Beard, Adelaide
Patrick Bertolino, Sydney

I

Andrew V Biankin, Sydney
Filip Braet, Sydney
Andrew D Clouston, Sydney
Graham Cooksley, Queensland
Darrell HG Crawford, Brisbane
Adrian G Cummins, Woodville South
Guy D Eslick, Sydney
Michael A Fink, Melbourne
Robert JL Fraser, Daw Park
Peter Raymond Gibson, Victoria
Jacob George, Westmead
Mark D Gorrell, Sydney
Yik-Hong Ho, Townsville
Gerald J Holtmann, Adelaide
Michael Horowitz, Adelaide
John E Kellow, Sydney
Rupert Leong, Concord
Geoffrey W McCaughan, Sydney
Finlay A Macrae, Victoria
Daniel Markovich, Brisbane
Phillip S Oates, Perth
Jacqui Richmond, Victoria
Stephen M Riordan, Sydney
Ian C Roberts-Thomson, Adelaide
Devanshi Seth, Camperdown
Arthur Shulkes, Melbourne
Ross C Smith, Sydney
Kevin J Spring, Brisbane
Huy A Tran, New South Wales
Debbie Trinder, Fremantle
Martin J Veysey, Gosford
Daniel L Worthley, Bedford

Austria
Peter Ferenci, Vienna
Valentin Fuhrmann, Vienna
Alfred Gangl, Vienna
Christoph Gasche, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Rudolf E Stauber, Auenbruggerplatz
Herbert Tilg, Innsbruck
Michael Trauner, Graz
Harald Vogelsang, Vienna
Guenter Weiss, Innsbruck

Belarus
Yury K Marakhouski, Minsk

Belgium
Rudi Beyaert, Gent
Bart Rik De Geest, Leuven
Inge I Depoortere, Leuven
Olivier Detry, Liège
Benedicte Y De Winter, Antwerp
Karel Geboes, Leuven
Thierry Gustot, Brussels
Yves J Horsmans, Brussels
Geert G Leroux-Roels, Ghent
Louis Libbrecht, Leuven
Etienne M Sokal, Brussels
Marc Peeters, De Pintelaan
Gert A Van Assche, Leuven
Yvan Vandenplas, Brussels
Eddie Wisse, Keerbergen

Ⅱ

Brazil
Heitor Rosa, Goiania
Ana Cristina Simões e Silva, Belo Horizonte

Bulgaria
Zahariy Krastev, Sofia

Canada
Fernando Alvarez, Québec
David Armstrong, Ontario
Jeffrey P Baker, Toronto
Olivier Barbier, Québec
Nancy Baxter, Toronto
Matthew Bjerknes, Toronto
Frank J Burczynski, Manitoba
Michael F Byrne, Vancouver
Wang-Xue Chen, Ottawa
Chantal Guillemette, Québec
Samuel S Lee, Calgary
Gary A Levy, Toronto
Andrew L Mason, Alberta
John K Marshall, Ontario
Donna-Marie McCafferty, Calgary
Thomas I Michalak, St. John's
Gerald Y Minuk, Manitoba
Paul Moayyedi, Hamilton
Kostas Pantopoulos, Québec
William G Paterson, Kingston
Eldon Shaffer, Calgary
Morris Sherman, Toronto
Martin Storr, Calgary
Elena F Verdu, Ontario
John L Wallace, Calgary
Eric M Yoshida, Vancouver

Chile
Silvana Zanlungo, Santiago

China
Henry LY Chan, Hongkong
Xiao-Ping Chen, Wuhan
Zong-Jie Cui, Beijing
Da-Jun Deng, Beijing
Er-Dan Dong, Beijing
Sheung-Tat Fan, Hong Kong
Jin Gu, Beijing
Xin-Yuan Guan, Pokfulam
De-Wu Han, Taiyuan
Ming-Liang He, Hong Kong
Wayne HC Hu, Hong Kong
Chee-Kin Hui, Hong Kong
Ching-Lung Lai, Hong Kong
Kam Chuen Lai, Hong Kong
James YW Lau, Hong Kong
Yuk-Tong Lee, Hong Kong
Suet-Yi Leung, Hong Kong
Wai-Keung Leung, Hong Kong
John M Luk, Pokfulam
Chung-Mau Lo, Hong Kong
Jing-Yun Ma, Beijing
Ronnie Tung Ping Poon, Hong Kong
Lun-Xiu Qin, Shanghai
Yu-Gang Song, Guangzhou
Qin Su, Beijing
Wai-Man Wong, Hong Kong
www.wjgnet.com

Hong Xiao, Shanghai
Dong-Liang Yang, Wuhan
Winnie Yeo, Hong Kong
Yuan Yuan, Shenyang
Man-Fung Yuen, Hong Kong
Jian-Zhong Zhang, Beijing
Xin-Xin Zhang, Shanghai
Bo-Jian Zheng, Hong Kong
Shu Zheng, Hangzhou

Croatia
Tamara Cacev, Zagreb
Marko Duvnjak, Zagreb

Cuba
Damian C Rodriguez, Havana

Czech
Milan Jirsa, Praha
Pavel Trunečka, Prague

Denmark
Peter Bytzer, Copenhagen
Asbjørn M Drewes, Aalborg
Hans Gregersen, Aalborg
Jens H Henriksen, Hvidovre
Claus P Hovendal, Odense
Fin S Larsen, Copenhagen
Søren Møller, Hvidovre

Egypt
Abdel-Rahman El-Zayadi, Giza
Amr M Helmy, Cairo
Ayman Yosry, Cairo

Estonia
Riina Salupere, Tartu

Finland
Irma E Jarvela, Helsinki
Katri M Kaukinen, Tampere
Minna Nyström, Helsinki
Pentti Sipponen, Espoo

France
Bettaieb Ali, Dijon
Corlu Anne, Rennes
Denis Ardid, Clermont-Ferrand
Charles P Balabaud, Bordeaux
Soumeya Bekri, Rouen
Jacques Belghiti, Clichy
Jacques Bernuau, Clichy Cedex
Pierre Brissot, Rennes
Patrice P Cacoub, Paris
Franck Carbonnel, Besancon
Laurent Castera, Pessac
Bruno Clément, Rennes
Benoit Coffin, Colombes
Jacques Cosnes, Paris
Thomas Decaens, Cedex

Francoise L Fabiani, Angers
Gérard Feldmann, Paris
Jean Fioramonti, Toulouse
Jean-Noël Freund, Strasbourg
Jean-Paul Galmiche, Nantes
Catherine Guettier, Villejuif
Chantal Housset, Paris
Juan L Iovanna, Marseille
Rene Lambert, Lyon
Patrick Marcellin, Paris
Philippe Mathurin, Lille
Tamara Matysiak–Budnik, Paris
Francis Mégraud, Bordeaux
Richard Moreau, Clichy
Thierry Piche, Nice
Raoul Poupon, Paris
Jean Rosenbaum, Bordeaux
Dominique Marie Roulot, Bobigny
Thierry Poynard, Paris
Jean-Philippe Salier, Rouen
Didier Samuel, Villejuif
Jean-Yves Scoazec, Lyon
Khalid A Tazi, Clichy
Emmanuel Tiret, Paris
Baumert F Thomas, Strasbourg
Marie-Catherine Vozenin-brotons, Villejuif
Jean-Pierre H Zarski, Grenoble
Jessica Zucman-Rossi, Paris

Germany
Hans-Dieter Allescher, G-Partenkirchen
Martin Anlauf, Kiel
Rudolf Arnold, Marburg
Max G Bachem, Ulm
Thomas F Baumert, Freiburg
Daniel C Baumgart, Berlin
Hubert Blum, Freiburg
Thomas Bock, Tuebingen
Katja Breitkopf, Mannheim
Dunja Bruder, Braunschweig
Markus W Büchler, Heidelberg
Christa Buechler, Regensburg
Reinhard Buettner, Bonn
Elke Cario, Essen
Uta Dahmen, Essen
Christoph F Dietrich, Bad Mergentheim
Arno J Dormann, Koeln
Rainer J Duchmann, Berlin
Volker F Eckardt, Wiesbaden
Paul Enck, Tuebingen
Fred Fändrich, Kiel
Ulrich R Fölsch, Kiel
Helmut Friess, Heidelberg
Peter R Galle, Mainz
Nikolaus Gassler, Aachen
Andreas Geier, Aachen
Markus Gerhard, Munich
Wolfram H Gerlich, Giessen
Dieter Glebe, Giessen
Burkhard Göke, Munich
Florian Graepler, Tuebingen
Axel M Gressner, Aachen
Veit Gülberg, Munich
Rainer Haas, Munich
Eckhart G Hahn, Erlangen
Stephan Hellmig, Kiel
Martin Hennenberg, Bonn
Johannes Herkel, Hamburg
Klaus R Herrlinger, Stuttgart
Eva Herrmann, Homburg/Saar
Eberhard Hildt, Berlin
Joerg C Hoffmann, Berlin
Ferdinand Hofstaedter, Regensburg

Werner Hohenberger, Erlangen
Jörg C Kalff, Bonn
Ralf Jakobs, Ludwigshafen
Jutta Keller, Hamburg
Andrej Khandoga, Munich
Sibylle Koletzko, München
Stefan Kubicka, Hannover
Joachim Labenz, Siegen
Frank Lammert, Bonn
Thomas Langmann, Regensburg
Christian Liedtke, Aachen
Matthias Löhr, Mannheim
Christian Maaser, Muenster
Ahmed Madisch, Dresden
Peter Malfertheiner, Magdeburg
Michael P Manns, Hannover
Helmut Messmann, Augsburg
Stephan Miehlke, Dresden
Sabine Mihm, Göttingen
Silvio Nadalin, Essen
Markus F Neurath, Mainz
Johann Ockenga, Berlin
Florian Obermeier, Regensburg
Gustav Paumgartner, Munich
Ulrich KS Peitz, Magdeburg
Markus Reiser, Bochum
Emil C Reisinger, Rostock
Steffen Rickes, Magdeburg
Tilman Sauerbruch, Bonn
Dieter Saur, Munich
Hans Scherubl, Berlin
Joerg Schirra, Munich
Roland M Schmid, München
Volker Schmitz, Bonn
Andreas G Schreyer, Regensburg
Tobias Schroeder, Essen
Henning Schulze-Bergkamen, Mainz
Hans Seifert, Oldenburg
Norbert Senninger, Muenster
Manfred V Singer, Mannheim
Gisela Sparmann, Rostock
Christian J Steib, München
Jurgen M Stein, Frankfurt
Ulrike S Stein, Berlin
Manfred Stolte, Bayreuth
Christian P Strassburg, Hannover
Wolfgang R Stremmel, Heidelberg
Harald F Teutsch, Ulm
Robert Thimme, Freiburg
Hans L Tillmann, Leipzig
Tung-Yu Tsui, Regensburg
Axel Ulsenheimer, Munich
Patrick Veit-Haibach, Essen
Claudia Veltkamp, Heidelberg
Siegfried Wagner, Deggendorf
Henning Walczak, Heidelberg
Heiner Wedemeyer, Hannover
Fritz von Weizsacker, Berlin
Jens Werner, Heidelberg
Bertram Wiedenmann, Berlin
Reiner Wiest, Regensburg
Stefan Wirth, Wuppertal
Stefan JP Zeuzem, Homburg

Greece
Alexandra A Alexopoulou, Athens
George N Dalekos, Larissa
Christos Dervenis, Athens
Melanie Maria Deutsch, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
George Papatheodoridis, Athens
Spiros Sgouros, Athens
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Hungary
Peter L Lakatos, Budapest
Zsuzsa Szondy, Debrecen

Iceland
Hallgrimur Gudjonsson, Reykjavik

India
Philip Abraham, Mumbai
Rakesh Aggarwal, Lucknow
Kunissery A Balasubramanian, Vellore
Deepak Kumar Bhasin, Chandigarh
Sujit K Bhattacharya, Kolkata
Yogesh K Chawla, Chandigarh
Radha K Dhiman, Chandigarh
Sri Prakash Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Seyed A Taghavi, Shiraz

Ireland
Billy Bourke, Dublin
Ronan A Cahill, Cork
Anthony P Moran, Galway

Israel
Simon Bar-Meir, Hashomer
Abraham R Eliakim, Haifa
Zvi Fireman, Hadera
Yaron Ilan, Jerusalem
Avidan U Neumann, Ramat-Gan
Yaron Niv, Pardesia
Ran Oren, Tel Aviv
Ami D Sperber, Beer-Sheva

Italy
Giovanni Addolorato, Roma
Luigi E Adinolfi, Naples
Domenico Alvaro,
Mario Angelico, Rome
Vito Annese, San Giovanni Rotond
Filippo Ansaldi, Genoa
Adolfo F Attili, Roma
Giovanni Barbara, Bologna
Claudio Bassi, Verona
Gabrio Bassotti, Perugia
Pier M Battezzati, Milan
Stefano Bellentani, Carpi
Antomio Benedetti, Ancona
Mauro Bernardi, Bologna
Livia Biancone, Rome
Luigi Bonavina, Milano
Flavia Bortolotti, Padova
Giuseppe Brisinda, Rome
Elisabetta Buscarini, Crema
Giovanni Cammarota, Roma
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Antonino Cavallari, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
Massimo Colombo, Milan
Amedeo Columbano, Cagliari
Massimo Conio, Sanremo
Dario Conte, Milano
Gino R Corazza, Pavia
Francesco Costa, Pisa
Antonio Craxi, Palermo
Silvio Danese, Milan
Roberto de Franchis, Milano
Roberto De Giorgio, Bologna
Maria Stella De Mitri, Bologna
Giovanni D De Palma, Naples
Fabio Farinati, Padua
Giammarco Fava, Ancona
Francesco Feo, Sassari
Fiorucci Stefano, Perugia
Andrea Galli, Firenze
Valeria Ghisett, Turin
Gianluigi Giannelli, Bari
Edoardo G Giannini, Genoa
Paolo Gionchetti, Bologna
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Mario Guslandi, Milano
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giacomo Laffi, Firenze
Giovanni Maconi, Milan
Lucia Malaguarnera, Catania
Emanuele D Mangoni, Napoli
Paolo Manzoni, Torino
Giulio Marchesini, Bologna
Fabio Marra, Florence
Marco Marzioni, Ancona
Giuseppe Mazzella, Bologna
Mario U Mondelli, Pavia
Giuseppe Montalto, Palermo
Giovanni Monteleone, Rome
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Fabio Pace, Milano
Luisi Pagliaro, Palermo
Francesco Pallone, Rome
Fabrizio R Parente, Milan
Maurizio Parola, Torino
Francesco Perri, San Giovanni Rotondo
Raffaele Pezzilli, Bologna
Alberto Pilotto, San Giovanni Rotondo
Alberto Piperno, Monza
Mario Pirisi, Novara
Anna C Piscaglia, Roma
Paolo Del Poggio, Treviglio
Gabriele B Porro, Milano
Piero Portincasa, Bari
Cosimo Prantera, Roma
Bernardino Rampone, Siena
Oliviero Riggio, Rome
Claudio Romano, Messina
Marco Romano, Napoli
Gerardo Rosati, Potenza
Mario Del Tacca, Pisa
Gloria Taliani, Rome
Pier A Testoni, Milan
Enrico Roda, Bologna
Domenico Sansonno, Bari
Vincenzo Savarino, Genova
Vincenzo Stanghellini, Bologna
Giovanni Tarantino, Naples
Roberto Testa, Genoa
Dino Vaira, Bologna
Anna Linda Zignego, Florence

IV

Japan
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Taiji Akamatsu, Matsumoto
Sk Md Fazle Akbar, Ehime
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Taku Aoki, Tokyo
Masahiro Arai, Tokyo
Tetsuo Arakawa, Osaka
Yasuji Arase, Tokyo
Masahiro Asaka, Sapporo
Hitoshi Asakura, Tokyo
Takeshi Azuma, Fukui
Yoichi Chida, Fukuoka
Takahiro Fujimori, Tochigi
Jiro Fujimoto, Hyogo
Kazuma Fujimoto, Saga
Mitsuhiro Fujishiro, Tokyo
Yoshihide Fujiyama, Otsu
Hiroyuki Fukui, Tochigi
Hiroyuki Hanai, Hamamatsu
Naohiko Harada, Fukuoka
Makoto Hashizume, Fukuoka
Tetsuo Hayakawa, Nagoya
Toru Hiyama, Higashihiroshima
Kazuhide Higuchi, Osaka
Keisuke Hino, Ube
Keiji Hirata, Kitakyushu
Yuji Iimuro, Nishinomiya
Kenji Ikeda, Tokyo
Toru Ikegami, Fukuoka
Kenichi Ikejima, Bunkyo-ku
Fumio Imazeki, Chiba
Yutaka Inagaki, Kanagawa
Yasuhiro Inokuchi, Yokohama
Haruhiro Inoue, Yokohama
Masayasu Inoue, Osaka
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Kei Ito, Sendai
Masayoshi Ito, Tokyo
Hiroaki Itoh, Akita
Ryuichi Iwakiri, Saga
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
Hiroshi Kaneko, Aichi-Gun
Shuichi Kaneko, Kanazawa
Takashi Kanematsu, Nagasaki
Mitsuo Katano, Fukuoka
Junji Kato, Sapporo
Mototsugu Kato, Sapporo
Shinzo Kato, Tokyo
Norifumi Kawada, Osaka
Sunao Kawano, Osaka
Mitsuhiro Kida, Kanagawa
Yoshikazu Kinoshita, Izumo
Tsuneo Kitamura, Chiba
Seigo Kitano, Oita
Kazuhiko Koike, Tokyo
Norihiro Kokudo, Tokyo
Satoshi Kondo, Sapporo
Shoji Kubo, Osaka
Shigeki Kuriyama, Kagawa[2]
Katsunori Iijima, Sendai
Masato Kusunoki, Tsu Mie
Shin Maeda, Tokyo
Shigeru Marubashi, Suita
Masatoshi Makuuchi, Tokyo
Osamu Matsui, Kanazawa
Yasuhiro Matsumura, Chiba
Yasushi Matsuzaki, Tsukuba
Kiyoshi Migita, Omura
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Kenji Miki, Tokyo
Tetsuya Mine, Kanagawa
Hiroto Miwa, Hyogo
Masashi Mizokami, Nagoya
Yoshiaki Mizuguchi, Tokyo
Motowo Mizuno, Hiroshima
Morito Monden, Suita
Hisataka S Moriwaki, Gifu
Yasuaki Motomura, Iizuka
Yoshiharu Motoo, Kanazawa
Naofumi Mukaida, Kanazawa
Kazunari Murakami, Oita
Kunihiko Murase, Tusima
Hiroaki Nagano, Suita
Masahito Nagaki, Gifu
Masaki Nagaya, Kawasaki
Yujl Naito, Kyoto
Atsushi Nakajima, Yokohama
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Shuji Nomoto, Nagoya
Susumu Ohmada, Maebashi
Hirohide Ohnishi, Akita
Masayuki Ohta, Oita
Tetsuo Ohta, Kanazawa
Kazuichi Okazaki, Osaka
Katsuhisa Omagari, Nagasaki
Saburo Onishi, Nankoku
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Masanobu Oshima, Kanazawa
Hiromitsu Saisho, Chiba
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Isao Sakaida, Yamaguchi
Michiie Sakamoto, Tokyo
Yasushi Sano, Chiba
Hiroki Sasaki, Tokyo
Iwao Sasaki, Sendai
Motoko Sasaki, Kanazawa
Chifumi Sato, Tokyo
Shuichi Seki, Osaka
Hiroshi Shimada, Yokohama
Mitsuo Shimada, Tokushima
Tomohiko Shimatan, Hiroshima
Hiroaki Shimizu, Chiba
Ichiro Shimizu, Tokushima
Yukihiro Shimizu, Kyoto
Shinji Shimoda, Fukuoka
Tooru Shimosegawa, Sendai
Tadashi Shimoyama, Hirosaki
Ken Shirabe, Iizuka City
Yoshio Shirai, Niigata
Katsuya Shiraki, Mie
Yasushi Shiratori, Okayama
Masayuki Sho, Nara
Yasuhiko Sugawara, Tokyo
Hidekazu Suzuki, Tokyo
Minoru Tada, Tokyo
Tadatoshi Takayama, Tokyo
Tadashi Takeda, Osaka
Koji Takeuchi, Kyoto
Kiichi Tamada, Tochigi
Akira Tanaka, Kyoto
Eiji Tanaka, Matsumoto
Noriaki Tanaka, Okayama
Shinji Tanaka, Hiroshima
Hideki Taniguchi, Yokohama
Kyuichi Tanikawa, Kurume
Akira Terano, Shimotsugagun
Hitoshi Togash, Yamagata
Shinji Togo, Yokohama
Kazunari Tominaga, Osaka
Takuji Torimura, Fukuoka

Minoru Toyota, Sapporo
Akihito Tsubota, Chiba
Takato Ueno, Kurume
Naomi Uemura, Tokyo
Shinichi Wada, Tochigi
Hiroyuki Watanabe, Kanazawa
Toshio Watanabe, Osaka
Yuji Watanabe, Ehime
Toshiaki Watanabe, Tokyo
Chun-Yang Wen, Nagasaki
Satoshi Yamagiwa, Niigata
Koji Yamaguchi, Fukuoka
Takayuki Yamamoto, Yokkaichi
Takashi Yao, Fukuoka
Masashi Yoneda, Tochigi
Hiroshi Yoshida, Tokyo
Masashi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Hitoshi Yoshiji, Nara
Kentaro Yoshika, Toyoake
Yasunobu Yoshikai, Fukuoka
Masahide Yoshikawa, Kashihara
Katsutoshi Yoshizato, Higashihiroshima

Lebanon
Bassam N Abboud, Beirut
Ala I Sharara, Beirut
Joseph D Boujaoude, Beirut

Lithuania
Limas Kupcinskas, Kaunas

Macedonia
Vladimir C Serafimoski, Skopje

Malaysia
Andrew Seng Boon Chua, Ipoh
Khean-Lee Goh, Kuala Lumpur
Jayaram Menon, Sabah

Ernst J Kuipers, Rotterdam
CBHW Lamers, Leiden
Ton Lisman, Utrecht
Yi Liu, Amsterdam
Jeroen Maljaars, Maastricht
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Michael Müller, Wageningen
Amado S Peña, Amsterdam
Robert J Porte, Groningen
Ingrid B Renes, Rotterdam
Andreas Smout, Utrecht
Paul E Sijens, Groningen
Reinhold W Stockbrugger, Maastricht
Luc JW van der Laan, Rotterdam
Karel van Erpecum, Utrecht
Gerard P VanBerge-Henegouwen,Utrecht

New Zealand
Ian D Wallace, Auckland

Slovakia
Silvia Pastorekova, Bratislava
Anton Vavrecka, Bratislava

Slovenia
Sasa Markovic, Ljubljana

South Africa
Rosemar Joyce Burnett, Pretoria
Michael C Kew, Parktown

Nigeria
Samuel B Olaleye, Ibadan

Norway
Trond Berg, Oslo
Tom H Karlsen, Oslo
Helge L Waldum, Trondheim

Pakistan
Muhammad S Khokhar, Lahore
Syed MW Jafri, Karachi

South Korea
Byung Ihn Choi, Seoul
Ho Soon Choi, Seoul
Marie Yeo, Suwon
Sun Pyo Hong, Gyeonggi-do
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Myung-Hwan Kim, Seoul
Chang Hong Lee, Seoul
Jong Kyun Lee, Seoul
Eun-Yi Moon, Seoul
Jae-Gahb Park, Seoul
Dong Wan Seo, Seoul
Dong Jin Suh, Seoul
Byung Chul Yoo, Seoul

Peru
Hector H Garcia, Lima

Mexico
Diego Garcia-Compean, Monterrey
Eduardo R Marin-Lopez, Jesús García
Nahum Méndez-Sánchez, Mexico
Saúl Villa-Treviño, México

Poland
Tomasz Brzozowski, Cracow
Robert Flisiak, Bialystok
Hanna Gregorek, Warsaw
Dariusz M Lebensztejn, Bialystok
Wojciech G Polak, Wroclaw
Marek Hartleb, Katowice

Monaco
Patrick Rampal, Monaco

Portugal
Miguel C De Moura, Lisbon

Morocco
Abdellah Essaid, Rabat

Russia
Vladimir T Ivashkin, Moscow
Leonid Lazebnik, Moscow
Vasiliy I Reshetnyak, Moscow

The Netherlands
Ulrich Beuers, Amsterdam
Gerd Bouma, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
NKH de Boer, Amsterdam
Koert P de Jong, Groningen
Henrike Hamer, Maastricht
Frank Hoentjen, Haarlem
Janine K Kruit, Groningen

Singapore
Bow Ho, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Ahmed Helmy, Riyadh

Serbia
Dusan M Jovanovic, Sremska Kamenica
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Spain
Juan G Abraldes, Barcelona
Agustin Albillos, Madrid
Raul J Andrade, Málaga
Luis Aparisi, Valencia
Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona
Josep M Bordas, Barcelona
Xavier Calvet, Sabadell
Jordi Camps, Catalunya
Andres Cardenas, Barcelona
Vicente Carreño, Madrid
Jose Castellote, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Juan C Garcia-Pagán, Barcelona
Jaime B Genover, Barcelona
Javier P Gisbert, Madrid
Jaime Guardia, Barcelona
Isabel Fabregat, Barcelona
Mercedes Fernandez, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
Laura Lladóa, Barcelona
María IT López, Jaén
Juan R Malagelada, Barcelona
José M Mato, Derio
Juan F Medina, Pamplona
Miguel A Muñoz-Navas, Pamplona
Julian Panes, Barcelona
Miguel M Perez, Valencia
Miguel Perez-Mateo, Alicante
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Josep M Pique, Barcelona
Jesús M Prieto, Pamplona
Sabino Riestra, Pola De Siero
Luis Rodrigo, Oviedo
Manuel Romero-Gómez, Sevilla
Joan Roselló-Catafau, Barcelona

Sweden
Einar S Björnsson, Gothenburg
Curt Einarsson, Huddinge
Per M Hellström, Stockholm
Ulf Hindorf, Lund
Elisabeth Hultgren-Hörnquist, Örebro
Anders E Lehmann, Mölndal
Hanns-Ulrich Marschall, Stockholm
Lars C Olbe, Molndal
Lars A Pahlman, Uppsala
Matti Sallberg, Stockholm
Magnus Simrén, Göteborg
Xiao-Feng Sun, Linköping
Ervin Tóth, Malmö
Weimin Ye, Stockholm
Christer S von Holstein, Lund

Switzerland
Chrish Beglinger, Basel
Pierre A Clavien, Zurich
Jean-Francois Dufour, Bern
Franco Fortunato, Zürich
Jean L Frossard, Geneva
Gerd A Kullak-Ublick, Zurich
Pierre Michetti, Lausanne
Francesco Negro, Genève
Bruno Stieger, Zurich
Radu Tutuian, Zurich
Stephan R Vavricka, Zurich
Gerhard Rogler, Zurich
Arthur Zimmermann, Berne

Turkey
Yusuf Bayraktar, Ankara
Figen Gurakan, Ankara
Aydin Karabacakoglu, Konya
Serdar Karakose, Konya
Hizir Kurtel, Istanbul
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Cihan Yurdaydin, Ankara
United Arab Emirates
Sherif M Karam, Al-Ain

United Kingdom
David H Adams, Birmingham
Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Ahmed Alzaraa, Manchester
Lesley A Anderson, Belfast
Charalambos G Antoniades, London
Anthony TR Axon, Leeds
Qasim Aziz, Manchester
Nicholas M Barnes, Birmingham
Jim D Bell, London
Mairi Brittan, London
Alastair D Burt, Newcastle
Simon S Campbell, Manchester
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Simon R Carding, Leeds
Paul J Ciclitira, London
Eithne Costello, Liverpool
Tatjana Crnogorac-Jurcevic, London
Harry Dalton, Truro
Amar P Dhillon, London
William Dickey, Londonderry
James E East, London
Emad M El-Omar, Aberdeen
Ahmed M Elsharkawy, Newcastle Upon Tyne
Annette Fristscher-Ravens, London
Elizabeth Furrie, Dundee
Daniel R Gaya, Edinburgh
Subrata Ghosh, London
William Greenhalf, Liverpool
Indra N Guha, Southampton
Peter C Hayes, Edinburgh
Gwo-Tzer Ho, Edinburgh
Anthony R Hobson, Salford
Lesley A Houghton, Manchester
Stefan G Hübscher, Birmingham
Robin Hughes, London
Pali Hungin, Stockton
David P Hurlstone, Sheffield
Rajiv Jalan, London
Janusz AZ Jankowski, Oxford
Brian T Johnston, Belfast
David EJ Jones, Newcastle
Roger Jones, London
Michael A Kamm, Harrow
Peter Karayiannis, London
Laurens Kruidenier, Harlow
Patricia F Lalor, Birmingham
Chee Hooi Lim, Midlands
Hong-Xiang Liu, Cambridge
Yun Ma, London
Kenneth E L McColl, Glasgow
Stuart AC McDonald, London
Dermot P Mcgovern, Oxford
Giorgina Mieli-Vergani, London
Nikolai V Naoumov, London
John P Neoptolemos, Liverpool
James Neuberger, Birmingham
Philip Noel Newsome, Birmingham
Mark S Pearce, Newcastle Upon Tyne
Stephen P Pereira, London
D Mark Pritchard, Liverpool
Sakhawat Rahman, London
Stephen E Roberts, Swansea
Marco Senzolo, Padova
Soraya Shirazi-Beechey, Liverpool
Robert Sutton, Liverpool
Simon D Taylor-Robinson, London
Paris P Tekkis, London
Ulrich Thalheimer, London
David G Thompson, Salford
Nick P Thompson, Newcastle
David Tosh, Bath
Frank I Tovey, London
Chris Tselepis, Birmingham
Diego Vergani, London
Geoffrey Warhurst, Salford
Alastair John Watson, Liverpool
Peter J Whorwell, Manchester
Roger Williams, London
Karen L Wright, Bath
Min Zhao, Foresterhill

United States
Manal F Abdelmalek, Durham
Gary A Abrams, Birmingham
Maria T Abreu, New York
Reid B Adams, Virginia
www.wjgnet.com

Golo Ahlenstiel, Bethesda
BS Anand, Houston
Frank A Anania, Atlanta
M Ananthanarayanan, New York
Gavin E Arteel, Louisville
Jasmohan S Bajaj, Milwaukee
Subhas Banerjee, Palo Alto
Peter A Banks, Boston
Jamie S Barkin, Miami Beach
Kim E Barrett, San Diego
Marc D Basson, Detroit
Anthony J Bauer, Pittsburgh
Wallace F Berman, Durham
Timothy R Billiar, Pittsburgh
Edmund J Bini, New York
David G Binion, Milwaukee
Jennifer D Black, Buffalo
Herbert L Bonkovsky, Charlotte
Carla W Brady, Durham
Andrea D Branch, New York
Robert S Bresalier, Houston
Alan L Buchman, Chicago
Ronald W Busuttil, Los Angeles
Alan Cahill, Philadelphia
John M Carethers, San Diego
David L Carr-Locke, Boston
Maurice A Cerulli, New York
Ravi S Chari, Nashville
Jiande Chen, Galveston
Xian-Ming Chen, Omaha
Xin Chen, San Francisco
Ramsey Chi-man Cheung, Palo Alto
William D Chey, Ann Arbor
John Y Chiang, Rootstown
Parimal Chowdhury, Arkansas
Raymond T Chung, Boston
James M Church, Cleveland
Ram Chuttani, Boston
Mark G Clemens, Charlotte
Ana J Coito, Los Angeles
Vincent Coghlan, Beaverton
David Cronin II, New Haven
John Cuppoletti, Cincinnati
Mark J Czaja, New York
Peter V Danenberg, Los Angeles
Kiron M Das, New Brunswick
Conor P Delaney, Cleveland
Jose L del Pozo, Rochester
Sharon DeMorrow, Temple
Deborah L Diamond, Seattle
Douglas A Drossman, Chapel Hill
Katerina Dvorak, Tucson
Bijan Eghtesad, Cleveland
Hala El-Zimaity, Houston
Michelle Embree-Ku, Providence
Sukru Emre, New Haven
Douglas G Farmer, Los Angeles
Alessio Fasano, Baltimore
Mark A Feitelson, Philadelphia
Ariel E Feldstein, Cleveland
Alessandro Fichera, Chicago
Robert L Fine, New York
Magali Fontaine, Stanford
Chris E Forsmark, Gainesville
Glenn T Furuta, Aurora
Chandrashekhar R Gandhi, Pittsburgh
Susan L Gearhart, Baltimore
Xupeng Ge, Boston
Xin Geng, New Brunswick
M Eric Gershwin, Suite
Jean-Francois Geschwind, Baltimore
Ignacio Gil-Bazo, New York
Shannon S Glaser, Temple
Ajay Goel, Dallas
Richard M Green, Chicago
Julia B Greer, Pittsburgh

James H Grendell, New York
David R Gretch, Seattle
Stefano Guandalini, Chicago
Anna S Gukovskaya, Los Angeles
Sanjeev Gupta, Bronx
David J Hackam, Pittsburgh
Stephen B Hanauer, Chicago
Gavin Harewood, Rochester
Margaret M Heitkemper, Washington
Alan W Hemming, Gainesville
Samuel B Ho, San Diego
Peter R Holt, New York
Colin W Howden, Chicago
Hongjin Huang, Alameda
Jamal A Ibdah, Columbia
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Hartmut Jaeschke, Tucson
Dennis M Jensen, Los Angeles
Cheng Ji, Los Angeles
Leonard R Johnson, Memphis
Michael P Jones, Chicago
Peter J Kahrilas, Chicago
Anthony N Kalloo, Baltimore
Marshall M Kaplan, Boston
Neil Kaplowitz, Los Angeles
Serhan Karvar, Los Angeles
Rashmi Kaul, Tulsa
Jonathan D Kaunitz, Los Angeles
Ali Keshavarzian, Chicago
Miran Kim, Providence
Joseph B Kirsner, Chicago
Leonidas G Koniaris, Miami
Burton I Korelitz, New York
Robert J Korst, New York
Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Michael Kremer, Chapel Hill
Shiu-Ming Kuo, Buffalo
Paul Y Kwo, Indianapolis
Daryl Tan Yeung Lau, Galvesto
Stephen J Lanspa, Omaha
Joel E Lavine, San Diego
Bret Lashner, Cleveland
Dirk J van Leeuwen, Lebanon
Glen A Lehman, Indianapolis
Alex B Lentsch, Cincinnati
Andreas Leodolter, La Jolla
Gene LeSage, Houston
Josh Levitsky, Chicago
Cynthia Levy, Gainesville
Ming Li, New Orleans
Zhiping Li, Baltimore
Zhe-Xiong Lian, Davis
Lenard M Lichtenberger, Houston
Gary R Lichtenstein, Philadelphia
Otto Schiueh-Tzang Lin, Seattle
Martin Lipkin, New York
Chen Liu, Gainesville
Edward V Loftus, Rocheste
Robin G Lorenz, Birmingham
Michael R Lucey, Madison
James D Luketich, Pittsburgh
Guangbin Luo, Cheveland
Henry T Lynch, Omaha
Patrick M Lynch, Houston
John S Macdonald, New York
Bruce V MacFadyen, Augusta
Willis C Maddrey, Dallas
Ashok Malani, Los Angeles
Mercedes Susan Mandell, Aurora
Peter J Mannon, Bethesda
Charles M Mansbach, Tennessee
John F Di Mari, Texas

John M Mariadason, Bronx
Jorge A Marrero, Ann Arbor
Paul Martin, New York
Paulo Ney Aguiar Martins, Boston
Wendy M Mars, Pittsburgh
Laura E Matarese, Pittsburgh
Richard W McCallum, Kansas
Beth A McCormick, Charlestown
Lynne V McFarland, Washington
Kevin McGrath, Pittsburgh
Harihara Mehendale, Monroe
Ali Mencin, New York
Fanyin Meng, Ohio
Stephan Menne, New York
Didier Merlin, Atlanta
Howard Mertz, Nashville
George W Meyer, Sacramento
George Michalopoulos, Pittsburgh
James M Millis, Chicago
Fabrizio Michelassi, New York
Albert D Min, New York
Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Smruti R Mohanty, Chicago
Satdarshan S Monga, Pittsburgh
Timothy H Moran, Baltimore
Peter L Moses, Burlington
Steven F Moss, Providence
Andrew J Muir, Durham
Milton G Mutchnick, Detroit
Masaki Nagaya, Boston
Victor Navarro, Philadelphia
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Abstract
Hepatocellular carcinoma (HCC) commonly occurs in
hepatitis B endemic areas, especially in Asian countries.
HCC is highly refractory to cytotoxic chemotherapy.
This resistance is partly related to its tumor biology,
pharmacokinetic properties, and both intrinsic and
acquired drug resistance. There is no convincing
evidence thus far that systemic chemotherapy
improves overall survival in advanced HCC patients.
Other systemic approaches, such as hormonal therapy
and immunotherapy, have also disappointing results.
Recently, encouraging results have been shown in
using sorafenib in the treatment of advanced HCC
patients. In this review, we concisely summarize the
evolution of developments in the systemic therapy of
advanced HCC.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth ranking
cancer in the world, with more than 80% of cases
occurring in Asia[1]. The most common causes of HCC
are hepatitis B and C viral infections. Chronic hepatitis
B viral infection is prevalent in Asian countries and
accounts for most cases of HCC. In contrast, chronic
hepatitis C viral infection is more common in Western
countries. In recent years, there is an increasing incidence
of HCC in Western countries, primarily due to increase
in prevalence of hepatitis C viral infection.
Current effective treatments for HCC include
liver resection, transplantation, various local ablative
and trans-arterial therapies. Surgical resection and
liver transplantation are the main curative treatments.
Unfortunately, only around 20% patients, mostly
diagnosed by regular screening, may benefit from these
surgical therapies. Most other patients either present
late with advanced tumor or have severe underlying
cirrhosis, precluding any surgical or even loco-regional
therapies. Previously, these patients can only be palliated
by chemotherapy or best supportive treatment alone.

CHEMOTHERAPY TREATMENT OF HCC
HCC is a relatively chemo-resistant tumor and is highly
refractory to cytotoxic chemotherapy. This resistance
is partly related to its tumor biology, pharmacokinetic
properties, and both intrinsic and acquired drug resistance.
In terms of HCC tumor biology, the liver is a
defensive organ that responds to the damages in a
unique manner. Non-hepatic epithelial cells progress
through the cell cycle until they either die or arrest/
repair; whereas growth-arrested (i.e. G0) hepatocytes
proliferate in response to damage[2,3]. In fact, HCC cells
show a higher apoptotic capacity in earlier stages of
carcinogenesis. Nonetheless, in advanced stages, they
gradually develop the resistance to apoptosis. This antiapoptotic phenotype is associated with the development
and progression of HCC[4]. More importantly, it also
partly explains why HCC cells are resistant to cytotoxic
chemotherapy. Moreover, p53 mutation is the most
commonly encountered alternations in HCC. Both
hepatitis viruses and chemicals are implicated in
the etiology of p53 mutations during the molecular
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Table 1 Pivotal chemotherapy trials in advanced HCC
Chemotherapy

Study

No. of
patients

Response
rate

Doxorubicin
Pegylated liposomal doxorubicin
Doxorubicin
Doxorubicin, 5-FU, mitomycin C
Doxorubicin, bleomycin
Doxorubicin, cisplatin
Doxorubicin, 5-FU, cisplatin,
interferon (PIAF)
Cisplatin

Halm
Johnson
Al-Idrissi
Ravry
Lee
Yeo

16
32
40
60
37
91

0
44
13
16
18.9
20.9

Cisplatin
Cisplatin, interferon
Cisplatin, 5-FU, mitoxantrone
Gemcitabine
Gemcitabine
Gemcitabine
Gemcitabine, oxaliplatin
Epirubicin, etoposide
Epirubicin
Etoposide
Epirubicin, etoposide

Falkson
Ji
Ikeda

35
30
51

17
13.3
27

Fuchs
Yang
Taieb

30
28
21

0
18
19

Hochster
Melia
BobbioPallavicini

18
24
36

17
13
39

Lai
Chao
FalconLizaraso
O'Reilly
Stuart
Leung
Patt
Patt

20
20
29

0
0
7

14
26
21
37
28

7
8
10
11
14

Others
Mitoxantrone
Paclitaxel
Irofulven
Irinotecan
Nolatrexed
T138067
Capecitabine
5-FU, interferon

pathog enesis of HCC [5] . As chemotherapeutic
agents require p53 to induce apoptosis, tumors with
a disruption in p53 pathway are thus resistant to
chemotherapy. Furthermore, DNA topoisomerase Ⅱ
alpha is over-expressed and up-regulated in HCC cell
lines. Since doxorubicin targets DNA topoisomerase Ⅱ,
over-expression of the protein in HCC may account
for HCC resistance to doxorubicin-based therapy [6].
Regarding its pharmacokinetic properties, the liver plays
a pivotal role in the metabolism of both endogenous
and exogenous substances inside the body via the
CYP450 enzyme system [7]. In cirrhotic patients, the
total liver mass is reduced, and distortion of the liver
architecture leads to significant intra-hepatic shunting
and reduced extraction of protein-bound substances.
Moreover, cirrhosis also affects the absorption, plasma
protein binding, distribution and renal excretion of
drugs. Therefore, cirrhosis has a significant impact on
the pharmacokinetics of systemic therapy for HCC.
Lastly, HCC cells have intrinsic drug resistance mediated
by an enhanced cellular drug efflux mechanism, which is
usually enacted through the drug transporter family of
the ATP-binding cassette proteins that include MDR1,
p-glycoprotein and the multidrug resistance protein[8,9].
Moreover, co-expression of p53 and p-glycoprotein also
contribute to HCC drug resistance[9].
There is no convincing evidence, thus far, that
systemic chemotherapy improves overall survival in
www.wjgnet.com
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advanced HCC patients [10]. Table 1 summarizes the
results of pivotal chemotherapy studies of HCC.
Single-agent doxorubicin has been shown to produce a
response rate of about 10%-15%, but with no proven
survival benefit[11]. It has been widely used and regarded
as the standard systemic treatment for advanced HCC
until recently. Significant grade 3 or 4 toxicities, especially
neutropenia, are encountered in patients treated with
doxorubicin[12]. Other chemotherapeutic agents, such
as epirubicin, cisplatin, 5-fluorouracil, etoposide,
and their combinations, have been studied with low
response rates and no survival benefit[13]. Similarly, the
newer generation of chemotherapeutic agents, such
as gemcitabine, irinotecan and pegylated liposomal
doxorubicin, also show disappointing results [14,15] .
Combination chemotherapy has been employed in the
treatment of advanced HCC. Although some of the
combination regimes have shown promising activity in
phase Ⅱ studies, most of them fail to demonstrate any
survival advantage in randomized phase Ⅲ studies[16,17].
Especially, the combination of cisplatin, interferonalpha-2b, doxorubicin and fluorouracil (PIAF) was under
intense investigation at one time. In the phase Ⅱ study,
Leung et al[18] showed on average 26% partial response,
with 4 patients achieving a complete pathological
response. Nevertheless, in the phase Ⅲ study, although
this combination had achieved higher response rates
than other combinations, there was no demonstrable
survival benefit and there were considerable toxicities[19].
Recently, a phase Ⅱ study using a combination of
gemcitabine and oxaliplatin demonstrated an 18%
response rate and 76% of patients had the disease under
control [20]. Similarly, another phase Ⅱ study showed
a 6% response rate and a 72% disease control rate by
employing a 3-wk cycle of capecitabine and oxaliplatin
in the treatment of advanced HCC patients[21]. However,
as with the results from the PIAF study, these ‘promising’
data need to be further validated in the ongoing
randomized phase Ⅲ trials before they can be employed
in routine clinical practice.

HORMONAL THERAPY
Estrogen receptor, progesterone receptor and androgen
receptor are expressed in HCC[22,23]. Thus, hormonal
agents were used to treat advanced HCC. Among various
hormonal agents used for the treatment of advanced
HCC patients, tamoxifen was frequently employed in the
past, due to its good tolerability and oral administration.
However, several prospective randomized controlled
trials failed to demonstrate overall survival benefit in
treating advanced HCC patients with tamoxifen[24-26].
Moreover, a recent meta-analysis conducted by Nowak
et al[27] also showed no survival advantage.

IMMUNOTHERAPY OF HCC
Interferon is frequently employed in the treatment of
viral hepatitis. However, its role in the treatment of
HCC remains controversial. Studies conducted by Lai

Yau T et al . Systemic therapy of advanced hepatocellular carcinoma

et al[28,29] had shown encouraging efficacy with a 30%
response rate and overall survival benefit from using
a high dose of interferon (2.5 × 107-5.0 × 108 IU/m2,
three times weekly) to treat advanced HCC patients.
However, there were significant treatment-related
toxicities in patients who received high-dose interferon.
On the other hand, when a lower dosage (3 × 106 IU/m2,
three times weekly) of interferon was used instead, there
was no demonstrable clinical benefit[30].

SOMATOSTATIN ANALOG TREATMENT
The somatostatin analog octreotide and the long-acting
form lanreotide are used in treating HCC, due to the
presence of somatostatin receptors in HCC cells[31]. A
randomized study, conducted by Kouroumalis et al[32],
showed survival benefits in employing subcutaneous
octreotide in the treatment of advanced HCC patients.
Nevertheless, the study conducted by Becker et al [33]
and Yuen et al[34] did not show any survival benefit in
using lanreotide in the treatment of advanced HCC
patients’.

THALIDOMIDE
Thalidomide was originally introduced in the 1960s as a
sedative[35]. It was later re-evaluated for its anti-neoplastic
effect in the 1990s. Its mechanism of action is poorly
understood and complex, including anti-angiogenesis
via the inhibition of VEGF, tumor necrosis factor-alpha
and modulation of other inflammatory cytokines[36]. It
was used in treating advanced HCC patients, mainly due
to its anti-angiogenic property. However, single-agent
thalidomide[37,38] and its combinations with epirubicin
or interferon [39,40] only produced a response rate of
3.1%-6.3% with a median survival of 2.7-6.8 mo. In
view of its limited activity and frequent association with
treatment-related toxicities, it is now seldom included in
the treatment algorithm for advanced HCC patients.

SORAFENIB FOR ADVANCED HCC
Growth factors and related receptors are often
overexpressed and/or dysregulated in HCC. Clinical
trials indicate that growth factor receptors and their
related signalling pathways play important roles in HCC
cancer etiology and progression, thus providing rational
targets for innovative cancer therapies[41]. Among various
growth factor pathways, the activation of the Raf/
mitogen-activated protein kinase-extracellular signalregulated kinase (MAPK) pathway[42,43] plays a pivotal
role in promoting the tumor growth. Sorafenib is an oral
multi-kinase inhibitor that blocks tumor proliferation
by targeting the Raf/MAPK/ERK signaling pathway; it
also has anti-angiogenic properties attained by targeting
the tyrosine kinase VEGR-2, VEGFR-3 and PDGF
receptor β [44]. Recently a large randomized phase Ⅲ
study, the SHARP trial[45], was conducted and in this
study, 602 patients with biopsy-proven advanced HCC
were randomized to receive either sorafenib (400 mg
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twice daily, n = 299) or a placebo (n = 303). The results
demonstrated a significant improvement in both OS
(median 10.7 mo versus 7.9 mo) and TTP (median 5.5 mo
versus 2.8 mo) in the sorafenib group versus the placebo
group. These results represented a 44% increase in OS
(hazards ratio, 0.69; P = 0.00058) and 73% prolongation
in the TTP (hazards ratio, 0.58; P = 0.000007). Sorafenib
was generally well-tolerated and serious adverse events
only occurred in 13% of patients. This trial represents
the first randomized systemic therapy trial that
demonstrates the overall survival benefit of systemic
treatment in patients with advanced HCC thus far.
Similar to the study design of SHARP study, an Oriental
sorafenib study was conducted to investigate the efficacy
and tolerability of using single agent sorafenib in
treating advanced HCC patients in hepatitis-B endemic
Asian population[46]. In this study, the median OS of
patient on sorafenib was 6.2 mo which was significantly
better than 4.1 mo achieved in patients on placebo
(P = 0.0155). Again, sorafenib was well-tolerated in
Asian patient population. However, the commonest
toxicities encountered in Asian patient population were
hand-foot skin reactions (10.1%) instead of diarrhea
(39%) in the SHARP trial.

CONCLUSION
The management of patients with advanced HCC has
been a disappointing issue for decades. The recent
development of single agent sorafenib, in the treatment
of advanced HCC patients, indeed represents an
important advance in this challenging disease. Although
these two pivotal studies have demonstrated good activity
and tolerability in treating advanced HCC patients with
sorafenib, there are still many unresolved issues regarding
the optimal use of sorafenib. In particular, most patients
enrolled in these two pivotal trials had Child-Pugh A
cirrhosis with favorable clinical parameters. Therefore,
the benefits and safety profile of sorafenib in unselected
advanced HCC patients, especially those with ChildPugh B/C patients or other poor prognostic factors,
are still unknown. Moreover, there are currently no
reliable clinical parameters or biomarkers which may
predict the response to sorafenib. In view of the high
cost of sorafenib and potential toxicities associated with
sorafenib, reliable biomarkers that can potentially guide
the use of sorafenib in the treatment of advanced HCC
patients is desperately needed.
Moreover, in the era of targeted therapy, proper
patient selection, treatment assessment and endpoints are
vital to the success of the clinical trials. This is especially
true in HCC, where radiological assessment is difficult,
because of poor delineation of the tumor in the liver.
Recently, the HCC expert panel meeting recommended
adopting a modification of RECIST criteria to assess
tumor response[47]. Also, the time to progression was
recommended by the panel as the primary endpoint in
phase two trials testing targeted therapy in HCC.
The modest improvement, as demonstrated in these
two pivotal trials; is still not optimal, as most patients
www.wjgnet.com
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still have relatively short survival times when compared
to patients with other solid tumors, such as colorectal
cancer. Therefore, there is a need for researchers to
unravel more of the underlying hepato-carcinogenesis
mechanism and key molecular targets for therapeutic
intervention. Moreover, another future focus will be
on how to best combine the other targeting agents
or chemotherapeutic agents in order to incrementally
improve the survival of advanced HCC patients.
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Abstract
An inflammatory process that involves the sigmoid
c o l o n i c s e g m e n t a s s o c i a t e d w i t h d i ve r t i c u l a r
disease (SCAD) appears to be a distinct clinical and
pathological disorder. It has been described in older
adults, often presenting with rectal bleeding. Most
of the patients seem to respond to treatment only
with a 5-aminosalicylate, but some spontaneously
resolve with no treatment. Endoscopic evaluation
usually shows a non-specific inflammatory process
localized in the sigmoid colon alone that may resolve
completely with histologically normal colonic mucosa.
Repeated symptomatic events with discrete episodes
of segmental colitis may occur, but most patients have
an entirely benign clinical course. Definition of the
underlying molecular events that occur with SCAD may
be critically important in understanding the critical
elements present in a colonic inflammatory process
that can completely resolve without pharmacological or
biological treatment.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Segmental colonic involvement with a well circumscribed
inflammatory process may occur in different forms
of infectious colitis or inflammatory bowel disease. In
infectious disease, multiple different sites within the
colon are likely to be involved, sometimes with small
bowel changes. In ulcerative colitis, the rectum or
rectosigmoid segment is generally involved with disease
extending in a continuous pattern proximally within
the colon for a variable distance. During colonoscopic
examination in ulcerative colitis, this inflammatory
process seems to be well demarcated, while in others,
less so. In Crohn’s disease, any segment of the colon may
be involved, most often cecum and/or ascending colon.
Concomitant small intestinal disease is also present. In
recent years, other less common, but distinct types of
inflammatory disease have become better recognized.
One segmental form associated with diverticulosis,
usually involving only the sigmoid colon, is the so-called
“SCAD syndrome”, or more precisely, segmental colitis
associated with diverticulosis (SCAD)[1-5].

CLINICAL FEATURES OF SCAD
This form of segmental involvement, especially if only
the sigmoid colon is affected, frequently presents with
bloody stools. In some, but not all, abdominal pain,
cramping discomfort, or diarrhea may occur. Males
are generally affected more often than females[6], and
usually, most suffer from the initial onset of symptoms
after 40 or 50 years of age, somewhat different from
the usual female predominant distribution of Crohn’s
disease, including Crohn’s disease of the colon [6]. In
Crohn’s disease, as well, studies have shown that over
80% of adults are usually diagnosed well before age
40 [6-8]. Like other forms of idiopathic inflammatory
bowel diseases, the cause and pathogenesis needs to
be better characterized and elucidated[1,5,9]. Endoscopic
examination reveals a localized sigmoid inflammatory
process with normal rectal and proximal colonic
mucosa. Detailed biopsy examination of the entire
colonic mucosa shows a localized non-specific mucosal
inflammatory process only in the sigmoid colon[6,10].

SELECTION BIAS
In some, an earlier diagnosis of a resected colonic
neoplasm (i.e. adenoma) is not infrequent [6] . As a
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result, a form of selection bias may be present as
this subgroup of older patients may be simply more
aware of the significance of rectal bleeding and their
particular increased risk for recurrent adenomas or colon
cancer. Therefore, many often seek expedient medical
investigation to define their symptoms and alleviate their
anxiety. The good news of detection of inflammatory
mucosal disease, rather than colonic cancer, is the
virtually immediate relief of their concerns.

LONG-TERM NATURAL HISTORY
Even better news is that most diagnosed with this
segmental form of colitis, if followed over several
years, remain well, usually resolving completely within
a few weeks or months without recurrence[6]. Repeat
endoscopic studies, including biopsies, reveal no
evidence of residual inflammatory change. Some may
have been initially treated with oral 5-aminosalicylates
or other symptomatic agents. However, it is not certain
that these medications are really necessary since
some have spontaneously resolved with no traditional
pharmacologic measures. Occasionally, other drugs have
been used, including steroids, suggesting that there may
be a spectrum of disease severity observed over time.
In some cases, discrete episodes of recurrent symptoms
and endoscopic changes have been defined and resection
of the sigmoid colon was very rarely done. To date, no
particular predisposition to colonic neoplastic disease,
including invasive carcinoma, has been documented.

CLINICAL SIGNIFICANCE
This entity has special significance. First and most
important, this inflammatory process is most often selflimited. Typically, the clinical course of SCAD is benign
and it resolves without further recurrence or need for
treatment. Due to similarities with other forms of
inflammatory bowel disease, particularly Crohn’s disease,
the implications of an inaccurate diagnosis are evident.
A case of segmental colitis involving the sigmoid
colon, labeled as Crohn’s colitis, might lead the treating
physician or clinical trial investigator (in the case of new
agents) to conclude that a positive outcome was due to
the treatment provided rather than the natural history
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of an otherwise clinically benign inflammatory process.
Anecdotal treatment success, including open label
treatment trials of new agents for Crohn’s disease, may
be quite difficult to evaluate, especially if there are claims
of “complete mucosal healing”. Second, utilization of
modern classification methods used for entities, such as
Crohn’s disease, that define age of diagnosis, location
within the intestinal tract and clinical behavior may lead
to further recognition of such entities so as to permit
more precise treatment[7,8]. Finally, a “new” or distinct
colonic inflammatory process that usually spontaneously
resolves, such as SCAD, raises a critical need to better
understand the molecular events that might be present
allowing a long-term benign disease course. More precise
treatments for other inflammatory colonic diseases
aimed at cure, rather than remission, might then emerge.

REFERENCES
1
2
3

4

5

6
7
8
9
10

Sladen GE, Filipe MI. Is segmental colitis a complication of
diverticular disease? Dis Colon Rectum 1984; 27: 513-514
Peppercorn MA. Drug-responsive chronic segmental colitis
associated with diverticula: a clinical syndrome in the
elderly. Am J Gastroenterol 1992; 87: 609-612
Gore S, Shepherd NA, Wilkinson SP. Endoscopic
crescentic fold disease of the sigmoid colon: the clinical
and histopathological spectrum of a distinctive endoscopic
appearance. Int J Colorectal Dis 1992; 7: 76-81
Imperiali G, Meucci G, Alvisi C, Fasoli R, Ferrara A,
Girelli CM, Rocca F, Saibeni S, Minoli G. Segmental colitis
associated with diverticula: a prospective study. Gruppo di
Studio per le Malattie Infiammatorie Intestinali (GSMII). Am
J Gastroenterol 2000; 95: 1014-1016
Goldstein NS, Leon-Armin C, Mani A. Crohn's colitis-like
changes in sigmoid diverticulitis specimens is usually an
idiosyncratic inflammatory response to the diverticulosis
rather than Crohn's colitis. Am J Surg Pathol 2000; 24: 668-675
Freeman HJ. Natural history and long-term clinical
behavior of segmental colitis associated with diverticulosis
(SCAD syndrome). Dig Dis Sci 2008; 53: 2452-2457
Freeman HJ. Application of the Montreal classification
for Crohn's disease to a single clinician database of 1015
patients. Can J Gastroenterol 2007; 21: 363-366
Freeman HJ. Granuloma-positive Crohn's disease. Can J
Gastroenterol 2007; 21: 583-587
Evans JP, Cooper J, Roediger WE. Diverticular colitis therapeutic and aetiological considerations. Colorectal Dis
2002; 4: 208-212
West AB, Losada M. The pathology of diverticulosis coli. J
Clin Gastroenterol 2004; 38: S11-S16
S- Editor Xiao LL L- Editor Ma JY E- Editor Yin DH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.6444

			  World J Gastroenterol 2008 November 14; 14(42): 6444-6452
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

REVIEW

Optical coherence tomography in detection of dysplasia
and cancer of the gastrointestinal tract and bilio-pancreatic
ductal system

Pier Alberto Testoni, Benedetto Mangiavillano
Pier Alberto Testoni, Benedetto Mangiavillano, Division
of Gastroenterology and Gastrointestinal Endoscopy,
Vita-Salute San Raffaele University, Scientific Institute San
Raffaele Hospital, Milan 20132, Italy
Author contributions: Testoni PA designed the research;
Mangiavillano B performed the research.
Correspondence to: Pier Alberto Testoni, MD, Division of
Gastroenterology & Gastrointestinal Endoscopy, Vita-Salute
San Raffaele University, Scientific Institute San Raffaele, Via
Olgettina 60, Milan 20132, Italy. testoni.pieralberto@hsr.it
Telephone: +39-2-26432756 Fax: +39-2-26433491
Received: April 14, 2008
Revised: June 16, 2008
Accepted: June 23, 2008
Published online: November 14, 2008

Abstract
Optical coherence tomography (OCT) is an optical
imaging modality that performs high-resolution, crosssectional, subsurface tomographic imaging of the
microstructure of tissues. The physical principle of OCT is
similar to that of B-mode ultrasound imaging, except that
it uses infrared light waves rather than acoustic waves.
The in vivo resolution is 10-25 times better (about 10 µm)
than with high-frequency ultrasound imaging, but the
depth of penetration is limited to 1-3 mm, depending
upon tissue structure, depth of focus of the probe
used, and pressure applied to the tissue surface. In
the last decade, OCT technology has evolved from an
experimental laboratory tool to a new diagnostic imaging
modality with a wide spectrum of clinical applications in
medical practice, including the gastrointestinal (GI) tract
and pancreatic-biliary ductal system. OCT imaging from
the GI tract can be done in humans by using narrowdiameter, catheter-based probes that can be inserted
through the accessory channel of either a conventional
front-view endoscope, for investigating the epithelial
structure of the GI tract, or a side-view endoscope, inside
a standard transparent ERCP catheter, for investigating
the pancreatico-biliary ductal system. Esophagus and
the esophago-gastric junction has been the most widely
investigated organ so far; more recently, also duodenum,
colon and pancreatico-biliary ductal system have been
extensively investigated. OCT imaging of the gastrointestinal wall structure is characterized by a multiplelayer architecture that permits an accurate evaluation of
the mucosa, lamina propria, muscularis mucosae, and
www.wjgnet.com

part of the submucosa. The technique may be, therefore,
used to identify pre-neoplastic conditions of the GI tract,
such as Barrett's epithelium and dysplasia, and evaluate
the depth of penetration of early-stage neoplastic
lesions. OCT imaging of the pancreatic and biliary ductal
system could improve the diagnostic accuracy for ductal
epithelial changes and the differential diagnosis between
neoplastic and non-neoplastic lesions.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Optical coherence tomography (OCT) is an optical
imaging modality, introduced in 1991[1], that performs
high-resolution, cross-sectional, subsurface tomographic
imaging of the microstructure in materials and biologic
systems by measuring backscattered or backreflected
infrared light.
The physical principle of OCT is similar to that of
B-mode ultrasound imaging, except that the intensity
of infrared light, rather than sound waves, is measured.
OCT devices use a low-power infrared light with a
wavelength ranging from 750 to 1300 nm in which the
only limiting factor is the scattering of light. Scattering
occurs when the light interacts with tissue surface and the
image formation depends upon the difference in optical
backscattering properties of the tissue. OCT images
are generated from measuring the echo time delay and
the intensity of back-scattered light[2,3]. Wavelengths of
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the infrared light used in OCT are one to two orders of
magnitude higher than ultrasound wavelength, so OCT
technology can yield a lateral and axial spatial resolution
of about 10 µm, which is 10 to 25 fold better than that
of available high-frequency ultrasound imaging[4]. The
spatial resolution of OCT images is nearly equivalent
to that of histologic sections. The depth of penetration
of OCT imaging is approximately 1-3 mm, depending
upon tissue structure, depth of focus of the probe used,
and pressure applied to the tissue surface. Although
the progressive increase in ultrasound resolution is
accompanied by a corresponding decrease in depth of
penetration, a similar trade-off between resolution and
depth of penetration does not occur in OCT imaging.
In OCT, two-dimensional cross-sectional images
of tissue microstructure are constructed by scanning
the optical beam and perfor ming multiple axial
measurements of backscattered light at different
transverse positions. The resulting data set is a twodimensional array that represents the displayed as a greyscale or false-color image.
Three types of scanning patterns are available for
OCT imaging: radial[5,6], longitudinal[7,8], and transverse[9].
The radial-scan probe directs the OCT beam radially,
giving images that are displayed in a “radar-like”, circular
plot. Radial scanning can easily image large areas of
tissue by moving the probe back over the tissue surface
and has the highest definition when the probe is inserted
within a small diameter lumen, because the OCT images
become progressively coarser when a large-diameter
lumen is scanned, due to the progressive increase of
pixel spacing with increasing the distance between the
probe and the tissue. The linear and transverse probes
scan the longitudinal and transverse positions of the
OCT beam at a fixed angle, generating rectangular
images of longitudinal and transverse planes at a given
angle with respect to the probe. Linear scanning has the
advantage that pixel spacing in the transverse direction
is uniform and can better image a definite area of the
scanned tissue, especially in presence of large-diameter
and non-circular lumens, where maintaining constant
distance from the probe to the surface over the entire
circumferential scan may be impossible. Transverse
scanning modality provides a better depth of field.
Depth of field is the range of distances from the probe
over which optimal resolution of scanning can be
obtained; current OCT scans permit imaging depths of
up to 2-3 mm in tissues, by using probes with different
focuses.
In the last decade, OCT technology has evolved
from an experimental laborator y tool to a new
diagnostic imaging modality with a wide spectrum of
clinical applications in medical practice, including the
gastrointestinal (GI) tract and pancreatico-biliary ductal
system.

OCT TECHNIQUE FOR GI TRACT AND
PANCREATICO-BILIARY DUCTAL
SYSTEM IMAGING
OCT imaging from the GI tract can be done in humans
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by using narrow-diameter, catheter-based probes. The
probe can be inserted through the accessory channel
of either a conventional front-view endoscope, for
investigating the epithelial structure of the GI tract, or
a side-view endoscope, inside a standard transparent
ERCP catheter, for investigating the pancreatico-biliary
ductal system.
OCT scanning can be done by maintaining the probe
placed lightly or firmly on the wall of the GI tract. When
the probe is placed lightly on the mucosal surface, the
depth of penetration is limited mainly to the superficial
submucosa; by this way superficial epithelium, lamina
propria, and the upper part of submucosa are clearly
visualized. When the probe is placed firmly against the
mucosal surface, submucosa and muscularis propria can
be clearly visualized, but details of the superficial layers
of the mucosa are lost. When the OCT probe is held
in strict contact with the tissue surface, as occurs when
it is inserted across strictures of the pancreatico-biliary
ductal system, the superficial epithelium may appear
compressed and difficult to evaluate.
Several in vitro studies demonstrated the feasibility of
OCT in the GI tract: In these studies the GI tract wall
was identified as a multiple layer structure characterized
by a sequence of hyper- and hypo-reflective layers, with
a variable homogenicity of the back-scattered signal[8-10].
Neoplastic and normal tissue also showed different light
backscattering patterns[11-13].
Subsequent studies were, therefore, performed in
ex vivo tissue specimens and aimed at comparing OCT
imaging with histology, to assess the reliability of the
OCT technique to identify and recognize the GI and
pancreatico-biliary wall structure. OCT was shown to
clearly differentiate the layer structure of the wall[14].
In vivo studies confirmed the possibility of OCT to
recognize the multiple-layer structure of the GI wall[15,16];
the possibility to introduce the OCT probe into a
standard transparent catheter for cannulation during an
ERCCP procedure permits the epithelial layers of the
pancreato-biliary ductal system and sphincter of Oddi
to be investigated. From a clinical point of view, OCT
imaging of the pancreatic and biliary ductal system could
improve the diagnostic accuracy for ductal epithelial
changes and the differential diagnosis between neoplastic
and non-neoplastic lesions, since in several conditions,
X-ray morphology obtained by ERCP and other imaging
techniques may be non-diagnostic, and the sensitivity of
intraductal brush cytology during ERCP procedures is
highly variable.
In our studies, a near-focus OCT probe (Pentax,
Lightlab Imaging, Westford, MA, USA) was used, with
a penetration depth of about 1 mm and a resolution of
approximately 10 µm. The probe operates at 1.2-1.4 µm
center wavelength (nominal value: 1.3 µm), with a scan
frequency ranging from 1000 to 4000 kHz (nominal
value: 3125 kHz). Radial and longitudinal scanning
resolutions have an operating range in tissue of 15-20 µm
(nominal value: 18 µm), and 21-27 µm (nominal value:
24 µm), respectively. Infrared light is delivered to the
imaging site through a single optical fiber 0.006 diameter.
OCT probe is assembled in a catheter with an outer
www.wjgnet.com
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Figure 1 OCT pattern of squamo-columnar junction. The horizontal, layered
architecture of the esophageal wall (a) appears clearly distinguishable from the
vertical crypt-and-pit architecture of the gastric wall (b).

diameter of 1.2 mm; the catheter-based probe consists
of a rotating probe encased in a transparent outer sheath,
which remains stationary while the rotating probe has a
pullback movement of 1 mm/s, with an acquisition rate
of 10 frames per second. Using this technique, a segment
of tissue 5.5 cm long can be filmed over a 55-s period.

OCT RECOGNITION OF GI TRACT
AND PANCREATICO-BILIARY WALL
STRUCTURE IN NORMAL CONDITIONS
GI tract
The esophagus and the esophago-gastric junction
has been the most widely investigated organ so far.
Esophago-gastric junction appears at OCT investigation
clearly recognizable because the stomach wall shows a
different OCT pattern, characterized by the presence
of a vertical crypt-and-pit architecture of the mucosa
that changes abruptly to the horizontal, layered tissue
architecture of the esophageal squamous epithelium
(Figure 1).
In normal conditions, OCT imaging of esophageal
wall recognizes a multiple-layer structure characterized
by a superficial weakly scattering (hypo-reflective) layer,
corresponding to the squamous epithelium, a highly
scattering (hyper-reflective) layer corresponding to the
lamina propria, a weakly scattering layer corresponding
to the muscularis mucosae, a moderately scattering layer
corresponding to the submucosa, and a weakly scattering,
deep layer corresponding to muscularis propria
(Figure 2). The latter layer is not even recognizable in vivo,
depending on the depth of penetration of the OCT
probe used. Submucosal glands and vessels have also
been identified[5-8]. In a recent ex vivo study the muscularis
mucosae was distinctly recognized during OCT
investigation by using a Ti: Sapphire laser light source[16].
Overall, the normal esophageal wall architecture
shows at OCT imaging a clearly recognizable horizontal,
layered structure.
OCT images of the gastric mucosa are characterized
by less contrast, depending upon the crypt-and-pit
architecture of the glandular epithelium [2,8,12]. Four
www.wjgnet.com

Muscularis propria

Figure 2 Magnification of a OCT image showing normal esophageal wall.
The OCT image shows a multiple-layer structure characterized by a superficial
weakly scattering (hypo-reflective) layer, corresponding to the squamous
epithelium, a highly scattering (hyper-reflective) layer corresponding to the
lamina propria, a weakly scattering layer corresponding to the muscularis
mucosae, difficult to recognize, a moderately scattering layer corresponding
to the submucosa, and a weakly scattering, deep layer corresponding to
muscolaris propria.

layers can be identified from the surface: The glandular
epithelium, muscularis mucosae, submucosa with blood
vessels, and muscularis propria [9]. Inflammation, as
occurs in gastritis, has been reported to produce greater
backscattering of the signal and a more pronounced
crypt-and-pit pattern architecture, compared with
normal tissue[17].
In the duodenum and small intestine OCT
clearly recognizes the mucosa and submucosa with
the vascular structure [5,15]. OCT identified intestinal
villous morphology and the degree of atrophy with
100% agreement compared to histology in a study
by Hsiung et al[18], who analyzed OCT images ex vivo
on fresh surgical specimens from the small intestine
compared with histology. The ability of OCT imaging
to recognize the villous pattern and its alterations
could be used to identify celiac disease in real time
during standard upper GI endoscopy in patients
undergoing endoscopy for conditions often related
to a misdiagnosed celiac disease, such iron deficiency
anemia, osteoporosis, diabetes mellitus, or autoimmune
disorders, and select dyspeptic patients who need
biopsies for detecting the disease[19,20].
In the colon, mucosa and submucosa can also be
seen with strong correlation with histology. Mucosa
appears as a hyper-reflective layer; submucosa as a hyporeflective layer with horizontal striations, and the OCT
appearance is related to its composition, which could be
of assistance in the diagnosis of chronic inflammatory
conditions involving the submucosa. Dynamic application
of pressure of the OCT probe on the tissue reveals
compressibility of both mucosa and submucosa, that may
be another criteria for identifying chronic inflammation
and fibrosis[19]. The detection of transmural inflammation
serves to distinguish patients with Crohn’s disease from
those with ulcerative colitis; the detection of dysplasia
may help in the follow-up of long-standing chronic
inflammatory diseases[21]. In presence of dysplasia, the
detection of lower boundary of the mucosa may help in
identifying the extension of dysplastic changes.
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Figure 3 Magnification of an OCT image from the normal common bile duct
wall. From the surface of the duct, up to a depth of 1 mm, the following layers
are recognizable: the single layer of epithelial cells, approximately 0.04-0.06 mm
thick, visible as a superficial, hypo-reflective band (a); the connectivemuscular layer surrounding the epithelium, visible as a hyper-reflective layer
approximately 0.34-0.48 mm thick (b); the connective layer visible as a hyporeflective layer with longitudinal relatively hyper-reflective strips (smooth muscle
fibers) (c).

a
b

c

Figure 4 Magnification of an OCT image from the normal sphincter of Oddi
wall. From the surface of the duct, up to a depth of 1 mm, the following layers
are recognizable: The single layer of epithelial cells, approximately 0.04-0.08 mm
thick, visible as a superficial, hypo-reflective band (a); the connectivemuscular layer surrounding the epithelium, visible as a hyper-reflective layer
approximately 0.23-0.37 mm thick (b); the connective layer visible as a hyporeflective layer with longitudinal relatively hyper-reflective strips (smooth
muscle fibers) (c). Within the intermediate and outer layer vessels are also
recognizable, visualized as non-reflecting areas surrounded by a hyporeflective endothelium. Margins between the intermediate and outer layer are
poorly recognizable, due to the irregular distribution of connective and muscular
structure.

Pancreatico-biliary ductal system
To date, visualization of the epithelium of the main pancreatic duct has been obtained mainly post-mortem[22]
and ex vivo in humans[23,24], while in vivo it comes from
one study in animals[25] and another in humans[26]. Normal biliary ductal system has been investigated in humans, ex vivo in a study[23] and in vivo, in two ERCP-based
studies[27,28]. Sphincter of Oddi structure has also been
investigated in normal and pathological conditions either
in ex vivo or in vivo studies[23,27].
In a recent study by our group[26], OCT imaging of
main pancreatic duct, common bile duct and sphincter
of Oddi normal structure has been shown to be able
to provide features that were similar to those observed

Figure 5 Magnification of an OCT image from the normal main pancreatic
duct wall. From the surface of the duct, up to a depth of 1 mm, the following
layers are recognizable: The single layer of epithelial cells, approximately
0.04-0.08 mm thick, visible as a superficial, hypo-reflective band (a); the
connective-fibro-muscular layer surrounding the epithelium, visible as a hyperreflective layer approximately 0.36-0.56 mm thick (b); the connective and acinar
structure close to the ductal wall epithelium, visible as a hypo-reflective layer (c).

in the corresponding histological specimens in 80% of
sections; the agreement between OCT and histology in
the definition of normal wall was good (81.8%). OCT
images identified three differentiated layers up to a
depth of about 1 mm. From the surface of the duct, it
was possible to recognize an inner hypo-reflective layer
corresponding to the single layer of epithelial cells close
to the lumen, an intermediate homogeneous hyperreflective layer corresponding to the fibro-muscular layer
surrounding the epithelium, and an outer, less definite,
hypo-reflective layer corresponding to the smooth muscular structure within a connective tissue in the common
bile duct and at the level of the sphincter of Oddi, and
connective-acinar structure in the main pancreatic duct
(Figures 3-5).
The three different layers showed a linear, regular
surface and each layer had a homogeneous back-scattered signal in every frame; however, the differentiation
between the intermediate and outer layer appeared more
difficult than between the inner and intermediate layer.
The thickness of the inner and intermediate layers measured by OCT was similar to those measured by histology; the muscular and connective-acinar structure was
visible until the working depth of penetration into the
tissue of the near-focus probe (about 1 mm).
Smooth muscle structure appeared at OCT scanning
as hyper-reflective, longitudinal strips within a context of
hypo-reflective tissue and was particularly recognizable
at the level of sphincter of Oddi. Veins, arteries and secondary pancreatic ducts were also identifiable by OCT,
characterized by hypo- or non-reflective, well delimited
areas.
The images acquired in this study provided information on tissue architectural morphology that could
have only previously be obtained with conventional
biopsy. These results suggest that OCT could become a
powerful imaging technology, enabling high-resolution
diagnostic images to be obtained from the pancreatobiliary system during a diagnostic ERCP procedure.
www.wjgnet.com
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Figure 6 Barrett’s esophagus (arrow). OCT features predictive for the
presence of intestinal metaplasia are: The absence of the layered structure of
the normal squamous epithelium and the presence of the vertical crypt-andpit morphology of normal gastric mucosa; a disorganized architecture with
inhomogeneous backscattering of the signal and an irregular mucosal surface;
the presence of submucosal glands characterized by a markedly hypo-reflective
tissue below the epithelial surface.

OCT RECOGNITION OF GI TRACT
AND PANCREATICO-BILIARY WALL
STRUCTURE IN DYSPLASTIC AND
NEOPLASTIC CONDITIONS
At present, the exact cause of the disorganized
architecture and altered light-scattering associated
with dysplastic tissue by OCT imaging is unknown.
A number of factors have been suggested, including
subcellular morphological changes, altered fibrovascular
stroma and abnormal mucin content associated with
neoplastic tissue change, proliferation of cells leading
to a loss of epithelial and stromal orientation, and
altered cytological features such as an increased nuclearto-cytoplasm ratio that may alter infrared light backscattering[9,29].
In its current form and resolution, OCT will likely
localize areas displaying architectural distortion to guide
biopsy.
GI tract
Most of the so far published studies used OCT imaging
to detect dysplasia and early cancer within Barrett’s
epithelium. Since the penetration depth of OCT does
not exceed 1-2 mm, the technique could be useful, not
only in detecting dysplasia, but also in staging superficial
cancers that are difficult to stage accurately with
ultrasound endoscopy. The technique appears, therefore,
of crucial importance in the management of the disease.
Barrett’s epithelium is characterized by the presence
of specialized intestinal metaplasia within the esophageal
mucosa. The hallmark histologic feature of specialized
intestinal metaplasia is the presence of goblet cells.
Identification of Barrett’s epithelium is of clinical
relevance since the lesion requires endoscopic follow-up,
being a recognized precancerous condition. In clinical
practice Barrett’s epithelium is generally identified
by performing multiple biopsies within the areas of
gastric metaplasia, either in a random manner or after a
www.wjgnet.com

Figure 7 OCT image showing high-grade dysplasia (A) compared to
histology (B). Because the degree of reflectivity depends upon nuclear size,
a markedly inhomogenous and hypo-reflective back-scattering of the signal
should indicate the presence of high-grade dysplasia.

previous vital staining with methylene blue (MB).
Although the inter-subject variability of OCT
imaging of normal squamous epithelium and gastric
mucosa appears to be low, the OCT imaging of Barrett's
epithelium demonstrated a greater variability in the
previous published studies. OCT features predictive for
the presence of intestinal metaplasia are: (1) the absence
of the layered structure of the normal squamous
epithelium and the presence of the vertical cryptand-pit morphology of normal gastric mucosa; (2) a
disorganized architecture with inhomogeneous backscattering of the signal and an irregular mucosal surface;
and (3) the presence of submucosal glands characterized
at the OCT imaging as pockets of low reflectance below
the epithelial surface[30-32] (Figure 6). When these OCT
criteria were applied to images acquired prospectively,
the criteria were found to be 97% sensitive and 92%
specific for specialized intestinal metaplasia, with a PPV
of 84%. The presence of the crypt-and-pit architecture
may render difficult to discriminate between intestinal
metaplasia and normal or inflamed gastric mucosa[9].
Unfortunately, up to now, attempts to identify OCT
patterns characteristic for dysplasia, mainly the highgrade type, have been substantially disappointing. The
increased nuclear-to-cytoplasmic ratio occurring in
dysplasia may alter the light reflection characteristics,
giving a more inhomogeneous back-scattering of the
signal (Figure 7). Because the degree of reflectivity
depends upon nuclear size, a markedly homogenous
and hypo-reflective back-scattering of the signal should
indicate the presence of high-grade dysplasia; moreover,
it is possible that by quantitating the OCT signal as a
function of depth, OCT would be able to characterize
high-grade dysplasia within intestinal metaplasia tissue.
Poneros et al [17], by using two parameters of tissue
reflectivity as an indicator of dysplasia, retrospectively
diagnosed high-grade dysplasia with 100% sensitivity
and 85% specificity. Such an accurate analysis of the
degree of signal reflectivity requires to avoid areas
with incorrect artifact signal properties: This may be
obtained by the identification of a precisely defined
area with homogeneous signal reflectance, an adequate
catheter-tissue contact, and a reduction of motion
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Figure 8 OCT image showing normal oesophageal mucosa (a) and
Barrett’s epithelium (b) with focal high-grade dysplasia (arrow).

Length: 0.52 mm

Figure 10 Comparison of OCT findings of normal esophageal mucosa (A),
Barrett's epithelium (B), dysplasia (C), and adenocarcinoma (D).

Figure 9 Magnified OCT imaging of early stage adenocarcinoma raised
within Barrett's epithelium. The lack of the regular esophageal wall layered
morphology and a markedly heterogeneous back-reflectance of the signal
characterize the neoplastic lesion, which is confined within the epithelium.

artifacts. More recently, the morphological appearance
of the OCT images, rather than the quantitative analysis
of the OCT signal in the image, were used for the
diagnosis and grading of dysplasia; for this purpose an
endoscope fitted with an EMR standard cap was used,
to stabilize the mucosal surface and avoid movement
from esophageal peristalsis and transmitted cardiac and
respiratory motion. In this study sensitivity, specificity,
positive predictive value, negative predictive value, and
diagnostic accuracy for dysplasia were respectively, 68%,
82%, 53%, 89%, and 78%[33].
However, with the current available OCT devices, the
recognition of dysplasia within intestinal metaplasia and
mainly the differentiation between low- and high-grade
dysplasia appears difficult[34] (Figure 8).
OCT features characteristic for adenocarcinoma
arising from Barrett’s epithelium are the lack of the
regular esophageal wall layered morphology and a
markedly heterogeneous back-reflectance of the
signal[35,36] (Figure 9). These features permit to clearly
identify the lesion and differentiate between the
neoplastic and non-neoplastic tissue in advanced disease.
Figure 10 shows and compares OCT findings
of normal esophageal mucosa, Barrett's epithelium,
dysplasia, and adenocarcinoma.
Despite some studies were conducted about the use

of the OCT in the stomach and small intestine, no data
are actually available about its use in detecting dysplasia.
Only few data are present in literature concerning
the use of the OCT to detect dysplasia or cancer in the
colon[37-39]. In a study by Pfau et al[39] on 24 patients, 30
dysplastic adenomas and 14 hyperplastic polyps were
studied; the real-time OCT investigation showed that
adenomas were more disorganized than the hyperplastic
polyps, with a significantly more disorganized structure
(P = 0.0005). Moreover, the infrared-light backscattering of the adenomatous polyps appeared more
hypo-reflective than hyperplastic (P = 0.0007). By using
a computer-generated method to quantify the degree
of scattering of individual pixels within a specified area
in each image (60 × 60 pixels), it was found that the
mean differences in light scattering were significantly
greater between adenomatous and normal tissue (mean
difference = 45.81), than between hyperplastic polyps
and normal tissue (mean difference = 14.86). The realtime OCT infra-red light back-scattering score of polyps
was also demonstrated to be a significant predictor of
an adenomatous status. However, differently from the
dysplasia occurring within Barrett’s epithelium, in the
study done by these authors defined OCT parameters
histologically proven to detect colonic dysplasia were not
found.
Pancreatico-biliary ductal system
Pathological pancreatic ductal system has been investigated by our group in humans in two ex vivo studies[14,24]
performed on multiple surgical pancreatic specimens
obtained from patients with pancreatic head adenocarcinoma.
In chronic inflammatory changes involving the main
pancreatic duct, OCT still showed conserved three-layer
www.wjgnet.com
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Figure 11 Magnified OCT images from section of main pancreatic
duct showing low-grade dysplasia. The surface between the inner and
intermediate layers appeared irregular. Dysplasia presents strong hyperreflectance of the intermediate layer, particularly in the part closest to the inner
layer. The outer layer did not differ from other non-malignant conditions and
appeared homogeneously hypo-reflective.

architecture. However, the inner, hypo-reflective layer
appeared slightly larger than normal and the intermediate layer appeared more hyper-reflective than in normal
tissue; this is probably because of the dense mononuclear cell infiltrate. The back-scattered signal was heterogeneous with marked hypo- or hyper-reflectance in some
sections. The agreement between OCT and histology in
the definition of MPD chronic inflammatory changes
was poor (27.7%).
The OCT pattern in presence of dysplasia of the
main pancreatic duct epithelium was characterized by an
inner layer markedly thickened, strongly hypo-reflective
and heterogeneous; this OCT finding is probably due to
the initial structural disorganization (increased mitosis
and altered nucleus/cytoplasm ratio). The surface
between the inner and intermediate layers appeared
irregular. As in chronic inflammatory tissue, dysplasia
too gave strong hyper-reflectance of the intermediate
layer, particularly in the part closest to the inner layer.
The outer layer did not differ from other non-malignant
conditions and appeared homogeneously hypo-reflective
(Figure 11). However, in chronic pancreatitis and
dysplasia, only 62% of cases OCT and histology were
concordant. The K statistic used to assess agreement
between the two procedures was equal to 0.059 for
non-neoplastic MPD wall appearance.
Overall, nor mal wall str ucture and chronic
inflammatory or low-grade dysplastic changes cannot
be distinguished in 38% of the sections because the
architecture of the layers and surface light reflection did
not show a characteristic OCT pattern.
I n a l l s e c t i o n s w i t h h i s t o l o g i c a l l y p r o ve n
adenocarcinoma, OCT showed a totally subverted
MPD wall architecture. The three layers of the ductal
wall and their linear, regular surface, normally giving
a homogeneous back-scattered signal, were not
recognizable. The margins between the connective-fibromuscular layer and acinar tissue were unidentifiable.
The back-scattering of the signal appeared strongly
heterogeneous, with minute, multiple, non-reflective
www.wjgnet.com
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Figure 12 Magnified OCT images from sections with either normal (A),
tumor-associated chronic inflammation (B), low-grade dysplasia (C), and
adenocarcinoma (D) tissue.

areas in the disorganized pancreatic microstructure. Of
sections with adenocarcinoma, OCT and histology were
100% concordant.
Figure 12 shows magnified OCT images from
sections of main pancreatic duct with nor mal
tissue, chronic pancreatitis, low-grade dysplasia, and
adenocarcinoma.
Totally subverted wall architecture was also observed
by OCT in presence of neoplastic tissue within the
common bile duct[40] (Figure 13).
Studies in vivo were performed in animals [25] and
humans[27]. We evaluated the diagnostic accuracy of OCT
for the diagnosis of carcinoma, during ERCP, in a series
of patients with MPD strictures of unknown etiology.
In this study, the accuracy of OCT for detection of
neoplastic tissue was 100%, compared with 66.7 % for
intraductal brush cytology. The study showed that OCT
is feasible during an ERCP procedure and was superior
to brush cytology in distinguishing non-neoplastic from
neoplastic lesions[26].
In conclusion, OCT appears a promising technique
for real-time, high-resolution, cross-sectional imaging
of the inner layer of the wall of the GI and pancreatobiliary tract, during the routine endoscopy. The technique
recognizes with high definition the mucosa, muscularis
mucosae and submucosa, and seems particularly useful
in the study of the esophageal mucosa; given its superior
resolution compared with other imaging modalities such
as endoscopic ultrasonography (EUS) or catheter-probe
EUS (CPEUS), OCT has great potential as a powerful
adjunct to standard endoscopy in identification and
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Figure 13 Magnified OCT images of neoplastic tissue within the
intrapancreatic portion of the common bile duct.

surveillance of Barrett’s epithelium, in order to detect
high-grade dysplasia and adenocarcinoma at early stage
and identify cases in whom mucosectomy becomes a
curative procedure.
In the pancreatico-biliary ductal system, OCT can
be used to discriminate between non-neoplastic and
neoplastic tissue when strictures of unknown etiology
are identified during an ERCP procedure, being its
diagnostic accuracy higher than reported for intraductal
brush cytology.
However, despite the promising studies reported in
literature, with the current available OCT devices the
recognition of dysplasia within intestinal metaplasia and
mainly the differentiation between low- and high-grade
dysplasia appears difficult.
On the other hand, since OCT has a penetration
depth that does not exceed the 2 mm, it has a greater
capability of diagnosing adenocarcinoma confined
within mucosa and submucosa and could, therefore, be
useful in staging superficial cancers that are difficult to
stage accurately by EUS.
Features characteristic for adenocarcinoma within
Barrett’s epithelium are the lack of the regular layered
morphology of the esophageal wall and a markedly
heterogeneous back-reflectance of the signal. However,
further studies are needed to evaluate whether OCT can
identify and stage the lesion at an early stage.
OCT appears more promising in the differential
diagnosis between non-neoplastic and neoplastic lesions
arising within the pancreatico-biliary ductal system, since
the ductal wall layered structure can be recognized easier
and clearer.
At present, it seems to be fairly premature to affirm
that OCT plays a role in the real-time diagnosis of
dysplasia in vivo. However, improvements in both axial
and lateral resolutions to the subcellular level (< 5 µm)
together with the development of better light sources
and optics, may allow dysplastic cells to be better
identified in the future. Doppler OCT could also offer a
unique ability to provide detailed subsurface imaging of
mucosal microvascular networks.
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Abstract
Colorectal cancer is the third most common form of
cancer. Current treatments are all associated with
a high risk of complications and a low success rate.
Recently, synbiotics have been proposed as a new
preventive and therapeutic option. There is no direct
experimental evidence for cancer suppression in
humans as a result of the consumption of pro-, preor synbiotics. However, there is a wealth of evidence
emerging from laboratory studies. The mechanisms
by which pro-, pre- and synbiotics may inhibit colon
cancer are now beginning to be understood and will be
addressed in the present review.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Over the past years yogurt and the lactic acid producing
bacteria that it contains, have received much attention as
potential cancer prevention agents in the diet. Prebiotics,
such as non-digestible oligosaccharides, appear to
have similar effects, while some studies indicate that
combinations of pro and probiotics (synbiotics) are
more effective.
Colorectal cancer (CRC) is the third most prevalent
for m of cancer in men and women, with a 5-year
survival rate of 63%, decreasing to 10% in patients
with metastatic disease[1]. More than 80% of colorectal
neoplasms occur sporadically, arising from adenomatous
polyps via the long-term accumulation of mutations in
genes including APC, K-ras and TP53[2]. Mortality and
incidence of CRC is the third only to that of prostate
and lung cancer in men, breast and lung cancer in
women and has shown little sign of decreasing in the last
20-30 years. Diet makes an important contribution to
CRC risk[3], implying that the risks of CRC are potentially
reducible. Evidence also supports the view that the
colonic microflora are involved in the etiology of CRC[3].
This has led to an intense interest in factors that can
modulate the gut microflora and their metabolism, such
as probiotics and prebiotics.
The original definition of a probiotic was “a live
microbial feed supplement which beneficially affects
the host animal by improving its intestinal microbial
balance”[4]. Recent definitions are more general, omitting
the aspect of intestinal balance. The most acceptable
definition is “a living microorganism which upon
ingestion in certain numbers, exert health benefits
beyond inherent general nutrition”[5]. A probiotic should
be non-pathogenic and non-toxic and also resistant to
low pH and bile salts to improve its chances of survival
in the gastrointestinal tract [6] . Most probiotics are
members of two genera of lactic acid bacteria (LAB),
Lactobacillus and Bifidobacterium, but Saccharomyces
and Enterococcus are also used. The list of beneficial
www.wjgnet.com
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effects attributed to probiotics bacteria is extensive and
includes alleviation of lactose-intolerance symptoms,
serum cholesterol reduction, alleviating constipation,
prevention of drug-induced colitis, while they also
demonstrate efficacy in a number of conditions
including ulcerative colitis, pouchitis, radiation colitis,
atopic eczema and diarrhea.
A prebiotic, as defined by Gibson and Roberfroid, is
“a nondigestible food ingredient that beneficially affects
the host by selectively stimulating the growth and activity
of one or a limited number of bacteria in the colon that
have the potential to improve host health”[7]. A number
of poorly digested carbohydrates fall into the category
of prebiotics, including certain fibers and resistant
starches, but the most widely described prebiotics
are non-digestible oligosaccharides. Combinations
of probiotics and prebiotics can result in additive or
synergistic effects on gastrointestinal function. The term
synbiotic has been proposed for such combinations. A
synbiotic has been defined as “a mixture of prebiotics
and probiotics that beneficially affects the host by
improving the sur vival and implantation of live
microbial dietary supplements in the gastrointestinal
tract, by selectively stimulating the growth and activating
the metabolism of one or a limited number of healthpromoting bacteria, and thus improving host welfare”
(Gibson et al[7], 1995).

MECHANISMS BY WHICH PROBIOTIC
BACTERIA MAY INHIBIT COLON CANCER
There is accumulating evidence describing the ability of
probiotic strains to prevent CRC. Some epidemiological
studies have indicated that consumption of large
quantities of fermented milk products containing
lactobacillus or bifidobacteria are associated with a lower
incidence of colon cancer[8], although, other studies have
suggested that consumption of fermented dairy products
imparts little, or no, protection [9]. The mechanisms
by which probiotics may inhibit colon cancer are not
yet fully characterized. However, there is evidence
for: Alteration of the metabolic activities of intestinal
microflora, alteration of physicochemical conditions in
the colon, binding of potential carcinogens, short chain
fatty acid production, production of anti-tumorigenic or
anti-mutagenic compounds, elevating the hosts’ immune
response and altering the hosts’ physiology.
Alteration of the metabolic activities of intestinal
microflora
The bacterial enzyme β -glucuronidase has the ability to
hydrolyse many glucuronides. Many foreign compounds
are detoxified by glucuronide formation in the liver. In
that way, many carcinogenic aglycones are liberated in
the intestinal lumen. Several more bacterial enzymes have
been implicated in the carcinogenic process, releasing
carcinogens in the intestinal tract. Lactic acid bacteria
reduced the specific activities of fecal enzymes in human
volunteer studies[10]. Goldin and Gorbach also studied
www.wjgnet.com
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the effect of feeding L.acidophilus strains NCFM
and N-2 on the activity of three bacterial enzymes
(β -glucuronidase, nitroreductase and azoreductase)
in 21 healthy volunteers [11]. Both strains had similar
effects and caused a significant decline in the specific
activity of the three enzymes in all subjects after 10 d
of feeding. A reversal of the effect was observed within
10-30 d of stopping Lactobacillus feeding; suggesting
that continuous consumption of these bacteria was
necessary to maintain the effect. Human studies have
demonstrated that the capacity for probiotics to decrease
the activity of bacterial enzymes is strain specific. To
this end, L. plantarum 299V, L. rhamnosus DR20 and L.
acidophilus A1 were unable to decrease β -glucuronidase
activity in healthy subjects[12,13,14], while L. casei Shirota
and L. acidophilus significantly decreased enzymatic
activity[15,16]. Reports published to date do not always find
reductions in the same enzymes, although findings with
β -glucuronidase and nitroteductase are most consistently
positive. However, we do not know how or whether a
reduction in these enzyme activities affect cancer rates in
man.
Alteration of physicochemical conditions in the colon
It has been suggested that large bowel cancer could be
influenced directly by reducing intestinal pH[17], thereby
preventing the growth of putrefactive bacteria. In rats
given inulin containing diets with or without B. longum,
an increase in caecal weight and β -glucosidase and a
decrease in caecal pH were observed[18], though some
other studies did not detect a significant change in
intestinal pH[19].
One hypothesis regarding colon carcinogenesis
involves a cytotoxic effect on the colonic epithelium,
exerted by bile acids in the aqueous phase of faeces,
followed by an increased proliferation of cells in
the intestine[20]. Dietary fat has also been considered
a risk factor for colon cancer. This phenomenon
may be mediated by increased levels of secondary
bile acids in the colon, produced by the action of
bacterial 7a-dehydroxylase on primary bile acids. It
has been demonstrated that a 6-wk administration of
L. acsidophilus fermented milk supplements to colon
cancer patients resulted in lower concentrations of
soluble bile acids in faeces[21]. In another study, patients
with colonic adenomas participated in a 3-mo study,
where L. acidophilus was administered together with
B. bifidum [22]. During this period, the faecal pH was
reduced significantly, and patients having a higher
proliferative activity in the upper colonic crypts than
that calculated for subjects at low risk for colon cancer
showed a significant decrease after therapy with the
lactic acid bacteria.
Binding and degrading potential carcinogens
Mutag enic compounds, commonly found in the
western meat-rich diet, can be bound to the intestinal
and lactic acid bacteria in vitro and binding has been
found to be correlated well with the reduction in the
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mutagenicity observed after exposure to the bacterial
strains. In a study, the ability of 22 strains of intestinal
bacteria to bind the mutag enic pyrolyzates was
investigated and compared their ability to that of some
dietary fibres [23]. Some indoles, including 3-amino1-methyl-5H-pyrido (4, 3- b ) indole (Trp-P-2) were
effectively bound to all gram-positive and some gramnegative bacterial cells, maize bran, and apple pulp
and soybean fiber. The mutagenicity of Trp-P-2 for
Salmonella typhimurium TA98 in the presence of S9 mix
was inhibited by the addition of L. casei to the reaction
mixture, indicating that bound Trp-P-2 did not cause
mutation under the assay conditions. A more recent
study demonstrated a reduced uptake of Trp-P-2 and
its metabolites in various tissues of mice supplemented
with dietary lactic acid bacteria[24]. In addition to that,
the consumption of lactobacilli by human volunteers
has been shown to reduce the mutagenicity of urine
and feces associated with the ingestion of carcinogens
in cooked meat [25]. It is possible that the lactic acid
bacteria supplements are influencing the uptake and
excretion of mutagens by simply binding them in the
intestine. Lactobacilli have also been shown to degrade
nitrosamines[26]. Nitrosamines have been shown to be
carcinogenic in animal models and these compounds
have been detected in human faeces.
Short chain fatty acid (SCFA) production
The production of SCFAs, such as butyrate, is one key
mechanism by which probiotics and prebiotics may
impart beneficial effects. Butyrate has been shown to
inhibit cancer cell proliferation and promote apoptosis
in vitro [27]. Butyrate administration in animal models
of CRC has produced varying results [28] . Laminar
deliver y of butyrate reduced aber rant cr ypt foci
(ACF) by 45% compared to untreated rats [29], while
other studies have shown butyrate to be ineffective.
The bacterial strain Butyrivibrio fibrisolvens MDT-1 has
been investigated in the context of CRC treatment as
it produces high amounts of butyrate[30]. In a mouse
model of colon cancer, administration of MDT-1 led
to a significant decrease in ACF, and the number of
mice with an increased proportion of ACF was also
reduced, indicating an inhibited progression of tumour
development. MDT-1 also reduced b -glucuronidase
activity and increased the immune response, indicated
by an increase in NK cell numbers. Similar effects have
been observed in the propionate and acetate producing
probiotic, Propionibacterium acidipropionici [31] . It has
been suggested that short chain fatty acid delivery via
probiotic ingestion may be an exciting new treatment
option for CRC[32].
Production of anti-tumorigenic or anti-mutagenic
compounds
It has been suggested that lactic acid bacteria or a
soluble compound produced by the bacteria may
interact directly with tumor cells in culture and
inhibit their growth[33]. In a study, lactic acid bacteria
significantly reduced the growth and viability of the
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human colon cancer cell line HT-29 in culture and
dipeptyl peptidase Ⅳ and brush-border enzymes were
increased [34], suggesting that these cells might have
entered a differentiation process. In another study,
milk fermented with B. infantis, B. bifidum, B. animalis,
L. acidophilus and L. paracasei inhibited the growth
of the MCF7 breast cancer cell line, with their antiproliferative effect not being related to the presence
of the bacteria[35]. On these grounds, the presence of
a soluble compounds produced by lactic acid bacteria
during milk fermentation has been suggested.
Elevation of the host’s immune response
One explanation for tumor suppression by probiotics
is the enhancement of the host’s immune response. In
1985 it was suggested by Sekine et al[36] that B. infantis
stimulates the host-mediated response, leading to tumor
suppression or regression. There are many studies that
suggest that lactic acid bacteria play an important role
and function in the host’s immunoprotective system by
increasing various mechanisms to have an anti-tumor
effect. L. casei Shirota has been shown to have anti-tumor
and anti-metastatic effects on transplantable tumor cells,
to suppress chemically induced carcinogenesis in rodents
and to induce the production of several cytokines,
such as interferon-g, IL-1b and TNF-a which resulted
in the inhibition of tumor growth and the increased
survival of tumor bearing mice[37]. Similar results have
been reported recently for strains of L. acidophilus
SNUL, L. casei YIT9029 and B. longum HY8001[38]. Sun
et al [39] demonstrated in vivo that peptidoglycan from
a lactobacillus species was able to dose-dependently
reduce the growth of CT26 colon cancer cells in BALB/
c mice via an increased level of apoptosis. Interestingly,
peptidoglycan had no effect on tumor cell apoptosis in
vitro, implying that the in vivo anti-tumorigenic effect may
have been mediated by the immune response. In addition
to that, recent studies have shown probiotics to be
effective against Caco-2 colonic adenocarcinoma[40], but
also against a breast cancer cell line[41], suggesting that
probiotic therapeutic interventions may not necessarily
be restricted to cancers affecting the gastrointestinal
system.
Effects on the host’s physiology
The ileal mucosa as well as the colonic mucosa has
the capacity to absorb mutagenic compounds from
the intestinal lumen, which are then passed into the
bloodstream. Lactic acid bacteria have been shown to
increase colonic NADPH-cytochrome P-450 reductase
activity[42] and glutathione S-transferase levels[43] and to
reduce hepatic uridine diphosphoglucuronyl-transferase
activity[19], enzymes which are involved in the metabolism
of carcinogens in rats.

PREBIOTICS AND COLORECTAL CANCER
Prebiotics have also been linked to the reduction of
CRC. Friedenreich et al[44] concluded in a meta-analysis
that the consumption of over 27 g of fiber per day
www.wjgnet.com
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resulted in a 50% reduction in CRC compared to
consumption of less than 11 g. Inulin-type fructans
present in foods such as garlic, onion, artichoke and
asparagus have been demonstrated to elevate the levels
of bifidobacteria and to increase SCFA concentrations
in the intestinal lumen. Inulin and oligofr uctose
have been demonstrated to reduce the severity of
1,2-dimethylhydrazine induced colon cancer in rats[45]. A
further study demonstrated the capacity for the prebiotic
resistant starch type-3 Novelose 330, to reduce the
incidence of colon carcinogenesis via induced apoptosis
of damaged cells in rats[46]. This effect was attributed to
the increased production of butyrate. In another study,
the consumption of modified arabinoxylan rice bran
was able to enhance the activity of NK cells and the
binding of NK cells to tumor cells[47]. This demonstrates
the ability of prebiotics to enhance the hosts’ immune
response.

SYNBIOTICS AND COLORECTAL CANCER
The combinations of pro- and prebiotics have a
synergistic effect, greater than that of either the proor prebiotic administered individually. Rowland et al[48]
reported that the combination of inulin and B. longum
was more successful at decreasing azoxymethaneinduced ACF than either treatment alone. Another
study demonstrated that the consumption of B. lactis
and resistant starch was able to increase the apoptotic
response to azoxymethane in rats, and this was suggested
to be due to the resistant starch acting as a metabolic
substrate to provide optimal activity of the probiotic
species[49]. Roller et al[50], demonstrated that synbiotic
treatment prevented azoxymethane-induced suppression
of NK-cell activity in Peyer’s patches, an effect not
observed in the individual pro- and prebiotic treatments.
These studies suggest that synbiotics may have a role in
CRC treatment.
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these agents and their ultimate role may remain quite
limited. However, it is safe to conclude that pro-, preand synbiotics hold great potential as a new strategy for
the prevention and treatment of colorectal cancer.
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Abstract
Cholangiocarcinoma (CC) is a devastating cancer arising from biliary epithelia. Unfortunately, the incidence
of this disease is increasing in Western countries.
These tumors progress insidiously, and liver failure,
biliary sepsis, malnutrition and cancer cachexia are
general modes of death associated with this disease.
To date, no established therapy for advanced disease has been established or validated. However, our
knowledge in tumor biology is increasing dramatically
and new drugs are under investigation for treatment
of this notorious tumor. In clinical practice, there are
better diagnostic tools in use to facilitate an earlier
diagnosis of CC, at least in those patients with known
risk factors. CC is resectable for cure in only a small
percentage of patients. Preoperative staging for vascular and biliary extension of CC is very important in
this tumor. Laparoscopy and recently endosonography
seem to protect against unnecessary laparotomies in
these patients. During the last 15 years, aggressive
surgical approaches, including combined liver resections and vascular reconstructive surgical expertise,
have improved survival in patients with CC. Surgery is
contraindicated in CC cases having primary sclerosing
cholangitis (PSC). Although CC was previously considered a contraindication to liver transplantation, new
cautious protocols, including neo-adjuvant chemoradiation therapies and staging procedures before the
transplantation, have made it possible to achieve longterm survival after liver transplantation in this disease.
New ablative therapies with photodynamic therapy,
www.wjgnet.com

intraductal high-intensity ultrasonography and chemotherapy-impregnated plastic biliary endoprosthesis are
important steps in the palliative management of extrahepatic CCs. Radiofrequency and chemo-embolization
methods are also applicable for intra-hepatic CCs as
palliative modes of treatment. We need more prospective randomized controlled trials to evaluate the role of
the new emerging therapies for CC patients.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma (CC) is a malignant epithelial tumor
of the biliary tree that accounts for approximately 10%
to 15% of all hepatobiliary malignancies. CC mostly
arises from the extra-hepatic biliary tree (50%-60%
hilar CC, “Klatskin” tumors), spreads slowly and
infiltrates periductal tissues. Hilar lesions are further
subdivided based on location as indicated by BismuthCorlette classification (Figure 1). This form of CC
characteristically presents with signs of ductal and
vascular obliteration. Biliary tract sepsis, liver failure
and/or cancer cachexia and malnutrition are the
most important causes of death associated with these
tumors [1]. The intra-hepatic form of CC appears as
a mass lesion in the liver, which is mostly confused
with metastatic tumor. These tumors usually progress
insidiously, are difficult to diagnose and have grave
prognosis. Unfortunately, the treatment alternatives are
few. Effective surgery and other non-surgical treatment
modalities for these patients with CC often fail due to
characteristically late clinical presentation of this tumor.
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Although our current understanding of tumor biology
has far exceeded our past knowledge, the overall survival
(including the resected patients) over the past 30 years
is poor, with less than 5% of cases surviving for five
years[1].
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EPIDEMIOLOGY
Generally, CC is the second most common primary liver
cancer after hepatocellular carcinoma (HCC) in most
parts of the world. However, in some populations where
HCC is uncommon, such as in Danish women, the
prevalence of CC surpasses that of HCC[2]. Presentation
is usually in the seventh decade in patients with CC, and
it demonstrates slight male preponderance[3,4]. Fortunately, this tumor is a relatively rare kind of malignancy.
In autopsy series, its prevalence is reported as around
0.01%-0.5%[5]. It represents 3% of all gastrointestinal
system (GIS) cancers[6]. Of concern, some reports indicate that the incidence and mortality of intra-hepatic CC
are increasing worldwide[7-9], while those of extra-hepatic
CC are decreasing[7,8,10]. However, the increase in intrahepatic CC is higher than the rate of decline in extra-hepatic CC. Whether this represents a real increase in this
tumor or whether it can be attributed to better detection
rates or changes in classification strategies is debatable.
However, no increase has been noted in early stage or
smaller-sized intra-hepatic CCs, perhaps indicating that
these tumors are not better detected at present[11]. Thus,
the underlying reason for the increasing incidence of
intra-hepatic CC remains ambiguous.

RISK FACTORS AND PATHOPHYSIOLOGY
There are well-recognized risk factors for this tumor,
such as congenital biliary anomalies, primary sclerosing
cholangitis (PSC), hepatolithiasis, parasitic infections,
chronic typhoid carriage, bile duct adenoma, biliary papillomatosis, drug exposure and genetic risks[12,13]. Chronic
biliary inflammation is the common denominator in
these conditions. An inflammatory milieu is believed to
dysregulate or change the expression patterns of growth
factors, pro-inflammatory cytokines and their receptors.
Cytokines produced by cholangiocytes and activated
macrophages can modulate gene expression and lead to
activation of carcinogen metabolism. For example, interleukin (IL) -6 is a potent mitogen for cholangiocytes[14].
This cytokine can also induce nitric oxide (NO) synthase
expression in cholangiocytes. NO can also directly injure
the cellular DNA. Consumption of cellular detoxification and dysregulation of DNA repair and apoptosis are
final steps of biliary carcinogenesis[5]. Bile acids also have
been shown to activate inducible cyclo-oxygenase 2 and
an anti-apoptotic molecule, myeloid cell leukemia protein 1 in cholangiocytes[15]. Thus, an inflammatory milieu
and toxic bile constituents act together to promote carcinogenesis in the biliary tree. Histomorphological aspects
in biliary carcinogenesis indicate that the intestinal metaplasia-dysplasia-carcinoma sequence can also be valid for
CC[5].

B

Figure 1 Hilar lesions are further subdivided based on location as indicated
by Bismuth-Corlette classification. A: Bismuth-Corlette classification of hilar
CC. TypeⅠinvolves the common hepatic duct, distal to the bifurcation of the
biliary tree. Type Ⅱ affects the bifurcation. Type Ⅲa affects the right hepatic duct
in addition to the bifurcation. Type IIIb affects the left hepatic duct in addition to the
bifurcation. Type Ⅳ involves the bifurcation and both right and left hepatic ducts
or indicates multifocal CC; B: Endoscopic retrograde cholangiography reveals
hilar cholangiocarcinoma (Klatskin type 2) in one of our cases.

Congenital biliary cysts and pancreaticobiliary malfunction together have been obviously linked to biliary
carcinogenesis, as both were present in 90% of cases in
a reported clinical series[16]. Mixture of bile and pancreatic fluid due to impaired function of the Oddi sphincter
induces chronic inflammation in the biliary tree with
possible activation of carcinogenesis cascades.
PSC is one of the most common causes of CC in
the Western world. As much as 42% of patients with
PSC were reported to have CC in autopsy series[17]. Interestingly, the duration of PSC is not a risk factor for
developing CC. Chronic inflammation and increased
proliferation of biliary epithelium, along with increased
production of endogenous mutagens in the bile, seemed
to be related to carcinogenesis associated with PSC.
Moreover, k-ras mutations were known to be common
both in colon and biliary tree cancers in association with
PSC[17].
Parasites such as Opisthorchis viverrini and Clonorchis
sinensis have both direct strong carcinogenic effects and
increase the susceptibility of cholangiocytes to endogenous and exogenous carcinogens. This is via chronic
irritation and increased cellular turnover[18].
Hepatolithiasis leads to chronic proliferative cholangitis near to stone-bearing ducts and it has been reported
in around 17.5% of patients with CC in some East Asian
countries[19].
www.wjgnet.com
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Chronic typhoid carriage and chronic cholangitis are
representatives of chronic inflammatory conditions in
the biliary tree and these conditions are accepted risk
factors for developing CC.
Environmental toxins such as dioxin, and vinyl chloride, are known to be responsible for some cases of
CC[20,21]. Thorotrast, which was used as a radiocontrast
agent in the 1930s, is a potent carcinogenic agent for
CC[22]. Nitrosamines, either taken exogenously or with
tobacco use, or endogenously by nitrosation of nitrogenous compounds via NO, are potent carcinogens for
biliary cancer[23,24].
Biliary papillomatosis, although a benign disease, has
a moderately high malignant transformation rate[25]. Bile
duct adenomas also carry appreciable risk for CC development[26].
Genetic polymorphisms in CYP1A2 and glutathioneS-transferase omega 1 and 2 have been related with this
tumor[27]. These polymorphisms are believed to influence
environmentally toxic substances, such as asbestos or
dioxin.
A follow-up study of more than 1000 patients indicated late development of CC after biliary enteric diversion operations for benign biliary diseases[28,29].
Indeed, the majority of CC cases do not have these
classic risk factors. Recently, a report from the United
States included chronic viral hepatitis, cirrhosis and alcohol use among the risk factors for development of CC
in elderly patients[30].
Obesity, moreover, was implicated as a risk factor for
CC in a Korean study[1].

ROLE OF CLINICS AND LABORATORY
TESTS IN DIAGNOSTIC EVALUATION
Extra-hepatic CC presents with classic signs of cholestasis including jaundice, dark urine, pale stools, pruritus,
malaise and weight loss. Laboratory investigations reveal
increased alkaline phosphatase, gamma-glutamyl transpeptidase and bilirubin. Prolonged obstruction of the
main bile ducts can cause increased prothrombin time
and a reduction in fat soluble vitamins. As the disease
advances further, albumin, hemoglobin and lactate dehydrogenase can decrease. A glycoprotein tumor marker,
CA 19-9, can be found elevated in 85% of such cases.
A value of > 100 U/mL in PSC patients has a sensitivity of 89% and specificity of 86% for the diagnosis of
CC. CC should not be diagnosed only on the basis of
elevated CA 19-9. However, in patients without PSC, the
sensitivity of CA 19-9 > 100 U/mL is 53%[31,32]. CEA
is elevated in 30% of cases, while CA 125 is elevated in
40%-50% of patients with CC. CEA and CA 125 are
also non-specific markers. A high index of suspicion is
necessary to diagnose perihilar and extra-hepatic CCs
because of other possible alternatives, including benign
strictures, metastatic lymph nodes and/or gall bladder
cancer. This is also true for PSC patients having dominant strictures. The confirmation of CC in these patients
is quite challenging. Nevertheless, recent advances, especially in cytodiagnostic techniques, have contributed to
www.wjgnet.com
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establishing a correct diagnosis in nearly 80% of such
cases.
Intra-hepatic CCs present mostly with non-specific
symptoms, such as abdominal pain, weight loss, malaise
and decreased appetite. Occasionally, an incidental abdominal mass detected during physical examination or
radiologic evaluation is the single finding. Mildly elevated
alkaline phosphatase and normal bilirubin levels are noticed on laboratory testing. CA 19-9 can also be found
increased. These tumors are generally confused with
metastatic adenocarcinomas. Indeed, a liver mass with
adenocarcinoma histology, without an obvious primary
source, should be seriously considered as intra-hepatic
CC. A needle biopsy of the dominant liver mass is a
straightforward diagnostic approach in these patients.
Exclusion of another primary source can usually be accomplished by systemic physical examinations, chest
X-ray, and tomography of the abdomen and pelvis.
Ultrasound is usually the first choice during investigation to visualize the location and extent of disease. Sonography can classify intra-hepatic CC as mass lesions.
Contrast enhanced helical computerized tomography
(CT) is very sensitive for detecting intra-hepatic CC larger than 1 cm. CT can also locate the site of obstruction
and the presence of lymphadenopathy[33,34]. CT angiography can also detect vascular encasement[35]. Helical CT is
only 60% correct in determining resectability. Although
the experience with CT cholangiography is limited, this
technique has been reported to be superior to conventional spiral CT examination. Ninety-four percent
diagnostic accuracy has been noted for the diagnosis of
malignant biliary lesions with CT cholangiography[36].
Magnetic resonance imaging (MRI) with MR Cholangiopancreatography (MRCP) has mostly replaced CT in
diagnosis and staging evaluation of CC[37-39]. MR investigations can detect the site and extent of tumor involvement in the absence of PSC. MR angiography can show
vascular involvement in these cases[40]. Thus, MRI studies
have the advantage of showing vascular anatomy, crosssectional imaging of the liver and cholangiography with
a single technique and may exemplify an optimal imaging
technique for this disease. However, in one study, MR
cholangiography was reported to under-stage malignant
hilar strictures in as high as 20% of patients[41]. Endosonography (EUS) is the most recent addition to the list
of imaging modalities in diagnosis and staging of CCs[42].
EUS-guided fine needle aspiration (FNA) of hilar lymph
nodes can be very important for staging procedure in
CCs. EUS with FNA can diagnose Klatskin cases with
89% diagnostic accuracy even in the presence of negative brush cytology[43]. This technique does not induce
contamination of the biliary tree, which can easily occur
with endoscopic retrograde cholangiography (ERC).
However, the hazard with this technique has been indicated as peritoneal tumor seeding[43]. Though a normal
positron emission tomography (PET) scan with (18F)fluorodeoxyglucose (FDG) can not exclude cancer and
false-positives are highly common due to inflammatory
conditions, PET may be useful for detecting metastatic
disease [44]. FDG-PET/CT combination in detecting
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Table 1 Memorial Sloan Kettering T stage for hilar CC
Stage

Criteria

T1

Tumor involving biliary confluence ± unilateral extension to second-order biliary radicals

T2

T1 ± ipsilateral portal vein involvement ± ipsilateral hepatic lobar atrophy

T3

Tumor involving biliary confluence + bilateral extension to second-order biliary radicals; or unilateral extension to second-order biliary radicals
with contralateral portal vein involvement; or unilateral extension to second-order radicals with contralateral hepatic lobar atrophy; or main or
bilateral portal vein involvement

Klatskin tumors was highly recommended in such patients[45].
Other methods to depict the biliary tree are ERC and
percutaneous transhepatic cholangiography. These techniques allow visualization of a very detailed topography
of the biliary tree. ERC is one of the main tools in the
diagnosis of CCs. It can easily detect a stenosing tumor
along the bile ducts. Unfortunately, both techniques
carry a risk of bacterial cholangitis, a rather common
complication after ERC. Using these techniques, brush
cytology can provide cell samples to analyze and diagnose the biliary tract malignancy. Unfortunately, brush
cytology has been reported to carry a very low diagnostic yield, ranging from 9%-24%. This was reported to be
independent of the quantity of the specimen cellularity[46]. New technologies, such as the use of fluorescence
in situ hybridization and digital image analysis methods,
were reported to be more sensitive than the routine
cytology. In one study, these technologies doubled the
diagnostic accuracy of brush cytology[47]. The combined
use of cholangioscopy improved the diagnostic yield of
ERC for CCs. Cholangioscopy can detect the tumor vessel and improve diagnostic potential of direct cholangiographic examination[48]. Intraductal ultrasonography has
also been reported to increase diagnostic accuracy of
direct cholangiography[49].

OTHER POSSIBLE DIAGNOSES
Most patients with hilar stenosis and jaundice have CC.
On the other hand, 10%-15% of cases had alternative
diagnoses, including gall bladder carcinoma, Mirizzi
syndrome and benign focal stenosis. The thickened and
irregular gall bladder wall, infiltration to the right portal
vein origin and liver segments 4 and 5, and occlusion
of the common hepatic and cystic ducts suggest the
presence of gall bladder cancer. Mirizzi syndrome results from periductal inflammation and fibrosis due to
a large gall stone impacted at the neck of the gall bladder. Benign focal strictures involving the hilar region
are uncommon. Other causes of the strictures affecting
the whole biliary tree and benign in nature are postoperative strictures, chronic infectious cholangitis due to
gall stones and flukes, ischemic cholangiopathy, chemoradiotherapy, vasculitis, human immunodeficiency
virus cholangiopathy, infections such as tuberculosis
and histoplasmosis, bile duct varices, papillary stenosis,
and sphincter of Oddi dysfunction[50]. These strictures,
though benign in nature, can masquerade malignancy
on ERC as they may give a “pseudocholangiocarcinoma

sign”, which is sometimes difficult to differentiate from
a true sign of CC. This sign was first reported by some
authors in a patient with bile duct varices due to portal
vein thrombosis and portal cavernomatous transformation[51].

STAGING AND TREATMENT MODALiTIES
Resection and/or liver transplantation are the only
curative options for CC. Accurate preoperative staging
will determine the treatment approach in these patients.
Although a pathologic staging system has been developed for ductal CC, it has a limited value in clinically
assessing extra-hepatic CC. TNM classification does
not correlate with resectability in patients with extrahepatic CC. Conversely, the Memorial Sloan-Kettering
staging system evaluates the biliary and vascular involvement of these tumors and clearly correlates with
resectability and survival (Table 1). Indeed, clinical
staging has three important points in presurgical evaluation of these cases. The first is the determination of
proximal and distal extent of the disease. The second
and third goals are to assess vascular involvement and
the presence of metastasis, which can be done by Doppler ultrasound or MRI, CT and EUS examinations.
FDG-PET scanning changes the surgical management
in a third of patients, with an overall sensitivity for
metastasis in 65%. FDG-PET has high false positivity in PSC patients and patients with biliary stents[52].
Laparoscopy for staging improved overall accuracy in
choosing the optimal management formula in these
cases. In one study, laparoscopy prevented unnecessary
laparotomies in 42% of cases[53].
Surgery is the most suitable option for patients with
intra-hepatic CC. With curative surgery, three-year survival
rates have been reported to be approximately 40%-60%[54].
Surgery performed with curative intents is the best option
for hilar and other extra-hepatic ductal CC cases without
PSC. Surgery in patients with positive margins show no
better results than with palliative therapies[54]. To obtain
tumor-free margins, partial liver resections are often necessary. The liver resection has a great impact on obtaining
negative margins in patients undergoing a potentially curative resection for hilar CC (Table 2)[55-60]. A combined data
from United States and European experiences proved that
five-year survival is higher in patients undergoing liver resection than in those not[61]. An analysis of recent surgical
series indicated that five-year survival data is around 40%
(Table 3)[62-66]. Most surgeons advocate caudate lobe resections, as the drainage of hilar biliary structures is directly
www.wjgnet.com
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Table 2 Summary of some studies indicating potential influence of liver resection on
tumor margin-negative resections and 5-year survival data on hilar CC (1986-1999)
Resection
[55]

Kosuge et al 1999
Burke et al 1998[56]
Miyazaka et al 1998[57]
Nagino et al 1998[58]
Klempnauer et al 1996[59]
Nimura et al 1986[60]

Liver

Operative

Margin-

resection

mortality

(%)

Margin-

Margin+

80
73
86
90
78
91

9
6
13
9
10
10

52
83
71
76
76
55

56
40
26
21
31
35

13
0
0
5
0

65
30
76
138
151
100

Table 3 Summary of some recent studies indicating 1-, 3- and
5-yr survival data on margin-negative tumor resections of hilar
CC (2000-2005)
Resections 1-yr survival 3-yr survival 5-yr survival
(margin-)
(margin-)
(margin-)
Jarnagin et al 2005[65]
Silva et al 2005[64]
Kondo et al 2004[63]
Neuhaus et al 2003[62]
Tsao et al 2000[66]

25
81
19
133
25

100
85
83
70
-

80
45
58
42
-

45
30
41
40
36
43

into the caudate lobe bile ducts. In cases with involvement
of the distal common bile duct, pancreatoduodenectomy
is performed additionally to obtain negative margins.
In patients with tumor-free margins after surgery, fiveyear survival is around 20%-40% and operative mortality
10%[54]. The presence of one of the following indicates
unresectability: Bilateral involvement of secondary biliary
radicals, invasion of the main portal vein proximal to its
bifurcation, unilateral hepatic lobar atrophy together with
invasion of contralateral portal vein and/or contralateral
secondary biliary radicals, and metastatic involvement of
N2 lymph nodes, liver, lung or peritoneum. Indeed, the
invasion of the main portal vein may not be an absolute
contraindication to surgery as surgeons can prefer to extend their surgical expertise by portal vein resection and
its reconstruction in such cases. Though the significance
of biliary drainage before surgery is controversial, preoperative biliary drainage of the obstructed lobe via percutaneous or endoscopic methods in hilar CCs is generally not
indicated. Postoperative morbidity in such cases mostly
arises from the introduction of bacteria into the biliary
tree via preoperatively placed stents. Usually, drainage of
the contralateral lobe, free of tumor, is preferred by most
surgeons if the involved liver lobe is to be resected and
there is deep jaundice. Some authors have shown that lack
of intestinal bile delays liver regeneration associated with
cyclin E-associated kinase inactivation after surgery[67].
In patients with PSC and CCs, surgery has the
worst results. Five-year postoperative survival in these
cases has been reported as low as 10%[17,68]. Postoperative recurrent cholangitis attacks, intolerance of partial
hepatectomy, due to concomitant advanced fibrosis and
high risks of de nova CC elsewhere in the biliary tree, are
the main obstacles precluding surgery in PSC cases with
CCs[69,70]. Thus, liver transplantation can be an alternative
www.wjgnet.com

5-yr survival

option in these cases.
Previously, CC was considered a contraindication
for liver transplantation. However, three centers from
the United States reported long-term survival following
liver transplantation[71-73]. The Mayo Clinic reports fiveyear survival rates of more than 80% for patients with
TNM stage 1 and 2 disease after liver transplantation[72].
The liver transplant protocols in these cases include
preoperative chemo-irradiation therapy and exploratory
laparotomy. Thus, longer survival expectations for CC
cases can be possible with these new fastidious liver
transplantation protocols. A recent study compared
two treatment modalities, liver transplantation with
neoadjuvant protocols and resection surgery, in extrahepatic CC cases. Five-year survival rates were 82% for
38 patients who underwent liver transplantation and
21% for 26 cases who were resected[74]. Adjuvant treatment modalities such as external beam and intraluminal
radiation therapies showed no benefit in two separate
reports from Johns Hopkins[75,76]. There is currently no
role for adjuvant chemotherapy. However, another study
revealed positive effects of radiation therapy on survival
in histologically positive tumor margin[76]. Similarly, one
study demonstrated higher resectability in patients given
neoadjuvant radiation therapy before exploration [76].
However, these studies were non-randomized and most
consisted of small patient groups.
In patients with unresectable disease, the initial approach is to provide the patient with supportive care
and, if necessary, to plan some form of biliary drainage.
Palliative therapies provide less than 18 mo of survival.
Intractable pruritus, cholangitis, and need for intraluminal radiotherapy and chemotherapy make it necessary to
decompress the biliary tree. The patients with unresectable hilar tumors may not be suitable for an endoscopic
approach, due to high failure rates and subsequent cholangitis with this technique. However, there are new metal
stent designs for the biliary tree that can provide high
success rates of endoscopic insertion without complications. For example, a newly designed Y-shaped metal
stent with central wide-open mesh provided 80% technical success in bilateral stent insertion for advanced hilar
CCs[77]. Percutaneous biliary drainage and subsequent
placement of a self-expandable metallic stent can also
be easily and successfully applied in patients with hilar
tumors. The patency rates of metallic endoprosthesis
at the hilus is approximately 6 mo, which is significantly
lower than that reported for similar stents placed in the
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distal bile duct. A small pilot study investigated the role
of a new percutaneous drainage tube coated with carboplatin[78]. The carboplatin-coated tube continuously
released a fixed amount of carboplatin for 4 wk in five
patients. Partial response was reported in three (60%) of
the cases. Operative segment Ⅲ bypass provides excellent biliary drainage and is less prone to occlusion than
metal stents. In one study, the one-year patency of segment 3 bypass was reported to be 80%[79].
Palliative external radiation therapy and percutaneous intraluminal iridium-192 for patients with unresectable locally advanced tumors, but without evidence of
widespread disease, did not improve survival compared
with biliary decompression[75,80-84]. In a group of 12 patients treated with this regimen, the median survival was
around 14.5 mo[80]. Another report indicated improved
survival in irradiated compared to non-irradiated patients. However, both groups had less than one-year survival[75]. A group of authors reported a beneficial effect
of radiotherapy only in patients with aneuploid Klatskin
tumors[85]. Radiation therapy is clearly not indicated in
widespread disease. Successful ablation of intra-hepatic
CC cases with radiofrequency ablative therapy was reported previously[86]. Photodynamic therapy is another
palliative approach. This therapy is accomplished by the
systemic administration of a photosensitizer that accumulates in the malignant cells. Red laser light-induced
photoactivation at the time of ERC destroys the malignant cells. This therapy facilitates biliary decompression,
and pilot studies have suggested a survival benefit and
improvement in cholestasis, performance status and
quality of life with this approach[87-90]. Another palliative
treatment option is endoscopic administration of highintensity ultrasound to induce coagulative necrosis of
tumoral tissue. Local tumor destruction, with a high-intensity ultrasound probe during ERC, has been reported
to induce complete regression of extra-hepatic CC in
a pilot study[91]. For mass-forming tumors, transarterial chemoembolization or radiofrequency ablation may
be useful. However, these therapies have been tested
in small patient groups. Results with chemotherapy appear to be disappointing. Gemcitabine appears to be the
most effective single agent[92]. Systemic chemotherapy
combined with regional chemoembolization was proven
feasible in a small group of patients[93]. New promising
drugs are under investigation for their anti-tumoral effects on CCs. A very recent in vitro study clearly indicated
a high apoptotic effect of proteasome inhibitors on CC
cell lines[94].

CONCLUSION
CC is a devastating tumor with a high mortality rate. Its
incidence is increasing and there is no new proven medical treatment modality. It is notorious as being difficult
to diagnose as well as treat. Strategies are needed to
detect these tumors at an early stage to apply radical curative therapy modalities. EUS-guided FNA is the most
promising approach in this respect. Liver transplantation
protocols must be supported, as necessitated by the re-

		

6463

cent reports of success using these protocols. Investigations of neoadjuvant and adjuvant treatment alternatives
should continue and new in vitro effective anti-tumoral
agents should be investigated in in vivo studies.
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Abstract
The main goals of treating cirrhotic patients with
antiviral therapy are to attain sustained viral clearance
(SVR), halt disease progression, and prevent reinfection of the liver graft. However, while the medical
need is great, the use of interferon and ribavirin might
expose these patients to severe treated-related side
effects as a large proportion of them have pre-existing
hematological cytopenias. We have reviewed potential
benefits and risks associated with antiviral drugs in
patients with liver cirrhosis, due to hepatitis C virus
(HCV) infection. In cases presenting with bridging
fibrosis or cirrhosis, current regimens of antiviral
therapy have attained a 44%-48% rate of SVR. In
cirrhotic patients with portal hypertension, the SVR rate
was 22% overall, 12.5% in patients with genotype 1,
and 66.7% in those with genotypes 2 and 3 following
therapy with low doses of either Peg-IFN alpha2b and of ribavirin. In patients with decompensated
cirrhosis, full dosages of Peg-IFN alpha-2b and of
ribavirin produced a SVR rate of 35% overall, 16%
in patients with genotype 1 and 4, and 59% in
those with genotype 2 and 3. Use of hematological
cytokines will either ensure full course of treatment
to be accomplished with and prevent development
of treatment-associated side effects. Major benefits
after HCV eradication were partial recovery of liver
metabolic activity, prevention of hepatitis C recurrence
after transplantation, and removal of some patients
from the waiting list for liver transplant. Several
observations highlighted that therapy is inadvisable
for individuals with poor hepatic reserve (Child-PughTurcotte score ≥ 10). Although SVR rates are low in

decompensated cirrhotics due to hepatitis C, these
patients have the most to gain as successful antiviral
therapy is potentially lifesaving.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Extensive fibrotic deposition in advanced hepatitis C
virus (HCV) liver disease is the histopathological hallmark of a chronic necro-inflammatory process that
involves parenchymal cells. Progressive derangement
of normal liver architecture correlates with a reduction
in liver synthetic function and brings to its late clinical
expressions of decompensation, such as intractable ascites, hepatic synthetic failure, encephalopathy, jaundice,
variceal bleeding, and hepatocellular carcinoma. Once
cirrhosis is present, the process is generally considered
as irreversible and predisposing to high mortality risk
with a survival rate of 50% at 5 years[1]. A mathematical model of the natural history of chronic hepatitis C
projected number of cases with cirrhosis to increase by
more than 50% by 2010[2]. As a result, there will be a
dramatic increase in the number of cases with complications of liver failure throughout the next three decades.
Once decompensation complicates liver cirrhosis,
liver transplantation is the only successful therapeutic
option. However, the limited number of organ donors
as well as impairment in age-related cardiovascular, renal,
and pulmonary functions, renders this option unlikely
for the majority of patients. In addition, age over 65
years is commonly considered as an exclusion criterion
www.wjgnet.com
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to enlist patients for liver transplant. Exploring new
therapeutic options to offer patients with HCV endstage liver cirrhosis is a critical need, as cirrhotics who
are never listed for liver transplant could still potentially
benefit from non-surgical therapy.
In advanced liver cirrhosis, antiviral therapy is currently not recommended despite the fact that theoretical
benefits of treating HCV-related patients with or without decompensated cirrhosis would be an improvement
in liver histology, reversal of established cirrhosis, and
prevention of life-threatening complications. Despite
this, a large proportion of these patients have pre-existing neutropenia, thrombocytopenia, and anemia that will
tend to worsen with the use of interferon and ribavirin,
exposing them to potentially severe side effects. We will
review this topic with the intent to highlight potential
benefits and risks associated with antiviral therapy in
patients with compensated and decompensated cirrhosis
due to HCV infection.

HCV CIRRHOSIS IN COMPENSATED
PHASE
Compensated cirrhosis is defined by the absence of
clinical complications and presence of both preserved
hepatic synthetic function and adequate bone marrow reserve. Post-hoc analyses of patients with bridging fibrosis or compensated cirrhosis included in two
international, registrative trials on the efficacy of PegIFN and ribavirin, produced a 43% rate of sustained
viral clearance (SVR) by 48 wk administration of once
weekly Peg-IFN alpha 2a 180 mg plus ribavirin 10001200 mg/d[3]: a similar rate of 44% was seen in those
treated with Peg-IFN alpha-2b 1.5 μg/kg weekly plus
ribavirin 800 mg/d for 48 wk[4]. From previous trials,
data on cirrhotic patients could not be retrieved separately from those with bridging fibrosis, so that exact figures of SVR rate in cirrhotics remain to be determined.
Moreover, cirrhotics enrolled in these studies were commonly in a Child-Pugh-Turcotte (CPT) class A, had as
a rule a compensated disease, and slightly abnormal hematological parameters; moreover, no information was
usually given on the degree of portal hypertension.
The first study proving the benefits of antiviral
therapy in cirrhotics with signs of portal hypertension, a
subset of patients with more advanced cirrhosis than the
cohort of cirrhotics enrolled in registrative trials, was the
one published by Di Marco et al[5]. In the study, a branch
of 51 cirrhotics received 1 μg/kg per week of Pegylatedinterferon alpha-2b plus oral ribavirin at a fixed dose
of 800 mg/d for 52 wk. By intention-to-treat analysis, a
sustained virologic response (SVR) was achieved by 11
patients (21.6%), with a therapeutical efficacy poorest in
those infected with genotype 1 and 4 (6 of 45, 13.3%)
than in those with genotypes 2 and 3 (5 of 6, 83.3%).
All responders achieved negative HCV-RNA during the
first 12 wk of treatment, and no subject still positive at
this time evaluation became negative later despite continued treatment. The median WBC count decreased
from baseline, particularly during the first two months
www.wjgnet.com
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of treatment. Five patients stopped PEG-IFN due to
neutrophil counts < 0.75 × 103/dL, but none of them
developed infections. Cumulative incidence of events
was significantly higher in patients without an SVR: disease deterioration occurred only in 6% of patients with
SVR as compared to 38% of non-responders. This study
established the effectiveness of antiviral therapy in the
subgroup of patients with severe portal hypertension,
although it must be emphasized that entry criteria for
the trial excluded patients with clinical, biochemical, or
hematological decompensation of the liver disease.
Safety of combination therapy in cirrhotics is a major
concern. Bone marrow suppression by administration
of both standard or Peg-IFN-alpha leads to significant
decrease in all 3 lineages of the hematopoietic system,
whereas anemia through haemolysis is more a sequela of
ribavirin therapy[6]. Absolute neutrophil and lymphocyte
counts typically decrease by 30% to 50% of baseline
values during therapy[7]. In a recent analysis of patients
treated at a single referral center, where basal neutropenia was not an exclusion criterion, therapy was safely
accomplished despite decreases in neutrophils below the
usual levels that lead to dose reduction or drug interruption[8]. No patients who developed infections had
a pre-existing neutropenia (below 1500 cells/mL), and
none developed neutropenia of less than 750 cells/mL
at any point during treatment. Although the use of interferon in cirrhotics with neutropenia is usually not
recommended, there is no evidence, up to now, of a significantly higher risk of severe infections or death correlated with interferon therapy in cirrhotics, a concern
supported by the studies of Heathcote and Di Marco,
where none of the cirrhotics with interferon-induced
neutropenia of less than 750 cells/mL developed serious
infection or sepsis[4,5].
It is currently recommended that development
of leucopenia during antiviral therapy, an event that
develops in 15%-20% of cases [9], to be managed by
modification or withdrawal of drugs. This recommendation may potentially affect achieving an SVR, being the
therapeutic outcome dependent on both dose and duration of currently administered drugs[10]. Hematopoietic
cytokines, such as granulocyte colony-stimulating factor
(G-CSF), at the weekly dosage of 300 mg, can reverse
neutropenia, enabling patients to remain on full dosage and duration of therapy[11,12]. However, G-CSF is
prescribed less frequently than erythropoietin, likely for
two reasons: First, ribavirin-induced anaemia is more
common than IFN-induced neutropenia and, secondly,
practitioners are probably less responsive to neutropenia
than to anaemia being the latter more often symptomatic
than neutropenia. As regards to chronic hepatitis C, no
official guidelines have been set for the use of G-CSF,
probably because of the absence of firm data of the
benefit of the cytokine administration in increasing SVR
while reducing infections.
Treatment of HCV-infected patients induces hemoglobin drop in the majority of patients[13]. The anemia
is of “mixed” type: Ribavirin induces a dose-dependent
hemolytic anaemia, whereas IFN alpha suppresses eryth-
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Table 1 Summary features of trials of antiviral therapy in HCV-infected cirrhotics with signs of hepatic decompensation
Author

Yr

Crippin
et al[36]

2002

15

Thomas
et al[35]

2003

20

Forns et al[34] 2003
Everson
2003
et al[32]

30
124

Iacobellis
et al[33]

2007

No. of Type of
patients IFN

66

Dosage

RBV

Dosage
per day

IFN a2b (1) 1 MU
(1)
(2) 3 MU 3 Yes/
times/wk No
IFN a2b 5 MU/d No

800 mg

Length of
therapy

Mean time:
1.95 mo (range
0.25 to 5 mo)
Until the day of
transplantation
(14 ± 2.5 mo)
IFN a2b 3 MU/d Yes 800 mg
12 wk
IFN a2b Increasing Yes Increasing
6 mo for
doses until
doses genotype 2 and
standard
until
3 and 12 mo
dose
standard for genotypes 1
dose
and 4
PEG1 mg/kg Yes
800 or
6 mo
IFN a2b per wk
1000 mg

Decom- Overall Genotypes Genotypes
2 and 3
1 and 4
pensated SVR
n (%) SVR n (%) SVR n (%)
(%)

Genotype 1
(%)

CPT
score

MELD
score

73

11.9 ± 1.2

No data

100

0

0

67

10 ± 0.5 13.0 ± 2.5

100

4 (20)

2 (10)

83
70

1
No data
7.4 ± 2.3 11.0 ± 3.7

43
63

6 (20)
30 (24)

3 (12)
11 (13)

8 ± 1.2 14.2 ± 2.7

100

13
(19.7)

3 (7)

65.2

0

2 (100)

3 (60)
19 (50)

10 (43.5)

1

Child A 15 (50%), B 13 (43%), C 2 (7%).

roid progenitor cell and red blood cell production[7]. The
mean maximal hemoglobin decrease, reached within the
first 12 wk of therapy, is a relevant point as a reduction
in ribavirin dosage in the initial 12 wk of therapy below
80% of the starting dose lowers the chance of early
virologic response (EVR)[14] and compromise treatment
success[15,16]. The management of anemia recommends
ribavirin dose reduction untill 600 mg/d if hemoglobin
decreases to < 10 g/dL in a patient without cardiac risk
factors, and discontinuation of ribavirin if hemoglobin
becomes < 8.5 g/dL[17]. A decrease in hemoglobin levels
is normally accompanied by an increase in the serum
erythropoietin (sEPO) level, an endogenous hormone
that acts in the bone marrow to increase the number of
erythroid progenitor cells[18], which will ultimately normalize the hemoglobin level[19]. In HCV-infected patients
treated with PEG-IFN/RBV, although increased levels
of sEPO, the hemoglobin level did not return to normal,
suggesting that the physiological increase in sEPO is not
sufficient to fully compensate for the degree of anemia.
Administration of recombinant human erythropoietin
at a dosage of 40 to 60 U once weekly, may constitute
an alternative: 88% of patients receiving erythropoietin
versus 60% of controls could maintain the assigned ribavirin doses[20].
Several lines of evidence have supported the hypothesis that the fibrotic component of cirrhosis is a reversible process[21-26]. SVR is the “sine qua non” to pursue histological benefits[27] and has been associated with a mean
reduction in fibrosis score of -0.88 ± 0.08 U/year at
3 years of follow up[22]. Resolution of cirrhosis, defined
as a decrease of the fibrotic score from 4 to 1 by Knodell index, was observed in 9 of 109 cirrhotic patients
(8.2%), with a delay between pre- and post-therapy biopsies of 4.0 ± 2.3 years[21]. The most striking result of
a post hoc analysis[25] of 4 major clinical trials involving
3010 patients randomized to various treatment regimens
was the reversal of fibrosis at different extent after therapy in 75 out of 153 patients with cirrhosis (49%). These
observations provide evidence for major beneficial ef-

fects of antiviral therapy on cumulative probabilities of
disease progression, development of HCC, and death or
liver transplantation in patients attaining an SVR[28].

HCV CIRRHOSIS IN DECOMPENSATED
PHASE
Antiviral therapy is commonly deferred in cirrhotics with
signs of liver decompensation, due to even more compelling concerns over treatment-induced side effects. Along
with the progression of liver disease, a reduction in the capability to remove endotoxin and bacteria from the bloodstream, due an acquired immunodeficiency state, is observed in these patients[29]. However, the majority of cirrhotics with HCV infection have reasonably stable hepatic
function after a successful treatment of a decompensated
event and, therefore, might be suitable candidates for antiviral therapy. It seems conceivable that tolerance of antiviral therapy in this particular setting of patients might be
extremely poor due to their advanced age, as adherence to
combination therapy is negatively influenced by increasing
patient’s age[30]. In addition, impaired age-related cardiovascular and pulmonary functions may reduce tolerance
of ribavirin-induced anemia, while impaired renal function
by increasing blood levels of ribavirin (primarily cleared
by kidney) may worsen anemia. Finally, insulin resistance
secondary to HCV infection may further impair response
to combination therapy[31].
Several repor ts on antiviral therapy in HCVinfected cirrhotic patients who sustained one or more
episodes of liver decompensation are available in the
literature[32-36] (Table 1): The results indicate that these
patients might tolerate current antiviral regimens. However, unstandardized dosages of antiviral drugs that
have been administered for a variable and different
treatment length may have underestimated and differentiated outcomes and virologic response rates in
previous reports. After reviewing existing experience,
the International Liver Transplantation Society Expert
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Table 2 Suggested guidelines for the use of interferonbased therapy in patients with cirrhosis (International liver
transplantation society expert panel, 2003)
Consider treatment

CTP score

MELD score

Strongly consider
Possibly consider
No, avoid treatment

≤7

≤ 18
18-25
> 25

8-11
> 11

Panel issued guidelines, in 2003, for the use of interferon-based therapy in patients with cirrhosis, strongly
considering therapy in those with a CTP score ≤ 7,
and possibly in those with a score of 8 to 11 (Table 2).
In the low-accelerating dosage regimen, starting doses
were 1.5 MU thrice weekly for conventional interferon,
0.5 μg/kg per week for Peg-IFN alpha 2b, or 90 μg/wk
for Peg-IFN alpha 2a, given alone or in combination with
a ribavirin dose of 400 mg/dL[32]. Dose adjustments for
each of the two drugs were made every 2 wk as tolerated to achieve optimal effective doses. Using an initially
low, accelerating regimen of non-pegylated interferon
plus ribavirin, 39% of 102 patients experienced clearance
of HCV-RNA on treatment, and 21% attained an SVR,
11% with genotype 1, and 50% with genotypes 2 and
3[36]. Moreover, of patients with SVR, none relapsed after
liver transplantation[37]. By including Peg-IFNs, further
improvement in efficacy can be expected. In our initial
investigation, Peg-IFN alpha 2b (1.0 μg/kg) plus standard
dose of ribavirin were administered for a short treatment
duration (24 wk for all genotypes) to decompensated
cirrhotic patients[33]: The overall SVR rate attained with
this suboptimal regimen of therapy amounted to 19.7%
(13 of 66 treated cases), higher efficacy (43.5% of SVR)
being found in genotype 2 and 3 infection than in genotype 1 and 4 (7%). Therapy was tolerated by patients, at a
remarkable exception of individuals with very advanced
liver disease (CTP score > 10) who experienced severe
life-threatening side effects.
Based on our initial investigation, we went further to
determine whether currently recommended dosages of
Peg-IFN and ribavirin for the standard length of treatment could be safely tolerated in decompensated cirrhotic
patients. An ongoing protocol has been set up at our
institution where all cirrhotic patients with a CTP score ≤
9 and a decompensated event that abated with common
management are offered therapy with Peg-IFN alpha-2b
(1.5 μg/kg) and ribavirin (800-1000 mg for genotypes 2
and 3, and 1000-1200 mg for genotypes 1 and 4) for the
recommended treatment duration (48 and 24 wk for genotype 1 and non-1, respectively) (submitted, unpublished
data). In this program, at the end of the 24 wk followup period off therapy, 35% of our end-staged cirrhotics
cleared the HCV infection, 16% of patients with genotype 1 and 4, and 59% of patients with genotype 2 and 3.
Almost 60% of patients tolerated full dosage and duration
of treatment, whilst 18 (19.1%) patients discontinued
treatment and among these 4 developed severe infections.
All previous reports have outlighted the feasibility of
antiviral treatment of patients with a decompensated cirwww.wjgnet.com
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rhosis, allowed to further refine selection of these patients
(treatment unsafe for CTP ≥ 10), and established the
relative safety of current schedules of treatment, providing that administration of cytokines could maintain safe
levels of hemoglobin (> 10 g/dL) and of neutrophils
(> 750/dL). Scant data are available on the impact of
therapy on “long term” disease progression, avoidance
of transplantation, and improvement of life expectancy.
These hard clinical end points are particularly applicable
to patients with advanced disease, as liver function is more
likely to deteriorate within a few years in these subjects.
Achieving HCV clearance has been clearly correlated
with improved liver function, as apparent from significant
reductions in CTP and MELD scores after treatment[33].
A standardized mortality rate analysis reported a lower
liver-related mortality among cirrhotics with SVR (0.6:
CI: 0.0-3.1) than in untreated patients[26]. Further benefits
after HCV eradication and partial recovery of liver metabolic activity were no more allograft failure secondary to
recurrence of viral infection[34], and eventually long term
removal of those patients who cleared HCV-RNA from
the waiting list for liver transplant. We have reported a significant improvement in overall and event-free survivals as
well as in clinical status and laboratory profile of patients
who eventually cleared HCV after treatment with Peg-IFN
alpha-2b and ribavirin administered for 24 wk. During
the follow-up, the total number of decompensated events
was significantly higher in controls and non-responders as
compared with patients who achieved a SVR.

CONCLUSION
The main goals of treating cirrhotic patients are to
attain SVR, halt disease progression, and prevent reinfection of the liver graft. Antiviral therapy for
patients with chronic hepatitis C and an advanced stage
of compensated or decompensated liver cirrhosis, is
evolving: If left untreated, cirrhosis due to chronic HCV
infection, is associated with decreased survival, whereas
current data from existing trials suggest a reduction in
the complication for those with an SVR. As in patients
with milder liver disease, standard schedules of treatment
may be efficacious particularly for those harboring
HCV genotype 2 and 3 infection, in which HCV-RNA
is rendered negative during treatment in more than
half of individuals. Conversely, the risk-benefit ratio
of treating patients with genotype 1 infection remains
to be defined. Liberal use of hematopoietic cytokines
will either enable the recipient to tolerate full dosage
and course of treatment and prevent development of
treatment-associated infections. Therapy is inadvisable
for individuals with poor hepatic reserve. Although
response rates appear to be lower in cirrhotic patients
with and without complications of liver disease,
successful antiviral therapy is potentially lifesaving.
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Abstract
AIM: To investigate the causal relationship between
hypoadiponectinemia and colorectal carcinogenesis in
in vivo experimental model, and to determine the contribution of adiponectin deficiency to colorectal cancer
development and proliferation.
METHODS: We examined the influence of adiponectin
deficiency on colorectal carcinogenesis induced by the
administration of azoxymethane (AOM) (7.5 mg/kg, intraperitoneal injection once a week for 8 wk), by using
adiponectin-knockout (KO) mice.
RESULTS: At 53 wk after the first AOM treatment, KO

mice developed larger and histologically more progressive colorectal tumors with greater frequency compared with wild-type (WT) mice, although the tumor
incidence was not different between WT and KO mice.
KO mice showed increased cell proliferation of colorectal tumor cells, which correlated with the expression
levels of cyclooxygenase-2 (COX-2) in the colorectal
tumors. In addition, KO mice showed higher incidence
and frequency of liver tumors after AOM treatment.
Thirteen percent of WT mice developed liver tumors,
and these WT mice had only a single tumor. In
contrast, 50% of KO mice developed liver tumors, and
58% of these KO mice had multiple tumors.
CONCLUSION: Adiponectin deficiency enhances
colorectal carcinogenesis and liver tumor formation
induced by AOM in mice. This study strongly suggests
that hypoadiponectinemia could be involved in the
pathogenesis for colorectal cancer and liver tumor in
human subjects.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Obesity is a global medical problem because of its
association with the development of various disorders
such as diabetes, cardiovascular diseases, and several
www.wjgnet.com
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cancers[1,2]. Recent studies have indicated that obesity
is a significant risk factor for colorectal cancer [3] ,
but the relationship between obesity and colorectal
carcinogenesis is poorly understood at the molecular
level.
Adipose tissue is cur rently recognized as an
important endocrine organ that secretes various
bioactive substances, conceptualized as adipokines
or adipocytokines [1,2,4,5] . We and others identified
adiponectin as an adipose-specific secretory factor[6-8].
Adiponectin exists abundantly in the circulation [9],
and its plasma levels are reduced in obesity, type-2
diabetes, and coronary artery disease [9-11]. Recently,
adiponectin has attracted much attention because of its
potential role in the development and progression of
various obesity-related malignancies[12]. Several clinical
studies have shown that plasma adiponectin level is
inversely associated with the risk of obesity-related
cancers, including uterine, breast, gastric, and prostate
cancers[13-16]. It has been reported that treatment with
recombinant adiponectin significantly suppresses the
growth of several types of cancer cells in cultured
cells and/or in xenograft models by inhibiting cell
proliferation[17-20].
Recent clinical studies have shown that low plasma
adiponectin levels is an independent risk factor for
colorectal cancer and its precursory adenoma [21-23].
Moreover, colorectal adenomas in patients with
low plasma adiponectin levels tend to be larger and
histologically more progressive[23]. However, the causal
relationship between low plasma adiponectin levels and
colorectal carcinogenesis has not been fully elucidated in
in vivo experimental model.
Azoxymethane (AOM) is a well-characterized colon
carcinogen, and AOM-induced colorectal cancer in
rodents is similar to human colorectal cancer with
respect to morphology, proliferation characteristics
and involvement of gene mutation[24,25]. The present
study was designed to explore the mechanisms of
hypoadiponectinemia and colorectal carcinogenesis. For
this purpose, we used AOM to induce colorectal cancer
in adiponectin-knockout (KO) mice.

n = 13; and KO + AOM, n = 24). The mice were
sacrificed 53 wk after the first AOM injection, and the
colons and small intestines were removed immediately.
The harvested specimens were opened longitudinally,
and the number and size of tumors were recorded.
Using calipers, we measured the length (L), width (W),
and depth (D) of each intestinal tumor and calculated
the tumor volume using the formula V = L × W × D
× π/6, as described previously [27]. We also noted the
development of liver tumors.

MATERIALS AND METHODS

Statistical analysis
Results are expressed as mean ± se. Statistical analyses
of data were performed using the Student’s t-test, the
chi-square test, Fisher’s exact probability test, Wilcoxon
rank sum test, or the Spearman’s rank correlation. Statistical significance was defined as P < 0.05.

Mice and experimental procedures
The animal care and use procedures were approved by
the Animal Care Committee of Osaka Medical Center
for Cancer and Cardiovascular Diseases. The generation
of KO mice has been described previously [26]. We
mated wild-type (WT) littermate mice produced by
backcrossing to the C57BL/6J strain for five generations
and used their offspring as WT controls in this study.
Mice were maintained on a 12-h light/dark cycle with
free access to drinking water and a standard diet.
We injected 10-wk-old male mice with AOM (Sigma
Chemical Co., St. Louis, MO) at a dose of 7.5 mg/kg
body weight intraperitoneally once a week for 8 wk, and
control mice received equal volume of saline injection
(WT + saline, n = 9; WT + AOM, n = 23; KO + saline,
www.wjgnet.com

Histopathology and immunohistochemistry
Tumors were fixed in 10% buffered formalin, embedded
in paraffin blocks, and sectioned at 3.0-µm thickness.
Some sections of the colon tumors were subjected to
hematoxylin and eosin (HE) staining for histopathology,
and others were used for immunohistochemistry.
proliferating cell nuclear antigen (PCNA) was visualized
by staining with rat anti-mouse PCNA monoclonal
antibody (Dakocytomation, Glostrup, Denmark). To
determine the PCNA labeling index, we selected five
representative PCNA-positive fields in each section,
counted more than 200 tumor cells in each field, and
then calculated the percentage of PCNA-positive
cells. cyclooxygenase-2 (COX-2) was visualized by
staining with rabbit anti-mouse COX-2 polyclonal
antibody (Cayman, Ann Arbor, MI). We observed
immunoreactive COX-2 expression in the periluminal
stromal cells and epithelium of the colorectal tumors.
Therefore, we evaluated COX-2 expression; both the
intensity of immunoreactivity and the percentages of
positively-stained areas in relation to the circumference
of the tumor. We graded COX-2 expression of
each immunostained section on a 0 to 4+ scale; no
immunoreactivity (0), weak immunoreactivity and 1%
to 25% positive regions (1+), mild immunoreactivity
and 26% to 50% positive regions (2+), moderate
immunoreactivity and 51% to 75% positive regions (3+),
strong immunoreactivity and 76% to 100% positive
regions (4+). We regarded a case displaying very weak
immunoreactivity, or less than 1% positive regions, as
negative. Sections of the liver tumors were subjected to
HE staining for histopathology.

RESULTS
Enhanced colorectal carcinogenesis induced by AOM in
KO mice
We treated WT and KO mice with AOM at a dose of
7.5 mg/kg or with saline vehicle once a week for 8 wk. At
53 wk after the first AOM treatment, the mice were sacrificed to evaluate the development of colorectal tumors.
Body weight changes did not differ between WT and KO
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Figure 1 Enhanced AOM-induced colorectal carcinogenesis in KO mice. A: Changes in percentage of body weight. P < 0.01, between WT + saline (n = 9) and
WT + AOM (n = 23). P < 0.001, between KO + saline (n = 13) and KO + AOM (n = 24); B: Representative pictures of the colorectal tumors arising in WT and KO
mice after AOM treatment; C: Tumor incidence is expressed as the ratio of mice with tumor/total number of mice (NS: Not statistically significant; χ2 test); D: Tumor
frequency. WT, n = 9; KO, n = 9 (aP < 0.05, Student’s t-test); E: Tumor size. WT, n = 9; KO, n = 19 (cP < 0.05, Student’s t-test). Results are presented as mean ± SE.

mice after AOM treatment, although AOM treatment
resulted in a significant reduction in body weight gain
of both WT and KO mice (16.4% vs 14.4% reduction
at sacrifice, Figure 1A). We observed no colorectal tumors in either WT or KO mice treated with only saline
(data not shown). Figure 1B shows representative pictures of the colorectal tumors arising in WT and KO
mice treated with AOM. There was no difference in the
incidence of colorectal tumor formation between WT
and KO mice (39.1% vs 37.5%, Figure 1C). However,
the number of colorectal tumors per mouse was significantly greater in KO mice (2.33 ± 0.47, range: 1-4) than
in WT mice (1.11 ± 0.11, 1-2) (P < 0.05; Figure 1D),
and the average volume of colorectal tumors was markedly larger in KO mice (79.2 ± 29.2 mm3) than in WT
mice (9.02 ± 1.46 mm3) (P < 0.05; Figure 1E). Histological analysis revealed that KO mice developed more progressive tumors in the colon than WT mice (Figure 2).
We observed one adenoma (1 of 9, 11%), three carcinomas in situ, as assessed by the findings of high-grade
dysplasia (3 of 9, 33%) and five adenocarcinomas (5 of
9, 56%) of the colorectal tumors arising in WT mice
(Figure 2A). In contrast, of the colorectal tumors in KO
mice examined, all tumors (14 of 14) were classified as
adenocarcinomas (2 well- and 12 moderately-differentiated adenocarcinomas) (Figure 2B). These findings suggest that adiponectin deficiency enhances AOM-induced
colorectal carcinogenesis. One KO mouse developed

a small intestinal tumor, classified as a moderatelydifferentiated adenocarcinoma, in the duodenum (data
not shown), whereas none of WT mice developed small
intestinal tumors.
High expression of PCNA and COX-2 in colorectal
tumors of KO mice
To characterize the influence of adiponectin deficiency
on colorectal tumor growth, we evaluated cell proliferation of colorectal tumor cells using the PCNA labeling
index assessed by immunohistochemistry. Figure 3A
shows representative sections of PCNA-labeled nuclei
in colorectal tumors from WT and KO mice. Expression
of PCNA was identified by cell nuclei that stained brown
to PCNA. For quantitative analysis, we determined the
PCNA labeling index by calculating the percentage of
PCNA-positive cells. The PCNA-labeling index of KO
mice (68.5% ± 2.3%) was greater than that of WT mice
(44.8% ± 6.3%) (P < 0.01; Figure 3B), suggesting that
adiponectin deficiency increased cell proliferation of
colorectal tumor cells. To investigate the mechanisms by
which adiponectin deficiency increased cell proliferation,
we first examined the expression of cyclin-dependent
kinase inhibitors (CDKIs), p21CIP and p27KIP, in colorectal tumors by immunohistochemistry. However, WT and
KO mice showed absence or only focal positivity of
both proteins in the colorectal tumors, and there was no
significant difference (data not shown).
www.wjgnet.com
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Figure 2 Histological analysis of colorectal tumors induced by AOM. Representative HE-stained sections of colon tumors in WT mice (A): a: Adenoma; b, c, e:
Carcinomas in situ; d: Adenocarcinoma; f: Boxed area in e is shown at a higher magnification. Representative HE-stained sections of colorectal tumors in KO mice (B).
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Figure 3 PCNA overexpression in colorectal tumor cells of KO mice. Immunohistochemical staining for PCNA in colorectal tumors using rat anti-mouse PCNA
monoclonal antibody. Cells with strongly stained nuclei were considered positive for PCNA. A: Representative section of a colorectal tumor in a WT mouse and a KO
mouse (× 200); B: PCNA labeling index in colorectal tumors. WT mice (n = 9), KO mice (n = 11) (bP < 0.01, Student’s t-test). Results are mean ± SE.

Next, we examined the expression of COX-2, a
well-established pathogenic factor in colorectal carcinogenesis[28,29], by immunohistochemistry. Figure 4 depicts
representative sections stained for COX-2. We found
no COX-2 positive staining in normal colonic tissues
of WT and KO mice. In the colorectal tumor tissues,
we observed immunoreactive COX-2 expression in the
epithelium and periluminal stromal cells, predominantly
in the myofibroblasts. We detected very weak COX-2
staining in 22% (2 of 9) and only local COX-2 staining
in 56% (5 of 9) of the colorectal tumors in WT mice
(Figure 4A), whereas colorectal tumors in KO mice
showed higher levels of COX-2 staining (Figure 4B).
In 36% (4 of 11) of the colorectal tumors in KO mice,
we detected marked COX-2 staining almost all over the
surface of the tumor. Statistical analysis revealed that the
www.wjgnet.com

expression of COX-2 in colorectal tumors of KO mice
was higher than in WT mice (Figure 4C, P < 0.05; Wilcoxon rank sum test). Moreover, we found a significant
correlation (r = 0.89, P < 0.001; Spearman’s rank correlation) between the PCNA-labeling index and COX-2
expression level (Figure 4D). These results suggest that
adiponectin deficiency may promote proliferation of
colorectal tumor cells, which may be associated with
overexpression of COX-2 in the periluminal stromal
cells.
Enhanced liver tumor formation induced by AOM in KO
mice
AOM is primarily metabolized by the liver and induces
DNA damage in both the colon and the liver[30]. While
AOM can induce tumor formation in the liver[31,32], tu-
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sections of colorectal tumors in WT mice: e: Boxed area is shown at a higher magnification; B: Representative sections of colorectal tumors in KO mice: j: Boxed
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COX-2 immunoreactivity and PCNA-labeling index in colorectal tumors (r = 0.89, P < 0.001, Spearman’s rank correlation). WT mice (n = 9), KO mice (n = 11).

mors are reported to be formed almost exclusively in the
colon[30]. Consistent with the previous observation[32], the
incidence of liver tumor formation after AOM treatment
was only 13% (3 of 23) in WT mice (Figure 5A), and
all three WT mice had only a single tumor (Figure 5B).
In contrast, the incidence of liver tumor formation was
50% (12 of 24) in KO mice (Figure 5A); 5 mice with a
single tumor (42%), 2 mice with two tumors (16%), and
5 mice with more than three tumors (42%) (Figure 5B).
Figure 5C and D show representative HE-stained sections of the liver tumors in KO mice. The majority of
the liver tumors were identified as hepatocellular neoplastic nodules (Figure 5C), and one was a hepatocellular

carcinoma (Figure 5D). We also observed that WT mice
developed 2 hepatocellular neoplastic nodules and one
hepatocellular carcinoma (data not shown). These results
suggest that adiponectin deficiency may promote AOMinduced liver tumor formation.

DISCUSSION
Recent epidemiological studies have shown an inverse
association between plasma adiponectin levels and the
risk of colorectal cancer and its precursor adenoma[21-23].
In the present study, KO mice developed larger and
more advanced colorectal tumors compared with WT
www.wjgnet.com
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mice, although there was no difference in the tumor incidence between WT and KO mice. These findings suggest that adiponectin deficiency may influence colorectal
tumor growth. Indeed, we found that cell proliferation
of the colorectal tumor cells was significantly increased
in KO mice compared with WT mice, as evaluated by
the PCNA labeling index. The anti-proliferative effect
of adiponectin on several types of cancer cells has been
well documented in cultured cells and/or xenograft
models[17-20]. Here we examined whether adiponectin deficiency directly influences colorectal tumor cells. AMPactivated protein kinase (AMPK), which is traditionally
thought of as a regulator of cellular energy balance[33],
has been reported to suppress cell proliferation in a variety of cell types including several cancer cells[34,35]. These
effects of AMPK may be mediated partly through the
cell cycle regulation by augmenting the p53-p21 axis[34,35].
Since adiponectin is known to stimulate AMPK[36], the
molecular pathways regulated by AMPK could be the
potential mechanisms through which adiponectin regulates carcinogenesis[12]. However, immunohistochemical
analysis of the CDKIs such as p21CIP and p27KIP, as
downstream targets of AMPK, showed a negative or
only focal immunopositivity of these CDKIs in colorectal tumors of both WT and KO mice, and there was
no significant difference between the two strains (data
not shown). Further studies are required to elucidate
the involvement of this AMPK-CDKIs pathway in the
www.wjgnet.com

anti-proliferative effect of endogenous adiponectin on
colorectal tumors.
Next, to investigate other mechanisms by which
adiponectin deficiency promoted colorectal tumor
growth in KO mice, we determined the levels of COX-2
expression in the colorectal tumor tissues by immunohistochemistry. COX-2, the inducible enzyme involved
in prostaglandins production, plays a crucial role in
colorectal carcinogenesis[28,29]. It has been shown that
inactivation of COX-2, by disruption of the COX-2
gene or the use of selective COX-2 inhibitors, markedly reduces intestinal tumor formation in the Apc∆716
mice[29]. Treatment with selective COX-2 inhibitors also
suppressed AOM-induced colorectal carcinogenesis in
rodents[37]. Moreover, clinical trials of selective COX-2
inhibitors reported a successful reduction in intestinal tumors of patients with familial adenomatous polyposis[38]
and sporadic colorectal adenomas[39,40]. Here, we found
that adiponectin deficiency enhanced COX-2 expression
in the epithelium and periluminal stromal cells of the
colorectal tumors, predominantly in the myofibroblasts.
We also found that adiponectin deficiency promoted
tumor cell proliferation in proportion to COX-2 expression levels. Intestinal myofibroblasts, a family of
α-smooth muscle actin-positive fibroblast-like cells, play
a pivotal role in the carcinogenic process[41]. The tumor
cell-derived cytokines such as transforming growth
factor-β provoke the transdifferentiation of fibroblasts

Nishihara T et al . Adiponectin and colorectal carcinogenesis

into myofibroblasts, which promote adjacent tumor cell
proliferation through paracrine secretion of various
mediators including cytokines, chemokines, growth factors, and extracellular matrix molecules[41]. Moreover, it
has been shown that COX-2-expressing myofibroblasts
synthesize and release prostaglandin E2 into the tumor
microenvironment, which is reported to promote epithelial cell proliferation[42]. Based on these reports, the
influence of adiponectin deficiency on cell proliferation
of colorectal tumor cells observed in this study could be
explained, at least in part, by COX-2 overexpression in
the stromal myofibroblasts.
KO mice treated with AOM had greater incidence
and frequency of liver tumors, compared with WT mice.
AOM is metabolically activated in the liver mainly by
cytochrome P450 2E1 (CYP2E1) [43], and can induce
tumor formation also in the liver [31]. The increased
hepatic CYP2E1 level is considered as one possible
mechanism that ethanol treatment may enhance DNA
adduct for mation by AOM metabolites and may
potentiate dysplasia of the liver[44]. In a mouse model of
nonalcoholic steatohepatitis induced by choline-deficient
L-amino acid-defined diet, KO mice showed increased
expression of hepatic CYP2E1, which might lead to
the progression of liver tumor formation through the
enhancement of oxidative stress [45]. On the basis of
these reports, adiponectin deficiency might increase
hepatic CYP2E1 activity, due to AOM exposure and,
therefore, contribute to enhanced liver tumor formation.
Further studies are required to clarify these points.
In conclusion, adiponectin deficiency in mice was
directly associated with enhanced colorectal carcinogenesis and liver tumor formation induced by AOM. This
is the first evidence that adiponectin deficiency a more
caused severer and increased frequent carcinogenesis in
in vivo model. Our results strongly suggest that hypoadiponectinemia could be involved in the pathogenesis for
colorectal cancer and liver tumor in human subjects.

  
tumor formation after azoxymethane (AOM) treatment.

Applications

This study demonstrated overexpression of cyclooxygenase-2 (COX-2) in the
stromal myofiroblasts of the colorectal tumors in knockout (KO) mice. COX-2
overexpression might be a potential mechanism through which adiponectin
deficiency was involved in the colorectal carcinogenesis.

Terminology

Adiponectin is one of the major adipocytokines, and its plasma levels are
reduced in obesity, type-2 diabetes, and coronary artery disease.

Peer review

The present paper shows highest growth and progression of AOM-induced
colon cancer in KO mice, with respect to wild type (WT) control mice. The
results are of certain interest. Nevertheless, some points need to be further
clarified and considered in depth to increase the interest of the paper.
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Abstract
AIM: To determine the association of Helicobacter pylori
(H pylori ) CagA+ infection and pro-inflammatory polymorphisms of the genes interleukin (IL)-1RN and IL-1B
with the risk of gastric atrophy and peptic ulcers in a
dyspeptic population in Costa Rica, a country with high
incidence and mortality of gastric cancer.
METHODS: Seven biopsy specimens, a fasting blood
sample and a questionnaire concerning nutritional and
sociodemographic factors were obtained from 501 consecutive patients who had undergone endoscopy for
dyspeptic symptoms. A histopathological diagnosis was
made. Pepsinogen concentrations were analyzed by
enzyme linked immunosorbent assay (ELISA). Infection
with H pylori CagA+ was determined by serology and
polymerase chain reaction (PCR). IL-1B and IL-1RN
polymorphisms genotyping was performed by PCRrestriction fragment length polymorphism (PCR-RFLP)

and PCR respectively.
RESULTS: In this dyspeptic population, 86% were
H pylori positive and of these, 67.8% were positive for
CagA. Atrophic antral gastritis (AAG) was associated
with CagA+ status [odd ratio (OR) = 4.1; P < 0.000]
and fruit consumption (OR = 0.3; P < 0.00). Atrophic
body gastritis (ABG) was associated with pepsinogen
PGI/PGII < 3.4 (OR = 4.9; P < 0.04) and alcohol
consumption (OR = 7.3; P < 0.02). Duodenal ulcer
was associated with CagA+ (OR = 2.9; P < 0.04) and
smoking (OR = 2.4; P < 0.04). PGI < 60 µg/L as well
as PGI/PGII < 3.4 were associated with CagA+.
CONCLUSION: In a dyspeptic population in Costa Rica,
H pylori CagA+ is not associated with ABG, but it is a
risk factor for AAG. The pro-inflammatory cytokine polymorphisms IL-1B + 3945 and IL-1RN are not associated
with the atrophic lesions of this dyspeptic population.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colonization with Helicobacter pylori (H pylori) is associated with atrophic gastritis, peptic ulcer and distal gastric
cancer[1,2]. Nevertheless, many colonized individuals never
develop these pathologies. Genetic characteristics of
the host and the bacteria as well as environmental factors may be involved in the final clinical outcome[3]. The
pathogenicity and virulence of H pylori increases when
the infecting strain expresses the cagA gene that codes for
a highly immunogenic protein CagA, which is a marker
www.wjgnet.com
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for the presence of the cag pathogenicity island (PAI)[4,5].
Moreover, the immune response of the host is considered
a key event in the pathogenic process that leads to gastric
cancer. A number of studies have reported that carriers
of certain alleles in genes encoding proinflammatory and
anti-inflammatory cytokines exhibit a stronger inflammatory response against H pylori and a marked inhibition
of acid secretion resulting in an increased risk of gastric
cancer and its precursors, atrophic gastritis and intestinal
metaplasia[6,7]. However, this association has not been
found in all studied populations[8].
The development of atrophic gastritis is central in the
multi-step process which leads to gastric cancer, and the
risk increases with the severity and physical extension of
the atrophic lesion[9,10]. Serum levels of pepsinogen I (PGI)
and the ratio of PGI/PGII serum levels decrease significantly with increased extension and severity of atrophic
gastritis and the presence of gastric cancer. Therefore,
these parameters have been proposed as serological markers for those histopathological changes[11-13]. Costa Rica is
one of the countries with the highest incidence and mortality rates of gastric cancer worldwide. The prevalence of
H pylori associated gastritis is high from an early age[14].
Recently, we found an association between the
PGI/PGII ratio and atrophic body gastritis in dyspeptic
patients[15]. In the present study, the same population
was analyzed for associations of atrophic body and antral gastritis and presence of peptic ulcers with H pylori
CagA + infection and pro-inflammatory interleukin-1
(IL-1) gene polymorphisms.

MATERIALS AND METHODS
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middle part of the antrum were taken from the major
and minor curvatures and two from the gastric body at
the anterior and posterior walls of the central body for
histopathological diagnosis. One biopsy from the antrum
and one from the body were taken for culture and one
from the antrum for rapid urease test[15].
Histological diagnosis
Sections of formaline-fixed and paraffin-embedded biopsies, stained with hematoxylin and eosin, were used
for the histopathological diagnosis according to the
Sydney Classification[16]. All slides were independently
read by two specialists in gastric pathology (JA Ramírez
in San José, Costa Rica, and A De Mascarel in Bordeaux,
France). Cases with discrepant diagnoses were reviewed
by both pathologists until a consensus was reached. A
patient was considered to have: (1) atrophic body gastritis (ABG), if atrophy or metaplasia was present in any of
the biopsies from the body; (2) atrophic antral gastritis
(AAG), when atrophy was found in any of the biopsies
from the antrum and not in the body; (3) non-atrophic
gastritis (NAG), in the case of gastritis without atrophy,
and (4) Normal mucosa, when no pathology was found
in the antrum or the body and no granulocytic activity or
lymphoid follicles were observed. In 22 of the patients,
there was no histopathological diagnosis due to insufficient tissue in the biopsies[15].
H pylori status
Infection with H pylori was determined by histology, culture
and serology. For histological detection, the slides were
stained with toluidine blue. One biopsy from the antrum
and one from the body were cultured for H pylori. Biopsies from the antrum and corpus were ground in brucella
broth with an electric homogenizer. The suspensions were
plated on two in-house media: A Wilkins Chalgren agar
containing 10% human blood and antibiotics and a Columbia blood agar without antibiotics incubated for 10 d
in a microaerobic atmosphere at 37℃. Standard identification was performed. Serum antibodies to H pylori were
measured by an in-house enzyme linked immunosorbent
assay (ELISA) developed in our laboratory and based on a
modification of a previously described ELISA[17]. The antigen preparation and determination of cutoff points was
previously reported[15]. A patient was considered positive
for H pylori when positive by any of the three methods:
culture or histology or serology and negative when none
of the methods were positive.

Patients
As previously described[15], between January and July,
2000, 800 consecutive patients referred to the endoscopy
service at the Calderón Guardia Hospital in San José for
dyspeptic symptoms were interviewed. This hospital is
a tertiary hospital that, however, also provides gastroenterology service at primary and secondary levels. Patients
were excluded if they were under 18 years of age, had
not resided in Costa Rica for the previous two years, had
received H pylori eradication therapy, had taken antibiotics during the 3 mo preceding endoscopy, had taken
bismuth compounds at the time of endoscopy, had a
history of gastric surgery, suffered from diseases associated with coagulation, or presented digestive bleeding.
A total of 501 patients fulfilled the inclusion criteria and
signed an informed consent form before 25 mL of fasting blood was obtained. The project had been previously
approved by the ethic committees of the University of
Costa Rica and the Hospital. A questionnaire with information concerning sociodemographic factors, family
history, general health status, consumption of salt, coffee, alcohol, fruit, vegetables, and smoking habits was
filled out[15]. Blood pressure and height and weight were
recorded to calculate the body mass index.

CagA status
The cagA status was determined by polymerase chain
reaction (PCR) on isolated strains using primers cagA1-A2
and, if negative, a second set of primers, cagA3-A4, were
used[18]. Serum antibodies to CagA were measured by
ELISA as described by Blaser et al, 1995[19]. A patient was
considered positive for H pylori CagA+ infection when
positive by PCR and/or serology.

Endoscopy procedure
Seven biopsies were obtained: Two biopsies from the

Serum pepsinogen concentrations
The concentrations of PGI and PGII in sera were

www.wjgnet.com
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measured by an enzyme immunosorbent assay (EIA)
(Eiken Chemical Company, Tokyo, Japan) according to
the manufacturers’ recommendations. The validation of
pepsinogen levels for this population was described previously[15]. In order to detect as many patients as possible
with ABG, a cut-off point that favored sensitivity was
selected. The optimal cut-off point for this population
had been set at a PGI/PGII ratio of 3.4, which gave a
sensitivity of 91.2% and a specificity of 38.5%[15]. The
predictive value for a positive sample was 11.2% and
for a negative 98.1%. Pepsinogen levels could not be
measured in 51 patients, because insufficient amounts of
blood were obtained or because the patients did not accept being bled.
IL-1B and IL-1RN genotyping
IL-1B polymorphism analysis was performed by PCRrestriction fragment length polymorphism (PCR-RFLP).
100 ng of genomic DNA were amplified with the primers and PCR conditions previously reported[20]. The PCR
products for IL-1B + 3954 were digested with the restriction enzyme TaqI and the allele designation for this
polymorphism was the same as previously reported[21].
Genomic DNA (100 ng) was amplified using the
same primers and PCR conditions as previously reported for IL-1RN[20]. For statistical analysis purposes and
because of the low frequency of alleles 3, 4 and 5, this
polymorphism was treated as biallelic by dividing alleles
into short and long categories, in which the short allele
has two repeats (allele 2) and long allele has more than
two repeats (allele L). For 110 (22%) patients genotyping
was not done because of insufficient leukocyte samples
or problems in the isolation or analysis of the DNA.
Statistical analysis
2
χ statistics were used for comparing genotype frequencies among the groups studied and to assess HardyWeinberg equilibrium for each of the loci studied. Allelic
frequencies were assessed using Estimating Haplotype
Frequencies (EH) (available at ftp://linkage.rockefeller.
edu/software/eh/). Politomic logistic regression was
used to compare genotypic frequencies among the
groups studied here using STATA/SE 8.0 (STATA Corporation, College Station, TX).
A logistic regression model was used to calculate
the odd ratios (ORs) for (dependent variable): (1) ABG
compared to dyspepsia without atrophic gastritis; (2)
AAG compared to dyspepsia without atrophic gastritis; (3) Gastric ulcer compared to all of the others; (4)
Duodenal ulcer compared to the rest; (5) Levels of PGI
< 60 μg/L compared to levels of PGI > 60 μg/L; and 6)
Values of PGI/PGII < 3.4 compared to values of PGI/
PGII > 3.4. The systematic independent variables were
H pylori CagA infection, IL-1B + 3954 allele T carriers,
IL-1RN allele 2 carriers, and those that had been associated with the dependent variables in a previous study of
the same population: Age, sex, overweight, frequency of
alcohol and fruit consumption and the PGI/PGII ratio
for atrophic gastritis and age; gender and cigarette smoking for peptic ulcers[15]. The logistic regression analyses
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Table 1 Sex, age and pepsinogen levels according to
histopathological diagnosis
Sex (M/F)
Age (yr),
mean
(n = 155/324)
(95% CI)
Normal
NAG
AAG
ABG

9/12
104/225
26/67
16/20

38 (30.7-45.7)
45 (43.2-46.6)
50 (47.0-52.8)
53 (48.2-57.6)

PGI (mg/L),
mean
(95% CI)

PGI/PGII,
mean
(95% CI)

39.7 (27.9-51.5)
53.1 (49.4-56.9)
60.2 (52.9-67.5)
36.1 (26.6-45.5)1

4.3 (3.3-5.4)
3.3 (3.1-3.6)
3.3 (2.9-3.7)
1.9 (1.5-2.4)1

1

P ≤ 0.001, ABG vs the rest.

were performed including either, only H pylori infected
individuals or, all of the participants. The association
was determined as an OR at a confidence interval of
95%. Statistical significance was set at P < 0.05. The
software STATA/SE 8.0 (STATA Corporation, College
Station, TX) was used for the statistical analysis.

RESULTS
In this study, 501 patients were included, 338 women
with an average age of 46.3 years, and 163 men with an
average age of 46 years. The mean age was higher in
groups with the most severe pathologies (Table 1).
Pepsinogen
PGI y PGII concentrations could be measured in 450
patients. Serum concentrations of PGI as well as the
PGI/PGII ratio were lower in patients with ABG as
compared to other dyspeptic patients (Table 1). Dyspeptic
patients with a ratio below 3.4 were at increased risk of
having ABG compared to those with a ratio higher than
3.4 (Table 2).
H pylori CagA+
The frequency of H pylori infection was 86%, out of
which 67.8% were CagA+, however, the prevalence varied according to the pathology. Patients with a normal
histopathological diagnosis, although few, showed a lower incidence of infection with H pylori and H pylori CagA+
(15.0% and 5.3%, respectively) as compared to the rest,
NAG (88.9% and 55.5%), AAG (93.3% and 81.6%) or
ABG (82.9% and 58.8%). The prevalence of infection
with H pylori and H pylori CagA+ for gastric ulcer was
100% and 52.2%, respectively, and for duodenal ulcer
98% and 85%, respectively. Among patients with PGI/
PGII < 3.4, the prevalence of infection with H pylori
was 87.7% and with H pylori CagA+ 61.3% while that
of patients with ratios > 3.4 were at 82.1% and 50.0%.
H pylori CagA+ was associated with a PGI/PGII ratio <
3.4 and PGI < 60 μg/L (Table 3).
Polymorphisms: IL-1RN and IL-1B + 3954
Genotyping of the cytokine polymorphisms was successfully performed in 371 patients (74%). Genotypic
distributions of IL-1RN and IL-1B + 3954 polymorphisms were not significantly different among the
studied groups (Table 4). There was Hardy-Weinberg
www.wjgnet.com
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Table 2 OR with 95% CI for the association between
atrophic gastritis and risk factors in dyspeptic H pylori -status+
patients1
Atrophic gastritis
in antrum (AAG)

Age > 50 yr
Men
Overweight (BMI > 25.9)
Fruit consumption
0-1 times/wk
2-6 times/wk
More than 6 times/wk
Alcohol consumption
No consumption
Weekends or more
H pylori
CagA status+
IL-1B + 3954
T carriers vs CC
IL-1RN
2 carriers vs LL
PGI/PGII ≤ 3.4

95% CI

P

OR

95% CI

P

1.6
0.6
0.7

0.8-3.0
0.3-1.2
0.3-1.2

0.2
0.2
0.2

2.8
1.2
0.8

1.0-7.7
0.4-3.5
0.3-2.0

0.04
0.7
0.6

0.4-4.6
0.2-2.6

0.6
0.6

1.0
0.4
0.3

0.2-0.8
0.2-0.7

0.01
0.00

1.0
1.4
0.7

1.0
3.0

0.8-12

0.1

1.0
7.3

1.5-35.8 0.02

4.1

1.9-9.0

0.000

1.2

0.4-3.5

0.7

0.6

0.3-1.2

0.16

0.9

0.3-2.4

0.8

1.4
1.4

0.8-2.6
0.7-2.8

0.3
0.3

1.3
4.9

IL-1RN
L*L
L*2
2*2
Allelic freq. 2
IL-1B + 3954
CC
CT
TT
Allelic freq. T

Table 3 OR with 95% CI for the association between PGI
and PGI/PGII and risk factors in dyspeptic H pylori -status+
patients1

Age > 50 yr
Men
Overweight (BMI > 25.9)
Fruit consumption
0-1 times/wk
2-6 times/wk
More than 6 times/wk
Alcohol consumption
No consumption
Weekends or more
H pylori
CagA status+
IL-1B + 3954
T carriers vs CC
IL-1RN
2 carriers vs LL

P

OR

95% CI

P

1.1
1.6
1.0

0.6-1.8 0.8
0.9-2.7 0.09
0.6-1.7 0.9

1.6
0.7
0.6

1.0-2.7
0.4-1.2
0.4-1.0

0.07
0.2
0.04

1.0
0.6
1.3

0.3-1.2 0.1
0.7-2.4 0.4

1.0
1.6
1.3

0.9-2.8
0.7-2.4

0.1
0.4

1.0
0.2

0.05-1.1 0.07

1.0
1.8

0.5-6.3

0.3

2.5

1.4-4.3 0.002

1.8

1.1-3.0

0.03

1.2

0.7-1.9 0.5

0.8

0.5-1.3

0.3

1.6

1.0-2.7 0.06

0.9

0.6-1.4

0.3

1

Logistic regression, PGI < 60 mg/L vs PGI > 60 mg/L and PGI/PGII < 3.4
vs PGI/PGII > 3.4.

equilibrium for the IL-1RN locus in the groups used
here as controls (dyspepsia without atrophic gastritis and
all of the groups together excluding ABG). However,
in the case of the IL-1B + 3954 polymorphism, there
was no equilibrium for any of the control groups (data
not shown). The frequency of the allele 2 for IL-1RN
polymorphism was not significantly different in normal
patients, compared to those with some type of gastritis
(Table 4).
Logistic regression atrophic gastritis
An increased risk of ABG was observed among patients
www.wjgnet.com

NAG

AAG

ABG

11/17 (65)
6/17 (35)
0/17 (0)
0.16

124/253 (49)
107/253 (42)
22/253 (9)
0.27

33/76 (43)
31/76 (41)
12/76 (16)
0.29

13/25 (52)
8/25 (32)
4/25 (16)
0.28

12/18 (66)
5/18 (28)
1/18 (6)
0.22

123/250 (49)
121/250 (48)
6/250 (3)
0.26

46/77 (60)
30/77 (39)
1/77 (1)
0.20

13/26 (50)
13/26 (50)
0/26 (0)
0.24

Duodenal ulcer

OR

95% CI

P

OR

95% CI

P

3.3
0.3
1.2

1.2-9.1
0.9-1.3
0.3-4.7

0.02
0.1
0.8

0.8
3.2
2.4

0.4-1.8
1.5-7.2
1.0-5.6

0.6
0.004
0.04

0.7

0.3-1.8

0.4

2.9

1.0-7.9

0.04

1.2

0.5-3.2

0.7

0.9

0.4-1.9

0.8

1.4

0.5-3.6

0.5

0.7

0.3-1.4

0.3

Age > 50 yr
Men
Present smoker
H pylori
CagA status+
IL-1B + 3954
T carriers vs CC
IL-1RN
2 carriers vs LL

Logistic regression, AAG and ABG vs non-atrophic gastritis.

OR 95% CI

Normal

Gastric ulcer

0.5-3.5 0.6
1.1-22.5 0.04

PGI/PGII < 3.4

Number 42

Table 5 OR with 95% CI for the association between peptic
ulcers and risk factors in dyspeptic H pylori -status+ patients1

1

PGI < 60 mg/L

Volume 14

Table 4 Genotypic and allelic frequencies for the studied
groups n (%)

Atrophic gastritis
in body (ABG)

OR

November 14, 2008

1

Logistic regression, Peptic ulcer vs no peptic ulcer.

older than 50 years, those consuming alcohol and those
with a PGI/PGII ratio < 3.4. Patients infected with
CagA+ strains of H pylori and those with lower consumption of fruit were at higher risk of developing AAG,
(Table 2). The presence of pro-inflammatory alleles, IL1B + 3954T and IL-RN*2, did not confer an enhanced
risk of any type of atrophy (Table 2).
Peptic ulcers
Duodenal ulcer was more frequent than gastric ulcer
(52/24) in both genders. However, it was twice as common in males and the average age of patients with duodenal ulcer (average 46; 95% IC, 42.5-50.2) was lower
than that of those with gastric ulcer (average 58; 95%
CI, 52.2-63.6). Males, smokers and patients infected with
H pylori CagA+ were at increased risk of duodenal ulcer
(Table 5).

DISCUSSION
While NAG associated with H pylori is more prevalent in
industrialized countries, atrophic gastritis is more common in the developing world. The reason for this is probably a combination of effects caused by H pylori and other
infections in early childhood, as well as other environmental factors and genetic composition[4,22]. Atrophic gastritis
initiates in the antrum and may extend upwards towards
the gastric body, often resulting in more severe atrophic
gastritis with increased age[9] . It has been reported in sev-
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eral studies that infection with H pylori CagA+ increases
the risk of atrophic gastritis and gastric cancer[4,23]. In the
present study, infection with H pylori CagA+ is associated with atrophic gastritis of the antrum, but not of the
body, results which are in accordance with those reported
by Oksanen et al, 2000[24]. Indeed, in a stomach affected
by ABG, the microenvironment is more hostile for the
survival and growth of H pylori promoting spontaneous
eradication of the bacteria and a progressive decline in
concentrations of serum antibodies to H pylori[25-27]. Atrophic gastritis has been considered as a consequence of
prolonged gastritis caused by H pylori and the association
between H pylori infection and gastric cancer appears stronger when the infection is recorded several years before the
onset of cancer[28]. Therefore, in our study, the association of H pylori CagA+ with ABG may be underestimated,
taking into account that patients belong to a population
in which H pylori-associated gastritis is prevalent from
childhood[14]. H pylori and its virulence factor CagA may
be involved in processes during the early stages of inflammation of the antrum that lead to extension of atrophic
gastritis towards the gastric body[29].
In concordance with other studies, infection with
H pylori-CagA + is associated with low PGI/PGII
ratios[24]. Several studies have reported an association of
low PGI concentrations and low PGI/PGII ratios with
precancerous lesions as well as with gastric cancer[30-32].
In the study population, PGI/PGII values below 3.4
were previously shown to be associated with ABG but
not with AAG[15]. The studies performed in Costa Rica
to date indicate low specificities of the pepsinogen test
for the detection of gastric cancer and ABG (64% and
38.5%, respectively). Nevertheless, its high negative
predictive values (99.5% and 98%) could make the
PG test useful to eliminate, from subsequent steps of
screening programs, persons that are unlikely to develop
gastric cancer[15,33].
Our results fail to demonstrate an association between AAG, ABG and pro-inflammatory polymorphisms IL-1B + 3945 or IL-1RN. The control group
consisted of dyspeptic patients of which a large majority
suffered from some inflammatory condition (NAG). In
a previous study, performed by our group, among participants in a program at the Center for Early Detection of
Gastric Cancer in Costa Rica, it was found that IL-1B +
3945T and IL-1RN*2 were associated with an increased
risk of gastric cancer: OR = 3.7 P = 0.007 and OR = 2.9;
P = 0.03 respectively[34]. In this study, the control groups
were normal individuals as judged by X-ray (double contrast, gastric study).
The combination of IL-1B + 3954 and IL-1RN proinflammatory genotypes, or that of proinflammatory
alleles and CagA, did not reveal any association with any
particular pathology when included in the logistic regression analysis (data not shown).
Recent reports concerning the association of polymorphisms enhancing the expression of the gene IL-1B
with atrophic gastritis, gastric cancer and peptic ulcer,
diverge in their results[35]. Several studies link these polymorphisms to a reduction in acid secretion, gastric in-
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flammation, atrophy, and gastric cancer[6,20,36-38], whereas
others do not[39-42]. These contradictory results may be
related to the characteristics of the studied population,
the methodology used, regional differences with regard
to the frequencies of pro- or anti-inflammatory polymorphisms, the prevalence and time of infection with
H pylori and the characteristics of the infecting strain, as
well as diet and other environmental factors that interact
with and influence the final result of the pathological
process initiated by the infection[43-45].
The results of the present study show that consumption of fruit, even in modest quantities, diminishes the
risk of AAG, but has no effect on more advanced atrophy, ABG. It has been suggested that the protective
properties of fruit are due to its content of antioxidants
that would counteract the oxidative stress induced by
H pylori[46].
The data presented here are in accordance with reports from other laboratories stating that CagA+ individuals are at higher risk of developing duodenal ulcers[47,48].
Although patients with duodenal ulcer have reduced risk
of gastric cancer, H pylori predisposes to both conditions[49]. These different consequences may be a result of
the host response to the infection. It has been reported
that an increase in acidity predisposes for duodenal ulceration whereas hypochlorhydria is associated with a
higher risk of developing gastric cancer[50].
In summary, this study does not permit the conclusion that there exists no association between infection
with CagA+ H pylori and ABG, because H pylori is spontaneously eradicated with the severity and extension of
atrophic lesions. Future epidemiologic investigations
should eliminate the inherent biases of sub-detection
of H pylori and specially H pylori CagA+. The true relationships between H pylori and diseases of the upper
gastrointestinal tract are highly complex. It is of crucial
importance to identify the factors that direct the initial
inflammatory reactions to different gastric pathologies
and decipher the mechanisms involved those processes,
not only for the understanding of carcinogenesis, but
also for the prevention and detection of diseases related
to H pylori.
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Abstract
AIM: To clarify whether serum chemokine and cytokine
levels can become useful biological and functional
markers to assess the severity of chronic pancreatitis (CP).
This study aimed at clarifying whether serum chemokine
and cytokine levels can become useful biological and
functional markers to assess the severity of CP.
METHODS: Serum monocyte chemoattractant
protein-1 (MCP-1), transforming growth factor beta-1
(TGF-β1), and soluble type fractalkine (s-fractalkine)
concentrations were examined in patients with CP
(n = 109) and healthy controls (n = 116). Severity
of disease was classified in patients with CP by a
staging system. Relationships between stage-specific
various clinical factors and serum MCP-1, TGF-β1, and
s-fractalkine levels were investigated. Furthermore, 57
patients with non-alcoholic CP were similarly evaluated
in order to exclude influence of alcohol intake.
RESULTS: Patients with CP showed significant higher
levels of serum TGF-β1 and s-fractalkine, but not
MCP-1, compared to the controls. Serum TGF-β1 in
the severe stage and s-fractalkine in the mild and the
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severe stage of CP significantly increased compared
to those of controls. However, it was observed that
both TGF-β1 and s-fractalkine levels were affected
by alcohol intake. In patients with non-alcoholic
CP, serum TGF-β1 showed significant increase in
the moderate stage of CP, and serum s-fractalkine
revealed significant increase in the early stage of CP.
CONCLUSION: It is suggested that the measurement
of serum F-fractalkine is useful to diagnose earlystage CP. Moreover, the combined determination of
both, s-fractalkine and TGF-β1, in human sera may be
helpful in evaluating the severity status of CP.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic pancreatitis (CP) is a chronic clinical disorder
characterized by irreversible damage to the pancreas, the
development of histologic evidence of inflammation
and fibrosis, and eventually the destr uction and
permanent loss of exocrine and endocrine tissue [1-4].
Furthermore, patients with long-standing CP are also
at a markedly increased risk of developing pancreatic
cancer[3]. Unfortunately, simple, indirect measurements of
decreased pancreatic function do not show abnormality
until CP is considerably advanced. Imaging or function
tests may not reveal early CP, and the results of these
tests do not necessarily correlate with each other [5-9].
The quest continues for useful biological and functional
markers of early-stage CP. Recently, chemokines and
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cytokines have been recognized to be important factors
in the progression of CP[10,11]. A preliminary study by us
in a small number of CP patients showed the possibility
that measurement of serum soluble type fractalkine
(s-fractalkine) may be useful for diagnosing early-stage of
CP[7]. Thus, in the current study, using a large number of
CP patients classified by severity with a staging system,
we investigated whether chemokine and cytokine levels
can become useful biological and functional markers
of early-stage CP, focusing particularly on monocyte
chemoattractant protein-1 (MCP-1), transforming growth
factor beta-1 (TGF- β 1), and s-fractalkine, which are
supposed to be involved in chronic inflammation.

Table 1 CP staging system (partial modification of reference
12, 16, 17)
Exocrine pancreatic function (score, 0-3)
Each of the following abnormalities is scored as 1: Decreased serum
level of pancreatic amylase or trypsin, abnormal bentiromide-para
amino benzoic acid (BT-PABA) test result, and low fecal chymotrypsin.
0 No abnormalities in the above examination
1 Total score 1 in the above examinations
2 Total score 2 in the above examinations
3 Total score 3 in the above examinations
Pancreatography by endoscopic retrograde cholangiopancreatography
(ERCP; score, 0-4)
0 Normal
1 Slightly abnormal (simple dilatation of the main pancreatic duct or
localized and irregular dilation of two to three branches)
2 Mild pancreatitis (diffuse and irregular mild dilatation of the
main pancreatic duct or branches, or moderate dilatation of the main
pancreatic duct localized in the body and/or tail of the pancreas)
3 Moderate pancreatitis (diffuse and irregular moderate dilatation of
the main pancreatic duct or branches, or advanced dilation of the main
pancreatic duct localized in the body and/or tail of the pancreas)
4 Severe pancreatitis (diffuse and irregular advanced dilatation of the
main pancreatic duct and branches)
Glucose metabolism (score, 0-4)
0 Normal glucose tolerance (urine glucose negative; postprandial
glucose < 160 mg/dL)
1 Slightly impaired glucose tolerance (impaired glucose tolerance
after oral glucose loading test; postprandial glucose, > 160 mg/dL,
< 200 mg/dL)
2 Mild diabetes mellitus (urine glucose positive after meal;
postprandial glucose, > 200 mg/dL; < 300mg/dL; HbA1c < 7%)
3 Moderate diabetes mellitus (postprandial glucose, > 300 mg/dL;
HbA1c 7%-11%)
4 Severe diabetes mellitus (HbA1c > 11%, diabetic retinopathy, or
diabetic nephropathy)
Pain (evaluated in the previous 1 yr, score 0-4)
0 No or only slight pain (requires no analgesics)
1 Mild pain (occasional pain but requires no analgesics)
2 Moderate pain (frequent pain attacks, often requires analgesics)
3 Severe (always requires analgesics)
4 Most severe (requires frequent injections of analgesics, and, often,
hospitalization)
Alcohol intake (score, 0-2)
0 Less than 180 mL sake1, not every day
1 Less than 540 mL sake, almost every day
2 More than 540 mL sake, almost every day
Complications associated with chronic pancreatitis (score, 0-2)
0 No complications such as pseudocyst and stenosis of the biliary tract
1 Complications that require no treatment
2 Complications that require treatment
Total score
Severity of chronic pancreatitis
0-3
Mild
4-7
Moderate
>8
Severe

MATERIALS AND METHODS
Patients
One hundred nine patients with CP (63 males and 46
females; age range, 25-81 years; mean, 56.8 years) who
fulfilled clinical diagnostic criteria for CP by the Japan
Pancreas Society[12] and 116 healthy controls (69 males
and 47 females; age range, 26–93 years; mean, 56.5 years)
were selected for this study. Patients and healthy controls
with recent inflammatory diseases, e.g. infectious
diseases, chronic hepatitis, or substantial alcohol
consumption were excluded. The study protocol was
approved by the ethics committee at Kyushu University.
CP patients were classified according to a staging
system reported previously (Table 1)[12-14]. The staging
system comprises 6 parameters: exocrine pancreatic
function (scored 0-3), pancreatic imaging tests by
endoscopic retrograde cholangiopancreatography
(ERCP; scored 0-4), glucose metabolism (scored 0-4),
pain (scored 0-4), alcohol intake (scored 0-2), and
complications associated with CP (scored 0-2). The CP
is then subclassified, according to a total score from
these 6 grading factors, into mild (total score, 0-3),
moderate (total score, 4-7), and severe (total score, ≥ 8).
The number of patients with mild, moderate, or severe
disease was 36 (33.0%), 49 (45.0%), and 24 (22.0%),
respectively (Table 2). We analyzed whether each grading
factors and severity of CP are related with serum
MCP-1, TGF-β1 and s-fractalkine.
Laboratory methods
Enzyme-linked immunosorbent assays (ELISAs)
were used to determine serum MCP-1, TGF-β1, and
s-fractalkine concentrations. Samples were examined
with commercial kits according to the manufacturers’
instructions; human MCP-1, human TGF-β1 (Biosource,
Camarillo, CA), and s-fractalkine (R&D systems,
Minneapolis, MN). MCP-1 and TGF-β1 assays were run
according to the protocol that was recommended in the
kit. S-fractalkine was measured according to the protocol
mentioned below. S-fractalkine was assessed using the
basic components required by the manufacturer, and
briefly, for the plate preparation, 4 μg/mL of mouse
antibody to human fractalkine was used as the capture
antibody with 96 well low-cell-binding EIA plates (Nunc,
Roskilde, Denmark) in an overnight incubation at 25℃.

1

Sake and shochu are typical Japanese alcoholic beverages, with an ethanol
content of about 16% and 25%, respectively. One unit of sake, which
contains 29 g of ethanol, represents one Japanese drink.

Next, the plate was blocked with phosphate buffer saline
(PBS) containing 10% fetal bovine serum (Invitrogen,
Auckland, New Zealand), biotinylated mouse antibody
to human fractalkine (500 μ g/mL) was added after
serum samples and standard, and were incubated for
two hours at 25℃. Recombinant human fractalkine
(R&D systems) was used as a standard. After that, the
plate was incubated with streptavidin conjugated to
horseradish peroxidase (HRP) for 20 min at 25℃ in the
www.wjgnet.com
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Table 2 Number of each classification in patients with CP
Score

0

1

2

3

4

Total

Pancreatic imaging tests

0

47

33

17

12

109

Exocrine function

31

66

12

0

0

109

Glucose metabolism

63

18

13

4

11

109

Pain

65

35

7

2

0

109

Alcohol intake

57

30

22

N/A

N/A

109

Complications

90

17

2

N/A

N/A

109

Mild (0-3)
36

Moderate (4-7)
49

Severe (> 8)
24

Stage of severity
(total score)

109

N/A: Not applicable.

MCP-1
(pg/mL)
400

TGF-β1
(pg/mL)
40 000

300

30 000

a

s-Fractalkine
(pg/mL)
250

a
150

30 000
400

10 000

HC CP

0

150
100

200
10 000

50

HC CP

0

HC CP

Figure 1 Serum MCP-1, TGF-β1, and s-fractalkine concentrations in
patients with CP. Serum MCP-1, TGF-β1, and s-fractalkine concentrations
were measured by ELISA for each pancreatic disease. Healthy control (HC,
n = 116) and chronic pancreatitis (CP, n = 109). Bars represent the mean ± SD.
a
P < 0.05 vs healthy control.

dark. Finally, antibody complex was detected by base
on the formation of the avidin-biotin complex, and the
color was developed with tetramethylbenzidine (TMB)
solution by incubating for 30 min at 25℃ in the dark.
Absorbance was read at 450 nm/570 nm.
Statistical analysis
Statistical analysis was perfor med using the nonparametric Mann-Whitney U test. P values less than 0.05
were considered significant. Pearson’s correlation analysis
was used to calculate correlations between the data.

RESULTS
Serum MCP-1, TGF-β 1, and s-fractalkine concentrations
in patients with CP (Figure 1)
Serum MCP-1 levels in patients with CP were not
significantly elevated. On the other hand, serum TGF-β1
levels in patients with CP were significantly higher than
those of healthy controls (P = 0.029). Furthermore,
s-fractalkine levels in CP were also significantly increased
when compared to those of healthy controls (P = 0.011).
Thus, we next analyzed whether specific grading factors
as pancreatic imaging tests, exocrine function, glucose
metabolism, pain, alcohol intake, or complications and
severity of CP are related to serum MCP-1, TGF-β1,
and s-fractalkine concentrations.
www.wjgnet.com

s-Fractalkine
(pg/mL)
250
a
b
200

20 000
100

100

TGF-β1
(pg/mL)
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b

200

20 000

200

0

MCP-1
(pg/mL)
600

0

HC MI MO SE

0

50

HC MI MO SE

0

HC MI MO SE

Figure 2 Serum MCP-1, TGF-β1, and s-fractalkine concentrations
with regard to severity of CP. Serum MCP-1, TGF-β1, and s-fractalkine
concentrations were measured by ELISA for each stage of severity. Healthy
control (HC, n = 116), mild severity (MI, n = 36), moderate severity (MO, n = 49),
and severe (SE, n = 24). Bars represent the mean ± SD. aP < 0.05 vs healthy
control, bP < 0.01 vs healthy control.

Serum MCP-1, TGF-β 1, and s-fractalkine concentrations
in relation to the severity stage of CP (Figure 2)
First, we examined the MCP-1, TGF-β1, and s-fractalkine
levels in each stage of severity. Serum TGF-β1 levels
in the severe stage of CP were significantly higher than
in healthy controls (P = 0.008). On the contrary, serum
s-fractalkine levels in the mild and in the severe stage
of CP were significantly elevated compared to healthy
controls (P = 0.004 and P = 0.046, respectively). However,
the serum MCP-1 level didn’t significantly increase for
each stage of severity.
Serum MCP-1, TGF-β 1, and s-fractalkine concentrations
in relation to imaging test scores in patients with CP
(Figure 3)
Serum of MCP-1, TGF-β1, and s-fractalkine levels were
analyzed regarding imaging scores. Serum TGF-β1 levels
in patients with CP revealed a score of > 3 in pancreatic
imaging tests and was found to be significantly enhanced
when compared to healthy controls (P = 0.0001). On
the other hand, serum s-fractalkine levels in patients
with a score of 1 and a score of ≥ 3 were significantly
elevated when compared to healthy controls (P = 0.010
and P = 0.041, respectively). However, no relationship
was found between serum MCP-1 levels and any level of
the imaging tests.
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Figure 3 Serum MCP-1, TGF-β1, and s-fractalkine concentrations for
each score of imaging tests in CP patients. Serum MCP-1, TGF-β1, and
s-fractalkine concentrations were measured by ELISA for each score for
pancreatic imaging tests. Healthy control (HC, n = 116), score 1 on pancreatic
imaging tests (I1, n = 47), score 2 on pancreatic imaging tests (I2, n = 33) and
score ≥ 3 on pancreatic imaging tests (> I3, n = 29). Bars represent the mean
± SD. aP < 0.05 vs healthy control, bP < 0.01 vs healthy control.
MCP-1
(pg/mL)
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s-Fractalkine
(pg/mL)
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a
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0
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Figure 4 Serum MCP-1, TGF-β1, and s-fractalkine concentrations for
each score for the exocrine function tests in CP patients. Serum MCP-1,
TGF-β1, and s-fractalkine concentrations were measured by ELISA for each
score for the exocrine function. Healthy control (HC, n = 116), score 0 for
exocrine function (E0, n = 31), score 1 for exocrine function (E1, n = 66) and
score > 2 for exocrine function (> E2, n = 12). Bars represent the mean ± SD.
a
P < 0.05 vs healthy control.

Serum MCP-1, TGF-β 1, and s-fractalkine concentrations
in relation to exocrine function test scores in patients
with CP (Figure 4)
Serum TGF- β 1 levels in patients with an exocrine
function score ≥ 2 were significantly higher than
in healthy controls (P = 0.042). In contrast, serum
s-fractalkine was significantly elevated in patients
with an exocrine function score of 0 compared to
healthy controls (P = 0.030). However, no significant
relationship was observed between serum MCP-1 levels
and the exocrine function test.
Serum MCP-1, TGF-β 1, and s-fractalkine concentrations
for each score of alcohol intake in patients with CP
(Figure 5)
Serum TGF-β1 and s-fractalkine levels in patients with
an alcohol intake score of ≥ 1 were significantly higher
than in healthy controls (P = 0.018 and P = 0.010,

0

HC A0 A1 <

0

50

HC A0 A1 <

0

HC A0 A1 <

Figure 5 Serum MCP-1, TGF-β1, and s-fractalkine concentrations in
relation to alcohol intake in CP patients. Serum MCP-1, TGF-β1, and
s-fractalkine concentrations were measured by ELISA for each score for alcohol
intake. Healthy control (HC, n = 116), score 0 for score of alcohol intake (A0, n
= 57) and score > 1 for score of alcohol intake (> A1, n = 52). Bars represent
the mean ± SD. aP < 0.05 vs healthy control.

respectively). Serum MCP-1 levels, in contrast, appeared
not to be related to alcohol consumption.
Analysis of serum MCP-1, TGF-β 1, and s-fractalkine
concentrations on other factors in patients with CP
Finally, serum MCP-1, TGF- β 1, and s-fractalkine
concentrations were analyzed in relationship to other
grading factors. However, we did not observe any
significant relation among them. Furthermore, serum
MCP-1, TGF- β 1, and s-fractalkine levels did not
correlate with each other. Moreover, MCP-1, TGF-β1,
and s-fractalkine levels also did not correlate with age,
sex, or serum pancreatic enzymes (p-amylase and lipase).
Serum TGF-β 1 concentrations in non-alcoholic CP
In order to assess the influence of alcohol intake, we
next focused on 57 patients with non-alcoholic CP. In
the classification of severity for CP, patients with CP in
the moderate stage alone showed a significant increase
in serum TGF-β1 compared to healthy controls (P =
0.039, Figure 6A). In the classification of imaging tests
and exocrine function tests, patients with CP revealing a
moderate progressive stage tended to have an increase in
serum TGF-β1 (Figure 6B and C).
Serum s-fractalkine concentrations in non-alcoholic CP
Similarly, we examined serum s-fractalkine in patients
with non-alcoholic CP. In the classification of severity
and pancreatic imaging tests, patients with CP in a
mild stage alone and with a score of 1 alone showed a
significant increase in serum s-fractalkine compared to
healthy controls (P = 0.026 and P = 0.025, respectively;
Figure 7A and B). Serum s-fractalkine didn’t have a
tendency for the exocrine function test (Figure 7C).

DISCUSSION
Recently, the impact of chemokines and cytokines
have been recognized in the progression of chronic
inflammatory diseases[15]. However, until now, there are
www.wjgnet.com
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Figure 6 Serum TGF-β1 concentrations in non-alcoholic CP for each
factor. Serum TGF-β1 concentrations were measured in patients with nonalcoholic CP (n = 57) by ELISA. A: Serum TGF-β1 concentrations for each
stage of severity: Healthy control (HE, n = 116), mild severity (MI, n = 33),
moderate severity (MO, n = 19) and severe (SE, n = 5); B: Serum TGF-β1
concentrations for each imaging test score: Healthy control (HE, n = 116),
score 1 for imaging tests score (I1, n = 33), score 2 for imaging tests score (I2,
n = 15) and score < 3 for imaging tests score (< I3, n = 9); C: Serum TGF-β1
concentrations for each score for exocrine function. Healthy control (HC, n = 116),
score 0 for exocrine function (E0, n = 16), score 1 for exocrine function (E1, n =
37) and score > 2 for exocrine function (> E2, n = 4). Bars represent the mean ±
SD. aP < 0.05 vs healthy control.

Figure 7 Serum s-fractalkine concentrations in non-alcoholic CP for each
factor. Serum s-fractalkine concentrations were measured for patients with
non-alcoholic CP (n = 57) by ELISA. A: Serum s-fractalkine concentrations
were measured by ELISA for each stage of severity: Healthy control (HE, n =
116), mild severity (MI, n = 33), moderate severity (MO, n = 19) and severe (SE,
n = 5); B: Serum s-fractalkine concentrations were measured by ELISA for each
imaging tests score. Healthy control (HE, n = 116), score 1 for imaging tests
score (I1, n = 33), score 2 for imaging tests score (I2, n = 15), and score < 3 for
imaging tests score (< I3, n = 9); C: Serum s-fractalkine concentrations for each
score of exocrine function. Healthy control (HC, n=116), score 0 for exocrine
function (E0, n = 16), score 1 for exocrine function (E1, n = 37) and score > 2
for exocrine function (> E2, n = 4). Bars represent the mean ± SD. aP < 0.05 vs
healthy control.

only few reports related to the serum chemokines and
cytokines levels in patients with pancreatic diseases,
especially CP. Therefore, in the present study, we
examined serum MCP-1, TGF- β 1, and s-fractalkine
concentrations that are supposed to be involved in the
progression of chronic inflammatory diseases in patients
with CP. In patients with CP, TGF-β1 and s-fractalkine
levels, but not MCP-1 levels, were significantly increased
compared to healthy controls. CP patients were classified
according to severity of disease using a staging system
which is based on clinical symptoms and pancreatic
functions[12-14] and analyzed for the relationship with
those chemokines and cytokines in order to assess the
usefulness of these mediators as biological or functional
markers of CP.
MCP-1, a family member of C-C chemokines, is
known to play an important role in the development of
the pancreatic fibrosis in CP. Previously, we reported
that MCP-1 is expressed strongly in mild to moderate
stages of pancreatic fibrosis in CP model rats, and
suggested MCP-1 to be a pro-fibrogenic factor for
CP [16,17]. Furthermore, we showed fibrosis of CP is
inhibited by blocking MCP-1[18,19]. In the present study,
we thus examined whether MCP-1 might be a useful
marker in CP. MCP-1 levels in patients with CP, however,
were not significantly higher than in healthy controls.
Also in previous reports, serum MCP-1 didn’t increase
in patients with CP[20]. Consequently, it is thought that
serum MCP-1 doesn’t become a useful marker in the
diagnosis of CP.
T G F - β 1 i s a h o m o d i m e r i c, mu l t i f u n c t i o n a l
cytokine [21] . Until now, it has been generally well
understood that TGF-β1 plays an important role in the
development of the pancreatic fibrosis in CP[22]. TGF-β1
is thought to be expressed in pancreatic stellate cells

(PSC) and acinar cells closer to pancreatic fibrosis, and
to regulate the synthesis of collagen from PSC[23-25]. In
our results, serum TGF-β1 levels of the patients with
CP elevated significantly in the more severe stages of
CP, especially in the group with more advanced scores
in pancreatic imaging and exocrine function tests. These
findings suggest that serum TGF-β1 levels tended to
increase significantly in patients with more advanced
CP. Previously, Su et al[26] reported the expression of
TGF-β1 in pancreatic tissue in WBN/Kob rats which
is considered as a CP model, and demonstrated that
expression of TGF-β1 and fibronectin showed a peak
at 12 wk, whereas pancreatic fibrosis peaked at 16 wk.
It was concluded that TGF-β1 may trigger fibrogenesis.
Furthermore, Detlefsen et al[27] classified the pancreatic
tissue from CP patients into histological staging by
an inflammatory process, and showed that TGF- β 1
receptors had expressed predominantly in the early to
moderate stage of pancreatic fibrosis. Given these data,
we had expected that TGF-β1 levels might increase in
the progressive process of pancreatic fibrosis for the
present study. However, our results showed that TGF-β1
levels are elevated in patients with most advanced CP.
On the other hand, interestingly, CP patients with high
alcohol consumption showed a significant increase in
levels of TGF-β1 (Figure 5). Concerning other organs,
such as the liver and lungs, it is well known that the
expression of TGF-β1 increases in the tissue of local
organs from the effects of alcohol[28,29]. Therefore, in
the present study, in order to clarify whether serum
TGF-β1 levels might increase by TGF-β1 originated
from various organs under the influence of alcohol, we
focused on 57 patients with non-alcoholic CP who are
not influenced by alcohol, and analyzed similarly the
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relationship between TGF-β1 and each factor (Figure 6).
For the classification of severity of CP, patients with
CP in the moderate stage alone showed a significant
increase in serum TGF-β1 compared to healthy controls.
Furthermore, in the classification of imaging tests and
exocrine function tests, CP patients revealing a moderate
progressive stage tended to have higher serum TGF-β1
levels. These results are in accordance with previous
reports[26,27]. That is to say, our results support the idea
that serum TGF-β1 levels might increase because the
expression of TGF-β1 was elevated in the moderate
stage in which fibrosis had been proceeding in a broad
range of pancreatic tissue. On the other hand, serum
TGF-β1 levels might decrease in severe stages because
pancreatic tissue had been already replaced with fibrosis.
Taken together, it is suggested that the determination
of serum TGF-β1 levels might be useful to diagnose
moderate stages in patients with non-alcoholic CP.
Fractalkine/CX3CL1, a family member of CX3C
chemokines, has recently been reported to be expressed
as a membrane-spanning adhesion molecule that can
be cleaved from the cell surface to produce a soluble
chemoattractant[30-33]. The expression of fractalkine has
been observed on various cells such as epithelial cells or
endothelial cells of several organs. Membrane-bound
fractalkine (m-fractalkine) is shed by metalloproteinase,
and releases s-fractalkine [34]. M-fractalkine functions
as an adhesion molecule, whereas s-fractalkine acts
as a chemoattractant and recruits inflammatory cells
expressing fractalkine receptors such as monocytes[33].
In inflamed local organs, such as the liver, lungs, and the
kidneys, the participation of fractalkine has been recently
noted[35-40]. Furthermore, increased s-fractalkine serum
levels have been reported for patients with various
chronic inflammatory diseases[40-44]. However, until now,
there are no reports related to fractalkine in pancreatic
inf lammator y diseases. In the present study, we
measured s-fractalkine in the serum of patients with CP.
We found serum s-fractalkine levels to be significantly
elevated in patients with CP. In classification of severity
and pancreatic imaging tests, serum s-fractalkine levels
showed significant bisferious increase in mild and
severe stages. In classification of the exocrine function
tests, serum s-fractalkine levels increased in mild
stages alone. On the other hand, CP patients with high
alcohol consumption showed a significant increase in
s-fractalkine levels, similar to those of TGF-β1 (Figure 5).
Since the relationship between alcohol and fractalkine
was still unclear in organs, including the pancreas, we
focused on 57 patients with non-alcoholic CP, and
analyzed the relationship between s-fractalkine and each
factors, similar to TGF-β1 (Figure 7). In classification
of severity and pancreatic imaging tests, only patients
with CP in the mild stage alone showed a significant
increase in serum s-fractalkine compared to healthy
controls. Thus, in patients with non-alcoholic CP, the
measurement of serum s-fractalkine may be useful
biological and functional markers to diagnose early-stage
CP.
In conclusion, it is suggested that the measurement
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of ser um TGF- β 1 may be available to diagnose
moderate stage of non-alcoholic CP, and that the
measurement of serum s-fractalkine may be useful to
diagnose early stages of non-alcoholic CP. Therefore,
the measurement of a combination of TGF- β 1 and
s-fractalkine may be helpful to evaluate the status of CP.
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COMMENTS
Background

Chronic pancreatitis (CP) is a chronic clinical disorder characterized
by irreversible damage to the pancreas. Unfortunately, simple, indirect
measurements of decreased pancreatic function have not shown abnormality
until CP is advanced. The quest continues for useful biological and functional
markers of early-stage CP. Recently, the roles of chemokines and cytokines
have been made clear in the progression of chronic inflammatory diseases.
Similarly, chemokines and cytokines have been recognized as important
factors in the progression of CP. However, until now, there are only few reports
addressing serum chemokine and cytokine levels in patients with pancreatic
diseases, especially CP.

Research frontiers

Recently, it is widely accepted that pancreatic stellate cells are responsible
for the progression of pancreatic fibrosis production of an extracellular matrix,
chemokines and cytokines. Especially, the expression of transforming growth
factor beta-1 (TGF-β1) is, prior to pancreatic fibrosis in WBN/Kob rats,
supposed to be a trigger for the fibrogenic process. Monocyte chemoattractant
protein-1 (MCP-1) is related to the pancreatic fibrosis in di-n-butyl tin
dichloride (DBTC)-induced rats. Next, it has been reported that soluble type
fractalkine (s-fractalkine) increased in the serum of patients with various
chronic inflammatory diseases: Atopic dermatitis, the nervous system, lupus
erythematosus, rheumatoid vasculitis, and pityriasis rosea. Therefore, the
purpose is to investigate whether the determination of serum MCP-1, TGF-β1,
and s-fractalkine concentration can become a useful biological and functional
marker of CP using large number of CP patients classified by severity with a
staging system.

Innovations and breakthroughs

Serum TGF-β1 levels of the patients with CP tended to increase in the patients
with more advanced CP, whereas serum s-fractalkine levels showed bimodal
increase in mild and severe stages. However, it was observed that both TGF-β1
and s-fractalkine levels were affected by alcohol intake. Thus, serum TGF-β1
showed significant increase in the moderate stage of CP, and serum s-fractalkine
revealed significant increase in the early stage of CP, when removed alcoholic
CP. Therefore, the measurement of serum TGF-β1 may be available to
diagnose moderate stage of non-alcoholic CP, and that the measurement of
serum s-fractalkine may be useful to diagnose early stages of non-alcoholic CP.
The measurement of a combination of TGF-β1 and s-fractalkine may be helpful
to evaluate the severity status of CP.

Applications

Patients with CP fulfilled clinical diagnostic criteria for CP by the Japan
Pancreas Society and healthy control patients excluded with recent
inflammatory diseases such as infectious diseases and chronic hepatitis, and a
large scale of drinking were selected. We classified the CP patients into stages
of severity by the modified staging system which consists of 6 grading factors.
Then, we analyzed whether each grading factor (pancreatic imaging tests,
exocrine function, glucose metabolism, pain, alcohol intake, complications) and
severity of CP are related with serum MCP-1, TGF-β1 or s-fractalkine levels.
Enzyme-linked immunosorbent assays (ELISA) were performed to quantify
serum MCP-1, TGF-β1, and s-fractalkine concentrations.

Peer review

The conclusion of the study is that serum s-fractalkine determination is useful
at the early stage of the disease. First, the classification of severity of chronic
pancreatitis seems complicated since involving 6 grading factors. Apart from
the clinical course and histological stage, the staging system for CP, based on
www.wjgnet.com
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clinical symptoms and pancreatic functions has been proposed in Japan. Next,
to analyze a third group, a group of “healthy” but alcoholic controls without
liver or other organic disease would be interesting although they are excluded
in this study. An interesting perspective of this work should be the longitudinal
evolution of this maker during progression of the disease.
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group, at 30 min in PC6 + SP4 and SP4 groups had
no significant differences in comparison with their
respective basal values before AMI. Following AMI,
the amplitude and frequency of slow waves of EGG
decreased remarkably (P < 0.05). At 30 min after EA,
the mean amplitude and frequency of slow waves of
EGG in the three EA groups had no marked differences
compared with their individual basal levels and those
in the control group. After AMI, the mean integral grey
values of NOS-positive product in myocardium, gastric
antrum and duodenum tissues in the model group
increased remarkably in comparison with the control
group, while those in three EA groups were lower than
those in the model group. No significant differences
were found in ECG-ST and EGG improvement among
the three EA groups. However, EA of PC6 had a better
effect on ECG-ST and EA of PC4 had a better effect on
EGG, respectively.
CONCLUSION: EA of PC6, SP4 and PC6 + SP4 can
significantly promote the recovery of cardiac and
gastric electrical activities after AMI, and up-regulate
NOS expression in myocardium, gastric antrum and
duodenum tissues.
© 2008 The WJG Press. All rights reserved.

Abstract
AIM: To observe the effect of electroacupuncture
(EA) of “Neiguan” (PC6) and “Gongsun” (SP4) on
pathological changes of the heart and stomach in rats
with acute myocardial ischemia (AMI), and to explore
its underlying mechanism.
METHODS: Fifty Wistar rats were randomized into
control, model, PC6, SP4 and PC6 + SP4 groups
(n = 8 each group). An AMI model was established
by occlusion of the descending anterior branch (DAB)
of the left coronary artery. ECG-ST of cervico-thoracic
lead and electrogastrogram (EGG) were recorded.
EA was applied to PC6, SP4 and PC6 + SP4 groups,
respectively. At the end of experiments, the rats were
transcardically perfused with 4% paraformaldehyde,
and the heart base myocardium, gastric antrum
and duodenum tissues were sampled, sectioned
and stained with a reduced form of nicotinamideadenine dinucleotide phosphate (NADPH)-diaphorase
histochemical method for displaying nitric oxide
synthase (NOS) activity.
RESULTS: After AMI, ECG-ST values elevated. After
EA, the elevated ECG-ST values at 20 min in PC6
www.wjgnet.com
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INTRODUCTION
It has been well documented that acupuncture of
Neiguan (PC6) can effectively improve symptoms of
angina, palpitation, etc and the left cardiac function in
coronary heart disease (CHD) patients[1-4]. Experimental
studies in rabbits, rats, and cats also showed that
acupuncture improves myocardial ischemia (MI),
hemodynamics, microcirculation and energy metabolism
of ischemic heart, decreases susceptibility to ventricular

Wang SB et al . EA on cardiac and gastric activities

tachycardia, and protects myocardiocytes from injury[5-12].
PC6 combined with other acupoints often functions
well in relieving pregnancy or MI-induced vomiting,
alimentary canal ulceration, abdominal pain, etc and
regulating secretion activities of various hormones
in the gastrointestinal tract [13-15]. PC6 combined with
Gongsun (SP4) can improve electrocardiogram (ECG)
of CHD patients[16], and lessen gastrointestinal reactions
in cancer patients undergoing chemotherapy[17,18]. It was
reported that after injection of choleratoxin B coupled
horseradish peroxidase (HRP) in PC6 and simultaneous
electroacupuncture (EA) stimulation of SP4, the number
of the labeled neurons in C6-C8 spinal ganglia and
dorsal horns increases significantly and the distribution
segments are expended[19], displaying a synergistic action.
However, majority of these studies only explored the
effect of acupuncture of a single acupoint on one
internal organ and fewer studies have been conducted
to explore its effect of one or more acupoints on twovisceral activities. For this reason, the present study was
designed to observe the characteristics and regularities
of EA of PC6 and/or SP4 in regulating the cardiac
and gastric functional activities in acute myocardial
ischemia (AMI) rats, and to analyze its underlying
mechanisms.

MATERIALS AND METHODS
Animals and grouping
Forty male Wistar rats (weighing 250-320 g), supplied by
the Experimental Animal Center of Chinese Academy
of Medical Sciences, were used in the present study. All
the rats fasted for about 24 h before each experiment
(with free access to water) and were randomized into
control, model, PC6, SP4 and PC6 + SP4 groups (n =
8 in each group). All procedures were approved by the
Administrative Committee of Laboratory Animal Care
and Use of Chinese Academy of Medical Sciences.
Main instruments and reagents
Instruments used in this study included multi-channel
physiological recorder (RM-6000 Nihon Kohden, Japan),
PowerLab data acquisition system (Australia, AD/
instruments), mini-animal respirator (Jiangwan Type-Ⅱ),
HANS EA apparatus (LH202H), DRB-2D electrical
blanket, cryostat freezing microtome (Leica, Leitz1720),
light microscope (OLYMPUS), image analyzer (MSP
UV-VIS 2000, USA).
Reagents used in this study were a reduced form of
nicotinamide-adenine dinucleotide phosphate (NADPH),
nitroblue tetrazolium (NBT, Sigma), paraformaldehyde
(Sigma).
Experimental protocols
Surgical operation: After anesthesia with a mixture
solution (0.5 mL/100 g, ip) of 1.5% chloralose
(5 mg/100 g) and 25% urethane (42 mg/100 g),
the rat was fixed on an animal table for performing
trachea cannula, thoracotomy between the 3rd and 4th
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intercostal spaces on the left side of the chest along the
sternum, and laparotomy below the xiphoid-process.
Establishment of AMI model: After turning on
artificial respirator (60 cycles/min), a surgical suture
(gauge-0) was put through the myocardium beneath the
root part of the descending anterior branch (DAB) of
the left coronary artery for inducing AMI.
Electrogastrogram (EGG) recording electrode
resettlement: For EGG recording, a pair of stainless
steel electrodes was implanted beneath the subserosa
about 0.5 cm apart from the pylorus of gastric antrum
and a reference electrode was placed subcutaneously in
the adjoining incision.
Electrocardiogram (ECG) recording electrode
resettlement: For recording ECG of the cervico-thorax
lead, two stainless steel electrodes were placed beneath
the skin close and left to the xiphoid-process, and the
neck back, respectively, and the reference electrode was
placed beneath the skin of the right hindlimb.
EA: Bilateral PC6 and SP4 were located as previously
described [20]. Two acupuncture needles (Gauge-28,
0.5 cm) were separately inserted into each acupoint, and
connected to the HANS EA apparatus to stimulate the
acupoint for 30 min with parameters of 2/15 Hz and
1-3 mA (increased gradually).
Procedure of management: After settlement of all
the electrodes, ECG and EGG were recorded using
polygraph, Power-Lab/8S-Chart 6.0 and computer
before and during occlusion of DAB (30 min) and
reperfusion (AMI/R, 30 min). EA was given just before
the occlusion.
Sampling: After physiological experiments were
finished, the animals were subjected to transcardial
perfusion with nor mal saline (300 mL), and 4%
polyoxymethylene in a phosphate buffer (4℃, 400 mL,
0.1 mol/L, pH 7.4), respectively. The left-atria tissue of
the cardiac base (between the aorta and the pulmonary
artery, containing nerve plexus controlling cardiac
functional activities), gastric antrum and annectant
duodenum tissues were taken and equilibrated in 20%
sucrose overnight, and stored at 4℃.
Staining and observation of tissue samples: Tissue
samples were cut into 20-μm thick sections and mounted
onto gel-treated glass slides. The sections were washed
twice with PBS and incubated to demonstrate NADPHdiaphorase activity in the following medium: 0.1 mol/L
phosphate buffer solution (pH 7.4, 10 mL) containing
5 mg of NBT, 10 mg of beta-NADPH, and 0.1 mol/L
Tris-HCL for 30 min at 37℃. The sections were then
incubated in 0.1 mol/L PBS (pH 7.4) containing 0.2%
Triton X-100 (1.0 mL) for 120 min, dehydrated in a graded
series of alcohol, and sealed with neutral gum.
Under a light microscope, cells containing NADPHwww.wjgnet.com
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diaphorase, a marker for the presence of inducible nitric
oxide synthase (NOS), were observed and the integral
grey value was detected using an image analyzer.
Statistical analysis
Data were expressed as mean ± SD and analyzed with
one-way ANOVA using SPSS11.0 software. P < 0.05 was
considered statistically significant.
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RESULTS

Effect of EA on the amplitude of slow waves of EGG
After AMI, the slow wave amplitude of EGG declined
remarkably (P < 0.05, Figure 1B), the slow wave
amplitude of EGG in the model group decreased
further, while those in the PC6, SP4 and PC6 + SP4
groups had an apparent recovery. The slow wave
amplitude of the model group was significantly lower
than that in the control group after AMI and AMI/R
(P < 0.05). The slow wave amplitudes of the SP4, PC6
and PC6 + SP4 groups were comparable after AMI/R,
and significantly higher in the SP4 group than that in the
control group (P < 0.05). The effect of EA of SP4 was
slightly stronger on increasing the slow wave amplitude
of EGG.
Effect of EA on the frequency of slow waves of EGG
Following AMI, the frequency of slow waves of
ischemic EGG decreased significantly in comparison
with the basal values in each group (P < 0.05, Figure 1C).
After AMI/R, the mean frequency of slow waves of
ischemic EGG in the model group decreased further,
and was still markedly lower than its basal value
30 min post-EA (P < 0.05). The mean frequencies of
slow waves were significantly higher in the three EA
groups than that in model group after AMI/R (P <
0.05). At 20 min after EA, the mean frequency of slow
waves of ischemic EGG in the SP4 group was not
significantly different from that in the control group
(P > 0.05). At 10 min after AMI/R and EA, the mean
frequencies of slow waves of ischemic EGG in the
PC6 + SP4 and PC6 groups were obviously higher
than that in the model group (P < 0.05, Figure 1C) and
did not return to their basal values 30 min after EA
www.wjgnet.com
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Effect of EA on ischemic ECG-ST
After occlusion of DAB, ECG-ST elevated significantly in
model, PC6, SP4, PC6 + SP4 groups (P < 0.05, Figure 1A).
Following AMI/R, ECG-ST elevated in the model group
and declined in the three EA groups (PC6, SP4, PC6 +
SP4). The ECG-ST values were significantly lower in PC6,
SP4 and PC6 + SP4 groups than those in the model group
at 10, 20 and 30 min after EA (P < 0.05). No significant
difference was found among the three EA groups
(P > 0.05). The ECG-ST values were still markedly higher
in the SP4 and model groups than those in control group
30 min after EA (P < 0.05), and no significant difference
was found between the PC6 and control groups or
between the PC6 + SP4 and control groups.
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Figure 1 Changes in rabbit ECG-ST (mV, A), amplitude (mV, B) and
frequency (pulses/s, C) of slow waves of electrogastrogram (EGG) in
control, model, PC6, SP4 and PC6 + SP4 groups (n = 8 in each group) at
different courses after acute myocardial ischemia and reperfusion (AMI/R).
a
P < 0.05 vs model group; Basal-V: Basal value; P-EA: Post-EA.

(P < 0.05). The effect of EA of SP4 was slightly better
on increasing the frequency of slow waves of ischemic
EGG.
Effect of EA on the frequency of fast waves of ischemic
EGG
During experiments, burst (fast) of waves ischemic of
EGG appeared only in some animals, particularly after
AMI/R. We randomly chose three rats in each group
and analyzed the effect of EA (Table 1). The frequency
of fast waves of ischemic EGG increased significantly
from the beginning of AMI/R after EA in the SP4
group, while the frequencies of fast waves of ischemic
EGG in the model, PC6 and PC6 + SP4 groups were
close to that in the control group.
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Table 1 Changes in mean frequency of EGG fast waves in rabbits at different time-courses after AMI/R and
EA (mean ± SD, pulses/s, n = 3/group)
Groups

Basal values

AMI

AMI/R

P-EA 10 min

Control
Model
PC6
SP4
PC6 + SP4

1.90 ± 1.91
1.98 ± 0.93
3.48 ± 1.52
2.01 ± 0.38
1.45 ± 1.21

1.84 ± 1.82
0.91 ± 0.10
1.92 ± 2.17
1.26 ± 0.25
0.68 ± 0.85

1.89 ± 1.87
0.93 ± 0.91
3.81 ± 3.12
4.04 ± 1.19
1.61 ± 1.19

1.84 ± 1.82
1.05 ± 0.09
3.47 ± 4.31
3.89 ± 0.98
1.52 ± 1.18

Table 2 Mean integral grey values of NADPH-diaphorase
/NOS expression in myocardium, gastric antrum and
duodenum in rabbits (mean ± SD)
Groups
Control
Model
PC6
SP4
PC6 + SP4

Cases

Myocardium

Gastric antrum

Duodenum

4
4
4
4
4

122.92 ± 22.40
212.93 ± 22.30
143.41 ± 38.01
191.63 ± 16.20
184.72 ± 30.51

168.21 ± 58.30
218.40 ± 23.30
171.11 ± 37.11
163.35 ± 24.85
140.86 ± 60.84

127.01 ± 46.26
190.71 ± 33.91
178.53 ± 40.05
140.86 ± 60.84
178.09 ± 51.26

Effect of EA on the NOS activity of myocardium, gastric
antrum and duodenum muscle
NADPH-diaphorase staining of myocardium, gastric
antrum and duodenum (Figure 2A-C) showed that
NADPH-diaphorase/NOS-expressed positive fibers,
neurons and their processes had a purple/blue color,
which was denser in the control group, moderate in the
three EA groups and lightest in the model group.
In myocardium tissue (Figure 2A), NOS positive
reaction product (in nerve fibers) presented a string-ofbeads-like distribution (dark blue color) on the wall of
larger blood vessels along the longitudinal axis of the
smooth muscle fibers, and was denser in the control
group, moderate in the PC6 group, milder in the PC6 +
SP4 and SP4 groups, and lightest in the model group. In
gastric antrum tissue (Figure 2B), most NOS-expressed
neurons were round and oval in shape. Fewer irregular
polygons and their cytoplasm were uniformly dark blue
and their nuclei were relatively lighter in color. NOSpositive reaction product was denser in the control
group, moderate in the SP4 group, milder in the PC6
and PC6 + SP4 groups, lightest in the model group. In
the duodenum tissue (Figure 2C), the shape and color of
NOS-expressed positive neurons in the control, model,
PC6, PC6 + SP4 and SP4 groups were similar to those
in the gastric antrum.
The integral grey values for myocardium, gastric
antrum and duodenum increased in the model and PC6,
PC6 + SP4 and SP4 groups compared with the control
group after AMI/R (Table 2). Following EA, the integral
grey values for myocardium and duodenum in the PC6
and SP4 group were closer to that in the control group,
suggesting that EA could suppress AMI/R- induced
down-regulation of NOS.

DISCUSSION
In the light of the theory of Chinese medicine, PC6 and
SP4 are two convergent acupoints of the eight Meridians.

P-EA-20
1.90 ± 1.84
1.53 ± 0.61
2.65 ± 2.83
3.58 ± 0.93
1.30 ± 0.95

P-EA-30 min
1.85 ± 1.83
1.76 ± 1.00
2.10 ± 2.10
2.93 ± 0.36
1.19 ± 0.90

PC6, the Luo-point of the Pericardium Meridian, is often
used to treat palpitation, chest distress and thoracalgia
in the upper energizer, gastralgia and vomiting of the
middle energizer, and irregular menstruation of the
lower energizer, etc. SP4, the Luo-point of the Spleen
Meridian of Foot-Taiyin, is frequently employed to treat
gastralgia, vomiting, abdominal pain, diarrhea, etc. These
two acupoints, used in combination, can function well in
relieving disorders of the heart and gastrointestinal tract,
but related experimental investigations are fewer, in spite
of being frequently used in clinic practice.
Results of the present study show that ECG-ST
elevated significantly after occlusion of DAB, meaning
occurrence of AMI. After release of the ligature (AMI/
R), ECG-ST in the model group elevated further, while
decreased significantly in the PC6, SP4 and PC6 +
SP4 groups. At 20 min after EA in the PC6 group, and
30 min in the PC6 + SP4 group after EA, ECG-ST
values returned to their basal levels before occlusion of
DAB, and those in the SP4 and model groups were still
higher than their respective basal levels. No significant
differences were found in ECG-ST values at different
time courses among the three EA groups, indicating
that EA of PC6, SP4 and PC6 + SP4 can effectively
promote the recovery of ischemic myocardial injury.
Unfortunately, no synergistic action of EA of PC6
+ SP4 on AMI was found in the present study. The
results of EA of PC6 and PC6 + SP4 are similar to the
reported findings[5,7,8,16].
After AMI, the cardiac blood-pumping function was
weakened, leading to decrease in cardiac output and in
perfusion volume in many organs, and disturbance of
blood circulation, thus an abnormal change occurred in
EGG.
The results of this study show that after AMI,
the amplitude and frequency of slow waves of EGG
decreased considerably, and decreased further in the
model group, and did not return to their pre-AMI
levels at 30 min after ligation of DAB, suggesting a
remarkable suppression of the basal electrical activity
of the gastric smooth muscle due to insufficient blood
supply. In the three EA groups, both the amplitude and
frequency of slow waves of EGG increased after EA
stimulation. The amplitude of slow waves of EGG in
the three EA groups returned to their pre-AMI basal
levels at 30 min after EA. No significant difference was
found in the amplitude of slow waves of EGG among
the three EA groups. Twenty minutes after EA, the
mean frequency in the SP4 group was not markedly
different from that in the control group. Ten minutes
www.wjgnet.com
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Figure 2 Photographs showing NOS expression in the myocardium of the rabbit heart base (left atrium, A), gastric antrum (B) and duodenum (C) in
control (a), model (b), PC6 (c), PC6 + SP4 (d) and SP4 (e) groups. A: NOS positive reaction product (in nerve fibers) presented string-of-beads-like distribution
(dark blue color) on the wall of larger blood vessels along the longitudinal axis of the smooth muscle fibers. NOS-positive product was denser in control group (a),
moderate in PC6 group (c), milder in PC6 + SP4 (d) and SP4 (e) groups, lightest in model group (b); B: NOS positive reaction neurons distributing in the mucous layer
and underlayer of the rabbit gastric antrum; C: NOS positive reaction neurons distributing in the mucous layer and underlayer of the rabbit duodenum tissues. Most
of them were round and oval, and fewer irregular polygon, and their kytoplasm was uniformly dark blue and their nuclei were relatively lighter in color. NOS-positive
reaction product was denser in control group (a), moderate in SP4 group (e), milder in PC6 (c) and PC6 + SP4 (d) groups, lightest in model group (b). (X 400).

after AMI/R and EA, the mean frequency in PC6 +
SP4 and PC6 groups was obviously higher than that in
the model group and did not return to their basal values
30 min after EA, indicating that the effect of EA of SP4
on the frequency of slow waves of EGG is stronger.
It has been demonstrated that EA of PC6 and SP4 can
ameliorate symptoms of abdominal pain, vomiting,
etc, and the ratio of the main frequency of EGG

www.wjgnet.com

between pre- and post-meal in functional dyspepsia
patients[13,14,21,22].
It has been well-documented that the effect of
acupuncture on regulating cardiac and gastrointestinal
activities involves the nervous system, endocrine system,
and multi-targets[1,4,12,14]. Improved microcirculation and
appropriate amount of NO production may be one
of the important factors. NO, a micromolecule gas, is

Wang SB et al . EA on cardiac and gastric activities

synthesized from l-arginine under the catalysis of NO
synthase, and can activate guanylate cyclase of the cells
and exert biological effects via the resultant cGMP.
Continuous basal release of NO is very important for
maintaining stable diastole state and base tension of
the coronary artery and regulating blood pressure and
myocardial blood perfusion [23]. Myocardial ischemia
decreases myocardial NO concentration and NOS
expression [24]. In our experiments, the blue positive
reaction product in the myocardium, gastric antrum
and duodenum was the densest in the control group,
moderate in the three EA groups, and the lightest in the
model group. The integral grey values for myocardium
in the PC6 group, gastric duodenum in the PC6 + SP4
group were relatively denser, suggesting that NOS
expression decreases apparently after AMI, while
increases after EA, which may contribute to its effect
on improving cardiac and gastric electrical activities in
AMI/R rats. Our results are basically identical to other
reported findings[25-29]. For example, Li et al[25] observed
that EA of PC6 could up-regulate plasma NO and blood
platelet α granule membrane protein-140 contents and
reduce myocardial injury in myocardial ischemia rabbits.
Luo et al [26] reported that acupuncture of PC6, SP4,
etc, could relieve symptoms of peptic ulcer and elevate
plasma NO level. In rats with alcohol-induced mucous
membrane injury, EA of Zusanli (ST36) plus PC6 or
SP4, or simple PC6, could effectively raise the contents
of NO and epidemic growth factor in gastric mucosa
tissue, and promote the synthesis and release of NO,
thus protecting gastric mucosa from injury[27-29]. These
results suggest that NO is able to mediate the effects of
EA on improving cardiac and gastrointestinal functional
activities. Our study did not show a synergistic action of
EA of both PC6 and SP4 as reported[30].
In conclusion, EA of PC6 and SP4 can exert similar effects on cardiac and gastric activities. EA of one
acupoint may simultaneously regulate the activities of
multiple viscerae. Hence, in clinical practice, PC6 and
SP4 used in combination are applicable to the treatment
of both cardiac and gastric disorders.
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effects of EA of PC6 and /or SP4 on activities of the heart and gastrointestine
simultaneously.

Innovations and breakthroughs

Fewer experimental studies have been conducted to observe the effect of
EA of one or two acupoints on two internal organs at the same time. The
present study demonstrated that EA of PC6, SP4 or PC6 + SP4 on myocardial
ischemia-reperfusion (MI-R)-induced elevation of ECG-ST and decreased
mean amplitude and frequency of slow waves of electrogastrogram (EGG), as
well as reduced nitric oxide synthase (NOS) expression in the myocardium,
gastric antrum and duodenum were all corrected significantly sooner or later.
Moreover, EA of PC6 and SP4 could improve ECG-ST, and regulate NOS
activity of myocardium and mucous membrane of duodenum.

Applications

The results of the present study provided certain new experimental evidence for
treating disorders of the heart and gastrointestine by acupuncture of PC6 and
SP4 and verified the theory of Chinese acupuncturology about the relatively
specific effects of acupoints on their corresponding internal organs.

Terminology

According to Chinese medicine theory, there are 12 regular meridians
distributed regularly in the human body, each meridian pertains to a certain
Zang- or Fu-organ (internal organ). When a certain acupoint is stimulated with
an acupuncture needle, the corresponding internal organ can be regulated
effectively in functional activities by way of meridian, particularly under
pathological state. However, the regulatied effect of the stimulated acupoint
on the internal organ is definitely not absolute, some related organs may be
influenced at the same time. Thus, when mentioning the acupoint specificity, it
mainly refers to its relative specificity in function.

Peer review

The paper describes the characteristics, values and significance of
electroacupuncture, as well as the effects of electroacupuncture on cardiac
and gastric activities of rats with ischemia, which may be of some values for
clinicians in their clinical practice.
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Abstract
AIM: To investigate the value of retroflexion in
detecting neoplasia in the distal rectum.
METHODS: This was a prospective observational study
performed in an academic endoscopy unit. Consecutive
patients undergoing colonoscopy had careful forward
viewing of the distal rectum by retroflexion. Of 1502
procedures, 1076 (72%) procedures were performed
with a 140° angle of view colonoscope and 426
(28%) were performed with a 170° angle of view
colonoscope. The outcome measurement was the yield
of neoplasia in the distal rectum detected by forward
viewing vs retroflexion.
RESULTS: A total of 1502 patients, including 767
(51%) females and 735 (49%) males, with mean age
of 58.8 ± 12.5 years were enrolled. Retroflexion was
successful in 1411 (93.9%) patients, unsuccessful or
not performed because the rectum appeared narrow in
91 (6.1%). Forty patients had a polyp detected in the
distal rectal mucosa. Thirty-three were visible in both
the forward and retroflexed view (25 hyperplastic, 8
adenomatous). Seven polyps were visualized only by
retroflexion (6 hyperplastic sessile polyps, one 4 mm
sessile tubular adenoma). There was no significant
difference in information added by retroflexion with
140° vs 170° angle of view instrument.
CONCLUSION: To o u r k n o w l e d g e , t h i s i s t h e
largest reported evaluation of retroflexion in the
rectum. Routine rectal retroflexion did not detect
clinically important neoplasia after a careful forward
examination of the rectum to the dentate line. Since
retroflexion has risks and may cause discomfort, the

INTRODUCTION
Retroflexion is a commonly performed maneuver during
colonoscopy[1], and has been strongly endorsed as an
essential component of colonoscopy by experts, and
specifically for the purpose of detecting neoplasia [1].
However, whether retrof lexion substantially or
significantly increases the detection of neoplasia during
sigmoidoscopy and colonoscopy is controversial [2-5].
Among the four previously published reports of
retroflexion, two failed to detect a single adenoma
in retroflexion [2,3] and two detected lesions of such
substantial size that the care with which the forward
viewing of the distal rectum was performed is suspect[4,5].
Further, rectal retroflexion may be uncomfortable for
patients and may result in perforation[6-9]. Retroflexion
can be a useful therapeutic maneuver in the colon
or rectum for polypectomy [10,11] and in the rectum
for treatment of hemorrhoids [12,13] . However, two
prospective studies found that anoscopy was superior
to retroflexion for detection of hemorrhoids [14,15] ,
and experts have opined that anoscopy provides
more clinically useful information about hemorrhoids
than can be detected by retroflexion [16]. Regardless
of the contribution of retroflexion to the detection
of non-neoplastic disease, the apparent mandate for
performance of retroflexion during colonoscopy is the
detection of neoplasia[1].
Given that the literature on the value of rectal
www.wjgnet.com
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retroflexion during routine procedures is mixed[2-5], we
prospectively assessed the detection of neoplasia during
rectal retroflexion in 1502 consecutive patients.

MATERIALS AND METHODS
As par t of our continuous quality improvement
program, one of us (Douglas Kevin Rex) prospectively
recorded the findings of retroflexion during colonoscopy
from June 20, 2005 to August 15, 2006. Patients with
poorly prepared colons, known history of rectal cancer
or rectal resection, active Crohn’s disease or ulcerative
colitis, and patients referred for resection of known
rectal polyps or for other therapeutic interventions in
the rectum were excluded. Permission to review the
data for publication was granted by the Institutional
Review Board at Indiana University/Purdue University
Indianapolis. The colonoscope used was prospectively
recorded with regard to its angle of view (140º or 170º).
Colonoscopes without cap-fitting were used as they were
available and not otherwise selected.
The rectum was initially examined on forward view
with withdrawal of the colonoscope to the dentate
line with reflection of the tip in all directions using
torque and up-down and right-left deviation as possible
and appropriate. The endoscope was reinserted and
retroflexed using the method of Grobe et al[2]. Manual
rotation of the instrument was performed to inspect
in a circumferential manner the anorectal area. The
maneuver was considered successful if a complete 360º
visualization of the distal rectum was obtained. Cases
where retroflexion was successful, unsuccessful, or not
attempted were documented. Whether polyps in the
distal rectum were visible on forward or retroflexed
views or both was prospectively recorded.

RESULTS
There were 1502 eligible patients, including 767 (51%)
females and 735 (49%) males, with the mean age of
58.8 ± 12.5 years (range 17-95 years). Retroflexion
was successfully performed in 1411 (93.9%) patients,
unsuccessful in 1 patient because of a narrow rectum,
and not attempted in 90 (6.0%) because the endoscopist
judged that the rectum was too narrow. One thousand
and seventy six (72%) procedures were performed with a
140º angle of view colonoscope while the rest 426 (28%)
were performed with a 170º angle of view colonoscope.
We found that 40 of 1411 (2.8%) patients had a
polyp detected in the distal rectum, of which 33 were
visible in both the forward and retroflexed view (25
hyperplastic, 8 adenomatous), and 7 were visible only
during retroflexion (6 hyperplastic and 1 adenomatous).
Of the 8 adenomas in the distal rectum detected on
both the forward and retroflexed view, the mean size
was 7.3 mm (range 3-15 mm), 3 were pedunculated,
5 were sessile, 7 were tubular and 1 was tubulovillous.
Each adenoma was detected in a separate patient and
none had high-grade dysplasia. The adenoma detected
only on retroflexion was a 4 mm tubular adenoma with
www.wjgnet.com
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low-grade dysplasia. Thus, 1 of 1411 patients had an
adenoma detected only by retroflexion and none had an
advanced adenoma or cancer.
Using 140º angle of view colonoscopes, 6 of
1076 (0.56%) patients had a polyp detected only by
retroflexion, including the patient with the adenoma.
Using 170º angle of view instruments, 1 of 426 patients
(0.23%) had a polyp detected only by retroflexion (P =
0.41; Chi-square test).

DISCUSSION
In this prospective series, we found that routine
performance of retroflexion during colonoscopy added
little to the diagnostic yield of neoplasia. Importantly,
retroflexion was performed only following a detailed
forward-viewing examination of the entire rectum to the
dentate line with a concerted attempt to view the entire
rectal wall, including the distal rectum, on forward view.
We also perform a careful digital rectal examination
prior to colonoscope insertion, and none of the
distal rectal polyps reported here were appreciated by
palpation. Given that perforation has been reported to
result from retroflexion[6-9], and that we are anecdotally
aware of medical-legal actions against endoscopists for
perforations occurring from retroflexion, we believe
our data support a perspective that retroflexion during
lower endoscopy is not mandated and must be left to the
discretion of the endoscopist.
Previous studies have drawn varied conclusions
with regard to the value of routine retroflexion during
lower bowel endoscopy. Cutler and Pop[3] reported no
adenomas detected only by retroflexion in 453 patients
and questioned the value of routine retroflexion. Grobe
et al[2] deemed retroflexion valuable in 75 patients, but
did not document a single adenoma detected only by
retroflexion. Hanson et al[4] detected four adenomas in 526
patients that were visible only on rectal retroflexion, and
one was a 15 mm tubulovillous adenoma. Varadarajulu
et al[5] reported the highest yield of routine retroflexion.
Among 590 patients (91% male), 6 had adenomas
detected only on retroflexion, of which all were > 1 cm
in size and 2 were pedunculated. They stated that 50% of
the distal rectal lesions were visible only on retroflexion.
For unclear reasons, we did not encounter this prevalence
of advanced pathology in the distal rectum either with
forward or retroflexed views. Although the polyps
we encountered were generally smaller, we could still
visualize a high percentage (83%) on forward view.
Thus, perhaps the value of routine retroflexion could
be greater than we encountered when performed in
different populations or if a different technique from the
one that we used was employed to perform the forward
examination that precedes retroflexion.
From an imaging perspective, the goal in exposing
colorectal mucosa during colonoscopy is to expose
and examine all of it. Based upon the senior authors’
experience, knowledge of rectal anatomy, and logic, the
need for retroflexion to complete exposure of the rectal
mucosa is likely to vary based on each patients’ unique
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rectal anatomy. Thus, in some patients with narrow
rectum, the rectal walls are visible circumferentially in
a continuous fashion as they extend proximally when
viewed from the internal anal verge in the forward view.
Logically, retroflexion has little to add in such patients. In
patients with a larger rectum, the posterior rectal wall may
not be visible continuously when the instrument is looking
forward from the anal verge. In this instance, retroflexion
is logically more likely to add information, to be easier
to perform, safer to perform, and more comfortable for
the patient. In the senior authors’ experience, the distal
rectal walls are more likely to be continuously visible
when viewed in the forward view from the anal verge
using a 170º angle of view colonoscopy, as compared to a
140º angle of view instrument. In this study, the fraction
of patients with a polyp detected only on retroflexion
was lower with the 170º angle of view instrument
compared to the 140º instrument, but the difference was
not significant. Additional study of the impact of 170º
angle of view instruments on the value of routine rectal
retroflexion seems warranted.
Limitations of the current study include the relatively
low yield of neoplasia in the distal rectum. However, the
endoscopist of this study reported the highest adenoma
detection rates in the literature[17], so there is no reason
to believe that the study population had a low prevalence
of adenomas. Indeed, the low prevalence of distal rectal
adenomas may reflect the progressive shift of neoplasia
toward the proximal colon in recent decades. A second
limitation is that the procedures were performed by
a single endoscopist. Endoscopists with less effective
forward viewing technique could logically expect a
higher yield from retroflexion.
Retroflexion in the rectum is unquestionably a
useful diagnostic or therapeutic maneuver during
colonoscopy in some patients and should be mastered
by all colonoscopists. Retroflexion may provide useful
information about benign anal disease and can provide
a critical advantage for completion of polypectomy in
some cases. Our study, however, supports the conclusion
of Cutler that routine rectal retroflexion adds little to
the detection of rectal neoplasia after careful forward
viewing. Given the low yield of retroflexion when
careful forward viewing has been completed, as well as
the discomfort and risk of retroflexion, performance of
retroflexion in routine cases should be at the discretion
of the endoscopist. Anecdotally, we recommend that
the appropriateness of retroflexion be considered after
reaching the anal verge in the forward view and assessing
whether the rectal walls are continuously visible as they
extend proximally, as well as the size and anatomy of the
patient’s rectum.

COMMENTS
Background

Some experts believe that retroflexion or performance of a U-turn must be
performed routinely during colonoscopy to rule out neoplasia in the distal
rectum However, the available literature is mixed with regard to the value of
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routine retroflexion.

Applications

The study found that routine performance of retroflexion has a very low yield
for neoplasia. Since retroflexion has a low but real risk, the results suggest that
retroflexion is not routinely required to achieve a highly effective colonoscopy.

Terminology

Rectal retroflexion refers to a maneuver during colonoscopy in which the
instrument tip is deflected in U-turn so that the imaging system is directed
backward, allowing clear visualization of the distal rectum.

Peer review

Every year many patients experience complications associated with the practice
of retroflexion. Prospectively collected data on whether or not retroflexion is
essential is very much needed.
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Abstract
AIM: To investigate the frequency of gastroenterological diseases in the etiology and the efficacy
of proton pump inhibitors (PPIs) in the treatment of
cardiac syndrome X (CSX) as a subform of non-cardiac
chest pain (NCCP).
METHODS: We investigated 114 patients with
CSX using symptom questionnaires. A subgroup of
these patients were investigated regarding upper
gastrointestinal disorders (GIs) and treated with PPI.
Patients not willing to participate in investigation and
treatment served as control group.
RESULTS: Thirty-six patients denied any residual
symptoms and were not further evaluated. After
informed consent in 27 of the remaining 78 patients,
we determined the prevalence of disorders of the
upper GI tract and quantified the effect of treatment
with pantoprazole. We found a high prevalence of
gastroenterological pathologies (26/27 patients, 97%)
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with gastritis, gastroesophageal reflux disease (GERD)
and acid reflux as the most common associated
disorders. If treated according to the study protocol,
these patients showed a significant improvement
in the symptom score. Patients treated by primary
care physicians, not according to the study protocol
had a minor response to treatment (n = 19, -43%),
while patients not treated at all (n = 26) had no
improvement of symptoms (-0%).
CONCLUSION: Disorders of the upper GI tract are
a frequent origin of CSX in a German population and
can be treated with pantoprazole if given for a longer
period.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Cardiac syndrome X (CSX) is a specific subform of noncardiac chest pain (NCCP), defined as recurrent episodes
of substernal chest pain or discomfort (exercise-related
or not) with pathologic electrocardiographic (ECG)
changes, but without significant cardiac abnormalities[1].
As relatively specific symptom complex involving ECG
abnormalities, it often leads to cardiac catheterization
after non-invasive cardiac diagnostic procedures,
including treadmill exercise. Several studies indicate
that about 15%-20% of all invasive cardiac diagnostic
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procedures can not detect any significant coronary
abnormalities, reliably ruling out cardiac origin of
the symptoms, supporting the assumption that the
prevalence of NCCP (including CSX) is approximately
25% in the general population[2]. Several studies have
contributed in elucidation of the origin and possible
therapeutic approaches of NCCP with partially quite
heterogenous results[2]. However, there are very limited
data for the subgroup of CSX patients.
Interestingly, many patients with NCCP are not
forwarded to gastroenterologists for further diagnostic
work-up after exclusion of cardiac origin for chest
pain[3]. Thus, they remain with their symptoms, which
may cause significant economic and psychological
burden because of frequent work absenteeism, frequent
consultation of healthcare providers and reduced quality
of life[4]. NCCP represents an important determinant
of resource utilization and health care costs[5]. A defined
further diagnostic work-up and targeted therapy of
NCCP, therefore, is not only useful for patients, but also
for the society as a whole.
Previous studies have shown that NCCP originates
mostly from GERD and other gastrointestinal diseases,
including motility disorders, often combined with
visceral hypersensitivity or abnormal cerebral processing
of visceral stimuli[6]. Musculoskeletal diseases may be
a minor origin of NCCP. Additionally, psychological
abnormalities play an important role in causing or
modulating NCCP[7]. Published mechanistic hypotheses
involve the presence of an esophagocardiac reflex,
leading to coronary spasms when the distal esophageal
mucosa is exposed to hypochloric acid[8]. This mechanism
is also called “linked angina” and would serve as an
explanation for NCCP in patients with clear pathologic
ECG signs despite normal coronary angiography, which
has frequently been termed as CSX[9,10].
Treatment studies of general NCCP focus on proton
pump inhibitors (PPIs), and there are clear data that
omeprazole, rabeprazole and lansoprazole are effective
in symptom relieve of NCCP[10].
To investigate prevalence of disorders of the upper
gastrointestinal tract and treatment in CSX, we designed
a study enrolling patients with abnormal treadmill
exercise results, but angiographic exclusion of coronary
abnormalities. Firstly, these patients were investigated
thoroughly regarding gastrointestinal disorders (GIs). In
a second step, they were included into a therapeutic trial
with pantoprazole, initially intended as a randomized,
double-blind study, to test the efficacy of the drug in
this subgroup of NCCP.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Patients at least 18 years of age with recurrent chest
pain, a pathological treadmill exercise and a normal
coronary angiogram fulfilled the inclusion criteria of
the study. Patients were excluded from the study if they
had medications lowering the pressure of the lower
esophageal sphincter (calcium antagonists, nitrates), were
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Table 1 Mean age and proportion of female patients in all
patient groups
Patient group
Study protocol group
External PPI group
Control group

Age (yr, mean ± SD)
59 ± 10
63 ± 8
62 ± 9

Female gender (%)
56
63
73

already on acid-suppressive drugs during cardiologic
work-up (PPI or histamine blockers) or had clearly
identifiable and established musculoskeletal pain in the
thoracic spine or the chest. The study protocol was
approved by the Local Ethics Committee.
Patients
In the period between May, 2003 and November, 2004,
all patients with chest pain, a pathological treadmill
exercise and with a normal coronary angiogram were
identified in the Cardiology Center of Aachen University,
Germany. All patients were contacted by phone and,
after testing the eligibility, were asked whether they
still suffered from chest pain. Patients without any
symptoms immediately after the angiography and
without any specific medication were considered to have
chest pain at least modulated by psychological diseases
and were excluded from further questioning. Patients
with ongoing chest pain, but treated with PPI after the
normal angiography by their primary care physicians (PPI
test approach[10]), were included into an external PPI
group. Patients with ongoing chest pain and no specific
medication were asked to join the study.
In total, 78 patients were eligible for the study, but only
72 agreed to participate in data collection. Twenty-seven
patients gave written informed consent to participate in
the PITFALL study protocol including diagnostic work up
and therapy with pantoprazole. The initial study design is
depicted in Figure 1A. The planned study randomization
arms A and B were closed shortly after beginning of
the study, due to low patient recruitment. Ninety seven
percent (26/27) of the study patients had to be included
into study arm C because of pathological findings
during the diagnostic work-up. In order to establish
an external control group, we included patients with
ongoing chest pain who were not willing to participate
in the diagnostic and therapeutic study in another
group. These patients and the patients in the external
PPI group received questionnaires regarding symptoms
and treatment at study entry and 8 wk after study
entry. The adapted study design is shown in Figure 1B.
Characteristics of study patients from each group are
given in Table 1.
Quantitation of symptoms
All patients (study group, both external groups) ranked
the symptoms using a visual analogue scale (VAS)
ranging from 0 to 10 each for intensity, duration and
frequency of chest pain. Characteristics of each scale
are given in Table 2. The three parameters were added
(maximum score: 30 points) and used as symptom score
www.wjgnet.com
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1794

No
No
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Persistent symptoms
after angiography

Number 42

Total: 2148

No
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Volume 14

354

Eligible for study?
No

No

240

Yes
Exclusion

Yes

114

Persistent symptoms
after angiography

Diagnostic work-up

No

36
External PPI group

Yes
Signs of GID?

Yes

19

78

Yes

Group C (Verum)
Informed consent?

No
Randomisation

Group A (Verum)

Group B (Placebo)

Yes

No

51

PPI therapy
from PCP

No data
avail.
6

No

27

26

Study protocol group

Control group

Figure 1 Study design. A: Original study design with 3 patient groups. Randomization was planned after the diagnostic procedures in order to randomize only
patients without overt signs of gastrointestinal disease. After recruitment of the first 10 patients only for patient group C, the other two patient groups were closed and
the study design was adapted as depicted in B (CAD: Coronary artery disease; GID: Gastrointestinal disease); B: Adapted study design without randomization. To
compare the results of per protocol treatment to patients treated in a non-standardized fashion or untreated patients, an external PPI group and a control group were
built by recruiting patients who were treated by their primary care physicians (external PPI group, 19 patients) or were not willing to undergo treatment at all (control
group, 26 patients). These patients were not matched to the study protocol group and most of them did not receive diagnostic procedure regarding gastrointestinal
diseases (CAD: Coronary artery disease; PCP: Primary care physician).

Table 2 Definitions of ranks in visual analogue scale
(characteristics of symptoms)
Grade Frequency

Duration

10
9
8
7
6
5
4
3
2
1
0

Permanent
Almost whole day
More than 6 h
More than 2 h
About 1 h
Grading by patients
10-30 min
on a scale from 0 to 10
5-10 min
1-5 min
Less than 1 min
A few seconds
Never

Permanent
Several times daily
Daily
Almost daily
Several times weekly
Up to 3 times weekly
Once weekly
Several times in 1 mo
Up to 3 times in 1 mo
Once per month
Never or very seldom

Intensity

Patients were asked for symptoms and were helped to grade the
frequency, duration and intensity using the characteristics below.

(VAS total score). These four different VAS scores
were evaluated before and after therapy (in the external
placebo group in a time difference of 8 wk). Patients in
both external groups were also asked regarding their comedication during the 8-wk period.
Diagnostic work-up
All patients in the study group received gastroscopy,
www.wjgnet.com

24-h esophageal pH-monitoring and concur rent
i m p ed a n co m etr y a n d m a n o m etr y (C I M ) in the
gastroenterological endoscopy unit of Aachen University
Medical Center. The latter procedure (CIM) was
conducted using a custom-made catheter consisting
of 11 impedance segments (each 2 cm long) and 4
semiconductor pressure transducers. The solid-state
pressure transducers are located between the impedance
channels 1-2, 4-5, 7-8 and 10-11 with an intertransducer
distance of 6 cm. The configuration of the catheter
allows a simultaneous registration of bolus transport and
esophageal peristalsis (details in reference by Nguyen
et al[11]). The catheter was passed through the nose into
the esophagus with the most distal pressure sensor
placed at the level of the lower esophageal sphincter.
If the diagnosis of acid-related disorders such as
gastritis, ulcer disease or GERD was established, the
patients were enrolled into study arm C. This led to
closure of study arms A and B as described above.
Diagnostic findings from patients in the external
groups were not used for study purposes.
Therapeutic study protocol
Patients in study arm C received pantoprazole 40 mg
bid for 8 wk. After this period, treatment strategy was
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procedure. Thirty-six (31%) of the 114 interviewed
patients without further therapy denied any residual
symptoms. It is likely that a substantial subset of these
patients had chest pain due to psychosomatic reasons.
These patients were excluded from further investigations
of this study.

100

% of patients

80
60
40
20
0
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G

E
R
Diagnostic result

H

Figure 2 Percentage of study protocol patients with gastritis (G, partially
erosive or ulcerative), esophagitis (E), reflux as diagnosed by pH
monitoring (R) and/or hiatal hernia (H). Multiple diagnoses in a patient were
possible so that the total percentage is above 100.

open and depending on symptoms. If tested positive for
H pylori, eradication treatment was initiated. Intolerance
of pantoprazole led to prescription of omeprazole
20 mg bid. After completion of the therapeutic study
arm, patients gave information about their symptoms
using the same VAS scores as described above and most
patients underwent control investigations of gastroscopy
and 24-h esophageal pH-monitoring.
Statistical analysis
Categorical data were summarized as absolute and
corresponding relative frequencies. Observed VAS
scores were condensed by minimum, maximum, median
and corresponding interquartile range, separately for the
two different time points (before therapy, after therapy)
in each of the three study groups. Parallel boxplots were
used for graphical comparison of the obtained VAS
scores between the time points before and after therapy
within each study group.
In each group, paired Wilcoxon tests were conducted
for comparison of the different VAS scores before and
after therapy. A global significance level of α = 5% was
chosen. Only the results (P-values) of the tests carried
out with respect to the VAS total scores were interpreted
in a confirmatory fashion, while results for the scores
of intensity, duration and frequency were meant solely
exploratively. Thus, P ≤ 0.05 was considered statistically
significant. All statistical analyses were performed with
the statistical analysis software package R (http://www.
R-project.org).

RESULTS
Large subgroup of patients without symptoms after
angiography
Only patients with nor mal coronary angiography
performed for chest pain, with abnormal treadmill
exercise and without any further diagnostic procedures
or therapy after angiography were included into the
study. In telephone interviews, 114 eligible patients were
asked for persisting symptoms following the diagnostic

Further stratification of study population
Only 27 of the 78 patients meeting the inclusion criteria
of the study group agreed to join the diagnostic and
therapeutic study according to the PITFALL study
protocol. Of the remaining 51 patients, 19 discussed
the possibility of gastrointestinal diseases with their
primary care physicians and received diagnostic workup and therapy from them, mostly in the form of a
PPI test. They agreed to give information about their
symptoms during and after the primary care physicianguided therapy. The gained information was included
in the study and the patients were grouped as “external
PPI group”. The prescribed therapy did not follow the
study protocol in most cases regarding dose and length
of treatment (data not shown) and involved prescription
of several different proton-pump inhibitors, as well as
different length and follow-up of therapy.
Twenty-six of 51 patients denied any diagnostic
procedure and therapy and explained that they were
not interested in any further work-up of persisting
symptoms. These patients, however, agreed to give
information about their symptoms in certain intervals
and were grouped as “external control group”; the
g ained infor mation (i.e. different VAS scores at
different time points) of these patients was included
into statistical evaluation of the study as well. Age and
gender distribution of all patient groups are given in
Table 1.
Six of 51 patients refused any cooperation or data
collection and were excluded from further questioning.
Prevalence of GIs in NCCP patients
Fifty-seven percent of the study patients had signs of
acid reflux consistent with GERD (De Meester Score
> 14, pH time < 4 more than 5% and/or gastroscopic
evidence of esophagitis). Relevant gastritis with or
without erosive changes of the mucosa was present in
78% of the patients (histologically proven), from which
27% had no signs of GERD. H pylori was detected in
11% and eradicated using the French triple therapy
with amoxicillin and clarithromycin. In total, 97%
(26/27) patients showed a relevant acid-related disorder
(GERD or histologically proven gastritis) of the upper
gastrointestinal tract (Figure 2).
Symptomatic improvement in the study protocol group
Results of the total symptom score before and after
PPI therapy are given in Figure 3A. The study patients
experienced a statistically significant improvement
in symptoms after 8 wk of PPI therapy in doubled
standard dose (P < 0.0001). If analyzed in an explorative
fashion for all subscores, this improvement turned out
www.wjgnet.com
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Figure 3 Results of the different group by graphical representation (parallel boxplot). A: Total score; B: Intensity score; C: Frequency score; D:
Duration score. The three symptom scores (B-D) are before and after treatment with pantoprazole in the study protocol group. There was statistically
significant difference between the scores before and after therapy (P < 0.001 for all four scores). E: Graphical representation (parallel boxplot)
of the total score before and after treatment in the external PPI group. The total score after treatment was significantly different compared to the
total score before treatment (P = 0.0011); F: Graphical representation (parallel boxplot) of the total score before and after an observation period of
8 wk in the control group. There was no significant difference between the scores before and after the observation period (P = 0.2448).

to be valid for all three quantities (intensity, frequency
and duration of symptoms, Figure 3B-D, P < 0.001 for
all quantities).
Symptomatic improvement in the external PPI group
Similar to the study group, patients in the external PPI
group reported statistically significant improvement
in symptoms after a variable PPI therapy (P = 0.0011).
The improvement was not as large as in the study
group (Figure 3E). Explorative analysis of the subscores
showed a benefit for all three symptom quantities (similar
to the study group, data not shown).
No symptomatic improvement in the external control
group
In contrast to the first two groups, we observed no
www.wjgnet.com

improvement of the total VAS score for the patients
in the external control group. Scores at start and 8 wk
later without any specific treatment were not statistically
significant different (P = 0.2448, Figure 3F).
Identification of specific risk factors for gastrointestinal
causes of NCCP or treatment success
In the original study protocol, a multivariate analysis
was planned to identify specific risk factors for
stratifying NCCP patients with gastrointestinal causes.
Furthermore, we wanted to identify specific parameters
to predict the extent of treatment success in the study
group. Due to the changed study design and the low
patient volume in all groups, especially in the study
protocol therapy group, we did not conduct such data
analysis.
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DISCUSSION
Patients with a special subgroup of NCCP, the socalled CSX, were investigated in the present study.
This syndrome is defined as recurrent chest pain with
pathological electrocardiography, but normal coronary
angiography. Given the results of pathophysiological
studies and the common efferent and afferent nerve
supply of the upper gastrointestinal tract and the
heart[8,9], our results confirm that symptoms of CSX
patients are almost invariably caused by acid-related
disorders of the upper gastrointestinal tract. The
described symptoms consequently could be treated very
well using the doubled standard dose of pantoprazole.
Interestingly, there is a large group of patients with
CSX, which presents with much improved or absent
symptoms after coronary angiography. This seems to
indicate that many patients probably exhibit stressinduced symptoms of psychosomatic character. Recent
studies show a prevalence of psychological abnormalities
between 17% and 43% in NCCP patients[7], which is
in line with our results (31%) in patients with CSX.
Additionally, stress can provoke gastrointestinal acidrelated disorders as well. However, many patients with
psychosomatic origin of NCCP still have persistent
symptoms after cardiac diagnostic procedures and
they often do not respond to PPI therapy. In our study
protocol group, 2/27 patients (7%, but 30% in the
external PPI group) showed no or only little benefit of
PPI therapy (defined as improvement < 10%), so that
these patients may have psychosomatic disorders as
well. Very recently, it was shown that hypnosis might
contribute to symptom improvement in this patient
group[12].
The referral rate of patients with chest pain, after
exclusion of cardiac abnormalities, was low in our study.
Only 8 of 78 (10%) patients were already in diagnostic
work-up for or in treatment of GIs. This result is in
agreement with previous studies indicating a low interest
or strain in further diagnostic work-up after cardiologic
examination[2]. Whether this low referral rate is due to the
patients or their primary care physicians is not completely
clear and deserves further studies. Nevertheless, this
finding clearly demonstrates the need for a closer followup of NCCP patients in every day practice.
All but one patient in the treatment group had
evidence of upper gastrointestinal tract disease of
different degrees. The most important diagnostic tool in
this setting was gastroscopy, followed by 24-h esophageal
pH-monitoring. Interestingly, we could not find one
relevant motility disorder using a highly sensitive method
with measurement of impedance and motility in the
esophagus (CIM). This indicates that motility disorders
are rare in causing the investigated subform of NCCP/
CSX. Though dysmotility has often been demonstrated
in NCCP[13], its impact on chest pain is unclear. There
is no specific treatment for dysmotility and PPI therapy
has no influence on the motility disorder. Data observing
an effect of PPI therapy on chest pain associated with
motility disorders[14] showed only a very minor effect on
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the respective motility disorder itself. These data indicate
that dysmotility only is a facet or associated symptom of
NCCP, not the main origin[15].
Interestingly, a large subgroup of patients presented
with different degrees of histologically proven gastritis.
These patients did not complain about epigastric pain,
but exhibited chest pain. GERD has been the central
investigated acid-related disorder in causing NCCP[6].
Gastritis may play a more important role in the etiology
of CSX or has been underestimated up till now for
causing NCCP. It is also possible that gastritis is, in
our study, simply an expression for esophageal acid
reflux, which could not be detected by 24-h esophageal
pH-monitoring. It has been shown that extending the
recording time of pH measurement to 48 h increases
the sensitivity of the procedure[16]. Further studies with
larger patient groups and improved pH measurement are
necessary to solve this issue.
Treatment with pantoprazole, in the treatment group,
led to a significant improvement in the symptom score.
This supports our assumption that the symptoms were
caused by the diagnosed GIs including gastritis, and
indicates the value of the tested substance in treating
NCCP patients. Seven of 27 patients were completely
asymptomatic after 8 wk of treatment with pantoprazole
and 54% of the patients showed an improvement of
at least 50% in the symptom score. In the external
PPI group, the improvement of symptoms was lower,
mostly owing to shorter treatment periods and lower
dosages of PPI. This clearly indicates that treatment of
gastrointestinal NCCP causes requires a clear protocol
with initial high doses (double the standard dose per
day) and long treatment periods. Several recent studies,
especially those using a “test therapy approach”, treated
for only 7 d which may have led to underestimation of
the PPI benefit[10]. In the external control group, we
observed no improvement in the symptom score. This is
in line with our expectations and underlines, though we
were not able to randomize these patients, the treatment
effect of pantoprazole in our study group.
Unfortunately, we were not able to identify any
significant predictor (other than the diagnosis of an
acid-related disorder) for treatment response in our
patient group. Additionally, our sample size was too
small to identify predictors for NCCP before cardiac
catheterization in order to reduce normal coronary
angiographic results and induce a PPI test treatment in
such patients which may benefit from this approach.
It has been shown in the past that the “PPI-test” is
cost-effective in terms of avoiding the traditional
invasive gastroenterological diagnostic strategy [17] .
However, we consider an approach to identify patients
with NCCP before they receive invasive cardiological
diagnostic procedures much more important, because
these diagnostic procedures are more expensive and
more prone to side effects than gastroscopy and 24-h
esophageal pH-monitoring.
In conclusion, we have shown that in patients with
CSX, acid-related disorders are frequent and respond
very well to a long-term therapy with pantoprazole.
www.wjgnet.com
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Motility disorders obviously are extremely rare, as shown
by a very sensitive diagnostic tool (CIM) in our study.
The rate of gastroenterological referral after exclusion
of cardiac abnormalities is still too low. It is useful to
conduct additional studies with more patients, which
should lead to criteria to identify patients having a
benefit from a PPI therapy before coronary angiography
is done.
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Abstract
AIM: To compare the liver stiffness (LS) measurement
by transient elastography (TE) to the liver biopsy (LB)considered the “gold standard” in the evaluation of
patients with chronic hepatitis C.
METHODS: During a period of 12 mo, we evaluated
199 consecutive patients with chronic hepatitis
due to hepatitis C virus (HCV), in which LB and LS
assessments (by means of TE) were performed during
the same session.
RESULTS: Out of 199 patients, a valid measurement
of the LS could not be obtained in 8. The mean value
of LS in the cohort of 191 valid measurements was
8.45 ± 4.96 kPa, ranging from 2.3 to 38 kPa. The
mean value of LS in patients with significant fibrosis at
biopsy (161 patients with F ≥ 2 according to Metavir)
was 9.02 ± 5.15 kPa, significantly higher than in
patients with no or mild fibrosis (30 patients with F <
2 Metavir): 5.39 ± 1.81 kPa (P < 0.0001). For a cutoff value of 6.8 kPa, the LS had a PPV of 98%, a NPV
of 30.1%, a sensitivity of 59.6% and a specificity of
93.3% for the presence of significant fibrosis (at least
F2 Metavir), with a diagnostic performance of 77.3%
(AUROC 0.773). Using this cut-off value, we reached
the best discrimination between absence of fibrosis/
mild fibrosis (F < 2 Metavir) and the presence of

moderate to severe fibrosis (F ≥ 2 Metavir).
CONCLUSION: In patients with chronic hepatitis due
to HCV, a cut-off value of 6.8 kPa measured by TE can
differentiate between significant fibrosis and absent
or mild fibrosis, with a PPV of 98%, a NPV of 30.1%,
a sensitivity of 59.6%, a specificity of 93.3%, and a
diagnostic performance of 77.3%.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In the evolution of chronic viral and non-viral hepatitis,
liver fibrosis is a very important factor associated with
prognosis. Hence, it is necessary to evaluate precisely the
severity of fibrosis in those patients, in order to perform
a correct staging and, eventually, to take a decision
regarding the treatment.
Currently, the biopsy examination of the liver is
considered the optimal method to evaluate changes
in fibrosis over time[1]. Nevertheless, the liver biopsy
(LB) has its shortcomings: the intra- and interobserver
variability[2,3], the sampling variability (as proven in a
study by Ratziu et al[4]), and, last but not least, the fact
that LB is an invasive method, with morbidity and
mortality greater than zero.
Based on these premises, noninvasive methods for
the evaluation of liver fibrosis have been developed
during the last few years in order to replace the LB. The
most promising noninvasive methods are, currently, the
FibroTest-ActiTest[5] and the transient elastography (TE)
measured with the FibroScan device[6,7].
www.wjgnet.com
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TE is an ultrasound-based method. By using an
ultrasound transducer probe mounted on the axis of a
vibrator, the transmission of low-frequency vibrations
from the right intercostal space creates an elastic shear
wave that propagates into the liver. A pulse-echo
ultrasound acquisition is then used to detect the velocity
of wave propagation. This velocity is proportional to the
liver stiffness, with faster wave progression occurring
through stiffer tissues. Measurement of liver stiffness
(LS) is then performed and measured in kPa[6].
The FibroScan assessment of LS was validated as
method of evaluation in chronic hepatitis C. Also, there
are some articles that proved the value of this method in
other chronic hepatopathies, like chronic hepatitis due to
the hepatitis B virus (HBV) infection, hemochromatosis,
primary billiary cirrhosis or non-alcoholic steatohepatitis[8-11].

MATERIALS AND METHODS
During a 12 mo period (June, 2007 to June, 2008), all
patients with chronic hepatitis C from the Departments
of Gastroenterology and Hepatology and Infectious
Diseases of Timisoara were investigated in the same
session by means of two methods: LS measurement by
means of TE and LB, in order to compare the value
of that noninvasive method for the assessment of liver
fibrosis. Patients with proven liver cirrhosis (ascites,
jaundice, esophageal varices) were excluded from the
study, as were patients who had another cause of chronic
hepatitis, apart from hepatitis C virus (HCV) (HBV,
alcoholic hepatitis, etc).
The LS was evaluated by means of TE with a
FibroScan device (Echosens-Paris, France) by three
experienced physicians. Measurements were performed in
the right lobe of the liver through the intercostal spaces
while the patients were lying in dorsal decubitus position
with the right arm in maximal abduction. The tip of the
transducer was covered with coupling gel and placed on
the skin, between the ribs, aiming at the right lobe of the
liver. The operator, assisted by ultrasound A-mode images
provided by the system, located a portion of the liver that
was at least 6 cm thick, free of large vascular structures.
Once the area of measurement had been located, the
operator pressed the probe button to begin an acquisition.
Acquisitions that did not have a correct vibration shape
or a correct follow-up of the vibration propagation were
automatically rejected by the software.
Ten successful acquisitions were performed on each
patient. The success rate was calculated as the ratio of
the number of successful acquisitions over the total
number of acquisitions. The median value of the 10
valid measurements was then calculated by the device
and considered to be the value of LS in that patient.
Only patients in which LS measurements had a
success rate of at least 60%, with interquartile range
(IQR) of all validated measurements less than 30% of
the median values (IQR < 30%), were considered for
further analysis.
We performed echoguided LB, with Menghini type
www.wjgnet.com
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modified needles, 1.4 and 1.6 mm in diameter. Only
LB fragments of at least 2 cm, including at least 8
portal tracts were considered adequate for pathological
interpretation. The LB was assessed according to the
Metavir score by a senior pathologist. Fibrosis was
staged on a 0-4 scale: F0-no fibrosis; F1-portal fibrosis
without septa; F2-portal fibrosis and few septa extending
into lobules; F3-numerous septa extending to adjacent
portal tracts or terminal hepatic venules and F4-cirrhosis
The statistical analysis was perfor med using
Microsoft Excel and GraphPad Prism programs. For
the statistical study of quantitative variables, the mean
and standard variation were calculated. The diagnostic
performance of LS measurements was assessed by
using receiver operating characteristics (ROCs) curves.
Connected with any cutoff value is the probability of
a true positive (sensitivity, Se) and the probability of
a true negative (specificity, Sp). The ROC curve is a
plot of Se vs 1-Sp for all possible cutoff values. The
most commonly used accuracy index is the area under
the ROC curve, when values close to 1.0 indicate high
diagnostic accuracy. ROC curves were thus built for the
detection of significant fibrosis (F ≥ 2 Metavir) and
severe fibrosis (F ≥ 3 Metavir). Optimal cutoff values
for LS measurements were chosen to maximize the sum
of Se and Sp.

RESULTS
The study group included 199 patients with chronic
hepatitis C, 138 women and 61 men, with a mean age of
49.79 ± 10.98 years. In 8 cases we could not obtain valid
measurements, as we did in the remaining 191 patients
(96%).
The mean value of LS in the subgroup of 191
patients with valid measurements was 8.45 ± 4.96 kPa,
ranging from 2.3 to 38 kPa.
We divided patients according to the degree of
fibrosis, i.e. into a subgroup with significant fibrosis
(F ≥ 2 Metavir, patients who should receive antiviral
therapy) and another one with no or mild fibrosis (F < 2
Metavir, in which antiviral treatment is currently not
recommended).
The mean value of LS in patients with significant
fibrosis (161 patients with F ≥ 2 Metavir) was 9.02 ±
5.15 kPa, significantly higher than in patients with no or
mild fibrosis (30 patients with F < 2 Metavir): 5.39 ±
1.81 kPa (P < 0.0001) (Figure 1A).
The values of LS in various subgroups of patients,
divided according to fibrosis stage, were (Figure 1B):
5.27 ± 0.83 kPa in 4 patients with F0; 5.41 ± 1.92 kPa in
26 cases with F1; 7.18 ± 2.62 kPa in 97 patients with F2;
9.75 ± 4.63 kPa in 45 cases with F3; and 16.68 ± 8.10
kPa in 19 cases with F4.
The statistical significance of the differences between
the LS in these subgroups was: F0 vs F1 P = 0.8081;
F0 vs F2 P = 0.1117; F0 vs F3 P < 0.0001; F0 vs F4 P <
0.0001; F1 vs F2 P = 0.0048; F1 vs F3 P < 0.0001; F1 vs
F4 P < 0.0001; F2 vs F3 P = 0.0011; F2 vs F4 P < 0.0001;
F3 vs F4 P = 0.0002.
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of significant fibrosis (F ≥ 2 Metavir) in patients with
chronic hepatitis C.
For a cut-off value of 6.8 kPa, the LS had a PPV
of 98%, a NPV of 30.1%, a sensitivity of 59.6%, a
specificity of 93.3% for the presence of significant
fibrosis (at least F2 Metavir), and a diagnostic
performance of 77.3% (AUROC 0.773) (Figure 1C).
For a cut-off value of 7.2 kPa, the PPV was 97.8%,
the NPV was 28.6%, the sensitivity was 56.5% and the
specificity was 93.3% for the presence of significant
fibrosis (at least F2 Metavir).
For a cut-off of value of 7.5 kPa, the PPV was
98.8%, the NPV was 27.4%, the sensitivity was 52.2%
and the specificity was 96.7%.
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Figure 1 The mean value of LS and AUROC for LS predictive value.
A: Mean value of LS in patients with significant fibrosis (F ≥ 2 Metavir) as
compared to those with no or mild fibrosis (F < 2 Metavir); B: Mean value of LS
according to fibrosis; C: The AUROC for LS predictive value of the presence of
significant fibrosis (at least F2 Metavir).

The statistical analysis of these subgroups showed
that there were no significant differences between the
mean values of LS in the F0 vs F1 subgroup (so that the
cases with mild and no fibrosis cannot be differentiated
by means of FibroScan evaluation of LS). The
comparison of the mean values of LS between the other
subgroups showed significant (S) or very significant (ES)
differences.
The mean value of LS in patients with severe fibrosis
(64 patients with F ≥ 3 Metavir) was 11.81 ± 6.62
kPa, significantly higher than in patients with at most
moderate fibrosis (127 patients with F < 3 Metavir) 6.76
± 2.56 kPa (P < 0.0001).
We tried to establish the value of LS measured by
means of FibroScan, which best predicts the presence

We compared our results with data from the literature
(Table 1). In a multicentric study coordinated by
Beaugrand[12] on 494 patients chronically infected with
HCV, who were evaluated in the same session by means
of percutaneous LB and valid FibroScan, a significant
correlation was found (r = 0.57, P < 0.0001) between the
LS and histological fibrosis, with AUROC [confidence
interval (CI) 95%] 0.84, 0.93 and 0.96 for F ≥ 2, F ≥
3 and F = 4, respectively. This study tried to establish
cut-off values in order to differentiate among various
histological stages. Thus, a cut-off value of 7.5 kPa
differentiates F01/F234 with a sensitivity of 67%, a
specificity of 87%, a PPV of 86% and a NPV of 68%,
with 76% diagnostic accuracy.
In a study perfor med by Foucher et al [13] that
compared LB with LS evaluation by means of FibroScan
in 354 patients with chronic hepatitis C, the cut-off value
was 7.2 kPa, for moderate and severe fibrosis (F234),
12.5 kPa for F34 and 17.6 kPa for cirrhosis.
In a Korean study[14], the cut-off values were 7.3 kPa
for F ≥ 2, 8.8 kPa for F ≥ 3 and 15.1 kPa for F = 4.
In a study performed in the Netherlands[15], using a cutoff value of 7.1 kPa, 88% of the patients who did not
have significant fibrosis (F < 2 Metavir) were correctly
identified.
In a study perfor med in Romania [16] , on 324
consecutive patients chronically infected with HCV,
evaluated both by TE and LB in the same session, the
LS values were strongly correlated with fibrosis (r =
0.759, P < 0.0005), but also with steatosis (r = 0.255,
P < 0.005), necroinflammatory activity (r = 0.378,
P < 0.0005) and hepatic iron deposition (r = 0.143, P =
0.03). The univariable regression analysis of this study
demonstrated that fibrosis (R2 = 0.610, P < 0.0005),
activity (R2 = 0.145, P < 0.0005) and steatosis (R2 =
0.037, P < 0.002) were correlated with LS. In multiple
regression analysis, all three variable independently
influenced LS: fibrosis (P < 0.0005), activity (P = 0.039)
and steatosis (P = 0.025). The conclusions of this study
showed that fibrosis is the main predictor of LS, but also
that the latter bis influenced by activity and steatosis.
In a study performed by Coco and co-workers[17],
the value of LS was evaluated considering the level of
www.wjgnet.com
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Table 1 Cut-off values for significant fibrosis (at least F2
Metavir) in various studies
Study
Ziol et al[12]
Foucher et al[13]
Kim et al[14]
Berends et al[15]
Lupşor et al[16]
Present study

No. of cases

Cut-off value for F2 (kPa)

494
354
47
24
324
199

7.5
7.2
7.3
7.1
7.4
6.8

aminotransferases. The LS dynamics profiles paralleled
those of ALT, increasing 1.3 to 3 fold during ALT flares.
This study showed that the LS remained unchanged in
patients with stable biochemical activity.
All these studies, coming from different regions
of the world, completed previous studies from
France[18-22], demonstrating the value of non-invasive,
FibroScan evaluation of LS for the fibrosis assessment
in chronic hepatitis C. This method is not accurate
enough to differentiate among contiguous stages of
fibrosis (especially 0, 1 and 2), but is sensitive enough
to differentiate between the absence and/or mild
fibrosis from significant fibrosis, an essential step for
the decision regarding treatment. In the future, we shall
still find exactly whether histological activity, steatosis or
biological activity (ALT) have an important role in the
assessment of LS by means of FibroScan.
Considering the data presented from our study, the
cut-off value of 6.8 kPa is the most accurate for the
discrimination between absence or mild fibrosis (F <
2 Metavir) and the presence of moderate and severe
fibrosis (F ≥ 2 Metavir), thus allowing us to select the
patients with chronic hepatitis C who should be treated
(knowing that patients with F < 2 Metavir are not
candidates for treatment, since they have mild disease).
In our study, using a cut-off value of 6.8 kPa, the sum
of sensitivity and specificity was the highest.
Based on our results, we may use the FibroScan to
evaluate LS in patients with chronic hepatitis C prior
therapy. By using a cut-off value of 6.8 kPa, we can
differentiate patients who needed to be treated (F ≥
2 Metavir) from those who, according to most current
guidelines, should not receive treatment (F < 2 Metavir).
The cut-off value of 6.8 kPa in our study had a PPV
of 98%, meaning that we can identify quite accurately
the patients who should be treated (F ≥ 2 Metavir).
For patients with values of LS smaller than 6.8 kPa, we
think appropriate to perform LB, because the NVP is
low (30.1%), and otherwise we could miss patients with
significant fibrosis using only TE. In our cohort of 191
patients with valid measurements of LS, using a cut-off
value of 6.8 kPa, we could avoid LB in 160 patients who
had a LS greater than 6.8 kPa and who could directly
receive treatment, without LB. On the other hand, a
LB should have been performed only in 31 patients (a
83.8% reduction in the number of LB performed in our
Department during this same interval of time).
Considering the data from the literature and looking
to our own, we could use the TE evaluation of LS in
www.wjgnet.com
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patients with chronic hepatitis C in order to decide
about therapy. All studies show that, by using a cut-off
value of 6.8-7.5 kPa, we could identify accurately enough
the patients who need to be treated (F ≥ 2 Metavir) vs
those who should not be treated (F < 2 Metavir), and
this without performing a LB[13-15]. The PPV of 98%
obtained in our study for a cut-off value of 6.8 kPa
suggests that we can quite accurately identify patients
who must be treated (F ≥ 2 Metavir). For patients with
LS smaller than 6.8 kPa, we think appropriate to perform
a LB, because the NPV is low (30.1%) and therefore we
may miss patients with significant fibrosis if only based
on LS measurement.

CONCLUSION
The FibroScan evaluation of LS is a method in which
valid measurements can be obtained in the great majority
of scanned patients (96% of the cases). In patients
with chronic hepatitis C, when compared to the LB
considered to be the “gold standard”, LS measurement
by means of TE can differentiate between significant
fibrosis and absent or mild fibrosis. We found that a cutoff value of 6.8 kPa is the one that best differentiates
absence or mild fibrosis (F < 2 Metavir) from significant
fibrosis (F ≥ 2 Metavir), with PPV of 98%, NPV of
30.1%, sensitivity of 59.6%, specificity of 93.3% and
a diagnostic performance of 77.3%. In our cohort of
patients, if the cut-off value of 6.8 kPa had been used
for the presence of significant fibrosis, more than 80%
of the LB would have been avoided.
Considering all these facts, the FibroScan evaluation
of LS is a useful non-invasive method for the evaluation
of patients with chronic hepatitis C in clinical practice,
and can replace in many cases the LB for the decision of
therapy.
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CONCLUSION: Supplementation with AA in the
diabetic animal promoted moderate neuroprotection.
There was no observation of alteration of the
cellular proliferation of the jejunum mucosa layer of
rats with chronic diabetes mellitus with or without
supplementation with AA.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the effect of ascorbic acid (AA)
dietary supplementation on myenteric neurons and
epithelial cell proliferation of the jejunum of adult rats
with chronic diabetes mellitus.
METHODS: Thirty rats at 90 d of age were divided
into three groups: Non-diabetic, diabetic and diabetic
treated with AA (DA) (1 g/L). After 120 d of treatment
with AA the animals were killed. The myenteric
neurons were stained for myosin-V and analyzed
quantitatively in an area of 11.2 mm 2/animal. We
further measured the cellular area of 500 neurons per
group. We also determined the metaphasic index (MI)
of the jejunum mucosa layer of about 2500 cells in
the intestinal crypts, as well as the dimensions of 30
villi and 30 crypts/animal. The data area was analyzed
using the Olympus BX40 microscope.
RESULTS: There was an increase of 14% in the
neuronal density (792.6 ± 46.52 vs 680.6 ± 30.27)
and 4.4% in the cellular area (303.4 ± 5.19 vs 291.1
± 6.0) respectively of the diabetic group treated with
AA when compared to control diabetic animals. There
were no significant differences in MI parameters, villi
height or crypt depths among the groups.
www.wjgnet.com

INTRODUCTION
The disease diabetes mellitus is characterized by
abnor mally high plasma glucose concentrations.
Chronic hyperglycemia and the associated metabolic
abnor malities are responsible for many disease
complications, including damage to the blood vessels,
eyes, kidneys and nervous system[1].
In diabetes mellitus, the mucosa of the small intestine undergoes morphological changes[2,3]. This impairs
passage of food along the intestine, secretion of enteric
juices and the absorption of the digestion products, all
of which depend on the integrity of the epithelial lining.
Intestinal epithelium is characterized by fast cellular renewal with continuous proliferation of stem cells inside
Lieberkühn crypts, cellular migration along the crypt-villi
axis, cellular differentiation, polarization, apical apoptosis and luminal loss[4].
It has been shown that the autonomic nervous
system has a role in intestinal epithelium renewal,
which can be assessed through the elimination of
the parasympathetic [5] , sympathetic [6] or myenteric
innervation[7]. The enteric nervous system is a division
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of the autonomic nervous system in the gastrointestinal
tract; it can mediate independent reflexes (motility,
absorption and secretion) and is made up of sensory
neurons, interneurons and interconnected motor
neurons[8]. Diabetes mellitus causes a decrease in enteric
innervation with a consequent onset of the diabetic
neuropathy[9-11].
Several theories have been proposed to explain the
neuropathy in diabetes mellitus. They include: impaired
metabolism of fatty acids, reduction in the blood supply
to the nerves, advanced products of non enzymatic
glycation, oxidative stress, inadequate trophic support
and the activation of the polyol pathway[12,13]. Aldose
reductase converts glucose excess into sorbitol[14,15] which
is responsible for edema, neuronal lesions[14,16,17]. The
sorbitol concentration can be reduced in the diabetes
mellitus through the use of ascorbic acid (AA), an
inhibitor of the enzyme aldose reductase[18,19].
Another factor that can be related to the paper
neuroprotector of the AA is the antioxidant activity
exercised by this vitamin, being of some importance
in the diabetes mellitus seen that in this pathology
the oxidative stress is intensified and the defense
antioxidants are diminished. In this way, our aim was
to verify the effect of supplementation with AA on the
myosin-V immunoreactive myenteric neurons and on the
intestinal mucosa of the jejunum of diabetic rats.

MATERIALS AND METHODS
Animal procedure
Albino male rats (Rattus norvegicus), Wistar strain weighing
about 300 g and aged 90 d were used in this study. The
rats were submitted to a 14-h-fast and then injected with
streptozotocin (35 mg/kg of body weight) dissolved in
citrate buffer (10 mmol/L, pH 4.5) in the penial vein to
induce diabetes mellitus. The onset of diabetes mellitus
was verified by the glycosuria and polyuria.
Thirty rats, divided into three groups of ten animals
each, were used as follows: Non diabetic rats (ND),
diabetic rats (D) and diabetic treated with AA (DA).
The AA was given orally for 16 wk (from the 90 d of
age) in water (1 g/L prepared daily)[20]. The rats were
kept in individual cages with a photoperiod of 12 h
(6:00 am-6:00 pm) and at room temperature (RT) (24 ±
2℃) with water and food (Nuvital® lab chow) ad libitum.
At 210 d of age, the rats were anesthetized
intraperitoneally with sodium thiopental-Thionembutal®
(40 mg/kg of body weight). The blood was collected
by heart puncture for measuring the levels of glycated
hemoglobin [21] , glucose [22] and AA [23] . The animals
used in this study were treated under the ethical
principles adopted by the Brazilian College of Animal
Experimentation (COBEA) and approved by the Ethics
Committee in Animal Experimentation of the State
University of Maringá.
Myosin-V neuronal staining[24]
Fifteen animals were perfused with 1 mL/body
weight of saline solution followed by perfusion with
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1 mL/g per body weight of fixation solution containing
sodium periodate (10 mmol/L), lysine (75 mmol/L),
paraformaldehyde (1%) in phosphate buffer (PB)
(37 mmol/L, pH 7.4)[25]. Immediately after perfusion,
each treated fragment of jejunum was removed, rinsed
with saline solution, flushed with fixative solution and
tied in its extremities (balloons). Thirty minutes after
immersion in fixative solution, the jejunum was opened
and left in this solution for an additional 30 min.
Subsequently, the segments were opened along the
mesenteric border and dehydrated in alcohols (50%,
70%, 80%, 90%, 95% and 100%), remained in each
solution 10 min, cleared in xylol (10 min), rehydrated
back through the ethanol 100%, 95%, 90%, 80%,
70%, and stored in 70% ethanol. Afterwards, the
segments were dissected under stereomicroscopy
with trans-illumination, through the removal of the
mucosa and submucosa layer, obtaining muscular
layer whole mounts. These mixtures were washed four
times in phosphate buffered saline (PBS) (0.1 mol/L,
pH 7.4) and blocked for 2 h with PBS containing
bovine serum albumin (2%), goat serum (2%) and
Triton X-100 (0.5%) at room temperature. Later, the
segments were incubated in eppendorfs in a solution
containing 0.86 µg/mL of the myosin-V primary
antibody (extracted from rabbits) (1:750) diluted in
PBS, BSA (1%), Triton X-100 (0.1%) and goat serum
(2%) at room temperature under agitation (48:00).
After incubation, the tissues were rinsed twice in PBS
(0.1 mol/L), Triton X-100 (0.1%) and twice in a
solution of PBS (0.1 mol/L) + Tween-20 (0.05%).
Then, the tissues were incubated in peroxidaseconjugated secondary antibodies (1 µg/mL) (1:1000)
at room temperature under shaking (24 h). Finally, they
were rinsed four times for 15 min in PBS (0.1 mol/L)
+ Tween-20 (0.05%). The staining with peroxidaseconjugated antibody was developed by incubation with
0.75 mg/mL diaminebenzidine and 0.03% of H2O2 in
water (1 mL) and PBS 0.1 mol/L (1 mL) for 15 min at
room temperature under shaking. Samples were mounted
in glycerol gel, containing glycerol (50%), gelatin in
water (0.07 g/mL) and phenol (2 μL/mL). The negative
control was performed with the omission of the primary
antibody.
Quantitative and morphometric analyses of myosin-V
stained myenteric neurons
Quantitative analysis: Measurements were made
in the intermediate area of the jejunum intestinal
circumference (60º-120º; 240º-300º), considering the
mesenteric intersection as 0º[26]. Myenteric neurons were
counted in 50 random fields, under a light microscope
(Olympus BX40) with a 40 × lens. The area of each
microscope field was 0.224 mm2.
Morphometric analysis: The images were taken with a
high-resolution camera, transmitted to a microcomputer
and recorded to a compact disk. The area (µm2) of 100
cell bodies of the jejunum, in a total of 500 neurons per
group, was measured through an image analysis system,
www.wjgnet.com
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the Image-Pro-Plus 4.0. The neurons were distributed in
intervals of 100 µm2.
Morphometric analysis of the intestinal mucosa: An
additional 15 animals were injected with vincristine, a
blocking agent of the mitotic fuse, at a dose of 1 mg/kg
of body weight, in the penial vein 2 h before segment
collection.
T he jejunum was collected, open along the
mesenteric border and washed with saline solution,
fixed in buffered paraformaldehyde (10%) for 6 h. After
fixation, they were dehydrated and immersed in resin
2-hydroxyethyl-methacrylate. Later, 2 µm transverse
semi-serial sections were made (a section for each five
discarded), using a Leica RM 2145 microtome, with a
glass razor. The resin sections were stained by HE.
Metaphasic index (MI): MI shows the number of
metaphasic cells/total number of cells (%) that was
obtained from the interphasic and metaphasic epithelial
cells in the crypts of the jejunum. Twenty five thousand
cells per animal were quantified under a light microscope.
Villi and crypts: We measured the height of 30 villi
and the depth of 30 crypts per animal, in a total of 900
measurements (300 measurements/treatment), under a
light microscope with an ocular micrometer. The heights
of the villi were measured from the crypt-villus junction
to its apex. The depth of the crypts was measured
considering the extension between the crypt-villus
junctions to its base.
Chemical products
AA, serum albumin bovine (BSA), diaminebenzidine
(DAB), streptozotocin (STZ), Tween-20, paraformaldehyde
and Triton X-100 were obtained at Sigma Chemical
Company, USA); Vincristine sulfate (Eli Lilly of Brazil,
Brazil); Historesin kit (Leica); secondary antibody
conjugated with peroxidase serum anti-rabbit IgG
(Pierce, Rockford, USES). The polyclonal antibody anti
myosin-V was characterized by Espreafico et al[27].
Statistical analysis
The data were submitted to analysis of variance
(ANOVA) and the test of Tukey as a post-test to
compare the means. Since the areas of the cell bodies
of the neurons did not have an even distribution, we
used the Kruskal-Wallis test to compare the means. The
analyses were accomplished with the prism 3.0 software.
The data are shown as mean ± SE as an indicator of the
observation number (n). The level of significance was
P < 0.05.

RESULTS
Streptozotocin promoted the onset of the diabetic
syndrome with accentuated hyperglycemia. The diabetic
rats and the diabetic-treated with AA had similar
levels of glycated hemoglobin (P > 0.05). There was a
reduction of 48.7% in the plasmatic level of AA in the
www.wjgnet.com
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Table 1 GLI, GHb and AA for animals with 210 d old in
groups, mean ± SE (n = 10)
Treated group

GLI (mg/dL)

GHb (%)

AA (μg/mL)

ND
D
DA

129 ± 3.9
466.4 ± 24.6
493.0 ± 10.1

4.1 ± 0.3
8.1 ± 0.2
7.9 ± 0.5

24.58 ± 5.5
12.6 ± 1.9
33.1 ± 2.5

Table 2 Distribution of myosin-V stained myenteric neurons,
classified according to their cellular profile in intervals of
100 μm2 in animals from groups (n = 5 rats per group)
Size (μm2)

Groups
ND

< 100
101-200
201-300
301-400
401-500
501-600
601-700
> 700
Total of neurons

7
113
175
125
53
19
6
2
500

D

DA

2
117
172
136
53
17
2
1
500

0
96
190
114
62
30
7
1
500

diabetic animals when compared to the non-diabetics
(P < 0.05). The supplementation in group DA increased
their level of AA in 25.7% when compared to the nondiabetics (P > 0.05), and 61.9% when compared to the
diabetic group (P > 0.05) (Table 1).
Quantitative analysis of the myosin-V stained myenteric
neurons
Experimental diabetes mellitus caused a reduction in the
myenteric neuronal density in an area of 11.2 mm2 in
the jejunum, as shown in Figure 1A (P < 0.001). The AA
supplementation in the diabetic animals caused a 14%
increase in the density of the myosin-V stained neurons
when compared to the non-treated diabetic animals
(P > 0.05).
Cellular area of myenteric neurons stained with myosin-V
The results regarding the neuronal area means (µm2)
were 289.41 ± 5.19 for the non-diabetic group, 290.1 ±
6.02 for the diabetic group and 303.4 ± 5.19 for group
DA (Figure 1B). The means of the cellular areas were
similar for the three studied groups (P > 0.05). The
201-300 µm2 interval was the predominant cellular area
for all groups (Table 2).
Morphometric analysis of the intestinal mucosa
T h e i n t e s t i n a l mu c o s a , a s s e s s e d t h r o u g h t h e
determination of the MI and measurements of the
height of the villus and depth of crypts, did not show
statistically significant differences among the groups.
MI of the diabetic group was 1.5% higher when
compared with the non-diabetic group (P > 0.05). The
MI obtained for group DA was 1.77% smaller than
the one observed in the diabetic group (P > 0.05). The
quantification data are presented in Figure 1C.
The villus height (µm) of the diabetic animals was
7% inferior in relation to the non-diabetic group. The
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A

animals from the DA group had villi with lower heights
than the non-diabetic and diabetic groups (11% and 4%
lower, respectively) (P > 0.05).
The crypts of the diabetic group were 10% deeper
than the crypts observed in the non-diabetic group. The
animals from group DA showed a 17% reduction in the
depth of their crypts when compared to the diabetic
group, and an 8% reduction when compared to the
non-diabetic group (P > 0.05). The data are shown in
Figure 1D.

1200

Neurons/11.2 mm2

1000
800

b

600
400
200
0
ND

B

D

DA

DISCUSSION

315

Means cellular body areas

310
305
300
295
290
285
280
275

C

ND

D

DA

ND

D

DA

14

Metaphasic indexes (%)

12
10
8
6
4
2
0

Means

D

600
550
500
450
400
350
300
250
200
150
100
50
0
-50
-100
-150
-200

6521

Villus height

ND

D

Crypt depth

DA

Figure 1 Quantitative and morphometric neurons meyenteric stained
of myosin-V analyses. A: Number of myenteric neurons myosin-V stained
quantified in 11.2 mm2 in the jejunum of rats from groups: ND, D and DA, mean
± SE (n = 5). bP < 0.001, vs the corresponding values in group ND; B: Means
(μm2) of neuronal area of myosin-V-stained myenteric neurons in animals
from groups: ND, D and DA, mean ± SE (n = 5). There were no significant
differences when comparing the three groups by Kruskal-Wallis test; C: IMs
(%) of animals from groups: ND, D and DA, mean ± SE (n = 5). There were
no significative differences when comparing the three groups by test of Tukey;
D: Villus height (μm) and crypt depth (μm) in the jejunal mucosa of animals
from groups: ND, D and DA, mean ± SE (n = 5). There were no significant
differences when comparing the three groups by test of Tukey.

We observed the onset of diabetes mellitus in the
diabetic animals and the DA group, characterized by
polyuria, polydipsia and polyphagia, thus, validating this
experimental model of streptozotocin-induced diabetes
mellitus. The onset occurred in the first days of the
induction and is associated with the elevation of glucose
levels observed by the glucose oxidase and glycated
hemoglobin test.
We also verified a sharp reduction of the plasma
level of AA due to the diabetes mellitus, in agreement
with Young et al[28], Garg et al[29] and Lindsay et al[30].
This reduction might be associated with the increased
consumption of the AA due to the increase of the
oxidative stress caused by the diabetes mellitus[20,31]. The
supplementation with AA allowed the rats from the DA
group an increase of 61.9% in their plasmatic level when
compared to the diabetic rats, maintaining the glycemia
and typical state of diabetes mellitus for these animals.
In order to examine the possible neuroprotector
action of the AA in the population of myenteric
neurons, we used the immunohistochemical technique
for staining the neurons that had myosin-V, since these
neurons have a high concentration of this protein,
similar to the central nervous system[24].
The loss of neurons suffered by the diabetic animals
(680.6 ± 30.27 neurons/11.2 mm2, group D), resulting in
the pathology, was 37.9% in relation to the non diabetic
rats (1097 ± 29.79 neurons/11.2 mm2) (P < 0.001) while
in the DA group (792.6 ± 46.52 neurons/11.2 mm2) the
loss of neurons was 27.7% in relation to the same group.
Treatment of the DA group with AA, resulted in an
upper number of myosin-V neurons at 14% in relation
to group D (P > 0.05). The AA acts by reducing the
activity of the aldose reductase. It is the first rate-limiting
enzyme of the polyol pathway[32]. Under euglycemic
conditions, aldose reductase plays a minor role in glucose
metabolism; however, during diabetes, its contribution
is significantly enhanced[33,34] leading to a conversion of
excess glucose to sorbitol in insulin independent tissues
like myenteric neurons. The hyperglycemia, increases
sorbitol accumulation and osmotic stress because of
the slower oxidation of sorbitol to fructose by sorbitol
dehydrogenase. The importance of the AA is also
related to its antioxidant activity; therefore, in diabetes
mellitus there is an increase of the oxidative stress and
a reduction of the levels of antioxidants, endogenous
www.wjgnet.com
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and exogenous [35] . Cotter et al [36] , using vitamin C
(150 mg/kg per day), demonstrated a 36% prevention in
the reduction of the speed of motor nervous conduction
provoked by the DM (P < 0.001). According to the
author, the levels of glycemia observed in experimental
diabetes and the consequent increase of free radicals, are
excessively higher than the relatively controlled observed
one in patients with diabetes. This would explain the
statistically significant neuroprotection exerted for the
vitamin, which was not observed in our animals of group
DA (P > 0.05). Due to the fact of a differential effect of
streptozotocin-diabetes on different regions of the rat
intestine[9], our research group carried out experiments
in different intestinal segments. Our work developed in
the Department of Morphophysiological Sciences of
the State University of Maringá, Paraná, Brasil in whole
mounts of diabetic rats supplemented with AA (1 g/L).
Zanoni et al[37] and Zanoni et al[10] verified a reduction of
the area of the cellular body from enteric neurons VIPimmunoreactives and NADPH-d positives of the ileum,
respectively. Also it was verified 74.3% and 33.4% of
neuroprotection in NADH-d myenteric neurons of the
duodenum[38] and of the proximal colon[39], respectively.
This percentage supports the neuroprotection in the
number of myenteric neurons in animals of group DA,
when compared to group D.
When analyzing the results obtained through the
mean cellular area, we verified there were no significant
differences when the three groups were compared. When
considering specifically the diabetic condition with the
non-diabetic group, we noticed some divergences in our
results. Hernandes et al[7] and Fregonesi et al[40] observed
an increase in the cellular area. They attributed as a
possible cause the increase on the sorbitol concentration
that would lead to changes of the intracellular osmolality,
increasing it and resulting in edema and neuronal lesion.
Similar to our results, Zanoni et al[37] also did not observe
differences when they compared the cellular area of
the myosin-v-stained myenteric neurons of the ileum
of diabetic rats with the acid ascorbic diabetic-treated
rats. On the other hand, VIP-ergic neurons of the ileum
showed an increase in their cellular area in the diabetic
rats and the supplementation with AA prevented
this increase[37]. We believe that AA supplementation
has an effect on the neuronal population. However,
this happens in a specific way, depending on the
subpopulation studied: for example, it is evident that it
affords neuroprotection Vip-ergic neurons.
The onset of the experimental diabetes mellitus in
the jejunum of rats did not cause alterations in the MI or
in the morphometry of the intestinal mucosa (villi height
and depth of crypts) of our animals. The literature data
reveal that the small intestine of the rat responds to
the experimental with hyperplasia and hypertrophy of
the mucosa[41,42] and an increase of the thickness of the
submucosa layer and total wall[42]. These results cannot
be considered contradictory to ours, since these authors
maintained acute diabetes. They also agree partially with
the data of Zoubi et al[3], who did not detect alterations
in the morphometry of the intestinal crypts in the small
www.wjgnet.com
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intestine of rats after 84 d of inducing the diabetes
mellitus. However, they observed an increase in the
mitotic index.
As the intrinsic enteric nervous system mediates
signals of the autonomic nervous system that regulate
the dynamics of the intestinal epithelium carrying out
an inhibitory control about the same one. Zucoloto
et al[43] and Hernandes et al[44] carried out denervation
of the myenteric plexus with benzalkonium chloride
in rats. Zucoloto et al[43] did not observe differences in
the cellular growth of crypts after 5 mo and Hernandes
et al [44] observed an increase in cellular proliferation
of the mucosa 15 d after denervation, but not after
23 d. We believe that the results found for the cellular
proliferation of the intestinal mucosa may be related
to an adaptation of the mucosa layer to the chronic
pathogenesis of diabetes mellitus (if we consider the
long period, 120 d, of maintaining diabetes mellitus).
Despite maintaining the morphometry of the
mucosa layer, we presume that the diabetes mellitus
did not lead to functional damage of the jejunum
revealing an important mechanism of intestinal
adaptation to chronic diabetes mellitus. On the other
hand, the absence of morphometric variations on the
intestinal mucosa of the diabetic rats supplemented
with AA is explained by the effect of this antioxidant
on the myenteric neurons being too little to promote
significant changes.
The conclusion was that supplementation with
AA in the diabetic animal promoted a moderate
neuroprotection. Alteration of the cellular proliferation
of the jejunum mucosa layer of rats was not observed,
with chronic diabetes mellitus with or without
supplementation with AA.
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oxidative stress may have a relevant role in the treatment of the neurological
complications of DM. Ascorbic acid (AA) is one of these substances, and
it seems to be a promising one, not in the sense of curing diabetes, but of
contributing to the maintenance of better conditions of neural conduction.
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Abstract
AIM: To study the results for the treatment of
symptomatic hemorrhoids using rubber band ligation
(RBL) method.
METHODS: A retrospective study for 750 patients
who came to the colorectal unit from June, 1998 to
September, 2006, data was retrieved from archived
files. RBL was performed using the Mc Gown applicator
on an outpatient basis. The patients were asked to
return to out-patient clinic for follow up at 2 wk, 1
mo, 6 mo and through telephone call every 6 mo for 2
years).
RESULTS: After RBL, 696 patients (92.8%) were
cured with no difference in outcome for second or
third degree hemorrhoids (P = 0.31). Symptomatic
recurrence was detected in 11.04% after 2 years. A
total of 52 patients (6.93%) had 77 complications from
RBL which required no hospitalization. Complications
were pain, rectal bleeding and vaso-vagal symptoms

(4.13%, 4.13% and 1.33% of patients, respectively).
At 1 mo there were a significant improvement in mean
SF-36 scores over baseline in five items, while after
2 years there were improvement in all items over
baseline, but not significant. No significant manometric
changes after band ligation.
CONCLUSION: RBL is a simple, safe and effective
method for treating symptomatic second and third
degree hemorrhoids as an out patient procedure with
significant improvement in quality of life. RBL doesn’t
alter ano-rectal functions.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hemorrhoids are the clinical manifestation of the
downward disruption of normal functional structures
known as the anal cushions [1] . Hemorrhoids are
considered one of the most frequent diseases of
the anal region with high prevalence (nearly 50% of
proctological visits in a colorectal unit)[2], involving any
age and affecting both males and females equally [3,4].
They commonly occur in patients with chronic increased
intra-abdominal pressure as well as in pregnancy[5].
Numerous modalities and techniques have been
www.wjgnet.com
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developed to treat symptomatic hemorrhoids ranging
from simple dietary measures and bowel habit regulation,
through a number of non-operative procedures, to
different techniques of excision of diseased anal
cushions. The vast amount of treatment options means
none are close to perfection[6]. While many non-operative
procedures are effective in controlling symptoms, at
least from the patients’ perspective, they all share the
common problem of recurrence[7]. Although, surgical
hemorrhoidectomy is more definitive in symptom
control, it has a reputation for being a painful procedure
for a relatively benign disorder[8]. First, second and third
degree hemorrhoids can be treated by non surgical
methods in outpatient clinics while severe prolapsed
or circumferential hemorrhoids can be treated using
a variety of surgical techniques, e.g. Milligan Morgan,
Longo and others[9,10].
Nonsurgical methods aim at tissue fixation
(sclerotherapy, cr yotherapy, photocoagulation,
laser), or fixation with tissue excision [rubber band
lig ation (RBL)] [11] . RBL is considered the most
widely used procedure, and it offers the possibility
to resolve hemorrhoidal disease without the need for
hospitalization or anaesthesia, and with lower incidence
of complications[12,13].
In this retrospective study, we analyze the
effectiveness, safety, quality of life and results (early and
long term) of RBL in the management of symptomatic
hemorrhoids as outpatient procedure.

MATERIALS AND METHODS
This is a retrospective analysis of data of patients
diagnosed with hemorrhoids who were managed by
RBL at the outpatient clinic of colorectal surgery
unit, Mansoura university hospitals from June, 1998
to September, 2006. Data, from 750 patients who had
symptomatic hemorrhoids and treated by RBL, were
retrieved from archived files of our colorectal surgery
unit out of 2200 cases of hemorrhoids. The mean age
was 39.13 ± 14.75 years (ranging from 15 to 90 years
old). Six hundreds and twenty seven patients (82.8%)
were males, while 123 patients (17.2%) were females.
Sixty four patients (8%) had chronic liver disease.
Supplemental information was obtained from telephone
follow up.
The policy of our colorectal unit stated for the
following inclusion and exclusion criteria: Patients at
any age with first, second or third degree internal piles
were included. While, patients with: Previous ano-rectal
surgery, associated ano-rectal pathology “fissure, fistula
…etc”, fourth degree hemorrhoids and complicated piles
(infection, ulceration or strangulation) were excluded.
Patients who fulfilled inclusion criteria were subjected
to: Thorough history taking including the following
items; age, sex, occupation and residence, presentation
(bleeding, prolapse, anal pain, discharge, and pruritus).
For local examination, the patient was examined
when relaxed in the left lateral position and the local
examination to anal region is carried out by inspection,
www.wjgnet.com
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palpation, P.R. examination, proctoscopic examination
and sigmoidoscopic examination for patients above 50
years.
Ano-rectal manometery was performed using a
standard low compliance water perfusion system and
eight-channels catheters with pressure transducer
connected to 5.5 mm manometric probe with spirally
located ports at 0.5 cm interval. The protocol of
performance is a stationary pull through technique
with recording the functional length of the anal canal
(FL), mean maximum resting pressure, mean squeeze
pressure.
All patients received a cleansing rectal enema before
the procedure to avoid bowel movement in first 24 h
so ligatures would not be expelled. The procedure was
done in left lateral position. No anaesthesia was used;
no antibiotics were administered, except to patients with
valvular heart diseases or chronic liver disease.
T he procedure was perfor med through the
proctoscope, which was inserted and placed about
1-2 cm. above the dentate line using K-Y gel as a
lubricant. The hemorrhoidal cushion was allowed to
prolapse into the lumen of proctoscope, after that it
was sucked into the Mc Gown ligator. It was important
that the patient experienced no pain when the cushion
was sucked; if pain was experienced, the cup was placed
in a more proximal position. The tissue was drawn into
the drum until it was taut, and the trigger was released,
expelling rubber O-ring with an inner diameter of about
1 mm around the base of the haemorrhoid. The policy
of our unit is that all piles are ligated in the same session.
By the end of the procedure, each patient treated
by RBL was kept in the outpatient clinic and observed
for 1-2 h following the procedure, in order to detect
any early complication as hemorrhage and pain. The
patients were informed about the progress of the
treatment (fall of the necrosed hemorrhoidal nodule).
We recommended high residue diet, mild laxative to
softening the stool, local anal hygiene, avoidance of
straining, and information concerning early and late
complications.
The patients were asked to return to out-patient clinic
for follow up at 2 wk, 1 mo, 6 mo and then through
telephone call every 6 mo for 2 years. Subsequent
ligations were performed at 1 mo after the prior one, if
the patients still had symptoms.
Results were classified as following; cure if the
patient was asymptomatic after the end of treatment,
improvement if the symptoms had been minimized, and
as failure of the method if no improvement whatsoever
occurred.
Post ligation complications include: pain, Vaso-vagal
symptoms (dizziness or fainting), retention of urine,
bleeding per rectum whether primary, secondary or
reactionary and post ligation infection were recorded.
Also, the patient was asked about continence and anal
stricture during scheduled P.R examinations
Functional status was assessed with the medical
outcomes study 36-item short-form general health
survey (SF-36) questionnaire, version 2[14] (pre procedure,
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1 mo post procedure and after 2 years). The SF 36
consists of eight multi-item dimensions, each of which
generates a score of between 0 and 100; higher scores
indicate higher levels of perceived health.
Statistical analysis
The statistical analysis of data was done by using SPSS
(Statistical Package for Social Science) version 10 under
Microsoft Windows XP. The description of data was
done in form of mean ± SD for quantitative data; while
frequency and proportion for qualitative data. The
analysis of data was done to test the statistical significant
difference between groups. For quantitative data, to
compare between 2 groups Student t-test was used
and for qualitative data c2 test was used. P < 0.05 was
considered significant.
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Table 1 Demographic and clinical data for patients n (%)
Variables

Number of patients

Age (yr)
Sex
Male
Female
Cirrhotic patients
Child A
Child B
Child C
Grade of haemorrhoid
G2
G3
Clinical presentation
Bleeding
Prolapse
Constipation
Pruritus
Pain

39.13 ± 4.75 (15-90)
627 (82.8)
123 (17.2)
64 (8.53)
23
15
6
582 (77.6)
168 (22.4)
612 (81.6)
496 (66.13)
267 (35.6)
64 (8.53)
30 (4)

RESULTS
Our study includes 750 patients with hemorrhoidal
disease with a mean age was 39.13 ± 14.75 years (ranging
from 15 to 90 years old). Six hundred and twenty seven
patients (82.8%) were males, while 123 patients (17.2%)
were females. Male to female ratio was 5.09:1.
Demographic data, clinical presentation and severity
of hemorrhoids for all patients are shown in Table 1.
In 473 patients (63.06%), one session ligation was
performed while in the remaining patients, multiple
hemorrhoidal ligations were performed in two sessions
for 259 patients (34.53%), and three sessions for 18
patients (2.4%) with 1 mo interval.
The total of 2122 ligations in 1045 sessions were
carried out, with a mean of 2.35 (± 0.49) per patient and
2.03 (± 0.54) per session.
Successful results were achieved in 696 patients
(92.8%), 650 patients (86.66%) were cured after the end
of treatment, whereas, 46 patients (6.13%) improvement
was reported. Fifty four patients (7.2%) failed to get any
benefit from RBL. There was no significant difference in
the outcome of RBL between second and third degree
hemorrhoids (P = 0.31) Table 2.
Two years after the end of treatment, 643 patients
85.73% came for follow up. Symptomatic recurrence
was detected in 71 out of 643 patients (11.04%), with
repeated treatment by RBL in 23 cases and additional
surgical treatment was required in another 48 patients
due to severe symptoms in 30 patients, associated anal
fissure in 6 patients, and patient desire in 12 patients
Tables 3 and 4.
Seventy seven complications from RBL were
encountered in 52 patients (6.93%) as shown in Table 5.
Pain was occurred in 31 patients (4.13), 22 cases (3.78%)
had second degree hemorrhoids and 9 cases (5.35%) had
third degree hemorrhoids with no statistical significance
(P = 0.8) (Table 5). Patients with multiple hemorrhoidal
banding, when compared with patients with single
banding had great discomfort and pain (19/277,
6.85% vs 12/473, 2.53% respectively). Pain was treated
conservatively with analgesic and warm baths in all
patients and no patient forced to remove the band.

Table 2 Early results of RBL in 750 patients n (%)
Results

Total

Grade Ⅱ

Grade Ⅲ

P

Cured
Improvement
Failure
Total

650 (86.66)
46 (6.13)
54 (7.2)
750

522 (89.7)
24 (4.12)
36 (6.18)
582

128 (76.19)
22 (13.09)
18 (10.7)
168

0.31
0.23
0.16

Table 3 Long term results and follow up of patients with RBL
Results
Cured
Improvement
Failure
Total

Patients

Reexamined

Asymptomatic

650
46
54
750

610
33
643

572
572

Symp- Surgery RBL
tomatic
38
33
71

30
18
48

8
15
23

Table 4 Patients with recurrence
No. of patients (%)
Initial grade
Grade Ⅱ (582)
Grade Ⅲ (168)
Grade at follow up
Grade Ⅰ
Grade Ⅱ
Grade Ⅲ
Symptoms
Bleeding
Prolapse
Pruritus
Pain
Associated fissure
Line of treatment
Re-banding
Surgical treatment
Severe symptoms
Associated fissure
Patient’s desire

49 (8.42)
22 (13.1)
19 (26.7)
42 (59.15)
10 (14.08)
68 (95.8)
50 (70.42)
16 (22.53)
15 (21.12)
6 (8.4)
23 (32.4)
48 (67.6)
30
6
12

Mild rectal bleeding was reported in 31 cases (4.13%)
and it was occurred 7-14 d after the procedure. It was
treated conservatively in all cases with no need for
www.wjgnet.com
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Degree of hemorrhoids

Total

P

2nd (n = 582) 3rd (n = 168)
Pain
Bleeding
Vaso-vagal
symptoms
Infection
Fistula
Fissure
Total

22 (3.78)
21 (2.8)

9 (5.35)
10 (5.95)

31 (4.13)
31 (4.13)

0.8
0.35

8 (1.37)

2 (1.19)

10 (1.33)

0.23

1 (0.17)
1 (0.17)
2 (0.34)
55 (9.45)

1 (0.59)
22 (13.09)

1 (0.13)
1 (0.13)
3 (0.4)
77 (10.26)

0.79
0.09

Table 6 Quality of life using mean SF-36 scores pre-banding
and at 1 mo and 2 yr follow up
Dimension

Prebanding

After
6 mo

P

At 2 yr
follow up

P

Physical functioning (PF) 58.98 ± 2.5 63.6 ± 3.4 0.03 60.12 ± 5.2 0.08
Role limitation due to
64.8 ±
63.6 ± 11.2 0.67 63.1 ± 10.2 0.56
physical problem (RP)
15.22
Body pain (BP)
60.5 ± 4.32 63.6 ± 6.5 0.04 61.4 ± 7.1 0.07
General health (GH)
74.8 ± 4.9 76.5 ± 6.7 0.54 75.8 ± 6.6 0.57
Vitality (VT)
69.3 ± 12.5 70.2 ± 11.66 0.02 69.8 ± 12.3 0.09
Social functioning (SF)
73.9 ± 6.2 75.6 ± 5.66 0.05 74.1 ± 7.5 0.07
Role limitation due to
60.4 ± 3.2 58.5 ± 5.6 0.08 65.2 ± 4.5 0.09
emotional problem (RE)
Mental heath (MH)
71.9 ± 2.8 73.5 ± 2.3 0.01 73.6 ± 5.2 0.04

blood transfusion or hospitalization in any of these
cases. Post banding bleeding occurred in 21 cases (2.8%)
with second degree hemorrhoids and in third degree
hemorrhoids only 10 cases (5.95%) complicated with
mild bleeding after RBL with no statistical significance
(P = 0.35) (Table 5).
Post-banding vaso-vagal symptoms were reported in
10 cases (1.33%). There were no cases of urine retention
that necessitate catheterization, fecal incontinence did
not occur after RBL in this study, also no cases were
complicated by anal stenosis (Table 5).
Perianal abscess occurred in one case (0.13%)
after RBL. It was drained, but 2 mo later the patient
developed low anal fistula which was treated by
fistulectomy. Three patients (0.4%) complicated with
anal fissure after RBL.
There was no significant difference in pre banding
and post banding manometric study (pre banding and
post banding mean resting pressure were 87.29 ± 17.44
and 86.45 ± 15.46, respectively, P = 0.065) and (pre
banding and post banding mean squeeze pressure were
227.82 ± 43.82 and 227.04 ± 44.12, P = 0.193).
The SF-36 questionnaires were completed by 730
patients pre banding, 720 patients at 1 mo and 630
patients at 2 years for assessment of quality of life. At
1 mo after banding there was greater improvement in
mean score over baseline, the difference observed were
significant for five dimensions in physical, social activity,
vitality, freedom of pain and mental health. At 2 years
after banding there were greater improvement in mean
scores over baseline for all items, but only mental health
showed significant difference Table 6.
www.wjgnet.com
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DISCUSSION

Table 5 Post-banding complications n (%)
Complication
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The need to treat hemorrhoids is based primarily on
the severity of symptoms, but the type of treatment is
based on the traditional classification of hemorrhoids,
which may have little to do with symptom severity[15].
The best treatment remains unanswered despite of the
wide variety of treatment options in use. Safety is of
paramount importance, especially when treating a benign
disease such as hemorrhoids [16,17]. Although surgical
hemorrhoidectomy is more definitive in symptom
control, it has a reputation of having a significant
postoperative pain and an extended recovery time for
a relatively benign disorder[7]. Nowadays, rubber-band
ligation is the most widely used procedure, and it offers
the possibility to resolve hemorrhoids disease without
the need for hospitalization or anaesthesia, and with a
lower incidence of complications when compared to
conventional surgery[15].
The success rates of the method range between 79%
and 91.8%[11,16,18]. Wrobleski et al[19] reported that 80%
of their patients improved and 69% were symptomfree at a mean follow-up of 5 years. There was no
difference in success rates of RBL in 1st, 2nd and 3rd
degree hemorrhoids[11]. In our study, successful results
were achieved in 696 patients (92.8%), 650 patients
(86.66%) were cured or presented great improvement
after the end of treatment and 2 years later, 572 patients
were cured out of 643 patients who attended follow-up.
Johanson et al[20] showed that 6.6%-14% of the patients
undergoing RBL will require additional treatment, due
to the recurrence of symptoms. Many authors reported
that recurrence rate may be as high as 68% at 4 or 5
years of follow-up and symptoms usually respond
to repeated ligation, but only 10% of such patients
require excisional hemorrhoidectomy [21,22]. Vassillios
et al[11] reported that symptomatic recurrence was 11.9%
(53/445) 2 years after RBL, with repeat RBL or surgery
in (41/445) 9.2% cases. Bayer et al[23] found that 18% of
their patients required one or more additional sessions
of RBL while 2.1% failed to be cured by RBL and were
referred for conventional hemorrhoidectomy. In our
study, symptomatic recurrence was detected in 11.04%
(71/643) after 2 years follow up, with repeated treatment
by RBL in 23 cases while additional surgical treatment
was required in 48 patients.
A review of 39 studies incorporating 8 060 patients
undergoing RBL revealed post banding complications in
the form of severe pain in 5.8%, hemorrhage in 1.7%,
infection in 0.05% anal fissure and fistula in 0.4%[24].
Bat et al[16] showed that the complications rate after RBL
was relatively low (4.2%), most of the complications
were minor and self limiting. only 2.5% of his patients
had severe complications that required hospitalization.
Vassillios et al[11] reported that in 94 patients (18.8%),
complications were occurred. In our series, seventy seven
complications from RBL encountered in 52 patients
(6.93%) were mostly minor and no hospitalization was
needed. Many authors reported that post banding pain
was frequently observed even during careful placement
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above the dentate line[25]. Furthermore, pain and anal
discomfort were reported to be greater, ranging from
28% to 79%, when multiple bandings were performed
per session[26]. Gupta[18] found that out of 44 patients
underwent RBL; seven patients (15.9%) reported pain
and Oueidat and Jurjus[27] noted that out of 148 patients
underwent RBL; twenty patients (13.5%) reported pain.
We found that, pain occurred in 31 patients (4.13%), in
all cases the pain appeared immediately or few hours
after the ligation and lasted less than 2-3 d. Patients
with multiple hemorrhoidal banding in one session
had greater discomfort and pain. These results are in
accordance with those of Vassillios et al[11], who reported
that patients with multiple hemorrhoidal banding in
a single session compared with patients with single
banding had greater discomfort and pain (9.35% vs
1.96%). Also, Lee et al[28] and Gehmy et al[29] reported
the same results. On the contrary, Hardwick et al [30]
failed to show any relationship between the number
of bands applied and the degree of pain. Moreover,
Khubchandani[31], in a prospective randomized study,
compared the results of single, double and triple
hemorrhoidal ligation, but did not notice any difference
even if they were forced to remove the elastic band in
many cases in the third group.
Bleeding is a significant complication of RBL and
it cannot be prevented. It is the result of the fall of the
hemorrhoidal nodule and local inflammation, bleeding in
our series occurred in 31 cases (4.13%). It was mild and
treated conservatively in all cases without hospitalization
or blood transfusion. Band ligation is safe in patients
with cirrhosis and portal hypertension as reported by
Vassillios et al[11]. Bat et al[16] and Bayer et al[23] reported
that only 2.2% of his patients complicated by rectal
bleeding.
Watson et al[32], in their study of 183 cases of band
ligation, found that 41 patients (30%) of patients had
vaso-vagal symptoms. Kumar et al [33] reported that
15.3% of their studied group (98 patients) had vasovagal symptoms. In our study, Post-banding vaso-vagal
symptoms occurred in 10 cases (1.33%). There were no
cases of urine retention that necessitate catheterization,
fecal incontinence or cases complicated by anal stenosis
after band ligation. This also reported by Benzoni et al[34]
and Watson et al[32].
Bursics et al [35] reported that maximum resting
pressure and squeeze pressure remained unchanged after
RBL, as found in our study.
Our conclusion is that RBL is a simple, safe and
effective method for treating symptomatic second and
third degree hemorrhoids as an out patient procedure
with significant improvement in quality of life. RBL can
be used to treat grade 2 and 3 hemorrhoids with similar
effectiveness. RBL doesn't alter ano-rectal functions.

COMMENTS
Background

Numerous modalities and techniques have been developed to treat
symptomatic hemorrhoids ranging from simple dietary measures and bowel
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habit regulation, through a number of non-operative procedures, to different
techniques of excision of diseased anal cushions. The vast amount of treatment
options means none are close to perfection. Nonsurgical methods aim at tissue
fixation (sclerotherapy, cryotherapy, photocoagulation, laser), or fixation with
tissue excision [rubber band ligation (RBL)].

Research frontiers

RBL is a simple, safe and effective method for treating symptomatic second and
third degree hemorrhoids as out patient procedure with significant improvement
in quality of life. RBL doesn’t alter ano-rectal functions.

Innovations and breakthroughs

RBL is effective method for treating symptomatic hemorrhoids as an out patient
procedure with significant improvement in quality of life. RBL doesn’t alter anorectal functions.

Applications

After RBL, 696 patients (92.8%) were cured with no difference in outcome
for second or third degree hemorrhoids (P = 0.31). Symptomatic recurrence
was detected in 11.04% after 2 years. A total of 52 patients (6.93%) had 77
complications from RBL which required no hospitalization. Complications
were pain, rectal bleeding and vaso-vagal symptoms (4.13%, 4.13% and
1.33% of patients respectively). At 1 mo there were a significant improvement
in mean SF-36 scores over baseline in five items while after 2 years there
were improvement in all items over baseline but not significant. No significant
manometric changes after band ligation.

Peer review

This is an interesting study of a large series of patients with RBL and their
results. Authors retrospectively analyzed the effectiveness, safety, quality of life
and results of RBL in the management of symptomatic hemorrhoids. The paper
is well written.
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Abstract
AIM: To study the frequency, gender and age
distribution as well as pathological characteristics of
colorectal carcinoma (CRC) in Lagos and Sagamu in
SW Nigeria.
METHODS: This is a retrospective pathological review
of histologically diagnosed CRC from 5 laboratories in

Lagos & Sagamu. The clinical data, such as age, sex
and clinical summary were extracted from demographic
information. Cases of anal cancer were excluded from
this study.
RESULTS: There were 420 cases (237 males and
183 females) of CRC. It peaked in the 60-69 year
age group (mean: 50.7; SD: 16.2), M:F ratio 1.3:1
and 23% occurred below 40 years. The majority was
well to moderately differentiated adenocarcinoma
321 (76.4%), mucinous carcinoma 45 (10.7%)
and signet ring carcinoma 5 (1.2%), and more
common in patients under 40 years compared to well
differentiated tumors. The recto-sigmoid colon was the
most common site (58.6%). About 51% and 34% of
cases presented at TNM stages Ⅱ and Ⅲ, respectively.
CONCLUSION: CRC is the commonest malignant
gastrointestinal (GIT) tumor most commonly located in
the recto-sigmoid region. The age and sex prevalence
and histopathological features concur with reports
from other parts of the world.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal carcinoma (CRC) is an important cause of
cancer death worldwide, but has variable geographical
distribution. In developed countries, it is among the 3
most common cancers with an estimated worldwide
incidence of 570 000 new cases per annum[1]. Previous
www.wjgnet.com
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studies have shown it to be a rare disease in Africans
representing 3%-6% of all malignant tumors in most
African studies [2-5]. It accounts for 10%-50% of all
gastrointestinal (GIT) malignancies in Nigeria [6-8] .
Incidences from various parts of the country range
between 3.75-6 cases per annum in South South/SouthEast Nigeria [9,10], 12.5-14.4 cases per annum in the
North[11,12] and 26.3 cases per annum in SW regions,
respectively [13]. An 81% increase in incidence over a
period of two decades was reported from Ibadan SW
Nigeria[13]. Several reasons have been adduced for this
increase, including an increase in hospital attendance
by the populace due to an increasing awareness about
cancer and change in dietary habit among others [13].
Major predisposing factors in the etiopathogenesis of
CRC include the presence of pre-malignant conditions,
such as familial polyposis syndrome, inflammatory bowel
disease (IBD) and dietary factors, such as diet rich in
refined carbohydrate, diet low in fibre content and fresh
vegetables, all of which increase fecal transit time[14]. The
low incidence in Africans was attributed to fiber rich
diet which is common practice and rarity of the familial
polyposis syndrome and IBD[2]. Recent urbanization/
civilization has resulted in upsurge of confectionary
food outlets in major cities resulting in many Nigerians
changing their dietary habit from a fiber rich diet, which
was common practice to a highly refined carbohydrate
and fat diet.
Molecular studies have characterized 5 subtypes of
CRC which have different etio-pathogenetic pathways
that correlate with the morphologic and prognostic
features [15] . These subtypes are based on DNA
microsatellite instability status (MMR) and CpG island
methylator phenotype[15]. Hameed, in South Africa using
immunohistochemistry to detect expression of hMLH1
& hMSH2 (MMR status) in CRC, found that while
60% had normal expression of both gene products,
40% showed negative expression of either of the two
genes[16]. He further observed that CRC with absence
MMR (hMLH1 or hMSH2) tended to be right sided,
mucinous and poorly differentiated when compared with
the tumors that express the gene product. Also, Lanza
et al, in Italy studying MMR status in CRC reported that
15.9% of CRC studied had abnormal expression of
hMLH1 and hMSH2. They also observed that patients
whose tumor was MMR negative had better clinical
outcome particularly in Stage Ⅱ and Ⅲ tumors[17]. This
advantage was more evident in patients with surgery
alone than those who had adjuvant chemotherapy.
The present study is aimed at documenting the
frequency pattern, age and sex distribution, as well
as histopathologic characteristics of CRC in Lagos
and Sagamu in SW Nigeria, as a preliminar y to
immunophenotypic subtyping; which we are currently
carrying out in collaboration with the Department of
Histopathology & Molecular Biology, Leeds General
infirmary, Leeds United Kingdom.

MATERIALS AND METHODS
The paraffin embedded blocks and slides as well as
www.wjgnet.com
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pathology reports of malignant colorectal tumors
collected from five laboratories (Morbid Anatomy
Departments of the Lagos University Teaching Hospital
1995-2007, Olabisi Onabanjo University Teaching
Hospital in Sagamu, Ogun State, as well as the three
private histolopathology laboratories in Lagos State
between 2002-2007 viz: The Specialist Laboratory,
Histolab Diagnostics and Seramoses Laboratory)
constituted the materials utilized for this study.
The slides were reviewed to confirm the diagnosis,
type and grade of the tumor. The resection samples were
further staged using Tumor-Node-Metastases staging
system of International Union against Cancer (TNM)
and Duke’s staging system.
A profor ma was used to extract the bio data
such as age, sex, clinical symptoms and signs as well
as the endoscopic findings when available from the
histopathology request forms; some of the patient’s case
files where available in their various clinics or hospitals.
The clinical biodata and histopathological
characteristics were analyzed using Microsoft Excel
software and presented as tables.

RESULTS
There were a total of 420 cases of CRC with 237 males
and 183 females and a male to female ratio of 1.3:1. CRC
was the most common malignant GIT tumor accounting
for 59% of all GIT malignancies and representing
87% of all malignant tumors of the colorectal and anal
regions. It accounted for 5.8% of all the 7225 malignant
lesions diagnosed from the five laboratories during the
period.
The youngest patient was 10 years while the oldest
was 95 years with a mean age of 50.7 (SD-16.2). CRC
peaked in the 60-69 years age group (mode 60 years).
About 12% (12.4%) occurred in patients 30 years and
below, 23% occurred below 40 years and 16.8% above
the age of 60 years.
Left-sided (distal colon) tumor 261 (62%) was more
common than right-sided (proximal) ones 58 (14%).
More than half of the cases were located in the rectosigmoid region 246 cases (58.6%) followed by caecum 34
cases (9%), ascending colon 24 cases (6%), transverse 19
cases (4.5%) and descending colon 15 cases (3.6%) each.
In 82 cases (19.5%), the specific site was not indicated.
Macroscopically, the right sided tumors were
fungating nodular lesions with surface ulcerations
while the left sided tumors were flat and infiltrating
or constricting. Microscopically, the tumors were
adenocarcinoma of varying grades. Majority were welldifferentiated adenocarcinoma in 233 (55.5%), 88 (21%)
were moderately differentiated and 34 (8%) were poorly
differentiated carcinoma. Mucinous and signet ring
carcinomas accounted for 45 cases (10.7%) and 5 cases
(1.2%), respectively. Fifteen cases (3.6%) were anaplastic
(undifferentiated) tumors (Table 1).
Mucinous carcinoma (19%) and signet ring
carcinoma (3%) were more common in patients under
40 years; compared to 4% & 0.6% record in patients

Abdulkareem FB et al . CRC in Lagos and Sagamu

6533

Table 1 Site and gender distribution and histological types of
CRC in patients 40 yr and above compared with those below
40 yr n (%)
40 yr and above Below 40 yr
Site
Cecum
Ascending colon
Transverse colon
Descending colon
Recto sigmoid
Unspecified
Total
Histological grade
Well differentiated adenocarcinoma
Moderately differentiated
adenocarcinoma
Poorly differentiated
adenocarcinoma
Mucinous carcinoma
Signet Ring carcinoma
Undifferentiated
Total
M:F ratio

23 (7.14)
20 (6.21)
13 (4.04)
13 (4.04)
194 (60.25)
59 (18.32)
322 (100)

11 (11)
4 (4)
6 (6)
2 (2)
52 (53)
23 (23)
98 (100)

191 (59.3)
63 (19.6)

42 (43)
25 (26)

38 (11.8)

7 (7)

15 (4.7)
2 (0.6)
13 (4)
322 (100)
1.3:1

19 (19)
3 (3)
2 (2)
98 (100)
1.2:1

Table 2 Pathological staging of 123 cases of CRC
Duke's stage
A
B
C
D

n (%)
17 (14)
64 (52)
41 (33)
1 (1)

TNM staging
Stage Ⅰ
Stage ⅡA
Stage ⅡB
Stage ⅢA
Stage ⅢB
Stage Ⅳ

n (%)
17 (14)
54 (43)
10 (8)
13 (11)
28 (23)
1 (1)

above 40 years (Table 1). On the other hand, well
differentiated adenocarcinoma was more common
in patients above (59%) than those below 40 years
(43%). The male to female ratio is also less for younger
patients. The cases less than 40 years also tended to be
located in the cecum (11%) compared to older patients
(7%) (Table 1).
Pathological staging was carried out for 123 cases
with colectomy samples using Duke’s and TNM staging
systems. Of the 123 cases, 14%, 51%, 34% and 1%
presented at TNM stages Ⅰ, Ⅱ, Ⅲ and Ⅳ, respectively
(Table 2).
The clinical presentation was varied including
abdominal pain, abdominal mass, bloody mucoid stool,
change in bowel habit, weight loss, anaemia, and/or
features of intestinal obstruction.

DISCUSSION
In this study, CRC accounted for 5.8% of all
malignancies diagnosed in the five laboratories. This
concurs with figures of 3.7%-10% that have been
reported from various parts of Nigeria and Africa[2-5,18].
In Libya, it was the 2nd most common malignant tumor
accounting for 10% and 9% in males and females,
respectively [18]. Ohanaka & Ofoegbu in Benin, South
West Nigeria reported CRC to be the 3rd most common

cancer[7]. From the surgical biopsy register of Morbid
Anatomy Lagos University Teaching Hospital, CRC is
the third most common cancer diagnosed after breast
and cervix. The annual frequency of this cancer in Lagos
as documented in this study, was 32.3, a figure which is
higher than 3.76 cases/annum in the South-South, 14.4
in the North-Central and 26.3 recorded in Ibadan South
West Nigeria, respectively[9,11,13]. The higher number in
this study could be attributed to the wider coverage of
all the histopathology laboratories servicing both Lagos
and Ogun states in South West, Nigeria.
CRC was the most common malignant GIT tumors,
accounting for 59% of all GIT malignancies in this
study. This is similar to studies from other parts of
Nigeria where it was found to represent between
53%-67% of all malignant GIT tumors[3,7,8]. An earlier
study from this center also recorded 56%[19]. Even in the
United States of America, it was reported to be the most
common GIT cancer and the second leading cause of
cancer death[20].
Rising incidence has been reported from various
parts of Africa which were considered low incidence
areas. Iliyasu reported 81% increase in Ibadan over two
decades; a 2.7 fold increase has also been reported from
Kenya[13,21]. In the present study, we have also noticed
an increase in the number of colorectal cases recorded
over the years. Although there has been an increasing
awareness resulting in an increased hospital attendance,
change in dietary habit of Nigerians is a possible reason
for this observation and needs to be further investigated
to ascertain its relationship with CRC. A South African
study has demonstrated 3-fold higher incidence of
MSI-H tumors in African-American patients compared
with Caucasian Americans; a difference which the
authors suggested may reflect dietary differences or
genetic polymorphisms that may be common in the
African-American population[22].
African Americans have the highest incidence
and mortality rates for colon cancer among ethnic
populations in the United States, the incidence being
15% higher and the mortality 40% higher in AfricanAmericans than in Caucasian Americans [20] . The
relatively low incidence of CRC in native Africans was
associated with high fiber diet. Recent workers have
however, affirmed that low prevalence of CRC in black
African can no longer be explained by high fiber diet
because dietary patterns of Africans has changed and
even protective anti-oxidants, such as Vitamins C, E,
A and calcium, are low in African diet[23,24]. The most
incriminating risk factors for CRC in most studies are
the high intake of animal protein and fat[24,25]. O’Keefe
et al[25] earlier showed that CRC risk is determined by
interactions between the external (dietary) and internal
(bacterial) environments.
The mean age in this study is 50.7 years which
corroborates 44.3, 49.7, 51, and 52.3 years reported
from Jos in North-Central Nigeria, Kenya, Egypt and
Iran, respectively[12,21,26,27]. The age incidence of CRC
in Nigeria is lower compared to developed countries;
www.wjgnet.com
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about 10 years difference has been reported in many
studies[9,28,29]. Peak age reported from Nigeria ranged
between 42.9 years to 53 years with a mean of 46[11,12].
There appears to be an increasing number of CRC
cases occurring in the young as 23% occurred below age
40 years while 12.4% occurred in patients 30 years and
below in this study. Reports from other parts of Nigeria
showed that 35%-42% of patients with CRC are below
age 40 years[28,30,31]. CRC in younger age has been shown
to present a diagnostic and therapeutic problem and
prognosis tends to be less favorable[32]. In one study, CRC
in young females was reported to have more tendencies
to present with a late stage disease and anemia[33]. The
reason for increasing incidence may be genetic, thus
underscoring the need to study the prevalence of
HNPCC associated CRC in our environment. On the
other hand, it may be related to dietary factors since
the young Africans tend to be more civilized and more
likely take Westernized diet. In Nigeria, there has been
a shift from the traditional African diet, due to upsurge
in the number of fast food outlets, and it has become
fashionable particularly among the youths to eat these
Westernized food which are high in animal protein and
fat.
Similar to previous studies, the sex prevalence is in
favor of males with M:F ratio of 1.3:1. Except for the
studies from Ife[28] which showed higher ratio of 2:1,
other studies from Nigeria had reported ratio ranging
between 1.1:1 and 1.6:1[6,9,11-13]. In the Middle East, M:F
ratio of 1.1:1 was reported in Iran[27].
In terms of location within the colon, our study
concurs with previous studies which have indicated that
majority of CRC are located in the distal part of the
colon; the rectosigmoid[8-13,28,29,32]. The reason for this
may partly be due to the endoscopic practice in Nigeria
in which the majority do sigmoidoscopy rather than
colonoscopy. For example, in Lagos and Sagamu, only
three of the eight endoscopic centers do colonoscopy.
This limitation might have caused under-reporting of
CRC cases, thus underscoring the need for prospective
studies and provision of colonoscopy facilities as well as
skilled specialists.
All the CRC cases studied were adenocarcinoma
of varying grades. The present study also showed that
patients < 40 years tended to have poor prognostic
tumors such as mucinous and signet ring carcinoma.
This concurs with the finding of Fazeli et al[27] in Iran
who reported that 22% of patients < 40 years had
poorly differentiated tumor compared to 5.9% in
patients above 40 years. Mucinous carcinomas have been
associated with poor prognosis with poor response to
chemotherapy, tend to be located in the proximal colon
and associated with micro satellite instability[22]. The
majority of CRC in this study presented at TNM stages
Ⅱ and Ⅲ or (Duke’s Stage B and C), which concurs with
most reports from Africa[6,13,21,26,27].
In conclusion, CRC in Lagos and Sagamu is the
commonest malignant GIT tumor. The age and sex
prevalence, as well as histopathological characteristics,
are similar to findings from other parts of the
www.wjgnet.com
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world. However, ver y little is known about the
etio-pathogenetic mechanisms. We have therefore
commenced follow-up immunohistochemical study, in
Collaboration with the Department of Histopathology
& Pathology, St. James University Hospital, Leeds,
United Kingdom, to identify the molecular subtypes
with a view to ascertaining the specific pathogenetic
and prognostic features.
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COMMENTS
Background

Colorectal carcinoma (CRC), the most common gastrointestinal (GIT) cancer,
is an important cause of cancer death worldwide, but incidence is lower in
Africans representing 3%-6% of all malignant tumors in most African studies.

Research frontiers

Differences exist between the incidence of CRC in Africans and that in
developed countries; CRC carcinogenesis is related to development of genetic
instability.

Innovations and breakthroughs

The age and sex prevalence, as well as histopathological characteristics of
CRC in Lagos & Sagamu SW Nigeria, are similar to findings from other parts of
the world. However the incidence is still low compared to Europe and America
and very little is known about the immunophenotypic subtypes.

Applications

This study thus underscores the importance of epidemiological study to
investigate the immunophenotypic subtypes of CRC in Nigeria respect to the
role of dietary factors and genetic factors in the aetiopathogenesis.

Terminology

CRC is a malignant tumor arising from the epithelium of the large bowel;
Histopathological characteristics refers to tumor characteristics as seen under
the light microscope; Pathological staging means extent of tumor growth
and spread based on the size of the primary tumor and extent of lymph
node involvement, as well as spread to distant sites (metastasis); Familial
Adenomatous Polyposis syndrome is the prototype of polyposis syndrome
caused by mutation of adenomatous polyposis coli gene on chromosome
5q21 and characterized by presence of multiple polyps in the GIT tract;
Immunophenotypes mean subtypes of CRC based on DNA microsatellite
instability status (MMR) and cpG island methylator phenotype.

Peer review

This report on the histopathological characteristics of colorectal cancer
in Lagos, Sagamu and southwest Nigeria is of interest as this is a region
considered historically to be a low prevalence region for CRC and reports
regarding the characteristics of CRC in the region are not great in number. The
data reported here are reasonably novel and the presentation is fairly clear and
concise.
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Abstract
AIM: To assess the prevalence of clinically significant
lesions in patients with minimal bright red bleeding per
rectum (BRBPR).
METHODS: Consecutive outpatients prospectively
underwent colonoscopy at Loghman Hakim Hospital,
Tehran. Minimal BRBPR was defined as small amounts
of red blood after wiping or in the toilet bowl. Patients
with the following alarm signs were excluded: Positive
personal history of colorectal neoplasms or inflammatory bowel disease (IBD), positive first degree family
history of colorectal neoplasms, history of altered bowel habits, recent significant weight loss, and presence
of iron deficiency anemia. Neoplastic polyps, colorectal
carcinoma, and IBD were defined as significant lesions.
RESULTS: A total of 402 patients (183 female and
219 male, aged 43.6 ± 15.7 years) were studied.
Hemorrhoids (54.2%), anal fissures (14.2%) and ulcerative colitis (14.2%) were the most common lesions
and colonoscopy was normal in 8.0%. Significant lesions were found in 121 (30.1%) patients, including 26
patients (6.5%) with adenocarcinoma and 30 (7.5%)
with adenomatous polyps. Almost all patients with
significant lesions had at least one lesion in the distal
colon; an adenocarcinoma and an adenomatous polyp
in the proximal colon were found in 2 patients with
hemorrhoids.
CONCLUSION: Flexible sigmoidoscopy appears to be
sufficient for the evaluation of average risk patients
with minimal BRBPR. Rigid sigmoidoscopy may be
used as an alternative in patients less than 40 years of
age in settings where the former is not available. The
www.wjgnet.com

choice of colonoscopy over flexible sigmoidoscopy in
patients aged over 50 years should be individualized.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Minimal bright red bleeding per rectum (BRBPR) is a
clinical problem frequently found in adults of all ages. The
problem may be even more common in younger adults
because of under-reporting to physicians[1]. For example,
a community-based study of 1643 adults ages 20 to 64
found that 13 percent reported blood on wiping. The
prevalence of any rectal bleeding was significantly higher
in younger people. Only 14 percent of those with any
rectal bleeding had seen a physician for bowel problems in
the prior year[2].
The etiology of bleeding is highly variable and
depends upon the nature of the population studied. The
etiology of minimal BRBPR is often difficult to determine
because individual patients may have multiple potentially
culpable lesions found at endoscopy [3]. In addition,
colorectal neoplasms (mostly adenomas) have been
found in 16 percent of patients who were concurrently
diagnosed with an anorectal source of bleeding[4]. Benign
anorectal pathologies appear to account for 90 percent
or more of all episodes of minimal BRBPR[3]. The true
proportion of benign etiologies may be even higher
since many young people with minimal BRBPR never
present for care. The appropriate evaluation of a patient
presenting with minimal BRBPR must be guided by the
risk of underlying serious pathology.
There are relatively few studies that have addressed
issues relevant to the appropriate evaluation of patients
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with minimal BRBPR and most studies have not been
performed in patients with strictly minimal BRBPR.
It is a source of controversy as to whether minimal
BRBPR necessitates total colonoscopy as a first-line
procedure or a 60 cm flexible sigmoidoscopy[5]. Some
authors have recommended colonoscopy in all patients
with rectal bleeding[4,6,7], while others prefer colonoscopy
for patients over 50 years of age and recommend
sigmoidoscopy only if a potential source of bleeding
is not identified on physical examination or anoscopy/
proctoscopy[3].
Medical resources are limited in developing countries
and a total colonoscopy may not be easily accessible for
all patients with minimal BRBPR in Iran. Our aim was
to determine the type and prevalence of colonoscopic
findings in patients with minimal BRBPR in order to
establish which patients need total colonoscopy.

MATERIALS AND METHODS
The study was performed prospectively on consecutive
out-patients undergoing colonoscopy during a threeyear period (October, 2004-August, 2007) at the “open
access” Unit of Gastrointestinal Endoscopy at Loghman
Hakim Hospital of Shaheed Beheshti University of
medical sciences, in Tehran-Iran.
Minimal BRBPR was defined as small amounts of
red blood after wiping or a few drops of blood in the
toilet bowl after defecation. Small amounts of blood on
the surface of the stool were also considered minimal
BRBPR, but red blood intermixed with stool was not.
Exclusion criteria were age below 12 years, positive
personal history of colorectal neoplasms or inflammatory
bowel disease (IBD), positive first degree family history
of colorectal neoplasms, history of altered bowel habits,
recent significant weight loss, presence of iron deficiency
anemia, those who had already had a colonoscopy
within the previous year, and those who did not consent
or refused colonoscopy. Patients less than 40 years of
age who refused to participate in the study underwent
flexible sigmoidoscopy according to the cur rent
recommendations[3]. These patients are excluded from
the main data analysis, but their results are presented as a
separate group.
All patients were interviewed and examined by
a gastroenterologist. Informed written consent was
obtained from each patient before interview according to
the guidelines of the institute. After clinical evaluation,
all patients underwent anal inspection and digital
rectal examination. Regardless of any anal pathologies
detected, all patients underwent total colonoscopy.
Endoscopy was performed by an expert endoscopist
in patients after the ingestion of 4 to 6 liters of
polyethylene glycol solution. Any abnormal lesion was
biopsied and sent for histology. IBD was diagnosed
based on colonoscopy features and histopathological
findings. Patients with poor bowel preparation were
scheduled for repeat colonoscopy and the results of a
satisfactory examination are reported. Colonoscopy was
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supplemented with double contrast barium enema if the
colon was examined to at least the hepatic flexure, but the
cecum could not be reached.
Patients less than 40 years of age are referred to as
‘young’ patients. The part of colon, situated between
the rectum and the splenic flexure, was defined as distal
colon. Neoplastic polyps, colorectal carcinoma, and IBD
were defined as “significant lesions”.
The study was approved by the institutional review
board of the Loghman Hakim research unit of Shaheed
Beheshti University of Medical Sciences, according to
the declaration of Helsinki. Informed written consent
was obtained from each patient before interview and
procedures according to the guidelines of the institute.
Quantitative variables are presented with mean ± SD.
The qualitative variables are expressed with number and
percent. The two groups of values were compared using
the chi-square test and the Fisher’s exact test, a value of
P < 0.05 was considered statistically significant.

RESULTS
Patient population
During the study period, 402 patients with minimal
BRBPR were enrolled. This study group was composed
of 219 males (54.5%) and 183 females (45.5%). Their ages
ranged from 13 to 86 years (mean 43.6 ± 15.7 years). Of
these, 177 (44.0%) were in the young age group.
There were another 94 young patients (41 male, 53
female; aged 27.6 ± 5.8 years), who met the eligibility
criteria, but did not agree to participate and undergo
colonoscopy.
Endoscopic lesions
Endoscopy was performed up to the cecum in 389
patients (96.8%). T here were no complications
attributed to the procedure. The 13 (3.2%) incomplete
examinations showed distal lesions in 11 patients and 2
normal results. All barium enemas were normal.
Endoscopic findings are presented in Table 1.
Hemorrhoids, anal fissures and IBD were the most
common diagnoses.
Location of lesions in patients with abnormal findings
At least one distal lesion was found in all patients with
abnormal findings (370 patients), but a concomitant
proximal significant lesion was found in 15 patients
(4.1%). The concomitant proximal lesion was in the same
diagnostic category (e.g. distal and proximal polyps) in
13 patients; a 53 year-old woman with hemorrhoids was
found to have adenocarcinoma in the transverse colon
and one adenomatous polyp was found in the transverse
colon of a 62 year-old woman with hemorrhoids.
At least one anorectal lesion was found in 359 patients (97.0%). In patients with anorectal source of
bleeding, a different distal lesion was found in 31 (8.6%).
A statistically significant difference in the frequency of
concomitant lesions could not be found between young
and older patients (5.8% vs 10.2%, P = 0.14).
www.wjgnet.com
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Table 1 Colonoscopic findings in 402 patients with minimal bright red bleeding per rectum at
Loghman Hakim hospital by age group1
Total
Significant lesions

Carcinomas
Polyps
UC
CD

Insignificant lesions

Hemorrhoids
Anal fissures
Diverticulosis
SRUS
AD
Normal

Age < 40 yr

Age ≥ 40 yr

P

Number

Percent

Number

Percent

Number

Percent

26
30
57
10

6.5
7.5
14.2
2.5

4
8
37
5

2.3
4.5
20.9
2.8

22
22
20
5

9.8
9.8
8.9
2.2

0.002
0.046
0.001
0.700

218
57
1
33
1
32

54.2
14.2
0.2
8.2
0.2
8.0

62
38
0
23
0
23

35.0
21.5
0.0
13.0
0.0
13.0

156
19
1
10
1
9

69.3
8.4
0.4
4.4
0.4
4.0

7.2 e-012
0.000
0.560
0.020
0.560
0.001

UC: Ulcerative colitis; CD: Crohn’s disease; SRUS: Solitary rectal ulcer syndrome; AD: Angiodysplasia. 1Some patients
with more than one lesion were presented in more than one diagnostic category.

Table 2 Location of significant lesions according to the reach
of different diagnostic procedures1 in patients with minimal
bright red bleeding per rectum at Loghman Hakim hospital
Distance from anal verge2
Age < 40 yr
10 cm
30 cm
60 cm
Entire colon
Age ≥ 40 yr
10 cm
30 cm
60 cm
Entire colon

Carcinomas

Polyps

UC

CD

3/4
4/4
4/4
4/4

2/8
8/8
8/8
8/8

36/37
37/37
37/37
37/37

3/5
5/5
5/5
5/5

12/22
17/22
21/22
22/22

10/22
13/22
21/22
22/22

20/20
20/20
20/20
20/20

0/5
4/5
5/5
5/5

UC: Ulcerative colitis; CD: Crohn’s disease. 1The length of evaluation was
considered 10 cm for anoscopy/rectoscopy, 30 cm for rigid sigmoidoscopy
and 60 cm for flexible sigmoidoscopy; 2In patients with multiple lesions of
the same type, the nearest lesion to the anal verge has been considered.

Significant lesions
Significant lesions were found in 54 young patients
(30.5%) and 67 patients (29.8%) in the older group (P
> 0.5). The potential diagnostic yields of different approaches (based on the location of the lesions) for the
diagnosis of significant lesions are compared in Table 2.
Findings in young patients who underwent flexible
sigmoidoscopy
There were 94 young patients (41 male, 53 female;
aged 27.6 ± 5.8 years), who met the eligibility criteria,
but did not agree to undergo colonoscopy. Evaluation
of these patients revealed hemorrhoids in 46 (48.9%),
anal fissures in 20 (21.3%), IBD in 7 (7.4%), solitary
rectal ulcer syndrome in 6 (6.4%), and diverticulosis in
1 (1.1%). There were no cases of carcinoma, polyps or
angiodysplasia. Normal results were found in 21 patients
(22.3%).

DISCUSSION
Our study showed that significant lesions in the proximal
colon are infrequent in patients with minimal BRBPR.
www.wjgnet.com

Colonoscopy is recommended for the evaluation of
rectal bleeding in patients who are at increased risk for
colorectal neoplasms (‘red flags’) [3], but there are no
specific recommendations for the appropriate evaluation
of the majority of patients who lack these risk factors.
The decision about the extent of the evaluation of
these patients should be based on the prevalence of
clinically significant lesions, potential need for a repeat
procedure, costs and availability of the facility. Some
experts recommend that young patients do not require
further evaluation, if the presentation and history do
not suggest an increased risk of cancer and a potential
source of bleeding (such as hemorrhoids or an anal
fissure) is identified in the clinical evaluation[3]. Several
studies have concluded that flexible sigmoidoscopy is
initially appropriate[5,8-10], while others have recommended
colonoscopy in this age group[7]. Contrasting opinions are
also expressed in the guidelines prepared by the American
Society for Gastrointestinal Endoscopy (ASGE) and the
European Panel for Appropriateness of Gastrointestinal
Endoscopy (EPAGE): While the former specify that
middle-aged or older individuals must always undergo
a total colonoscopy, even in the presence of an anal
lesion that could justify the hematochezia[11], the latter
consider total colonoscopy inappropriate when the source
of bleeding has been ascertained by ano- or sigmoidoscopy[12].
IBD was found in 16.4% of our patients. Other
studies have reported lower rates of IBD in their patients[5,7,9-10]. Detection of ulcerative colitis is not a problem, because the rectum is almost always involved. Our
10 patients with Crohn’s disease also had distal colonic
involvement (less than 30 cm from the anal verge). Thus,
our results show that IBD can be readily diagnosed in
patients with minimal BRBPR with any of the available
procedures.
Colorectal cancer has been reported as low as 0%-4%
and adenomatous polyps in 9.9%-30% in patients with
minimal BRBPR from Western countries[5,7-10]. Some of
the differences in these results may be explained by the
differences in their study populations. In a recent study
from Iran, Sotoudehmanesh et al[13] found no cancer and
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4 adenomatous polyps (3%) in 134 average-risk patients
with minimal bright red bleeding from midline anal fissures. We found colorectal carcinoma in 6.5% of our
patients and adenomatous polyps in 7.5%. Our findings
may be overestimated, because we excluded 94 patients
from analysis who underwent only flexible sigmoidoscopy and there were no neoplastic lesions in this group.
Nevertheless, minimal BRBPR should be regarded as an
‘alarm symptom’ for neoplastic colorectal lesions.
Patients with minimal BRBPR from colorectal cancer
are likely to have left-sided lesions[3]. Almost all of neoplastic lesions in our patients were located in the distal
colon. There was one patient with hemorrhoids and an
adenocarcinoma in the transverse colon, but we believe
that the bleeding may have been caused by the hemorrhoids and the tumor was incidentally found during
colonoscopy. The distribution of polyps was similar to
colorectal cancer in our patients. Thus, we conclude that
average risk patients with minimal BRBPR of any age
may not be at an increased risk for proximal neoplastic
colonic lesions.
The choice of the appropriate diagnostic evaluation
depends mainly on the age of the patient. According to
our results in Table 2, young patients should at least be
evaluated up to the distal 30 cm of the colon. Physical
examination (including digital rectal examination), anoscopy and rectoscopy are simple and low cost maneuvers
that do not require bowel preparation. In fact, anoscopy
has a higher sensitivity for the detection of hemorrhoids than flexible video endoscopy[9]. However, these
approaches would fail to diagnose most neoplastic lesions in our young patients, even if a potential anorectal
source of bleeding was identified. Rigid sigmoidoscopy
is a widely used modality as a preliminary investigation
to exclude colorectal pathology and is usually done in
outpatient clinics on unprepared bowel[14]. All significant
lesions of our young patients were in the reach of rigid
sigmoidoscopy; however, flexible sigmoidoscopy has
been shown to be superior in terms of diagnostic value
and patient discomfort[14]. Thus, we suggest flexible sigmoidoscopy for young patients with minimal BRBPR
regardless of identified anorectal pathologies and rigid
sigmoidoscopy may be an appropriate alternative in settings, where flexible sigmoidoscopy is not accessible.
Colorectal cancer screening recommendations should
be considered, when deciding about the evaluation of
middle-aged or older individuals with minimal BRBPR.
Both flexible sigmoidoscopy and colonoscopy have been
recommended for this purpose and the decision about
which option to select should be made between the patient and physician[15]. Although, clinically significant lesions of 97% of our older patients were in the reach of
flexible sigmoidoscopy; colonoscopy is also an appropriate option for patients over 50 years willing to undergo
screening for colorectal cancer simultaneously. Therefore, patients should be informed that minimal BRBPR
does not place them at an increased risk for proximal
neoplastic colonic lesions and the costs and availability
of the facility should also be considered. Another important factor is the need for a repeat procedure. About
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30% of patients who undergo initial flexible sigmoidoscopy will eventually require colonoscopy.
Our findings should be interpreted in the context
of the limitations of our study. First, not all patients
with minimal BRBPR are referred to gastroenterologists
for evaluation, and this is particularly true for younger
patients [10]. Second, any recommendation about the
appropriate extent of evaluation of patients with
minimal BRBPR should be made from randomized
clinical trials with follow-up data.
We suggest flexible sigmoidoscopy for the evaluation
of average risk patients for colorectal cancer with
minimal BRBPR. Rigid sigmoidoscopy may be used as
an alternative in patients less than 40 years of age in
settings where the former is not available. The choice
of colonoscopy over flexible sigmoidoscopy in patients
aged over 50 years should be individualized.
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Abstract
AIM: To examine the associations between objective
health indicators and high need for recovery (NFR)
after work, one of the subjective presentations of work
related-fatigue, among apparently healthy workers in
modern workplaces.
METHODS: From October to December, 2007, an
annual health examination was performed for the
workers from an electronics manufacturing factory
in Taiwan. Health records of 1216 workers with a
relatively homogeneous socioeconomic status were
used for analysis. The health checkups included
personal and NFR scale questionnaires, physical
examinations, blood tests for biochemistry and
hematology. The workers within the top tertile NFR
score were defined as high-NFR workers.
RESULTS: After adjusted for potential confounders,
the workers with elevated alanine aminotransferase
(ALT) and central obesity had a significantly higher
NFR after work, with increased risks of 1.4-fold [95%
confidence interval (CI) = 1.01-2.0] and 1.8-fold (95%
CI = 1.2-2.7), respectively. Shiftworkers had a 2.0-fold
(95% CI = 1.5-2.6) increased risk for high-NFR. The
associations between high-NFR and lipid profiles, blood
sugar, hematology indexes or blood pressure were
insignificant after controlling for confounders.

CONCLUSION: For apparently healthy workers, high
NFR after work is not simply a subjective experience.
Objective health measures, such as elevated ALT and
increased waist circumference, should be carefully
evaluated for the apparently healthy workers having a
higher NFR after work.
Key words: Liver enzyme; Need for recovery after
work; Obesity; Work-related fatigue
Peer reviewer: Mark S Pearce, PhD, Paediatric and Lifecourse

Epidemiology Research Group, School of Clinical Medical
Sciences, University of Newcastle, Sir James Spence Institute,
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INTRODUCTION
Work-related fatigue is a common complaint encountered
by the occupational physician in the industrialized
societies[1-3]. Most past investigations of work-related
fatigue focused on age[4], subjective discomforts, socialeconomical factors[3,5] or on work styles[6]. However, the
associations between work-related fatigue and general
objective health measures, such as liver function tests,
metabolic syndrome components (waist circumference,
blood pressure, sugar and lipids profile) or hematology
test results are yet to be declared among the modern
workplaces in Taiwan. Since most factories in Taiwan
provide routine health check-ups for their workers, we
had the opportunity to examine the association between
work-related fatigue and the objective health measures.
The need for recovery (NFR) scale questionnaire
is a validation tool used for the evaluation of workrelated fatigue[4,7,8]. In the present study, we surveyed the
potential risk factors for work-related fatigue by utilizing
NFR scale questionnaire and health examination records.
The records were collected from the workers of an
electronics manufacturing factory. All the participants
had similar salary and educational levels. Our focus
was put on the association between the NFR after
www.wjgnet.com
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work and the objective health measures. Data analyses
were controlled for the confounders of gender, age,
working years, smoking status, shiftwork, liver function,
hematology tests and metabolic syndrome components.

MATERIALS AND METHODS
Participants
Most of the blue collar workers in this electronics
manufacturing factory were residents of north Taiwan,
aged from 23 to 56 years. These workers took periodic
health checkups according to the Labor Health Protection
Regulation of the Labor Safety and Health Act. The
exclusion criteria of our analysis were workers’ records
with a past medical history of malignancy, uncompleted
questionnaire or any illness on the day of health checkups.
This periodic health examination was performed at the
healthcare unit in the workplace between October and
December, 2007. All the health examinees were suggested
to avoid drastic physical exercises, such as long-distance
(marathon or endurance) running, heavy weight lifting
training, within 3 d before the health checkups. The
records of 1216 eligible apparently healthy workers were
collected for the final analysis.
Methods
The 11-item NFR scale questionnaire containing
yes/no questions representing short-term effects of
a day of work[8] was translated into Chinese and then
conducted by three trained nurses at the start of health
examinations. The NFR scale score was calculated by
adding the individual’s scores on the 11 recoded items,
and transformed into a scale ranging 0-100[9]. A higher
scale score indicates a higher degree of NFR after work
(high-NFR). For calculating relative risks, the scale scores
were divided into tertiles. Workers within the top tertile
NFR scale score were defined as high-NFR workers or
as suffering from work-related fatigue. A questionnaire
about personal history, including current smoking (recent
one year and more than one pack consumed a day: Yes
vs no), shiftwork involving night duty (yes vs no) was
completed by the examinees.
The physical examination records used for analysis
included measurements of waist circumference, weight,
height and blood pressure. The definition of central
obesity was waist circumference > 90 cm for males and
> 80 cm for females, based on the Taiwanese criteria[10].
Elevated blood pressure was defined as systolic blood
pressure (SBP) ≥ 130 mmHg or diastolic blood pressure
(DBP) ≥ 85 mmHg[11]. The biochemistry blood tests
for analysis included: Aspartate aminotransferase (AST),
alanine aminotransferase (ALT), fasting plasma glucose,
levels of triglyceride, and high-density lipoprotein (HDL)
cholesterol. Elevated ALT was defined as > 40 U/mL,
according to the standard reference limits used at the
Tao-Yuan General Hospital and other studies[12,13]. The
definitions of hyperglycemia, hypo-HDL cholesterolemia
and hypertriglyceridemia were fasting sugar ≥ 100 mg/dL,
HDL < 40 mg/dL for males or HDL < 50 mg/dL
for females and triglyceride ≥ 150 mg/dL based on
www.wjgnet.com
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Table 1 Baseline data and distribution of characteristics
Characteristic/Potential risk factor
NFR score
Age (yr)
Working year (yr)
Blood tests
ALT (U/dL)
AST (U/dL)
HDL-cholesterol (mg/dL)
Triglyceride (mg/dL)
Fasting blood sugar (mg/dL)
Hemoglobin (mg/dL)
White blood count (× 103/mL)
Anthropometric measures
Waist (cm)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Male gender n (%)
Shiftwork n (%)
Smoking1 n (%)
Blood tests
Abnormal ALT n (%)
Hypo-HDL2 n (%)
Hypertriglyceridemia2 n (%)
Elevated fasting blood sugar2 n (%)
Anemia3 n (%)
Anthropometric measures
Central obesity2 n (%)
Elevated blood pressure2 n (%)

Total (n = 1216)
27.8 (21.6)
34.6 (7.1)
9.1 (6.5)
31.5 (31.8)
23.4 (16.1)
56.2 (12.4)
122.3 (81.8)
91.6 (22.1)
14.7 (1.6)
6.3 (1.7)
81.0 (11.1)
24.3 (3.8)
124.9 (15.8)
80.5 (11.5)
852 (70)
400 (33)
126 (11)
249 (21)
134 (11)
309 (25)
167 (14)
29 (2)
274 (23)
543 (45)

Abnormal ALT: > 40 mg/dL. 1Recent one year and more than one pack
a day: Yes vs no; 2Taiwanese metabolic syndrome criteria; 3Significant
anemia: Hb < 11 for females or < 12 mg/dL for males.

the modified ATPIII criteria[11]. Significant anemia was
defined as hemoglobin (Hb) < 11 for females or < 12 for
males[14].
Student’s t-test was used to analyze the continuous
variables. Cochran-Armitage trend test was used for
analyzing the categorical variables among NFR score
tertiles. Multivariate logistic regression was utilized to
examine the association between high-NFR and potential
risk factors. SAS version 8.0 (SAS Institute, Cary, NC,
USA) was used for all statistical analyses.

RESULTS
The records of a total of 1216 workers (852 males, 364
females) were used for the final analysis. Thirty-three
percent of participants in this study were shiftworkers.
The overall characteristics and abnormal prevalence rates
are summarized in Table 1. The mean age, working years
and NFR score for this population were 34.6 years, 9.1
years and 27.8, respectively. The prevalence of elevated
ALT, hypo-HDL cholesterolemia, elevated triglyceride,
elevated fasting sugar, significant anemia, central obesity,
elevated blood pressure and current smoking were 21%,
19%, 25%, 14%, 2%, 23%, 45% and 11%, respectively.
The objective health measures were compared
according to the NFR scale score tertiles (Table 2). From
the bottom to the top tertile NFR scale scores (means, 6.8,
22.4 and 52.6), ALT (29.2, 31.2 and 34.0 U/dL) and HDL
cholesterol (57.6, 56.0 and 55.1 mg/dL) were significantly
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Table 2 Distribution of potential risk factors according to the NFR after work score
Potential risk factor
NFR score
AGE (yr)
Working year (yr)
Blood tests
ALT (U/dL)
AST (U/dL)
HDL-cholesterol (mg/dL)
Triglyceride (mg/dL)
Fasting blood sugar (mg/dL)
Hemoglobin (mg/dL)
White blood count (× 103/mL)
Anthropometric measures
Waist (cm)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Male gender n (%)
Shiftwork n (%)
Smoking2 n (%)
Blood tests
Abnormal ALT n (%)
Hypo-HDL3 n (%)
Hypertriglyceridemia3 n (%)
Elevated fasting blood sugar3 n (%)
Anemia4 n (%)
Anthropometric measures
Central obesity3 n (%)
Elevated blood pressure3 n (%)

P1

NFR Tertiles
1st tertile (n = 409)

2nd tertile (n = 379)

3rd tertile (n = 428)

6.8 (3.9)
34.6 (7.2)
8.9 (6.9)

22.4 (4.5)
34.3 (7.1)
8.7 (6.3)

52.6 (15.4)
34.8 (6.9)
9.5 (6.4)

0.571
0.251

29.2 (22.4)
22.4 (8.9)
57.6 (12.9)
120.6 (76.9)
92.3 (28.1)
14.7 (1.6)
6.3 (1.9)

31.2 (27.3)
23.3 (14.2)
56 (12.4)
121.7 (82.7)
90.8 (14.1)
14.6 (1.6)
6.4 (1.6)

34.0 (41.6)
24.4 (21.9)
55.1 (11.8)
124.5 (85.5)
91.7 (21.3)
14.7 (1.5)
6.3 (1.6)

0.035
0.092
0.004
0.489
0.725
0.898
0.566

80.7 (10.8)
24.2 (3.7)
124.8 (15.3)
80.1 (11.6)
300 (73)
87 (22)
32 (8)

80.9 (11.2)
24.2 (4)
125.6 (16.3)
80.9 (11.5)
258 (68)
125 (33)
38 (10)

81.4 (11.6)
24.4 (3.8)
124.3 (15.9)
80.4 (11.4)
294 (69)
188 (44)
56 (13)

0.394
0.413
0.678
0.725
0.072
< 0.001
0.007

70 (17)
44 (11)
103 (25)
58 (14)
11 (3)

78 (21)
39 (10)
91 (24)
51 (14)
10 (3)

101 (24)
51 (12)
115 (27)
58 (14)
8 (2)

0.010
0.294
0.285
0.397
0.217

84 (21)
169 (41)

76 (20)
186 (49)

114 (27)
188 (44)

0.017
0.232

Abnormal ALT: > 40 mg/dL. 1P of student’s t-test between the top- vs bottom-NFR tertile for the continuous variables; Cochran-Armitage Trend Test for
categorical variables among tertiles; 2Recent one year and more than one pack a day: Yes vs no; 3Taiwanese metabolic syndrome criteria; 4Significant anemia:
Hb < 11 for females or < 12 mg/dL for males.

unfavorable in the top-tertile, in contrast to the subjects
within the bottom-tertile of NFR scale score. The
means of triglyceride (120.6, 121.7 and 124.5 mg/dL),
AST (22.4, 23.4 and 24.2 U/dL), BMI (24.2, 24.2 and
24.4 kg/m 2) and waist circumference (80.7, 80.9 and
81.4 cm) were unfavorable in the top-tertile, but did
not reach a statistical significance. The prevalence rates
of elevated ALT (17%, 20% and 27%; P = 0.010),
central obesity (21%, 20% and 26%; P = 0.017) and the
percentages of shiftwork (22%, 33% and 44%; P < 0.001),
smoking (8%, 10% and 13%; P = 0.007) rose along with
the increased NFR scale scores. The abnormal rates of
significant anemia and the other metabolic syndrome
components were insignificantly different among workers
stratified by tertiles of the NFR scale score.
As demonstrated in Figure 1, after controlling for
confounders, shiftworkers had a 2.0-fold [95% confidence
interval (CI) = 1.5-2.6], centrally obese employees had a
1.8-fold (95% CI = 1.2-2.7) and the workers with elevated
ALT had a 1.4-fold (95% CI = 1.01-2.0) increased risk
of high NFR. Smokers had a 1.4-fold increased risk of
high-NFR, though we could not confirm its statistical
significance (95% CI = 0.9-2.1). Anemic status and
metabolic syndrome components, except for central
obesity, could not be demonstrated to have a statistically
significant association with high-NFR from the present
analysis of our early-middle-aged workers.

DISCUSSION
To our knowledge, this is the first observation from
the electronics manufacturing industry to report that
the apparently health workers with elevated serum
ALT, an objective measure for liver function[13], require
a significantly higher NFR after work. Liver function
impairment has been suggested to be a developer of
oxidative stress[12,15-17], and its levels are raised among
patients with chronic fatigue syndrome and associated
with clinical symptoms[18-20]. In the general Taiwanese,
elevated serum ALT is prevalent and predominantly
caused by asymptomatic chronic hepatovirus infection,
steatohepatitis[21] or by hepatic toxic chemical exposure
in some workplaces [22]. The present findings might
motivate further studies on the relationships between
each etiological entity of elevated ALT and work-related
fatigue. Since liver problems are prevalent in Taiwan
and elevated ALT is closely connected to high-NFR in
our workers, careful liver function evaluations should
be performed for those apparently healthy workers with
work-related fatigue in the modern workplaces.
Central obesity was found to be an independent risk
factor for a significantly higher NFR in our multivariate
risk analysis. A similar phenomenon has been observed
in many studies of fatigue and self-reported fatigue is
associated with a higher waist circumference among
Western adults[23,24]. Physical fatigue of healthy adults is
www.wjgnet.com
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Risk factor

OR1

95% CI

P

Shiftwork

2.0

1.5-2.6

< 0.001

Central obesity2

1.8

1.2-2.7

0.003

Abnormal ALT3

1.4

1.01-2.0

0.044

Smoking4

1.4

0.9-2.0

0.103

1.1

0.7-1.6

0.756

1.1

0.8-1.5

0.616

0.9

0.6-1.3

0.478

Elevated blood pressure

0.9

0.6-1.1

0.269

Anemia5

0.4

0.1-1.1

0.076

2

Hypo-HDL

Hypertriglyceridemia

2

2

Elevated fasting blood sugar
2
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Figure 1 Odds ratio of risk factors for high
NFR after work among workers, analyzed using
logistic regression. Size of dark circle represents
approximate overall prevalence for each risk factor.
1
Odds ratio adjusted for age, gender, working years,
metabolic syndrome components, liver function test,
anemia and smoking status; 2Taiwanese metabolic
syndrome criteria; 3Alanine aminotransferase >
40 mg/dL; 4Recent one year and more than one pack
a day: Yes vs no; 5Significant anemia: Hb < 11 for
females or < 12 mg/dL for males.

0

associated with obesity independent of psychological
factors[25], and visceral obesity related sleep apnea can
result in general fatigue[26]. Whether waist circumference
reduction helps our workers to moderate the work-related
fatigue is worthy of subsequent exploration.
The high-NFR workers in our analysis had a
significant larger percentage of doing shiftwork. As
one of the independent risk factors for high-NFR,
shiftwork carries the highest odds ratio for high-NFR
when compared with the other risk factors. In our
analysis, no significant association was observed between
shiftwork and obesity or elevated ALT. Since previous
studies of work style have highlighted the adverse effects
of shiftwork on workers’ physical and mental health,
shiftworkers must adapt their life pattern to shiftwork
styles, which can result in an increased fatigue level, or
even illnesses[27-29]. Since shiftwork style is common in the
electronics manufacturing industry and it was reported
that fatigued workers are at a high risk of being injured
in occupational accidents[2], the shiftworkers’ health and
safety should be emphasized in our modern workplaces.
Our analysis did not address the linkage of high-NFR
and shiftwork patterns, such as clockwise vs anticlockwise
patterns, interval of shifts, or working hours in a shift.
Further detailed investigations should be necessary.
Smoking, or even exposure to second-hand smoke,
has been identified as a risk factor for fatigue in
adults [30,31]. The present result also indicates that the
percentage of current heavy smoking among the highNFR workers was significantly greater than that in the
low-NFR workers. However, the prevalence rate of
smoking was lower in our study than in other studies[32],
and the analysis for smoking merely demonstrated an
insignificantly increased risk for high-NFR. A partial
reason may be that we emphasized more than one
pack of cigarettes consumed per day in our self-report
questionnaires, so that we might have failed to take
account of other smokers consuming less than one pack
per day and underrated the risk of work-related fatigue
in smokers. Further studies about work-related fatigue
associated with smoking might take into consideration
all the subjects’ exposure to smoke.
One of the limitations of our study is that we did not
survey the job types, work titles or leisure-time physical
activity included in the study, thus we could not answer the
www.wjgnet.com
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question that workers differ in terms of physical activity
that may influence both risks of central obesity and fatigue.
The majority of participants in this study were early-middleaged (mean age, 34.6 years). However, there are many
different characteristics between younger and older workers
in the NFR after work[4]. The present analysis results for
a younger population may underestimate the impact of
aging-related risk factors including metabolic syndrome
on work-related fatigue[5,33] and our findings from a mostly
male worker population may lack power for women, thus,
some applications of our conclusion to the general working
population should be cautious.
In conclusion, for the apparently healthy workers,
high NFR after work is not simply a subjective
experience. Objective measures such as elevated ALT
and increased waist circumference are significantly
associated with high NFR after work for the apparently
healthy workers. We suggest that careful evaluations
should focus on abnormal liver function and central
obesity for those apparently healthy workers with higher
NFR after work in the modern workplaces. Further
studies should address if the prevalence of risk factors,
particularly central obesity and elevated ALT, would
reduce the risk of work-related fatigue.

ACKNOWLEDGMENTS
T he authors acknowledg e the personnel of the
Department of Family Medicine, Shin Kong Wu HoSu Memorial Hospital and the Department of Family
Medicine, Tao-Yuan General Hospital for their full
support and generous assistance.

COMMENTS
Background

Work-related fatigue is a common complaint encountered by the occupational
physician in industrialized societies. The associations between work-related
fatigue and general objective health measures such as liver function tests,
metabolic syndrome components (waist circumference, blood pressure, sugar
and lipids profile) or hematology test results are yet to be declared among the
modern workplaces.

Research frontiers

The need for recovery (NFR) scale questionnaire is a validation tool used
for the evaluation of work-related fatigue. In the present study, the authors
surveyed the potential risk factors for work-related fatigue by utilizing NFR
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scale questionnaire and health examination records. Their focus was put on the
association between the NFR after work and the objective health measures.

Innovations and breakthroughs

The workers with elevated alanine aminotransferase (ALT) and central obesity
had a significantly higher NFR after work, with increased risks of 1.4-fold [95%
confidence interval (CI) = 1.01-2.0] and 1.8-fold (95% CI = 1.2-2.7), respectively.

Applications

The authors suggest that careful evaluations should focus on abnormal liver
function and central obesity for those apparently healthy workers with a higher
NFR in the modern workplaces. Reducing the prevalence of risk factors,
particularly central obesity and elevated ALT, might reduce the risk of workrelated fatigue.

14
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Terminology

The 11-item NFR scale questionnaire containing yes/no questions, representing
short-term effects of a day of work, is used for the evaluation of work-related
fatigue.
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This article supports previous reports in the literature relating liver function to
fatigue in the workplace. The significant results about work-related fatigue of
this study for ALT and obesity are after adjusting for potential confounders.
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Abstract
AIM: To investigate the prognostic value of the model
for end-stage liver disease (MELD) and three new
MELD-based models combination with serum sodium
in decompensated cirrhosis patients-the MELD with
the incorporation of serum sodium (MELD-Na), the
integrated MELD (iMELD), and the MELD to sodium
(MESO) index.
METHODS: A total of 166 patients with decompensated
cirrhosis were enrolled into the study. MELD, MELDNa, iMELD and MESO scores were calculated for each
patient following the original formula on the first day
of admission. All patients were followed up at least
1 year. The predictive prognosis related with the
four models was determined by the area under the
receiver operating characteristic curve (AUC) of the
four parameters. Kaplan-Meier survival curves were
made using the cut-offs identified by means of receiver
operating characteristic (ROC).
RESULTS: Out of 166 patients, 38 patients with
significantly higher MELD-Na (28.84 ± 2.43 vs 14.72
± 0.60), iMELD (49.04 ± 1.72 vs 35.52 ± 0.67), MESO
scores (1.59 ± 0.82 vs 0.99 ± 0.42) compared to
the survivors died within 3 mo (P < 0.001). Of 166
patients, 75 with markedly higher MELD-Na (23.01 ±
1.51 vs 13.78 ± 0.69), iMELD (44.06 ± 1.19 vs 34.12
± 0.69), MESO scores (1.37 ± 0.70 vs 0.93 ± 0.40)
than the survivors died within 1 year (P < 0.001). At
3 mo of enrollment, the iMELD had the highest AUC
(0.841), and was followed by the MELD-Na (0.766),
MESO (0.723), all larger than MELD (0.773); At 1
www.wjgnet.com

year, the iMELD still had the highest AUC (0.783),
the difference between the iMELD and MELD was
statistically significant (P < 0.05). Survival curves
showed that the three new models were all clearly
discriminated the patients who survived or died in
short-term as well as intermediate-term (P < 0.001).
CONCLUSION: Three new models, changed with
serum sodium (MELD-Na, iMELD, MESO) can exactly
predict the prognosis of patients with decompensated
cirrhosis for short and intermediate period, and may
enhance the prognostic accuracy of MELD. The iMELD
is better prognostic model for outcome prediction in
patients with decompensated cirrhosis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The model for end-stage liver disease (MELD) was
developed as a prognostic model of short-term mortality
in patients with cirrhosis treated with transjugular
intrahepatic portosystemic shunt (TIPS)[1]. The scoring
system has been widely applied in recent years and
shown to predict mortality across a broad spectrum
of liver diseases in most studies. But, there is not any
parameter correlated with complications of cirrhosis
in this formula. Its ability of prognosis is decreased.
Some studies have indicated that serum sodium is the
independent predictor of mortality in patients with
cirrhosis [2,3]. And the incorporation of Na into the
MELD may enhance its prognostic accuracy[4,5]. Then
some scholars had successively introduced three new
mathematical equations based on both MELD and Na,
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known as the MELD with the incorporation of serum
sodium (MELD-Na)[6], the integrated MELD (iMELD)
score[7] and the MELD to sodium (MESO) index[8]. In
this study, we compared the value of MELD and three
new MELD-based models in combination with serum
sodium in to evaluate the short-term and intermediateterm prognosis of decompensated cirrhosis patients
through retrospective analysis of 166 decompensated
cirrhosis cases.

MATERIALS AND METHODS
Patients
From October, 2005 to May, 2007, 166 patients with
decompensated cirrhosis who had been in Department
of Gastroenterology of Shanghai East Hospital affiliated to Tongji University were evaluated, and their medical profiles were retrospectively analyzed in this study.
The clinical diagnosis was all based on the program of
2000 for the prevention and treatment of virus hepatitis
established in Xi’an Congresses[9]. We excluded patients
with past or current hepatocellular carcinoma, serious
diseases in other systems, admission to hospital repeatedly and incomplete case records. This study included
105 (63.7%) males and 61 (36.3%) females, with mean
age 62.3 ± 12.9 (range 29-87) years.
Clinical data
Baseline laboratory results of all the patients obtained at
admission (i.e. serum bilirubin, serum creatinine, serum
sodium, INR) were retrieved from the medical records.
All patients were followed up for 1 year. The outcome
was assessed as the 3-, 6- and 12-mo mortality.
Calculation of the MELD, MELD-Na, iMELD and MESO
index
All prognostic models were calculated based on
laboratory results obtained on the first day of admission.
T he MELD equation was used to calculate the
severity score: 9.6 × loge [creatinine (mg/dL)] + 3.8 ×
loge [bilirubin (mg/dL)] + 11.2 × loge (INR) + 6.43[10].
The MELD-Na equation was based on the MELD
and Na: MELD + 1.59 × (135 - Na)[6], with maximum
and minimum Na values of 135 and 120 mmol/L,
respectively. The iMELD equation was based on the
MELD score, age (years), and Na (mmol/L): MELD +
(0.3 × age) - (0.7 + Na) + 100[7]. The MESO index was
defined as [MELD/Na (mmol/L)] × 10[8].
Statistical analysis
All statistical analyses were conducted with the SPSS for
Windows version 13 release. Categorical variables were
compared by Pearson Chi-squared test and continuous
variables were compared by Student’s t-test. To assess the
ability of the four MELD-based models in predicting
the risk of mortality at 3, 6 and 12 mo, our analysis
was performed by the measurement of the c-statistic
equivalent to the area under the receiver operating
characteristic curve (AUC). The cumulative transplant-free
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survival at different cut-offs were performed by KaplanMeier analysis and compared by log rank test. P < 0.05
was considered statistically significant.

RESULTS
Clinical features between the survival group and the
death group
Thirty-eight (22.9%) patients died at 3 mo, and 75 (45.2%)
patients died at 1 year. At 3 mo of enrollment, 38
patients with significantly higher MELD-Na (28.84 ± 2.43
vs 14.72 ± 0.60), iMELD (49.04 ± 1.72 vs 35.52 ± 0.67),
MESO scores (1.59 ± 0.82 vs 0.99 ± 0.42) compared to
the survivors died (P < 0.001). At 1 year of enrollment,
75 patients with markedly higher MELD-Na (23.01 ±
1.51 vs 13.78 ± 0.69), iMELD (44.06 ± 1.19 vs 34.12 ±
0.69), MESO scores (1.37 ± 0.70 vs 0.93 ± 0.40) than the
survivors died within 1 year (P < 0.001). The differences
of age and serum sodium, two parameters incorporated
into three new models, between the survival group and
the death group, were also statistically significant at 3 mo
and 1 year, especially serum sodium (P < 0.001) (Table 1).
Comparison of the AUC and predictive accuracy
between four MELD-based prognostic models
At 3 mo of enrollment, the iMELD had the highest
AUC (0.841), followed by the MELD-Na (0.766),
MESO (0.723) and MELD (0.712) (Figure 1A). At 6 mo
and 1 year, the iMELD still had the highest AUC (0.806
and 0.783, respectively), followed by the MELD-Na
(0.738 and 0.714, respectively), MESO (0.715 and 0.694,
respectively) and MELD (0.708 and 0.689, respectively)
(Figure 1B and C). The iMELD had a significantly
higher AUC in comparison with MELD at 3 mo, 6 mo
and 1 year (P < 0.05).
Kaplan-Meier fractional survival curves of MELD-Na,
iMELD and MESO
The most discriminative cut-offs from the ROC with the
c-statistic and 1 year mortality for MELD-Na, iMELD
and MESO were 20, 40 and 1.6, respectively. According
to these cut-offs, survival curves are given in Figure 2.
The cut-offs of three new models were indicated to
discern between the patients who would be survived and
dead in 3 mo and 1 year (P < 0.001).

DISCUSSION
MELD was initially created to predict survival following
elective placement of TIPS [1] . The MELD scoring
system has been widely applied in recent years and
shown to predict mortality across a broad spectrum
of liver diseases in most studies[11-14]. MELD has been
demonstrated to have a better ability in short-term or
intermediate-term outcome prediction in comparison
with the Child-Turcotte-Pugh (CTP) system [15-17] .
Nonetheless, MELD still has potential limitations[18-21].
Hepatic encephalopathy, esophageal varices bleeding
and spontaneous bacterial peritonitis are common
www.wjgnet.com
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Table 1 The clinical features of 166 patients with cirrhosis at 3 mo and 1 year follow-up1
3-mo follow-up
Clinical features

Survival group

Age (yr)
Bilirubin (μmol/L)
Creatinine (μmol/L)
INR
Serum sodium (mmol/L)
MELD
MELD-Na
iMELD
MESO

1-yr follow-up

Death group

Survival group

Death group

60.3 ± 13.0
43.1 ± 43.7
82.8 ± 32.2
1.58 ± 0.49
137.7 ± 5.2
8.63 ± 2.13
14.2 ± 5.31
34.1 ± 7.5
0.93 ± 0.40

64.8 ± 12.4a
77.0 ± 91.0a
103.8 ± 55.8a
2.00 ± 1.07a
133.2 ± 6.3b
10.5 ± 2.52b
20.5 ± 9.42b
44.1 ± 10.3b
1.37 ± 0.70b

66.1 ± 13.0a
106.2 ± 117.9a
115.3 ± 67.7a
2.21 ± 1.38a
130.4 ± 6.8b
20.5 ± 10.5b
28.8 ± 15.0b
49.0 ± 10.6b
1.59 ± 0.82b

61.2 ± 12.7
44.2 ± 40.1
85.5 ± 34.0
1.64 ± 0.51
137.3 ± 4.9
13.2 ± 5.6
14.7 ± 6.8
35.5 ± 7.6
0.99 ± 0.42

1

Data expressed as mean ± SD. MELD: Model for end-stage liver disease. aP < 0.05, bP < 0.01 vs the survival
group.
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complications with cirrhosis, which had been considered
one of the allocation policies of liver providing. The
patients with these complications all had relatively ideal
long-term survival rates. But, there is no parameter
correlated with these complications in MELD. Portal
hypertension is responsible for above-mentioned
complications[22,23]. Hyponatremia is a common event
in liver cirrhosis. It develops primarily as a result of
free water retention, which is positively correlated with
the severity of portal hypertension [24]. Consequently,
the serum sodium (SNa) level may inversely reflect the
www.wjgnet.com

severity of portal hypertension. Those with low MELD
scores who have persistent ascites and low SNa are at
a disadvantage. This group of patients has a higher
mortality than that predicted by the MELD score
alone[15]. Many studies have proposed serum sodium
can be used to exactly evaluate the prognosis and
mortality of patients with cirrhosis, which is objective,
quantitative, and reproducible. The incorporation of Na
into the MELD may enhance prognostic accuracy[4,5,25].
In 2006, Biggins et al [6] first established “MELDNa”. Under the new system, a patient with serum Na of
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130 mEq/L and a MELD score of 14 will have a
“MELD-Na” score of 22 and will be allocated an organ,
whereas another patient with serum Na of 135 mEq/L
and a MELD score of 20 (“MELD-Na” score of 20)
will be given a lower priority. Obviously, the latter patient
with a higher MELD score is being given a higher priority under the new system. Thus, this analysis suggests
that a significant number of patients with low serum Na
will benefit by receiving a priority score corresponding
to their mortality risk. Studies in Korea and Hongkong
both confirmed that MELD-Na performed better than
MELD in predicting 3-mo and 1-year mortality[26,27]. Later, Huo et al[8] developed MESO as MELD to SNa ratio.
The AUC was 0.860 for SNa, 0.795 for the MESO index
and 0.789 for MELD at 3 mo of enrollment. Among
patients with Child-Pugh class A or B, the MESO index
had a significantly higher AUC compared with MELD (P
< 0.001). In survival analysis, MESO index > 1.6 independently predicted a higher mortality rate (relative risk:
3.32; P < 0001) using the Cox model. The latest study[7]
incorporated both serum sodium and age into the new
formula: iMELD. The iMELD was better than original
MELD in evaluating the mortality of cirrhosis patients
1 year after TIPS: AUC increased by 13.4% and the
likelihood ratio statistic from 23.5 to 48.2; it was demonstrated for patients with cirrhosis on the waiting list
for liver transplantation by increasing auROC (+8%) and
likelihood ratio statistic (from 41.4 to 82.0).
Our study compared MELD with three new MELDbased models containing Na. It is discovered that the
AUCs of MELD-Na, iMELD, MESO were all larger
than MELD in evaluating the short-term and intermediate-term prognosis of decompensated cirrhosis patients.
Among the four models, iMELD had the biggest AUC
at different periods and showed significant differences
with MELD. The iMELD was demonstrated to be better prognostic model for outcome prediction in patients
with cirrhosis, which is similar to that reported by Huo
et al[28]. Interestingly, in addition to the MELD and Na,
the iMELD also takes into account the factor of age.
Age was associated to the risk of mortality as a continuous variable, with older patients having worse survival.
The association of aging with mortality in cirrhosis has
been shown in the past[29,30]. Most recently, a systematic
review of 118 prognostic studies in patients with cirrhosis showed that age is the most important independent
prognostic factor of survival[31]. It has been suggested
that aging may reflect a longer duration of cirrhosis and
a more severe liver disease.
One of the important aspects of the MELD and its
derived models is that they are continuous variables and
account for the spectrum of disease severity. However,
using the most discriminative cut-off from the ROC for
different models may provide additional information in
certain clinical settings. From the survival curves, it was
indicated that the cut-offs of three new models may
discern between the patients who would be survived
and dead in 3 mo and 1 year. In our study, although
the AUCs of MELD-Na and MESO were larger than
MELD at 3 mo, 6 mo and 1 year, the comparisons
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showed no significant differences. The research should
be improved more thoroughly and objectively using
larger series of patients.
In conclusion, three new models combination with
serum sodium (MELD-Na, iMELD, MESO) can all exactly predict the prognosis of patients with decompensated cirrhosis for short and intermediate period, and
may enhance the prognostic accuracy of MELD. The
iMELD is better prognostic model for outcome prediction in patients with decompensated cirrhosis.
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RESULTS: Rat survival at 12 h, expression levels
of Bax, Caspase-3 protein and apoptotic indexes of
liver were all significantly higher in treated groups
than in model control group. While the liver and
pancreas pathological scores, contents of ALT, AST,
and expression levels of Bcl-2 protein were all lower in
treated groups than in the model control group.
CONCLUSION: Both Baicalin and Octreotide can
protect rats with SAP by decreasing the contents
of ALT, AST and expression levels of Bcl-2 protein,
and improving the expression levels of Bax protein,
Caspase-3 protein, and inducing apoptosis.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the protective effects and
mechanisms of Baicalin and Octreotide on hepatic
injury in rats with severe acute pancreatitis (SAP).
METHODS: The SAP rat models were prepared
and randomly assigned to the model control group,
Baicalin treated group, and Octreotide treated group
while other healthy rats were assigned to the shamoperated group. Rat mortality, levels of ALT, AST, liver
and pancreas pathological changes in all groups were
observed at 3, 6 and 12 h after operation. Tissue
microarray (TMA) sections of hepatic tissue were
prepared to observe expression levels of Bax, Bcl-2
protein and Caspase-3, and changes of apoptotic
indexes.

INTRODUCTION
Severe acute pancreatitis (SAP) can cause systemic
inflammatory response syndromes (SIRS) such as
effusion of blood vessel, shock and multiple organ
functional disturbances or even multiple organ
dysfunction syndrome (MODS)[1-3]. SAP with extremely
hazardous onset process and quite high mortality
clinically remains unclear till now[4-7]. The main cause
of early death is multiple organ failure, which most
frequently affects liver, etc. Studies prove the incidence
of hepatic injury and its severity degree are positively
www.wjgnet.com
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correlated with the severity of pancreatitis and hepatic
injury prolongs the course of pancreatitis[8,9].
Presently, the main medications for SAP in
clinical practices are Somatostatin and its analogue
Octreotide. Their mechanism of action is maily to
inhibit pancreatin secretion, decreasing the generation
of endotoxin, inhibiting the release of inflammatory
mediators, and inhibiting platelet aggregation and other
steps [10-12]. However, their high price, short half life
and inconvenient administration have made it difficult
to popularize their clinical application in economically
poor and remote areas, resulting in the necessity of
finding other cheap and effective alternatives that
should be able to protect multiple organs[13-16]. There is
a great prospect for developing and utilizing traditional
Chinese medicine to treat SAP[17,18]. Its main advantages
include cheap price, extensive pharmacological actions
and fewer side effects. In this study, Baicalin, the main
effective ingredient of baikal skullcap root has been
chosen to treat rats with SAP. Antibacterial and antiinflammatory Baicalin can inhibit platelet aggregation,
eliminate oxygen free radicals and reduce the generation
of endotoxin. Baicalein, the metabolite of Baicalin in
body, is also potent at inhibiting pancreatin. Baicalin
can block multiple phases during SAP onset. Baicalin
also has many effects similar to those of Somatostatin
and its analogues. Therefore, Baicalin can be used more
extensively[13-16].
In this experiment, tissue microarray (TMA) was
adopted to study the protective effects of Baicalin on
the liver of rats with SAP. The therapeutic effects of
Baicalin and Octreotide were compared to prove the
therapeutic effects of Baicalin on SAP.

MATERIALS AND METHODS
Material
Experimental animals: Clean grade healthy male
Sprague-Dawley (SD) rat in 250-300 g of body weight
were purchased from the Experimental Animal Center
of Medical School, Zhejiang University (China).
Experimental medicine and reagents: Sodium
taurocholate and sodium pentobarbital purchased
from USA Sigma Company, Octreotide purchased
from Swiss pharmaceutical company Novartis, 5%
Baicalin injection (China national invention patent
number ZL200310122673.6) prepared by the first
author with 305 mmol/L osmotic pressure. Bax and
Bcl-2 antibody purchased from Santa Cruz Company.
The main reagent Takara in situ Apoptosis detection
Kit purchased from TaKaRa Biotechnology Co., Ltd,
PK (protease K) purchased from Sigma Company,
DAB (biphenyldiamine) purchased from China Huamei
Company. The above determinations were all operated
according to the instructions of the kits.
Experimental methods
Preparation methods of animal models: Prepared
135 SAP rat models via retrograde injection of 3.5%
www.wjgnet.com
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sodium taurocholate to the pancreatic duct through
epidural catheter and duodenal papilla.
Rats grouping: The 135 SAP rat models were
randomly assigned to the model control group, Baicalin
treated group and Octreotide treated group, 45 rats
in each group while other 45 rats were assigned to
the sham-operated group. In sham-operated group,
only exploratory laparotomy was performed, namely
after entering abdominal cavity, checking pancreas and
duodenum and then closing abdomen. After that, the
above-mentioned groups were randomly divided into
3 h group, 6 h group and 12 h group, 15 rats in each
group[13-16].
Dosage and methods
Baicalin treated group: The animal experiments of
5% Baicalin injection have been completed including the
acute toxicity test and SAP rat treated by small, middle
and large dose. The large dose can achieve the best
therapeutic effect (dose is 10 mg/h per 100 g) and the
dosage referred to the result of the previous preliminary
experiment. Ten min after successful modeling, Baicalin
treated group was first injected 5% Baicalin injection
10 mg/100 g via external jugular vein passage followed
by continuous intravenous administration (10 mg/h per
100 g) by microinfusion pump[13-16].
Octreotide treated group: The octreotide treated
group was first injected Octreotide 0.2 μ g/100g via
external jugular vein passage followed by continuous
intravenous transfusion by a microinfusion pump at
a transfusion speed of 0.2 μg/h per 100 g. All above
dosages have been proved as effective dosages in the
previous preliminary experiment.
Sham-operated group and model control group:
Both groups were injected saline of equivalent volume at
the corresponding time points after operation.
Observing indexes and methods
Observations were made at 2, 6 and 12 h after the
operation. Mortalities of rats in all groups followed by
batch execution of rats with observation of gross liver
pathological changes.
Hepatic tissue samples were collected and fixed
in accordance with relevant requirements and the
pathological score changes of liver and pancreas under
HE staining observed.
Changes of ALT (GPT) and AST (GOT) in serum
via blood sampling from heart were determined.
Bax, Bcl-2 and Caspase-3 protein expression:
TMA was applied to prepare the hepatic TMA
sections (2 mm in diameter) and the SP method for
immunohistochemical staining. After Bax, Bcl-2 and
Caspase-3 protein expression of lung tissue was
observed under light microscope, the comprehensive
judgment was carried out basing on the percentage of
positive cells: (-) in case positive cell count < 10%; (+) in
case positive cell count 10%-20%; (++) in case positive
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cell count 20%-50%; (+++) in case positive cell count >
50%.
TUNEL staining technique was perfor med to
observe the changes of hepatic apoptotic cells and the
apoptotic indexes were calculated. Apoptotic index =
apoptotic cell count/total cell count × 100%.
Statistical analysis
Va l u e s we r e p r e s e n t e d a s m e a n a n d s t a n d a r d
deviation for nomal distribution variables or median
and quartile range for highly skewed variables. The
significance of differences among the four groups
was tested using the Kruskal-Wallis test for highly
skewed data and analysis of variance (ANOVA) for
normal distribution data. Mutiple comparisons were
subjected to Bonfferoni correction test. The Chisquare test was used to evalute equality of frequencies
for discrete variables. Correlations were tested using
the Spearman rank correlation coefficients. P < 0.05
was considered statistical significant and all statistical
analyses were conducted using SPSS version 11.5 for
windows.

RESULTS
Survival rate
The mortalities of the model control group were
respectively 0% (0/15), 13.33% (2/15) and 33.33%
(5/15) at 3, 6 and 12 h, all the mortalities of Baicalin
treated group and Octreotide treated group were 0% at
different time points. The entire sham-operated group
survived at the different time points. The survival
of model control group was 66.67% (10/15) at 12 h
while the survivals of both Baicalin treated group and
Octreotide treated group were 100% at 12 h, indicating
marked difference (P < 0.05)[13-16].
Pathological changes of liver
Model control group: (1) Gross changes. 3 h group:
Mild swelling of liver, local grey plaques in liver of
individual rat, obscure boundary; at 6 h and 12 h pale
and muddy liver color or hemostasis change, part with
scattered grey plaques or necrosis manifestation in
irregular shapes, especially obvious at edge of liver; (2)
Changes under light microscope. 3 h group: Swelling and
apomorphosis of liver cells, inflammatory cell infiltration
in portal area, dilation and hyperemia of sinus hepaticus,
scattered focal or punctate necrosis in hepatic lobules;
6 h group: Obvious swelling of liver cells, collapse of
liver cell cord within hepatic lobules caused by integrality
damage due to relatively large area of focal necrosis of
liver cells, local sinus hepaticus narrowing or vanishing,
increased range and area of liver cell necrosis, visible
focal or large lamellar necrosis, mainly hemorrhage
necrosis and some coagulation necrosis, inflammatory
cell infiltration within necrosis focus, obvious congestion
in partial sinus hepaticus (Figure 1A); 12 h group:
Obviously damaged hepatic lobule structure, further
increased range and area of cell necrosis, residual
metamorphic liver cells only at periphery of partial

6553

hepatic lobules; relatively large area of inflammatory
cell infiltration within lobules or portal area, obvious
congestion in sinus hepaticus (Figure 1B).
Baicalin and Octreotide treated group: (1) Gross
changes. The gross liver pathological changes of the
Baicalin and Octreotide treated group were milder
than those of the model control group; (2) Changes
under light microscope. Baicalin treated group at all
time section: mild swelling of liver cells, mild dilation
and hyperemia change of sinus hepaticus, scattered
inflammatory cell infiltration in portal area; 6 h and 12 h
group: Punctate necrosis and/or mild focal necrosis of
liver cells, no obvious lamellar necrosis, inflammatory
cell infiltration in portal area. The gross pathological
changes in all groups were milder than those of the
model control group; there was no marked difference
between the Baicalin and Octreotide treated group,
but Baicalin treated group had milder pathological
manifestations (Figure 1C and D).
Sham-operated group: (1) Gross changes. No obvious
swelling of liver, normal color; (2) Changes under light
microscope. Complete structure of hepatic lobules,
occasional inflammatory cell infiltration in portal area.
Most liver cells have normal morphous, some local
swelling of liver cells, cholestasis and stenosis of sinus
hepaticus (Figure 1E).
Comparison of liver pathological scores in all
groups: The pathohistological severity score standard
made by first author[19]. The scores of the model control
group, Baicalin treated group and Octreotide treated
group were significantly exceeded the sham-operated
group at the different time points (P < 0.001). The
scores of the Baicalin treated group and Octreotide
treated group were significantly lower than that of the
model control group at 12 h (P < 0.05). There was no
marked difference between the Baicalin treated group
and Octreotide treated group at the different time points
(P > 0.05) (Table 1).
Pathological severity score of pancreas: A modified
Schmidt’s severity score standard of pancreas made by
us was referred[19]. The pancreatic severity score in model
control group, Baicalin treated group and Octreotide
treated group significantly exceeded than that in shamoperated group (P3, 6, 12 h < 0.001). The pancreatic severity
score of Baicalin treated group was significantly lower
than that in model control group at 12 h (P12 h < 0.01),
and Octreotide treated group was significantly lower
than those in model control group at 6 h and 12 h
(P 6, 12 h < 0.01). There was no marked difference in
pancreatic severity score between Baicalin treated group
and Octreotide treated group at 3, 6 and 12 h (P3, 6, 12 h >
0.05) (Table 1).
Comparison of serum ALT (GPT) contents in all
groups: The model control group and treated groups
were significantly higher than the sham-operated group
www.wjgnet.com
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Table 1 Comparison of different pathological indexes [M (Q R) ]
Indexes

Sham-operated group
3h

Pathological score
of liver
Pathological score
of pancreas
Bax
Bcl-2
Caspase-3
Apoptosis indexes

0.0
(0.0)
0.0
(1.0)
0.0
(0.0)
0.0
(0.0)
0.0
(0.0)
0.00
(0.00)

6h
0.0
(0.0)
0.0
(1.0)
0.0
(0.0)
0.0
(0.0)
0.0
(0.0)
0.00
(0.00)

12 h
0.0
(0.0)
0.0
(1.0)
0.0
(0.0)
0.0
(0.0)
0.0
(0.0)
0.00
(0.00)

Model control group
3h

6h

1

1

2.0
(1.0)
8.01
(2.0)
0.0
(1.0)
0.0a
(1.0)
0.0a
(1.0)
0.00
(0.00)

3.0
(1.0)
9.01
(3.0)
0.0
(0.0)
3.0a
(2.5)
0.0a
(1.0)
0.00
(0.00)

12 h
1

3.0
(0.25)
10.51
(1.5)
0.0
(0.0)
0.0a
(2.0)
0.0a
(1.0)
0.00
(0.00)

Baicalin treated group
3h

6h

1

1

1.0
(2.0)
7.01
(1.5)
0.0
(0.5)
0.0a,e
(1.0)
0.0b
(1.0)
0.00
(0.00)

2.0
(2.0)
7.01
(3.0)
0.0a,c
(1.0)
0.0c
(0.0)
0.0b
(1.0)
0.02a,d
(0.10)

Octreotide treated group

12 h
1,c

2.0
(2.0)
9.01,d
(4.0)
0.0
(0.0)
0.0c
(0.0)
1.0bc
(1.0)
0.00
(0.00)

3h

6h

1

1

2.0
(2.0)
7.01
(2.0)
0.0
(1.0)
0.0c
(0.0)
1.0a
(1.0)
0.00
(0.04)

2.0
(2.0)
6.01,d
(2.0)
0.0a
(1.0)
0.0c
(0.0)
0.0a
(1.0)
0.02a,c
(0.04)

12 h
2.01,c
(1.0)
8.01,d
(2.0)
0.0b
(1.0)
0.0c
(0.0)
0.0a
(1.0)
0.00a,c
(0.06)

1

P < 0.001, vs sham-operated group. aP < 0.05, bP < 0.01, vs sham-operated group; cP < 0.05, dP < 0.01, vs model control group; eP < 0.05, vs octreotide treated
group.

A

B

C

D

E

Figure 1 Pathological changes of liver under light microscope. A: Lamellar hemorrhagic necrosis, model control group (6 h); B: Massive hemorrhagic necrosis,
model control group (12 h); C: Spotty necrosis of liver cell, Baicalin treated group (12 h); D: Piecemeal necrosis, Octreotide treated group (12 h); E: Normal liver,
sham-operated group (12 h). (HE, × 200).

at all time points (P < 0.001). The Baicalin treated group was significantly lower than the model control group at all
www.wjgnet.com

Zhang XP et al . Effects of Baicalin and Octreotide

6555

Table 2 Comparison of ALT, AST contents in blood [M (Q R) ]
Indexes

Sham-operated group
3h

ALT
AST

6h

12 h

28 (12) 29 (10) 35 (9)
130 (37) 142 (26) 158 (29)

Model control group
3h

6h

12 h

3321 (140) 6231 (193) 6411 (163)
5281 (270) 9751 (242) 9871 (230)

Baicalin treated group
3h

6h

Octreotide treated group
12 h

1021,2,d (99) 1501,2 (69)
1781,2,c (111)
2211,2,3 (205) 3061,2,c (225) 4721,2 (114)

3h

6h

12 h

2081,2 (128)
4231,a (229)

1581,2 (57)
4201,2 (163)

2261,2 (50)
5131,2 (258)

1

P < 0.001, vs sham-operated group; 2P < 0.001, vs model control group; 3P < 0.001, vs octreotide treated group. aP < 0.05, vs model control group; cP < 0.05,
P < 0.01, vs octreotide treated group.

d

A

B

C

Figure 2 TMA of liver was prepared and immunohistochemical staining.
A: Bax protein expression level was “++”, model control group (3 h); B: Bcl-2
protein expression level was “+++”, model control group (6 h); C: Caspase 3
protein expression level was “++”, Octreotide treated group (6 h). (× 200).

time points (P < 0.001), the Octreotide treated group
were significantly lower than the model control group
(P < 0.001). The Baicalin treated group was significantly
lower than the Octreotide treated group at 3 h (P < 0.01),
no marked difference between the Baicalin treated group
and Octreotide treated group at 6 h (P > 0.05), the
Baicalin treated group was significantly lower than the
Octreotide treated group at 12 h (P < 0.05) (Table 2).

Comparison of serum AST (GOT) contents in all
groups: The model control group and treated groups
were significantly higher than the sham-operated group
at all time points (P < 0.001). The Baicalin treated group
was significantly lower than the model control group
(P < 0.001), the Octreotide treated group significantly
lower than the model control group (P < 0.05), and
the Baicalin treated group significantly lower than the
Octreotide treated group (P = 0.001) at 3 h. The Baicalin
treated group was significantly lower than the model
control group (P < 0.001), the Octreotide treated group
significantly lower than the model control group (P <
0.001) at 6 h and 12 h. The Baicalin treated group was
significantly lower than the Octreotide treated group at
6 h (P < 0.05), no marked difference between the
Baicalin treated group and Octreotide treated group at
12 h (P > 0.05) (Table 2).
Comparison of the expression level of Bax protein
in liver: The positive Bax protein staining position
was in cytoplasm of liver cell. There was no marked
difference in all groups at 3 h (P > 0.05). The Octreotide
treated group significantly exceeded the sham-operated
group at 12 h (P < 0.01). Both the Baicalin treated group
and Octreotide treated group significantly exceeded the
sham-operated group (P < 0.05) and the Baicalin treated
group significantly exceeded the model control group
(P < 0.05) at 6 h (Table 1 and Figure 2A).
Comparison of the expression level of Bcl-2 protein
in liver: The positive Bcl-2 protein staining position
was in cytoplasm of liver cell. There was no marked
difference between the Octreotide treated group
and sham-operated group, the model control group
significantly exceeded the sham-operated group (P <
0.05), the Octreotide treated group significantly lower
than the model control group (P < 0.05) at different
time points. The Baicalin treated group significantly
exceeded the sham-operated group at 3 h (P < 0.05), the
Baicalin treated group significantly lower than the model
control group at 6 h (P < 0.05), the Octreotide treated
group significantly lower than the Baicalin treated group
at 3 h (P < 0.05) (Table 1 and Figure 2B).
Comparison of the expression level of Caspase-3
protein in liver: The positive staining signal of
Caspase-3 protein was localized in the cytoplasm of
hepatic cells. At all time points after operation, the
staining intensity of Caspase-3 protein in liver in the
model control group, the Baicalin treated group and
www.wjgnet.com
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Figure 3 TMA of liver was prepared and conduced TUNEL staining, observing the changes of apoptotic indexes. A: model control group (3 h), there was no
apoptotic cell; B: Baicalin treated group (3 h), several hepatic apoptotic cells appeared; C: Baicalin treated group (6 h), several apoptotic hepatic Kupffer cells; D:
Baicalin treated group (12 h), several apoptotic hepatic Kupffer's cells; E: Octreotide treated group (3 h), several apoptotic hepatic Kupffer's cells. (TUNEL, × 400).

the Octreotide treated group were significantly higher
than that in the sham-operated group (P < 0.05, P <
0.01 and P < 0.05, respectively); at 12 h after operation,
the staining intensity in the Baicalin treated group was
obviously higher than that in the model control group
(P < 0.05); at all time points after operation, no marked
difference was noted between the Baicalin treated group
and the Octreotide treated group (P > 0.05) (Table 1 and
Figure 2C).
Comparison of apoptosis indexes in liver: Apoptosis
occurred to liver Kupffer cells and liver cells. There was
no marked difference in all groups at 3 h (P > 0.05); the
Baicalin treated group significantly exceeded the shamoperated group (P < 0.05) and model control group
(P < 0.01) at 6 h; Octreotide treated group significantly
exceeded the sham-operated group and model control
group at 6 h and 12 h (P < 0.05) (Table 1 and Figure 3).
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Comparison of correlations among all indexes
Correlations between hepatic apoptosis indexes and
Bax, Bcl-2: The 3 h apoptosis indexes of the Baicalin
treated group was positively correlated with Bax (P <
0.001); the 12 h apoptosis indexes of the Baicalin treated
group was positively correlated with Bax (P < 0.05); the
3 h apoptosis indexes of the Octreotide treated group
was positively correlated with Bax (P < 0.01); There was
no correlation between apoptosis indexes in all groups
and Bcl-2 (P > 0.05).
Correlations between pathological score of hepatic
injury and ALT, AST: The 6 h pathological score
of the model control group was positively correlated
with ALT (P < 0.01). The 3 h pathological score of
the Baicalin treated group was positively correlated
with AST (P < 0.01); the 12 h pathological score of
the Baicalin treated group was positively correlated

Zhang XP et al . Effects of Baicalin and Octreotide

with ALT (P < 0.05). The 3 h pathological score of
the Octreotide treated group was positively correlated
with ALT (P < 0.05); the 6 h pathological score of the
Octreotide treated group was positively correlated with
ALT (P < 0.001) and meanwhile AST (P < 0.05); the
12 h pathological score of the Octreotide treated group
was positively correlated with ALT (P < 0.01).

DISCUSSION
As the morbidity and mortality of SAP increases,
improving the clinical therapeutic effects on SAP and
finding cheap alternates with precise therapeutic effects
and fewer side effects have been the hot spots of
clinical research[20-23]. Our study results show the main
mechanism of MODS onset during AP is the abnormal
activation of mononuclear-macrophage system which
generates excessive cytokines[24]. Kupffer cells of liver,
which is the largest fixed macrophage population in
body, account for 80%-90% of the total mononuclear
macrophage system. They must affect the progression
of SAP state. Therefore, it is necessary to find cheap
alternates with precise therapeutic effects and fewer side
effects to protect rats with SAP from hepatic injury.
As one of the common clinical SAP medications
at present, Octreotide can effectively reducing SAP
complications and improve survival[12,25]. However, it
is also expensive and inconvenient. It is still not sure
whether Octreotide can protect liver, leading to the
need of further study. However, Baicalin is cheap and
convenient. Baicalin also can protect liver. At present,
our hospital is still the only hospital that has submitted
a study report on SAP treated by Baicalin injection[13-16].
We have been granted a Chinese invention patent
number for our Baicalin injection prescription, which
has paved the way for further developing and utilizing
the new drug.
This study showed the pancreatic score of Baicalin
treated group was significantly lower than that in model
control group at 12 h, which mentioned that Baicalin
can relieve the severity of pancreas in SAP procedure.
The protective effect of Baicalin may be related to
inhibit secretion of pancreatin and decrease the contents
of endotoxin and TNF-α. From the prospect of hepatic
pathological score, spotty necrosis and/or mild focal
necrosis, visible inflammatory cell infiltration in portal
area and no lamellar necrosis were observed in Baicalin
treated group microscopically. The gross pathological
changes were milder in Baicalin treated group than
in model control group. And there was no difference
between Baicalin treated group and Octreotide treated
group in gross changes[15].
ALT is the abbreviation for alanine aminotransferase.
It is found mainly in liver cells. AST is the abbreviation
for aspartate aminotransferase, which is found mainly
in cardiac muscle, followed by the liver. Both are nonspecific intracellular functional enzymes and are normally
found in the serum at very low levels. When hepatic cells
are damaged, their membrane permeability increases. As
a consequence, cytoplasmic ALT and AST are released
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into the blood, resulting in an increase in the activities
and contents of serum ALT and AST. Therefore, serum
ALT and AST levels are sensitive parameters for the
evaluation of hepatic cell damage. The correlation
analysis has demonstrated a positive correlation between
6 h and 12 h pathological scores and ALT (P < 0.01 and
P < 0.05), and a positive correlation between 3 h score
and AST (P < 0.01) in Baicalin treated group, which
means Baicalin can alleviate the hepatic injury of rats
with SAP, and protect rats from SAP hepatic injury. We
believe these effects of Baicalin are related to its many
capacities. For instance, Baicalin can lower AST and AST
content in serum, and down regulate the expression level
of hepatic Bcl-2 protein. According to our results from
a series of experiments, we believe that the protective
effect of Baicalin and Octreotide on the liver may be
mediated by reducing the contents of inflammatory
mediators such as NO, MDA, TNF-α, IL-6 and PLA2
etc[14-16].
Bax and Bcl-2 are two important components of
apoptosis regulating system. When Bax forms dimers, it
will induce apoptosis. As Bcl-2 expression increases, the
apoptosis promoting effect of Bax dimers are inhibited.
In this experiment, it was found that the expression
levels of both Bax protein and Bcl-2 protein rose
during SAP. It is possible that both apoptosis induction
and inhibition have been enhanced so equally that no
marked difference occurred between model control
group and sham-operated group in apoptotic index.
In addition, according to the experimental results, the
expression level of Bax protein at 6 h was higher in
Baicalin treated group than in model control group (P <
0.05). The expression levels of Bcl-2 protein at 6 h and
12 h were lower in Baicalin treated group than in model
control group (P < 0.05). These findings indicate that
Baicalin can induce Bax and inhibit the expression of
Bcl-2 protein to let apoptosis inducing factor prevail in
treated group. Therefore, Baicalin can protect liver and
alleviate pathological changes. The expression levels of
Bcl-2 protein were lower in Octreotide treated group
than in model control group at different time points.
The apoptotic indexes at 6 h and 12 h were higher in
Octreotide treated group than in model control group
(P < 0.05). These findings indicate that Octreotide can
induce apoptosis in hepatic cells. From the prospect of
correlation analysis, the apoptotic indexes at 3 h and 12
h were positively correlated with Bax, and not correlated
with Bcl-2 in treated group, which means that Bax gene
participates in the regulation of apoptosis of hepatic cell
while Bcl-2 gene may prevent the apoptosis of hepatic
cell and promote its hyperplasia during hepatic injury of
rats with SAP.
Caspase-3 is an interleukin-converting enzyme
that belongs to a member of caspase family (cysteine
protease) [26,27]. Some studies have demonstrated that
cell apoptosis is negatively correlated with the severity
of SAP[28,29]. Activated Caspase-3 is the main executor
of cell apoptosis[30,31] and works as the final common
signal molecule of various apoptotic mechanisms [32].
During apoptosis signal transduction, caspases function
www.wjgnet.com
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as downstream signal molecules. The binding of
caspases to cytochrome c can induce the activation
of Caspase-3 which enables cell apoptosis completed.
Some characteristic markers for cell apoptosis, such as
chromosome condensation and DNA fragmentation,
are directly related to Caspase-3[33,34]. This study showed
that, at 12 h after operation, the expression level of
Caspase-3 protein in liver in the Baicalin treated group
was significantly higher than that in the model control
group, suggesting that Baicalin is able to effectively
upregulate the expression of Caspase-3 protein and
promote apoptosis. Although some studies have
indicated that cell apoptosis is positively correlated
with hepatic injury[35-37], the results of the present study
showed that low proportion of hepatic apoptosis at the
early stage was favorable to the body. Considering that
apoptotic cells do not release inflammatory mediators
and, therefore, reduce their contents and weaken the
body’s inflammatory reaction [14], we believe that cell
apoptosis which occurred at early stage of SAP has
some protective effect on the liver.
The TMA we adopted has surpassed the traditional
tissue pathological section technique that is inefficient
only using a single sample[38]. There is a great potential
for TMA in oncopathological research since it can
achieve high-throughput, reliable results and so on. This
field is also the focus of current study[39-41].
In conclusion, Baicalin and Octreotide can enhance
the apoptosis promoting effect of Bax dimmers by
lowering the expression level of Bcl-2 protein, leading
to the apoptosis of hepatic Kupffer cells and hepatic
cells, thus alleviating the pathological changes of liver.
Baicalin and Octreotide also can lower the content of
ALT, AST in serum to improve the survival of rats with
SAP. Baicalin is more advantageous than Octreotide
in many aspects. TMA is time and energy saving,
highly efficient and representative for the pathological
examination of pancreatitis. We believe that as a cheap
new drug with precise therapeutic effects and fewer
side effects, Baicalin can play certain role in future SAP
treatment.
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Abstract
AIM: To study the risk factors for morbidity and
mortality following total gastrectomy.
METHODS: We retrospectively reviewed the records
of 125 consecutive patients who underwent total
gastrectomy for gastric cancer at the Second Affiliated
Hospital of Zhejiang University School of Medicine
between January 2003 and March 2008.
RESULTS: The overall morbidity rate was 20.8% (27
patients) and the mortality rate was 3.2% (4 patients).
Morbidity rates were higher in patients aged over 60
[odds ratio (OR) 4.23 (95% confidence interval (CI)
1.09 to 12.05)], with preoperative comorbidity [with
vs without, OR 1.25 (95% CI 1.13 to 8.12)], when
the combined resection was performed [combined
resection vs total gastrectomy only, OR 2.67 (95% CI
1.58 to 5.06)].
CONCLUSION: Age, preoperative comorbidity and
combined resection were independently associated
with the rate of morbidity after total gastrectomy for
gastric cancer.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastric cancer is the second leading cause of cancerrelated death worldwide[1]. It ranks first among all causes
of death from cancer in China, with an annual mortality
rate of approximately 25.2 per 100 000 people[2].
Despite the best efforts of clinicians, gastric cancer
is usually diagnosed at a fairly advanced stage in most
countries [3]. Complete surgical resection is the only
potentially curative treatment for gastric cancer[4,5].
In most Western countries, there has been a rapid
rise in the incidence of tumors at or close to the
gastrooesophageal junction over the past 20 to 30
years[3]. Based on tumor location and growth pattern, a
total gastrectomy is the procedure of choice for patients
with middle and proximal third gastric cancer[6].
Preoperative preparation, anesthesiology, operative
techniques, and postoperative care have improved
considerably in recent years. However, total gastrectomy
has been reported to have higher morbidity and
mortality rates than subtotal gastrectomy[7–9].
The aim of this study is to document the frequency
and nature of operative morbidity and mortality after
total gastrectomy, and to identify factors that are
predictive of complications and death.

MATERIALS AND METHODS
We retrospectively reviewed the records of 125 consecutive
patients who underwent total gastrectomy for gastric
cancer at the Second Affiliated Hospital of Zhejiang
University School of Medicine between January, 2003 and
March, 2008. The median age of the patients was 60 (range
29-78). All patients had histologically confirmed gastric
cancer, without previous or coexisting cancer. None had
received preoperative chemotherapy or radiation therapy.
Abdominal terminolateral esophagojejunal anastomosis
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was performed with staples in every patient. Criteria for
exclusion from this study were surgery for gastric stump
carcinoma and other nonresective palliative operations for
gastric cancer including bypass procedures. Roux-en-Y
oesophagojejunostomy with or without a Paulino pouch
was performed in all patients after radical or palliative
total gastrectomy. A D2 or D2+ lymph node dissection
was performed in patients with radical total gastrectomy.
All patients received prophylactic antibiotics starting half
an hour before the laparotomy and continuing for over
72 h.
From these data, risk factors were analyzed with
postoperative morbidity and mortality. Analyzed
risk factors included sex, age, America Society of
Anesthesiologists (ASA) grade, tumor site, tumor
size, pTNM stage, intraoperative transfusion volume,
intraoperative loss of blood, preoperative comorbidity,
operative time, combined org an resection, and
procedure. Classification of pTNM stage followed the
5th edition of the International Union Against Cancer
(UICC) criteria. The operative time was defined as
the time between initiation of skin incision and the
completion of wound closure. Postoperative hospital
stay was defined as the number of days in hospital from
operation to discharge. Combined organ resection was
referred to as splenectomy, pancreaticosplenectomy,
transverse colectomy, cholecystectomy, and hepatic
segment resection.
Operative complications analyzed in this study
included both immediate postoperative minor
complications and major complications that occurred
during the same hospitalization. Late complications,
such as gallstone formation, anemia, dumping syndrome,
and weight loss, were not included in the scope of this
study. Bleeding was defined by the need for postoperative
transfusion. A fluid collection was defined by the presence
of septic fluid in the abdominal cavity causing fever
higher than 38℃ and verified by computer tomography
(CT) or B-type ultrasound. Wound infection included the
presence of septic fluid or pus at the incision leading to
delayed suture removal or the need for wound re-suture.
Pleural effusion was defined by the presence of fluid in
the thoracic cavity requiring drainage. Pulmonary embolus
was verified by pulmonary angiography. Pulmonary
infection was verified by chest X-ray. The diagnosis
of fungus infection and urinary tract infection was
determined by sample microbiology culture.
Operative mortality in this study included all hospital
deaths within 30 d.
Statistical analysis
The χ 2 test, Fisher’s exact test and a binary logistic
regression model were used for statistical analysis.
P < 0.05 (two sided) was regarded as significant. SPSS®
version 11.5 (SPSS, Chicago, IL, USA) was used for data
analysis.

RESULTS
The postoperative morbidity of the 125 patients studied
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Table 1 Postoperative morbidity
Morbidity
Pulmonary infection
Wound infection
Abdominal abscess
Intra-abdominal bleeding
Upper digestive tract bleeding
Duodenal stump leakage
Jejunum stump leakage
Chylous leaks
Pulmonary embolus
Arrhythmia
Pleural effusion
Ascite
Urinary tract infection
Fungus infection
Total

No. of patients
7
4
3
3
3
3
1
2
2
4
4
3
2
3
44

is listed in Table 1. The overall morbidity rate was
20.8% (27 patients), and the mortality rate was 3.2%
(4 patients) and mean postoperative stay was 18.34 d.
Univariate analysis showed that age, sex, extension of
resection (combined or not), perioperative transfusion,
and preoperative comorbidity were all significantly
associated with operative morbidity (Table 2). Multiple
logistic regression analysis identified older age [odds
ratio (OR) 4.23 (95% confidence interval (CI) 1.09 to
12.05)], preoperative comorbidity [with vs without, OR
1.25 (95% CI 1.13 to 8.12)] and combined resection
[combined resection vs total gastrectomy only, [OR 2.67
(95% CI 1.58 to 5.06)] as independent predictors of a
higher operative morbidity rate.
Four patients (3.2%) with preoperative comorbidity
died in hospital. All four had undergone palliative or
radical total gastrectomy without combined organ
resection. The first of these patients died of a pulmonary
infection with preoperative chronic bronchitis. The
second patient, who died of sudden cardiac arrest,
had preoperative coronary heart disease for 5 years.
The third patient died of multiple organ dysfunction
syndrome (MODS) with preoperative complete right
bundle-branch heart block. The fourth patient, who died
of heart failure, had preoperative pleural effusion.

DISCUSSION
Gastric cancer is the second leading cause of cancerrelated death worldwide[1]. It ranks first among all causes
of death from cancer in China, with an annual mortality
rate of approximately 25.2 per 100 000 [2]. In most
Western countries, there has been a rapid rise in the
incidence of tumors at or close to the gastrooesophageal
junction over the past 20 to 30 years[3]. Based on tumor
location and growth pattern, a total gastrectomy is
the procedure of choice in patients with middle and
proximal third gastric cancer[6].
Although morbidity and mor tality rates for
gastrectomy for gastric cancer were different in past
studies, many recent studies show that they have now
decreased significantly to less than 23% and 6%,
respectively[8,10-14]. Total gastrectomy has been reported
www.wjgnet.com
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Table 2 Factors related to operative morbidity n (%)
No. of
patients

No. with
P1
complications

Age (yr)

0.005

< 60
≥ 60
Sex

62
63

7 (11.29)
20 (31.75)

Male
Female
ASA

86
39

23 (26.74)
4 (10.26)

1
2-3
Tumor size (cm)

37
88

5 (16.51)
22 (25)

≤3
≤6
>6
Tumor site

19
45
61

5 (26.32)
10 (22.22)
12 (19.67)

Upper
Middle
Low
Two thirds or more
pTNM stage

46
24
17
38

9 (19.56)
4 (16.67)
4 (23.53)
10 (26.32)

Ⅰ-Ⅱ
Ⅲ-Ⅳ
Transfusion (U)

27
98

3 (11.11)
22 (22.45)

0
≤3
≥4
Operative hemorrhage (mL)

71
34
20

8 (11.27)
8 (23.53)
7 (35)

≤ 400
≤ 800
> 800
Operative time (h)
≤4
>4
Combined resection

45
54
26

10 (22.22)
12 (22.22)
5 (19.23)

75
50

19 (25.33)
8 (16)

Yes
No
Procedure

47
78

16 (34.04)
31 (39.74)

Palliative
Radical
Comorbidity

28
97

5 (17.86)
22 (22.68)

With
Without

56
69

19 (33.93)
8 (11.59)

P2
< 0.01

0.038

0.154

0.821

0.887

0.135

0.036

0.947

0.214

0.009

0.012

0.011

Values in parentheses are percentages. 1χ 2 test; 2Multiple regression
analysis.

to have higher morbidity and mortality rates than
subtotal gastrectomy [7-9]. In our study, the morbidity
and mortality rates for total gastrectomy was 20.8% and
3.2%, respectively. The most common complication
was pulmonary infection, in accordance with other
reports[9,12].
In kee ping with other studies showing that
postoperative morbidity and mortality rates are
associated with age, sex and combined resection [15],
univariate analysis in our study demonstrated that
age, sex, and combined resection contributed to
postoperative complications. Furthermore, besides
combined resection, age was an independent contributor
to postoperative complications, because elderly patients
may harbor occult heart disease, and have reduced
respiratory and liver function reserves.
Opelz et al [16] reported that homologous blood
www.wjgnet.com
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transfusion was associated with immunosuppression
in renal allograft transplantation. Clinical evidence of
a relationship between perioperative transfusion and
postoperative septic complications has been reported
in some studies of gastric cancer [17-20]. Although the
exact mechanism of immunosuppression is still to be
elucidated, reduced tumor necrosis factor-α levels,
interleukin 10 (IL-10) induction, impair ment of
natural killer cells, increases in certain other cytokines,
complement activation, decreased macrophage function,
decreased CD4/CD8 ratio, and decreased IL-2 secretion
are all involved[21-23]. Our univariate analysis also showed
that perioperative transfusion was associated with
postoperative morbidity.
Our study found that preoperative comorbidity was
an independent predictor of postoperative morbidity,
and that all of the 4 patients who died in hospital were
preoperatively suffering from respiratory or cardiac
disease. This relationship was also reported in other
studies [9,24,25]. Thus, we believe that prior treatment
of preoperative comorbid conditions is critical to the
postoperative recovery of patients with gastric cancer.
There are some common drawbacks to undertaking
any retrospective study, including sample insufficiency
and operations performed by different surgeons, which
apply to this study. This study also demonstrates that
relatively low morbidity and mortality rates for total
gastrectomy can be achieved in a large-volume hospital
by experienced surgeons with careful perioperative
treatment.
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Gastric cancer is the second leading cause of cancer-related death worldwide.
In most Western countries, there has been a rapid rise in the incidence of
tumors at or close to the gastrooesophageal junction. A total gastrectomy is the
procedure of choice for patients with middle and proximal third gastric cancer.
However, total gastrectomy has been reported to have higher morbidity and
mortality rates than subtotal gastrectomy. It is significant to identify factors that
are predictive of complications and death.

Research frontiers

Although morbidity and mortality rates for gastrectomy for gastric cancer
were different in past studies, many recent reports show that they have now
decreased significantly to less than 23% and 6%, respectively. Furthermore,
some reports showed that several risk factors were associated with the
complications and death.

Innovations and breakthroughs

Age, preoperative comorbidity and combined resection were independently
associated with the rate of morbidity after total gastrectomy for gastric cancer.
Perioperative transfusion was also associated with postoperative morbidity.

Applications

This study demonstrates that relatively low morbidity and mortality rates for
total gastrectomy can be achieved in a large-volume hospital by experienced
surgeons and with careful perioperative treatment.

Terminology

Immunosuppression is defined as deliberate prevention or diminution of the
host’s immune response. It may be nonspecific as in the administration of
immunosuppressive agents (drugs or radiation) or by lymphocyte depletion
or may be specific as in desensitization or the simultaneous administration of
antigen and immunosuppressive drugs.

Peer review

To document the frequency and nature of operative morbidity and mortality
after total gastrectomy, the authors retrospectively reviewed the records of 125
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consecutive patients who underwent total gastrectomy for gastric cancer. As
a clinical experience, the results may provide some helpful information for the
readers.
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GOS. No significant differences were observed
between the GOS formula and human milk groups.
Supplementation with GOS did not influence the
incidence of crying, regurgitation and vomiting.
CONCLUSION: A low level of GOS (0.24 g/100 mL) in
infant formula can improve stool frequency, decrease
fecal pH, and stimulate intestinal Bifidobacteria and
Lactobacilli as in those fed with human milk.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the effect of a new infant formula
supplemented with a low level (0.24 g/100 mL) of
galacto-oligosaccharide (GOS) on intestinal micro-flora
(Bifidobacteria , Lactobacilli and E. coli ) and fermentation
characteristics in term infants, compared with human
milk and a standard infant formula without GOS.
METHODS: Term infants (n = 371) were approached
in this study in three hospitals of China. All infants
started breast-feeding. Those who changed to
formula-feeding within 4 wk after birth were randomly
assigned to one of the two formula groups. Growth
and stool characteristics, and side effects that
occurred in recruited infants were recorded in a 3-mo
follow-up period. Fecal samples were collected from
a subpopulation of recruited infants for analysis of
intestinal bacteria (culture technique), acetic acid (gas
chromatography) and pH (indicator strip).
RESULTS: After 3 mo, the intestinal Bifidobacteria ,
Lactobacilli , acetic acid and stool frequency were
significantly increased, and fecal pH was decreased
in infants fed with the GOS-formula or human milk,
compared with those fed with the formula without
www.wjgnet.com

INTRODUCTION
Breastfeeding is the primary choice for newborns.
However, for some reason, many infants are formula
fed. Breast milk is superior over artificial formula in
many aspects, including its effect on the development
of intestinal microflora. Breast-fed infants have a higher
level of intestinal Bifidobacteria and Lactobacilli[1,2], both
of which are known to be potentially beneficial to the
health of their hosts[3,4]. It is likely that oligosaccharides
in human milk are more beneficial to intestinal flora[5-7].
The amount of oligosaccharides in mature human
milk is in range of 12-15 g/L. Most of oligosaccharides
are fer mented in the large intestine [8,9] . Galactooligosaccharide (GOS) contained in oligosaccharides, is a
short-chain galactose with a terminal glucose molecule[10],
which is produced from lactose and commercially
available. Studies have shown that GOS can selectively
stimulate development of Bifidobacteria[11]. However, only
a few studies are available on oligosaccharides in infant
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formula[12,13], and there is no study using only GOS in
infant formula.
Recently, Moro et al [13] showed that the number
of Bifidobacteria and Lactobacilli increases significantly
compared with a control formula with maltodextrin
instead of the oligosaccharides in term infants fed with
formula at the dose of 0.4 g and 0.8 g of oligosaccharide
per 100 mL (90% GOS and 10% low-molecular weight
fructo-oligosaccharides). There was no difference between
the two supplemented groups. These values have been
adopted by the Scientific Committee on Food (SCF: April,
2003) of the European Commission and probably will be
implemented in European regulations. In preterm infants,
the same mixture of oligosaccharide (1.0 g/100 mL)
could stimulate growth of Bifidobacteria and result in
stool characteristics as seen in human milk-fed infants[12].
Recently, however, a rat study[14] showed that the intestinal
cell wall is irritated and the risk of bacterial translocation
increases (following orally Salmonella enteritidis infection)
when fructooligosaccharides are provided at a high (3%
and 6% of dry matter), but not an unrealistic amount
(maximum level adopted by the SCF is about 6% of dry
matter). Therefore, positive effects of oligosaccharides on
intestinal bacteria may not always justify the levels tested.
Our hypothesis is that a prebiotic effect of the
human milk-like GOS is already present at a much lower
level than that currently adopted by the SCF. This study
was to investigate the effect of 0.24 g GOS per 100 mL
on intestinal microflora colonization and fermentation
in formula-fed term infants compared with breast-fed
and control formula-fed counterparts, and to detect the
lowest and safe effective level of GOS.

MATERIALS AND METHODS
Subjects
Three hundred and seventy-one healthy term infants,
appropriate for gestational age, were approached in
the study by Nanjing Children’s Hospital of Nanjing
Medical University (n = 181), Nanjing Maternal Hospital
of Nanjing Medical University (n = 90) and Affiliated
Hospital of South East University (n = 100). Finally, 164
infants were recruited for the 3-mo follow-up (Table 1).
Those excluded from the study were due to refusal of
their parents and failure in taking the fresh fecal samples.
The Ethics Committees of the three hospitals approved
the study and all the parents gave their informed consent
before enrolment in the study.
Diets
When not breast-fed, the infants were randomly assigned
to test for mula group and control for mula group
(Table 1). The test formula (Frisolac Advanced, Friesland
Nutrition, Netherlands) group was supplemented
with GOS (0.24 g/100 mL), while the control formula
(Frisolac H, Friesland Nutrition, Netherlands) group was
not supplemented with GOS. The other infants were
either breastfed or received a combination of breast milk
and test formula.
Growth and stool characteristics of, and side effects
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in the infants were recorded during the 3-mo followup. The body weight of all infants was measured using
a scale with an accuracy of ± 5 g. The crown-heel
length and head circumference were measured using
a special board for newborn infants with an accuracy
of ± 1 mm. Stool consistency (score 1-4: 1 = watery,
2 = loose/mushy, 3 = soft formed, 4 = hard formed)
and frequency were recorded based on an interview
with the mother. Crying (score 1-3: 1 = practically not
crying, 2 = crying in connection with feeding, 3 = crying
independently from the meals), regurgitation (score 1-3:
1 = no regurgitation, 2 = 1-2 regurgitations, 3 = > 2
regurgitations per day), and vomiting (score 1-3: 1 = no
vomiting, 2 = 1 episode of vomiting, 3 = > 1 episode
of vomiting per day) were also recorded based on an
interview with the mother.
Fecal samples were collected from a subpopulation
(Tables 2 and 3) for analysis of intestinal bacteria (n =
82), short chain fatty acids (SCFAs) (n = 96) and pH (n
= 112). For analysis of Bifidobacteria and Lactobacilli[1,12,13],
one gram of fresh feces was homogenized and diluted
in 10 mL of a pre-reduced brain and heart infusion
broth in an anaerobic glove box within 1 h of collection.
Ten µ L of each dilution was spread on the surfaces
of Rogosa SL agar (Difco, Detroit, USA) dishes and
incubated anaerobically at 37℃. Colony forming units
(cfu) of Lactobacilli were marked after 2 d, whereas cfu
of Bifidobacteria were counted after 4 d. For detection of
E. coli, 1 g of fresh feces was homogenized and diluted
in 10 mL of a pre-reduced brain and heart infusion
broth in a clean airflow bench. Ten µL of each dilution
was spread on the surfaces of MacConkey agar (Difco,
Detroit, USA) dishes and incubated aerobically at 37℃
for 1 d. Cfu were expressed as per gram of feces.
Concentration of SCFA acetic acid was determined
by gas chromatography as previously described[15]. Briefly,
weighed fecal samples were diluted at approximately 1:10
in a 0.1 mol/L sodium phosphate broth (pH 6.5), and
suspensions were used to determine the concentration
of acetate using a Hewlett-Packard 5890A Series Ⅱ
gas chromatograph (Agilent, Wilmington, DE) and a
glass column (180 cm × 4 mm i.d.) packed with 10%
SP-1200/1% H 3PO 4 on 80/100 mesh Chromosorb
WAW (Supelco, Bellefonte, PA). Nitrogen was the carrier
gas with a flow rate of 75 mL/min. Temperature of the
oven, detector and injector was 125℃, 175℃ and 180℃,
respectively. SCFA concentrations in the blank tube
were used to correct non-substrate SCFA production.
pH of the fresh stool sample was measured with a
piece of multicolor indicator paper with an accuracy of
0.2 U (Spezialindicatorpapier Merck Eurolab GmbH,
Darmstadt, Germany).
Statistical analysis
All data were given as mean ± SD. An overall group effect
on a measured variable was evaluated by ANOVA with
F value. When significant, this was followed by t test for
single factor group comparisons. P < 0.05 was considered
statistically significant. SPSS 12 (SPSS Institute Inc.,
Chicago, USA) was used in analysis of data.
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Table 1 Clinical data of the infants enrolled in the study

Babies recruited in 3 mo follow-up
Male/Female
Gestational age (wk)
Weight at birth (kg)
Length at birth (cm)
Head circumference at birth (cm)
Feeding volume (mL/kg-BW/d)
Weight gain during study period (g/d)
Length gain during study period (cm/wk)

GOS formula

GOS formula & human milk

Human milk

Control formula

n = 37
20/17
38.7 ± 0.6
3.30 ± 0.42
49.50 ± 0.96
34.15 ± 0.55
162 ± 27
41.26 ± 5.22
0.95 ± 0.11

n = 58
30/28
39.1 ± 0.8
3.20 ± 0.43
49.47 ± 1.15
33.98 ± 0.72

n = 24
13/11
39.4 ± 0.7
3.34 ± 0.43
49.61 ± 1.23
34.07 ± 0.81

43.35 ± 4.87
1.01 ± 0.11

40.97± 5.06
0.93 ± 0.10

n = 45
24/21
38.8 ± 0.8
3.35 ± 0.45
49.57 ± 1.03
34.25 ± 0.77
157 ± 34
40.59 ± 3.95
0.96 ± 0.11

F /P value

1.40/0.24
1.28/0.28
0.13/0.94
1.35/0.26
1.54/0.21
1.94/0.13

Data are expressed as mean ± SD. GOS formula: Galactooligosaccharides in an amount of 0.24 g/dL. Control formula does not contain added GOS.

Table 2 Levels of intestinal bacteria at the end of a 3-mo feeding period as measured in fresh feces
GOS formula (n = 20) GOS formula & human milk (n = 29) Human milk (n = 15)
Bifidobacteria
Lactobacilli
E. coli

9.01 ± 1.18
5.91 ± 1.61
6.35 ± 1.59

8.97 ± 0.85
5.99 ± 2.12
5.90 ± 1.84

Control formula (n = 18)

F /P value

8.16 ± 0.99
4.27 ± 2.02
5.68 ± 2.11

4.08/0.01
3.17/0.03
0.52/0.67

9.25 ± 0.93
5.45 ± 2.16
5.74 ± 1.68

Data are presented as mean ± SD Log10 cfu/g wet faeces. Control formula does not contain added GOS.

Table 3 Fecal concentration of acetic acid and pH values at the end of a 3-mo feeding period

Acetic acid (n)
pH (n)

GOS formula

GOS formula & human milk

Human milk

Control formula

F /P value

25.93 ± 6.84 (21)
5.22 ± 0.25 (25)

25.09 ± 5.49 (34)
5.27 ± 0.25 (41)

23.76 ± 5.65 (17)
5.32 ± 0.24 (19)

19.42 ± 5.35 (24)
5.56 ± 0.51 (27)

6.03/< 0.01
5.57/< 0.01

Data of acetic acid are presented as mean ± SD mmol/g wet faeces. Control formula does not contain added GOS.

Table 4 Scores of stool characteristics and intensity of digestive symptoms in the infants enrolled in the study (mean ± SD)

Babies recruited in 3 mo follow-up
Stool consistency
Crying
Regurgitation
Vomiting

GOS formula

GOS formula & human milk

Human milk

n = 37
2.46 ± 0.62
1.06 ± 0.03
1.34 ± 0.55
1.22 ± 0.43

n = 58
2.55 ± 0.66
1.04 ± 0.02
1.28 ± 0.63
1.18 ± 0.34

n = 24
2.37 ± 0.83
1.08 ± 0.05
1.41 ± 0.58
1.14 ± 0.46

1

Control formula

F /P value

n = 45
3.11 ± 0.34
1.05 ± 0.03
1.35 ± 0.67
1.25 ± 0.38

3.27/0.02
1.29/0.27
1.18/0.34
1.24/0.30

1

Control formula does not contain added GOS.

RESULTS
At the end of a 3-mo feeding period, the number of
intestinal Bifidobacteria and Lactobacilli was significantly
increased both in GOS-supplemented formula-fed
infants and in breast-fed infants, compared with those
fed with the control formula. No difference was seen
between the GOS formula-feeding and breast feeding
groups. The number of cfu in E. coli did not differ
between the 3 groups (Table 2).
Intestinal acetic acid production and stool frequency
were significantly increased in infants fed with GOS
formula or with breast milk, compared with those fed
with standard formula. Fecal pH was significantly higher
in those fed with the control formula. No difference
in stool frequency, fecal pH and intestinal acetic acid
production was found between GOS formula-fed and
breast-fed infants, (Tables 3 and 4).
The GOS formula did not influence the incidence of
www.wjgnet.com

side effects (crying, regurgitation, vomiting) (Table 4).
Weight gain and body height increase were similar
among the groups (Table 1).

DISCUSSION
This study showed that a 3-mo feeding period of a
relatively low amount of GOS (0.24 g/dL) in infant
formula stimulated the growth of Bifidobacteria and
Lactobacilli as seen in breast-fed infants but not the
growth of potentially harmful E. coli. Stool frequency,
fecal pH and amount of produced acetic acid were also
comparable in the breast-fed infants, indicating hat a
low GOS formula has the same prebiotic effect as a
high GOS formula, but a minimized risk of intestinal
irritation.
Breast-fed infants have an intestinal microflora
dominated by Bifidobacteria and Lactobacilli[1,2] and are

Ben XM et al . GOS stimulates intestinal probiotics growth

quite different from those fed with a standard infant
for mula [16] . Both Bifidobacteria and Lactobacilli are
beneficial to infants. As a result, manufacturers of
formula try to mimic the gastrointestinal flora in breastfed infants by adding probiotics and/or prebiotics such
as GOS. Although the addition of probiotics is able to
manipulate the infants’ microflora towards the breast-fed
infants’ microflora[17,18], this concept may be regarded as
unphysiological since breast milk itself does not contain
bacteria. Prebiotics are, therefore, the first choice.
Prebiotics ser ve as food for Bifidobacteria and
Lactobacilli and increase their number by their competitive
edg e over the pathog enic bacteria. During the
fermentation of prebiotics, organic acids (lactic acid and
SCFA) are produced that can inhibit the growth (increase
colonization resistance) of acid-sensitive pathogens like
salmonella[19]. SCFA, also the preferred source of energy
for colonic epithelial cells, may stimulate colonocyte
proliferation, and are sug gested to enhance small
intestinal glucose uptake[20]. On the other hand, the same
organic acids may induce injury to the intestinal mucosa
and impair its barrier function, as indicated by increased
cytotoxicity of fecal water and fecal mucin excretion[14].
The fermentation rate might play an important role in
this detrimental effect. Since slow fermentation as seen
in case of resistant starch does not increase fecal mucin
and luminal cytotoxicity, providing a lower amount of
fast fermentable prebiotics to the intestine may also
prohibit irritation[21].
Ten Bruggencate et al[14], in a rat study, showed that
6% of FOS on dry matter increases the number of
Bifidobacteria, but 3% of FOS significantly (100-fold)
increases the number of Enterobacteria, indicating
that the selectivity of fibers can be questioned. The
increased levels of Enterobacteria in combination with
an impaired barrier function may increase the risk of
bacterial translocation [14]. Moro et al [13] reported that
the number of Bifidobacteria and Lactobacilli increases
significantly in full term infants following oligosaccharide
supplementation of 0.4 g/dL and 0.8 g/dL (3% and
6% on dry matter respectively). Although the authors
reported no significant increase in the number of infants
with positive culture of Enterobacteria, this statement
does not say anything about the levels of these gram
negative bacteria in those with a positive culture. Boehm
et al[22] showed that 1.0 g of a mixture of GOS and FOS
per 100 mL preterm formula has a bifidogenic effect but
no significant effect on the number of Lactobacilli and
Enterobacteria.
In the present study, the effect of only 0.24 g/dL
of GOS on intestinal microflora and fermentation
was observed in term infants. The results show that
even such a low amount of GOS could stimulates the
growth of Bifidobacteria and Lactobacilli as in breastfed counterparts, decrease fecal pH, and increase the
production of intestinal SCFA. The frequency of
stools was shorter and the stools became softer, as
seen in breast milk-fed infants. These changes in stool
characteristics could not be explained by the increased
osmolarity (about 1 mOsmol/L) of the formula because
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of the addition of GOS, and are, therefore, probably
related to the changes in bacterial flora and fermentation.
Studies in adults showed that a greater amount of dietary
oligosaccharides may lead to adverse effects, flatulence in
particular[23]. In the present study, no adverse side effects
were reported.
This study certainly has its limitations. The number
of infants involved in bacterial and SCFA analysis as
very small mainly due to the refusal of parents and the
failure in taking fresh fecal samples. However, despite
such limitations, the difference between GOS-fortified
and non-fortified groups was significant. Furthermore,
files of infants are not complete because of the poor
communication and traffic facility for the follow-up.
Therefore, this study was a pilot study with promising
results that need to be confirmed in a larger and more
appropriate study.
In summary, supplementation of GOS stimulates
the growth of Bifidobacteria and Lactobacilli. Both bacteria
are beneficial to infants. However, an increase in
Enterobacteria cannot be excluded, although it may be
dose-dependent. A small amount of GOS can stimulate
the growth of Bifidobacteria and Lactobacilli, but not the
growth of Enterobacteria in breast-fed infants.

COMMENTS
Background

Breast milk is superior over artificial formula in terms of newborn nutrition.
Breast-fed infants have a higher level of intestinal Bifidobacteria and
Lactobacilli, both of which are potentially beneficial to the health of their
hosts. Oligosaccharides in human milk are more beneficial to intestinal flora.
The amount of oligosaccharides in mature human milk ranges 12-15 g/L.
Galacto-oligosaccharide (GOS) is a short chain galactose with a terminal
glucose molecule. Studies have shown that GOS can selectively stimulate the
development of Bifidobacteria. However, a large amount GOS (3%-6% of dry
matter) supplementation to the artificial formula showed irritation of the intestinal
cell wall and increased risk of bacterial translocation. This study investigated
the effects of artificial formula supplemented with 0.24 g GOS per 100 mL (1.8%
of dry matter) on intestinal microflora colonization and fermentation in infants,
and detected the lowest and safe effective level of GOS.

Research frontiers

Moro et al[13] showed that in term infants fed with formula at the doses of 0.4
and 0.8 g of oligosaccharides per 100 mL (90% GOS and 10% low-molecular
weight fructo-oligosaccharides), the number of Bifidobacteria and Lactobacilli
increased significantly compared with a control formula with maltodextrin
instead of oligosaccharides. These values have been adopted by the Scientific
Committee on Food of the European Commission and probably will be
implemented in European regulations. In preterm infants, the same mixture of
oligosaccharides (1.0 g/100 mL) stimulated the growth of Bifidobacteria and
resulted in stool characteristics as seen in human milk-fed infants. However,
a recent rat study showed irritation of the intestinal cell wall and increased
risk of bacterial translocation (following orally Salmonella enteritidis infection)
when a large amount of fructooligosaccharide (3% and 6% of dry matter), but
not an unrealistic amount (maximum level adopted by the SCF is about 6% of
dry matter) was provided. Therefore, positive effects of oligosaccharides on
intestinal bacteria may not always justify the levels tested.

Innovations and breakthroughs

This study showed that a 3 mo feeding period of a relatively small amount of
GOS (0.24 g/dL) in infant formula could stimulate the growth of Bifidobacteria and
Lactobacilli, but not the growth of potentially harmful E. coli in breast-fed infants.
Stool frequency, fecal pH and the amount of produced acetic acid were also
comparable, indicating that low GOS formula may have the same prebiotic effect
as high GOS formula, but a minimized risk of intestinal irritation.

Applications

The present study was designed to investigate the effect of only 0.24 g/dL
www.wjgnet.com
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of GOS on intestinal microflora and fermentation in term infants. The data
show that even such a small amount of GOS could stimulate the growth of
Bifidobacteria and Lactobacilli, decrease fecal pH, and increase the production
of intestinal SCFA. Stools came more frequently and became softer in
breast milk-fed infants, indicating that a mall amount of GOS (0.24 g/dL)
supplementation can stimulate the growth of Bifidobacteria and Lactobacilli, but
not the growth of Enterobacteria in breast-fed infants. It is, therefore, safe and
effective when used in artificial infant formula.

Terminology

Prebiotics are "selectively fermented ingredients that allow specific changes
both in composition and/or activity of gastrointestinal microflora that confers
benefits to host well being and health". Probiotics are defined viable
microorganisms, a sufficient amount of which can reach the intestine in an
active state and thus exerting positive health effects.Synergistic combinations of
pro- and prebiotics are called synbiotics. Today, only bifidogenic, non-digestible
oligosaccharides (particularly inulin, its hydrolysis product oligofructose, and
galactooligosaccharides), fulfill all the criteria for prebiotic classification.

Peer review
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This study determined the effect of a lower-than-normal dose of a prebiotics
on the gastrointestinal tract of infants. Its results show that a mall amount of
GOS (0.24 g/dL) in artificial formula could stimulate the growth of intestinal
Bifidobacteria and Lactobacilli but not E. coli in term infants, indicating that it is
safe and effective when used in artificial infant formula.
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Abstract
Gastrointestinal tract involvement by neurofibromatous
lesions is rare and occurs most frequently as one
of the systemic manifestations of generalized
neurofibromatosis type 1 (NF1). In this setting, the
lesions may manifest as focal scattered neurofibromas
or as an extensive diffuse neural hyperplasia designated
ganglioneuromatosis. Occasionally, such lesions may
be the initial sign of NF1 in patients without any
other clinical manifestations of the disease. Rarely,
cases of isolated neurofibromatosis of the large bowel
with no prior or subsequent evidence of generalized
neurofibromatosis have been documented. We present
the case of a 52 year-old female with abdominal pain
and alternating bowel habits. Colonoscopic evaluation
revealed multiple small polyps in the cecum and the
presence of nodular mucosa in the colon and rectum.
Pathologic evaluation of the biopsies from the cecum,
descending colon, sigmoid colon, and rectum revealed
tangled fascicles of spindle cells expanding the
lamina propia leading to separation of the intestinal
crypts. Immunohistochemical stains helped confirm
the diagnosis of diffuse intestinal neurofibromatosis.
A thorough clinical evaluation failed to reveal any
stigmata of generalized neurofibromatosis. This case
represents a rare presentation of isolated intestinal
neurofibromatosis in a patient without classic systemic
manifestations of generalized neurofibromatosis and
highlights the need in such cases for close clinical
follow-up to exclude neurofibromatosis type Ⅰ or
multiple endocrine neoplasia type Ⅱ.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Neurofibromatous lesions of the lower gastrointestinal
tract may manifest in multiple forms and have accordingly
been given various descriptive designations including
intestinal neurofibromatosis, ganglioneuromatosis,
diffuse plexiform neurofibromatosis, neuronal intestinal
dysplasia, and diffuse colonic ganglioneuromatous
polyposis. These lesions may be seen in up to 25% of
cases of neurofibromatosis type 1 (NF1) and multiple
endocrine neoplasia type 2b (MEN 2b), and their
occurrence in the absence of other clinical features of
NF1 and MEN 2b is extremely rare[1]. Neurofibromatous
lesions of the gastrointestinal tract, unassociated with
systemic features of NF1 or MEN 2b, have also been
documented in distributions isolated to the esophagus
and stomach[2]. No consensus has yet been reached in
the medical community as to whether these isolated
lesions represent different phenotypic manifestations of
the neurocutaneous and multiple endocrine neoplasia
syndromes or whether they represent separate and
distinct entities.

CASE REPORT
A 51-year-old female presented to our institution with
a three-year history of worsening gastroesophageal
reflux. She stated that she had progressively developed
dysphagia to solid foods and had begun to regurgitate
solid food particles, but the episodes of vomiting were
unassociated with nausea, epigastric pain, or abdominal
pain. The patient denied weight loss and reported no
www.wjgnet.com
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from the patients’ prior colonoscopy were obtained
from the outside institution, and immunohistochemical
analysis confir med a retrospective diagnosis of
neurofibromas. A thorough physical examination failed
to reveal any clinical signs of neurofibromatosis or
multiple endocrine neoplasia. Following her diagnosis of
isolated intestinal neurofibromatosis, the patient was lost
to clinical follow-up in our healthcare system.

DISCUSSION
Figure 1 Proliferation of spindle cells admixed with scattered chronic
inflammatory cells expanding the lamina propria and leading to separation
of the intestinal crypts (HE, x 200).

Figure 2 Immunohistochemical stain for S-100 protein (x 200).

improvement of her symptoms with smaller meals. For
the last year, the patient also reported the development
of frequent non-bloody diarrhea with associated
abdominal cramping and bloating. There was no history
of coffee-ground emesis, hematemesis, melena, or
hematochezia. The patient’s additional past medical
history included Sjogren’s syndrome, fibromyalgia, and
cervical radiculitis. The patient had previously undergone
colonoscopy with biopsy at a separate institution. At that
time, multiple small polyps of the cecum and a 5-8 cm
segment of mucosal nodularity of the descending colon
were identified. Biopsies of the cecum and colon were
diagnosed histologically as hyperplastic changes and as
an inflammatory fibroid polyp. At our institution, the
patient was placed on a lactose-free diet due to suspected
lactose intolerance, but over the course of three
months, she experienced an 8 lb. (3.63 kg) weight loss
and continuing gastrointestinal distress. A subsequent
colonoscopy again showed multiple cecal polyps and
nodular large bowel mucosa. Biopsies were obtained
from the cecum, descending colon, sigmoid colon, and
rectum. Histologic analysis of the biopsies showed a
proliferation of tangled fascicles of spindle cells admixed
with scattered chronic inflammatory cells expanding the
lamina propria and leading to separation of the intestinal
crypts (Figure 1). Immunohistochemical stains for S-100
protein supported the diagnosis of neurofibroma for
each of the biopsies (Figure 2). The biopsy specimens
www.wjgnet.com

Isolated intestinal neurofibromatous proliferations
(IINP) are benign neural lesions of the lower
g astrointestinal tract which may be the initial
manifestation of generalized systemic NF1 or MEN 2b.
In these settings, IINP may manifest as single or multiple
well-defined stromal neoplasms or as a diffuse neuronal
hyperplasia, commonly termed ganglioneuromatosis.
The clinical, radiographic, and histologic findings of
such lesions are not specific to NF1 or MEN 2b, and
identical features have been reported in association with
juvenile and adenomatous colonic polyposis[3,4] and as
an isolated finding in patients with no additional clinical
evidence of neurocutaneous, intestinal polyposis, or
multiple endocrine neoplasia syndromes[5,6].
The clinical presentation of neurofibromatous
lesions of the lower gastrointestinal tract are myriad and
are dependent upon the focal or diffuse nature of the
lesions, their location, their effect on gastrointestinal
motility, and their possible impingement on adjacent
structures. Affected patients may present with altered
bowel habits including constipation or diarrhea [7,8],
abdominal pain [9], intestinal obstruction [10], or with
palpable abdominal masses[6]. In the setting of NF1,
associated clinical findings including the classic dermal
neurofibromas, café-au-lait macules, and Lisch nodules
may be seen. In the setting of MEN 2b, the characteristic
facies including thickened lips from mucosal neuromas,
marfanoid habitus, and even features of medullary
carcinoma of the thyroid may be present. In IINP, the
intestinal symptoms manifest without demonstrable
clinical evidence of associated systemic syndromes.
Radiographically, lower gastrointestinal neurofibromatous lesions may manifest as diffuse, confluent
thickening of portions of the intestine or as single
or multiple discrete lesions of the intestinal wall or
mesentery. The radiographic differential diagnosis of
single or multiple nodular neurofibromatous lesions is
wide and includes many epithelial and stromal neoplasms
as well as nodular lymphomas. The diffuse forms of
IINP may mimic the radiographic appearance of Crohn’s
disease on barium studies and computed tomography
scans. In a report by Charagundla et al [7], a patient
with signs and symptoms of colitis was found to have
segmental thickening of an extended portion of the
distal ileum radiographically. Clinically, Crohn’s disease
was suspected, but subsequent small bowel resection
showed diffuse IINP. At least two other reports have
documented similar findings[11,12].
The endoscopic appearance of IINP depends on
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the focal or diffuse nature of the lesions. As the lesions
arise deep to the epithelium, they manifest as single
or multiple subepithelial masses of variable size and
distribution. In some cases, numerous small lesions
carpet a portion of the lower gastrointestinal tract,
while in others, a larger lesion may predominate and
significantly stenose the lumen of the affected area.
Endoscopic biopsies are the mainstay of diagnosis, but
when used in an attempt to sample deep-seated lesions,
the biopsies may yield only unaffected overlying bowel
mucosa or minimally diagnostic superficial lesional
tissue. Ulceration, due to erosion of the epithelium over
the surface of lesions, has been described, particularly
in larger solitary lesions, but occasional cases have
been described in which ulceration was sufficiently
widespread and significant to raise the endoscopic
differential diagnosis of idiopathic inflammatory bowel
disease. In the current case, the endoscopic appearance
was that of multiple small cecal polyps and nodular
colonic mucosa, and endoscopic sampling yielded only
the most superficial portion of the neurofibromatous
proliferation. No associated ulceration was identified.
Grossly, the intestinal neurofibromatous proliferations
tend to be firm, solid, and white to tan throughout.
Hemorrhage and necrosis are exceptional, but superficial
ulceration has been reported in lesions of varying size.
The lesions may manifest as confluent neurofibromatous
proliferations involving contiguous sections of bowel
or as focal polypoid lesions with a sporadic distribution.
The varied gross manifestations of IINP generally
have a similar histologic appearance, consisting of a
proliferation of neural elements including nerve fibers
and supporting cells which may be diffusely intermingled
or arranged in fascicles of bland spindle-shaped cells.
The cells exhibit elongated nuclei with inconspicuous
nucleoli and moderate amounts of eosinophilic
cytoplasm. Ganglion cells may be present in variable
numbers. Despite their sometimes striking cellularity
and occasional cellular pleomorphism, mitotic activity
in these lesions is minimal. Immunohistochemically,
the cells show a variable degree of expression for S100
protein and synaptophysin.
IINP most frequently involve the colon, terminal
ileum, and appendix[13], but similar neurofibromatous
proliferations isolated to the upper gastrointestinal tract
have been described. Siderits et al[2] reported a case of
sporadic ganglioneuromatosis of the gastroesophageal
junction in a patient with gastroesophageal reflux, and
solitary neurofibromas of the esophagus have also been
documented [14]. These lesions show endoscopic and
biopsy features identical to their counterparts in the
lower gastrointestinal tract.
The treatment of IINP is primarily surgical and
is dependent on the location and size of the lesions.
Solitary, well-circumscribed lesions may be only incidental
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findings at the time of screening endoscopy and require
no further therapy, but larger solitary lesions may
come to clinical attention due to intestinal obstruction
or impingement on adjacent structures and require
resection. For lesions that are more diffusely distributed,
treatment strategies are dictated by the symptomatology.
Intractable abdominal pain, constipation, and diarrhea
may require palliative resection of the involved segment
of lower gastrointestinal tract. Accurate histopathologic
categorization of biopsy and resection specimens is
required to guide appropriate surgical therapy.
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INTRODUCTION
Progressive familial intrahepatic cholestasis type 3
(PFIC3) is a rare autosomal recessive cholestatic liver
disease due to mutations in the adenosine triphosphatebinding-cassette, subfamily B, member 4 gene (ABCB4)
involved in biliary phospholipid excretion. A few years
ago, we reported a case of a young female with PFIC3
revealed by oestro-progestative contraceptive pill-related
cholestasis[1]. Here, we report, in the same patient, her
first spontaneous pregnancy that resulted in a successful
outcome after the use of Molecular Adsorbent
Recirculating System (MARS) for intractable pruritus.

CASE REPORT
Abstract
Progressive familial intrahepatic cholestasis type 3
(PFIC3) is a rare cholestatic liver disease. Such liver
disease can get worse by female hormone disorder.
Albumin dialysis or Molecular Adsorbent Recirculating
System (MARS) has been reported to reverse severe
cholestasis-linked pruritus. Here, we report the
first use of MARS during a spontaneous pregnancy
and its successful outcome in a patient with PFIC3
and intractable pruritus. Albumin dialysis could be
considered as a pregnancy-saving procedure in
pregnant women with severe cholestasis and refractory
pruritus.
© 2008 The WJG Press. All rights reserved.
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A 23-year-old woman, gravida 1, was referred to our
liver unit for pruritus and recent diagnosis of pregnancy
in November, 2005. This woman was diagnosed
with PFIC3 five years ago and it was revealed by
contraceptive pill consumption[1]. After stopping the
contraceptive pill and the starting of a treatment with
ursodeoxycholic acid (UDCA, 20 mg/kg per day), the
patient remained asymptomatic with a normal physical
examination, normal liver tests, no endoscopic signs of
portal hypertension and no abdominal ultrasonographic
abnormalities.
In November, 2005, the patient was at the 7th week
of gestation. Because of potential teratogenic risks,
UDCA was stopped until the end of the first trimester.
As a consequence, itching recurred and moderate
liver tests abnor malities were obser ved. Despite
administration of emollients, hydroxyzine, zolpidem
tartrate, cetirizine and cholestyramine, pruritus remained
very intense leading to sleep disturbance. At the 11th
week of gestation, UDCA (20 mg/kg per day) was
started again. Within 15 d, no clinical effectiveness was
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Figure 1 Course of total Bile Acids during the pregnancy. P: Plasmapheresis;
M: MARS: Molecular Adsorbent Recirculating System; CS: Caesarean section.

observed: Pruritus became unbearable with insomnia
and depressed mood. In addition, total serum bile acids
rose to 316 µmol/L. At the 13th week of gestation, a
first plasmapheresis was performed, and then continued
weekly for 1 mo. The patient reported improvement
in pruritus immediately after each procedure and total
bile acids slowly decreased, but rose again over 300
µmol/L (Figure 1). Despite the four plasma exchanges
(with 2000 mL using 5% albumin as replacement
fluid) without any maternal or fetal complications, the
pruritus worsened again. Procedure of extracorporeal
albumin dialysis using the MARS was decided after
giving explanations to the patient regarding the fetal
risks. The fetus was careful monitored every week
using ultrasonography, Doppler velocimetry and
cardiotocography. Two consecutive sessions of MARS
were performed at the 20th week of gestation. The
procedure was well tolerated without maternal or fetal
hemodynamic changes. The pruritus improved without
recurrence until the delivery despite high serum total
bile acids levels (Figure 1). During pregnancy, several
ultrasound scans showed normal fetus growth without
morphologic abnormalities and arterial Doppler showed
normal uterine arteries and umbilical flow velocity. The
patient was hospitalized for preterm labour at 33 wk of
gestation and received nifedipine tocolysis, antibiotic
prophylaxis and antenatal corticosteroids. Because
fetal bowel dilatation observed by ultrasonography
and maternal persistent cholestasis with high bile
acids, a caesarean section was performed at 34 wk of
gestation and the mother gave birth of a healthy, Apgar
10/10 (at 1 and 5 min), boy weighting 1960 g (20th
percentile for gestational age), with a height of 42 cm
(15th percentile) who was admitted in the neonatology
unit. The newborn was discharged on the 15th day, his
development was normal and 6 mo later he was still
healthy. No intestinal pathology was found and his
liver tests were normal. The histopathology analysis
of the placenta showed multiple microscopic hypoxic
lesions. The postoperative course of the mother was
uncomplicated. UDCA was reintroduced just after the
delivery and the mother bile acids normalized in few
days in postpartum (Figure 1).

Regarding the medical literature, the course of pregnancy
in PFIC3 has never been reported. In pregnant patients
with chronic liver disease, such as primary biliary
cirrhosis, primary sclerosing cholangitis or viral hepatitis,
the high systemic and hepatic sex-hormones load levels
may induce cholestasis and pruritus [2]. Our patient,
who was affected by a cholestatic liver disease clearly
aggravated by female hormones rapidly complained of
intractable pruritus during the first half of pregnancy.
Most likely, the withdrawn of UDCA at the 7th week of
gestation triggered the onset of cholestasis with pruritus.
Although UDCA has been widely and successfully
used in the second and third trimesters of pregnancy
in women with intrahepatic cholestasis of pregnancy
(ICP)[3,4], we stopped its administration early during the
first trimester of pregnancy of our patient for the lack
of teratogenic effects of the drug is not well established
in early pregnancy.
Refractory pruritus is a serious manifestation of
cholestasis and its physiopathology remains unknown.
Inter ventions using extra corporeal removal of
pruritogens (bile acids, histamine) have been proposed
including hemodialysis, charcoal hemoperfusion,
or plasmapheresis [5] . Among these methods, only
plasmapheresis provided relief, but with transient
efficiency[6]. Plasmapheresis, an extracorporeal exchange
procedure used to remove large-molecular-weight
substances from the plasma, is generally safe although
rare complications have been reported (bleeding,
infection, coagulation abnormalities and electrolyte
disturbances)[7]. Only one case of plasmapheresis has
been reported in a woman with ICP-related pruritus[7].
Although four sessions of plasmapheresis were
performed in our patient, the pruritus recurred and the
serum bile acids levels remained high, largely above
40 µmol/L, a threshold value that has been shown to
be associated with an increased risk preterm delivery,
fetal distress and fetal loss [8]. Therefore, considering
the failure of plasmapheresis to control the dangerous
consequences of the cholestasis of our patient during
her pregnancy, we decided to use MARS as a pregnancysaving procedure.
MARS was developed as an extracor poreal
hemofiltration system using an albumin-enriched
dialysate to remove albumin-bound substances in
patients with liver failure. However, MARS was also
reported as a valuable and safe procedure for intractable
pruritus either after orthotopic liver transplantation or
in patients with primary biliary cirrhosis[9-11]. To date,
25 cases of successful use of the MARS in patients
with refractory pruritus have been reported[9-13]. The
mechanisms by which MARS ameliorates pruritus
remain unclear. In patients with symptomatic cholestasis,
removal of bile acids from serum should lead to a
decline of their concentration in the skin causing
amelioration of pruritus. However, several studies did
not observe changes of serum bile acids concentration.
A further possible explanation for efficacy of MARS
www.wjgnet.com
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in cholestasis-related pruritus is the clearance of other
lipophilic, albumin-bound substances from the patient’s
plasma that could induce pruritus, either as peripheral
pruritogens or by binding to central serotonin or
opioid receptors. To our knowledge, the use of MARS
as a pregnancy-saving therapy in cholestasis-induced
pruritus during pregnancy was not previously reported.
In our patient, MARS led to a spectacularly rapid
and protracted improvement in pruritus and allowed
significant prolongation of pregnancy.
In conclusion, the successful use of MARS in our
patient suggests that the procedure could be considered
as a pregnancy-saving procedure in pregnant women
with severe cholestasis and intractable pruritus.
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Abstract
Here we report a new case of clear cell adenocarcinoma
(CCA) of the colon in a 54-year-old Caucasian man.
Despite of the previous reported cases, the lesion
was located in the right colon and was not associated
with the conventional adenoma. We performed
immunohistochemical and molecular analyses in order
to explore whether the CCA had the molecular features
generally associated with conventional colorectal
carcinoma. The immunohistochemical and molecular
analyses showed that the different morphology of CCA
does not reflect a distinct biological entity but only an
unusual morphological variant of intestinal carcinoma.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Clear cell adenocarcinomas (CCAs) are very rare in
the colon [1-3]. They generally affect elderly men, are
preferentially located in the left colon and almost all
form part of a larger conventional adenoma[4,5].
It is not known whether they are biologically
different from morphologically conventional colorectal
adenocarcinomas[6-9].
Here, an intriguing variant of CCA, unusual in term
of location and morphology is described. Moreover, we
have evaluated some pathways reported as deregulated
in the conventional colorectal adenocarcinoma[10]. To
this, we performed an extensive immunohistochemical
analysis and for the first time a molecular analysis,
including the genomic sequencing of KRAS gene
and the main deregulated genes belonging to the Wnt
pathway such as APC and β -catenin.

CASE REPORT
In September, 2000, a 54-year-old Caucasian man with a
family history of gastrointestinal cancer and a personal
7-year history of multiple colon polyps, came to our
Institution for a routine annual control colonoscopy. On
this occasion 14 flat lesions with a diameter of 5-15 mm
were found extending throughout the large intestine,
some of which were endoscopically removed and
histologically analysed, including one located in the left
colon that was histologically a tubulo-villous adenoma
with extensive clear cell aspects. The patient underwent
subsequent colonoscopies with polyp resections in
2001, 2002, 2003, 2004 and 2005. All of these lesions
were tubular adenomas. At the time of the last control
colonoscopy in September 2005, a flat 0.9 cm lesion
of the hepatic flexure was endoscopically revealed and
biopsied, and was found to be a high-grade dysplastic
adenoma with extensive clear cell features. The same
www.wjgnet.com
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Figure 1 HE and KRAS sequencing. A: The 0.9 cm diameter lesion at the hepatic flexure was a CCA with surface erosion, focal invasion of the muscularis propria,
and an abrupt transition from the normal adjacent mucosa (HE, × 4); B: Clear cells with a solid growth on the surface and budding with single-cell growth at the
periphery; no conventional adenoma was seen near to the CCA (HE, × 2); C: Strong β-catenin nuclear positivity (× 20); D: Nuclear hMLH1 positivity (× 40); E: Nuclear
hMSH2 positivity (× 40); F: KRAS sequencing revealed the point mutation GGT>GTT that leads to the activating aminoacid substitution Gly12Val.

lesion was re-biopsied in 2006 and 2007 with the same
result. No conventional adenoma was identified. After
undergoing total colectomy in June, 2007, the patient
now feels well.
The gross specimen was a total colectomy of 115 cm
with the flat, previously biopsied 0.9 cm lesion at the
hepatic flexure and other pedunculated lesions in the rest
of the colon. Microscopic examination showed that the
pedunculated lesions were multiple tubular adenomas,
and the 0.9 cm lesion of the hepatic flexure was a CCA
invading the muscularis propria (Figure 1A). The CCA
had a solid growth at the surface and a tendency to grow
as single cells at the periphery (cellular budding); there
was neither intratumoral inflammatory infiltration nor
vascular invasion and no residual classic adenoma at the
periphery (Figure 1B). Nodes were negative.
Five-micrometer thick, for malin-fixed (10%
buffered formalin), paraffin-embedded tissue sections
were immunohistochemically studied for CK20
(mouse KS20.8, BiOptica; 1:100; 6 min 95℃ heated in
0.01 mol/L citrate buffer, pH 6.0), CEA polyclonal
antibody (rabbit poly, DAKO; 1:4000; 0.1% trypsin
15 min), CK7 (clone K72.7, NeoMarkers; 1:400; 0.1%
trypsin 15 min), alpha-feto protein (rabbit poly, DAKO;
1:2000; 0.1% trypsin 15 min), CD 10 (mouse 56C6, Neo
Markers, 1:20, 6 min 95℃ heated in 0.1 mol/L citrate
buffer, pH6.0), vimentin (clone V9, DAKO; 1:400;
6 min 95℃ heated in 0.1 mol/L citrate buffer, pH 6.0),
β -catenin (clone 14, Transduction; 1:4000; 6 min 95℃
heated in 0.1 mol/L citrate buffer, pH 6.0), hMLH1
www.wjgnet.com

(G168-15, Santa Cruz; 1:10; 2 min 120 ℃ heated in
0.1 mol/L citrate buffer, pH 6.0), hMSH2 (NA27-100 µg,
Oncogene; 1:40; 2 min 120℃ heated in 0.1 mol/L citrate
buffer pH 6.0) and p53 (clone DO7, Novocastra; 1:400;
6 min 95℃ heated in 0.1 mol/L citrate buffer, pH 6.0).
The positive controls were a sporadic ag gressive
fibromatosis sample with a known mutation in the
CTNNB1 gene[11] for β-catenin; two colorectal cancer
samples from hereditary non-polyposis colorectal cancer
patients carrying MLH1 or MSH2 germline mutations
for hMLH1 and hMSH2; a serous ovarian carcinoma
with a known TP53 mutation for p53. The samples
were strongly positive for CK20 and CEA polyclonal
antibody, and negative for CK7, alpha-feto protein,
CD10 and vimentin, thus supporting the intestinal origin
of the CCA [12]. They also showed p53 focal nuclear
positivity, strong β -catenin nuclear positivity in the
glands (Figure 1C) and nuclear positivity for hMLH1
and hMSH2 (Figure 1D to E). The proliferation index
was high (> 90%).
After genomic DNA extraction (QIAmp DNA mini
Kit, Qiagen, Chatsworth, CA, USA), exon 1 of the
KRAS gene was amplified by means of polymerase chain
reaction (PCR) in order to seek potential mutations
on the two foremost codons [12-13], which have been
reported to be mutated in morphologically conventional
colorectal carcinoma. Given the strong β -catenin
nuclear positivity revealed by immunohistochemistry,
exon 3 of the β -catenin gene was sequenced. The
PCR amplifications were carried out using a standard
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protocol, and previously described primers and
conditions [11,13] . In addition, specific primers were
designed by means of Primer3 software to amplify
codons 1368-1679 located in exon 15 of the APC gene
and encompassing the mutation cluster region (MCR),
where more than 60% of APC mutations have been
detected in conventional colorectal cancer[14]. All of the
PCR products were directly sequenced using an ABI
Prism 377 (Applied Biosystems, Foster City, CA, USA)
and evaluated by means of Sequence Navigator software
(Applied Biosystems, Foster City, CA, USA). KRAS
sequencing revealed the previously described point
mutation GGT>GTT at codon 12, which leads to the
activating aminoacid substitution Gly12Val (Figure 1F),
whereas no mutations were found in the MCR of the
APC gene or in the β -catenin gene.

the activating KRAS mutation Gly12Val. This suggests
that the analyzed CCA shares the KRAS genotype
characterizing most (approximately 40%) conventional
colorectal carcinomas.
The different morphology of CCA, therefore, does
not seem to reflect a distinct biological entity, but an
unusual morphological variant with similar molecular
profile of conventional colorectal carcinoma.
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Abstract
A 17-year-old gentleman was admitted to our hospital
for headache, the differential diagnosis of which
included Behçet’s syndrome (BS). He developed an
acute abdomen and was found to have air under
the diaphragm on erect chest X-ray. Subsequent
laparotomy revealed multiple perforations throughout
the colon. This report describes an unusual complication
of Behcets syndrome occurring at the time of
presentation and a review of the current literature of
reported cases.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Behçet’s syndrome (BS) is a multisystemic vasculitic
disorder which can affect a number of different systems.
It was first described by the Turkish dermatologist,
Halushi Behçet in 1937, who described a triad of oral
ulceration, genital ulceration and ocular inflammation[1].
BS is now recognized as a chronic, inflammatory,
multisystemic disorder, which relapses in nature. It is
a vasculitic process which can affect large and small
vessels of both the venous and arterial systems[2].
Manifestations of BS are widespread and varied,
the most common of which are cutaneous including
oral and genital ulceration, er ythema nodosum,
pyoderma gangrenosum and many more. Up to half
of patients will have musculoskeletal complications
which include arthralgia and arthritis[3]. The diagnosis
of BS is made using major and minor criteria devised
by the International Study Group Criteria for Behçets
disease in 1990 [4]. The disease mainly affects young
males and has a higher prevalence along the historic “silk
route”, i.e. from the eastern rim of Asia to the Eastern
Mediterranean[5].
Gastrointestinal symptoms, such as nausea, vomiting
and abdominal pain, can sometimes occur, but the
presence of intestinal ulceration is rare (< 1%)[6]. Our
report describes a case of extensive colonic perforation
due to intestinal involvement.

CASE REPORT
A 17-year-old man was admitted to the Accident and
Emergency Department due to a six-week history of
occipital headache associated with vomiting and poor
balance. He also reported decreased appetite and weight
loss of approximately 28 lbs over a two-month period.
He described transient tender skin nodules, which
were present on the anterior tibial area, eight weeks
prior to presentation. On direct questioning, he did
reveal that he had oral ulceration previously, but this
resolved spontaneously. Background medical history was
unremarkable, as was his family history.
On examination in the Emergency Department, he
appeared unwell. However, all his vital signs were within
normal limits. Positive findings on examination included
bilateral papilloedema and a seventh lower motor
neuron lesion. There was bilateral scarring anteriorly
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Figure 1 MRI post contrast with
“Empty Delta” sign indicating a
cerebral venous thrombosis.

Figure 2 Erect chest
X-ray demonstrating
free air under the right
hemidiaphragm.

on his skins. There was no evidence of oral or genital
ulceration and abdominal examination at this time was
normal. Hematological investigations were essentially
normal except for a raised C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR) at 119 mg/L
and 84 mm/h, respectively. Further investigations
performed included a lumbar puncture, Ziehl-Neelsen
stain, autoantibody and infectious mononucleosis screen,
all of which were non-contributory. He proceeded to
have a CT brain and magnetic resonance studies, which
demonstrated evidence of cerebral venous thrombosis.
The “Empty Delta” sign on the post contrast MRI image
is a characteristic finding in cerebral venous thrombosis
(Figure 1).
A working diagnosis of vasculitis was formulated at
this stage and the patient was placed on anticoagulation
and steroids with proton-pump inhibitor cover. His
symptoms gradually improved, but on day eight, he
developed acute abdominal pain. On examination, his
abdomen was distended, diffusely tender with absent
bowel sounds. An erect chest X-ray demonstrated air
under the right hemidiaphragm (Figure 2).
Marked fecal peritonitis was observed at laparotomy.
There were five separate colonic perforations in the
cecum, ascending, transverse and sigmoid colon.
Surrounding these perforations were multiple areas
of gangrenous colon with punched-out ulcerations
extending throughout the colon to the level of the
proximal sigmoid colon (Figure 3). A sub-total colectomy
and terminal ileum resection with an end ileostomy were
performed.
The histology specimen demonstrated a normal
terminal ileum, but extensive ulceration in the proximal

Figure 3 Punched-out ulcer at laparotomy.

Figure 4 Microscopic specimen demonstrating loss of normal mucosa.

colon. The colon had numerous punched-out areas of
ulceration, many of which were deeply penetrating with
perforation. The intervening mucosa showed areas of
normal mucosa. The distal segment of bowel, descending
and sigmoid colon showed less ulceration than the
proximal segment. However, there were nine distinct
areas of necrosis, the largest of which was 2 cm in
diameter. There was active inflammation with vasculitis,
consistent with changes described in BS (Figure 4).
The patient made a good post-operative recovery,
but developed a pelvic collection four weeks after the
procedure. This was treated with a transrectal drain
and intravenous antibiotic therapy. The patient was
discharged home after a 51-d hospital stay on warfarin,
azathioprine and a decreasing dose of corticosteroids.
He remained well two months post discharge on
immunosuppressant therapy.

DISCUSSION
BS involves the gastrointestinal tract in 10%-50% of
patients, manifesting as diarrhoea, nausea, anorexia and
abdominal pain. However, ulcerative changes are found
in less than 1% of patients with BS[7]. Two types of
ulceration can occur: localized and diffuse. Localized
lesions tend to occur in the ileocaecal region, and are
deep, often penetrating the serosal surface. In contrast,
diffuse lesions are seen more commonly in the colon
and may occur as multiple discrete, punched-out ulcers.
www.wjgnet.com
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The main sites of involvement are the terminal
ileum and cecum. Sometimes, BS can present with a
cecal mass, anemia and weight loss, and thus mimick
a cecal carcinoma [8]. In a recent literature review by
Turan et al[9], the distribution of diffuse ulcers in twenty
patients with BS was reviewed. Of these 20 patients, 9
had ulceration involving the entire colon, and only two
cases (including their case) involved the sigmoid colon.
Kyle et al[10] described the other case in 1991. Our case is
the third reported case of sigmoid perforation in BS. In
both previous cases, the diagnosis of BS was established.
However, our case illustrates this rare complication at
the time of presentation.
In a review by Kasahara et al[6], the most common site
of involvement of the small intestine was the terminal
ileum. Our case is also unusual in that the terminal ileum
was unaffected.
BS often represents a diagnostic challenge, as an
incomplete disease can be confused with other conditions
which have similar clinical manifestations, for example
inflammatory bowel disease (IBD). Not only do they
share gastrointestinal manifestations, but the extraintestinal features of both BS and IBD are very similar.
Gastrointestinal disease in BS is associated with an overall
poor prognosis, as approx 5%-10% will require surgery[3].
This poses a number of problems for patients with BS.
Recurrent ulceration of the stoma is a relatively common
complication, as is recurrence of disease adjacent to
or at the surgical anastomosis. Most of these recurrent
ulcers appear within two years of the resection. There
are very few reports on the long term prognosis of
intestinal BS. Naganuma et al[11] looked at 2-year followup in 20 patients with BS in Japan, and found that the
postoperative recurrence rate is as high as 87.5%.
The pathergy phenomenon seen in BS, that is a
cutaneous hyperreactivity following minor trauma[12],
means that patients with BS are prone to problems
at the incision site[13]. Fortunately, our patient has not
experienced any such complications.
As BS is a relapsing condition, careful follow-up is
necessary to detect any late complications or reactivation
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of disease. This report describes a rare complication
of BS at the time of presentation, and highlights
the importance of considering BS in the differential
diagnosis of a complex patient presenting with such
gastrointestinal manifestations.
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Abstract
Retrorectal cysts are rare benign lesions in the
presacral space which are frequently diagnosed in
middle-aged females. We report here our experience
with two symptomatic female patients who were
diagnosed as having a retrorectal cyst and managed
using a laparoscopic approach. The two patients were
misdiagnosed as having an ovarian cystic lesion after
abdominal ultrasonography. Computer tomography
(CT) scan was mandatory to establish the diagnosis.
The trocar port site was the same in both patients. An
additional left oophorectomy was done for a coexisting
ovarian cystic lesion in one patient in the same setting.
There was no postoperative morbidity or mortality
and the two patients were discharged on the 5th and
6th post operative days, respectively. Our cases show
that laparoscopic management of retrorectal cysts is a
safe approach. It reduces surgical trauma and offers
an excellent tool for perfect visualization of the deep
structures in the presacral space.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The retrorectal space (Figure 1) is defined as the
space bounded by the sacrum posteriorly, the rectum
anteriorly, the peritoneal reflection superiorly, the levator
ani and coccygeus muscles inferiorly. Its lateral margins
are formed by the ureters and iliac vessels.
Cystic lesions arising in this space are known as
retrorectal or presacral cysts and their incidence rate
is one in approximately 40 000 patients [1]. Although
they can be found in all ag e g roups including
infants, they are frequently diagnosed in women
(81%), in their middle-age [2] . They are benign in
most of the cases, but malignant degeneration is
rare. If they turn malignant, they are commonly
diagnosed histopathologically as adenocarcinoma
or carcinoid [3] . In cases of malignancy, prognosis
depends upon acheiving total surgical excision with
clear margins as well as their histopathological criteria.
The prognosis of adenocarcinoma is unfavourable.
Retrorectal cysts can be uni or multilocular. The
content in retrorectal cysts varies from clear fluid to
dense mucus. Calcifications can occur in the wall of
the cyst and septa can be found inside. The lining
consists of more than one type of epithelium. It is often
surrounded by scattered bundles of smooth muscle but
has no myenteric plexus or serosa.

CASE REPORT
Case 1
The first case was a 43-year-old woman. She underwent
a diagnostic laparoscopy procedure after a suspecious
cyst was found in the left ovary at sonography. The
laparoscopic diagnosis was negative. The patient
suffered from permanent abdominal pain and was
further investigated using a computer tomography
(CT) scan which showed a 9.5 cm × 4 cm × 6 cm well
circumscribed cystic lesion in the presacral space, to the
left of the rectum. Rectoscopy did not demonstrate any
extraluminal pressure and coloscopy was also negative.
The patient submitted to a laparoscopic operation for
cyst excision. A 10 cm × 8 cm × 6 cm cyst with white
mucous content was extracted laparoscopically (Figure 2).
www.wjgnet.com
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Figure 1 Retrorectal space.

Figure 3 CT scan of cystic mass in the presacral space.

operation time was 75 min for the first case and 90 min
for the second case.

DISCUSSION

Figure 2 Specimen of retrorectal cyst.

Histopathological examination of the cyst showed
dysontogenetic origin with tuboendometrial metaplasia.
Postoperative recovery of the patient was smooth
with no complications. She was discharged on the 6th
postoperative day.
T he second case was a 28-year-old woman
complaining of anal pain. She underwent repeated
gynecological laparoscopic operations for cysts in both
ovaries. A CT scan showed cystic lesions in the left ovary
and another 9.3 cm × 5.8 cm × 6.4 cm cystic mass in
the presacral space (Figure 3). A 10 cm × 5.5 cm × 5 cm
cyst was extracted laparoscopically. Left oophorectomy
was performed in the same setting. Histopathological
examination of the cyst confirmed its benign origin
which is lined by simple columnar ciliated epithelium.
The postoperative recovery was smooth and the patient
was discharged on the 5th postoperative day.
The same laparoscopic approach was used in both
cases. After peritoneal insufflation, the pressure was
maintained at 11 mmHg. A 10 mm umbilical trocar, a
12 mm trocar in the right hypogastrium and a 5 mm
trocar in the right mesogastrium were used for camera
and the surgeon working hands, respectively. A 10 mm
trocar in the left hypogastrium and a 5 mm trocar in
the left mesogastrium were used for the assistance.
The retrorectal space was opened using a harmonic
scalpel at the sacral promontory level, the mesorectum
was dissected free and the cystic lesion was identified.
The cyst was resected using a harmonic scalpel after its
complete dissection and separation from the surrounding
structures. The pelvic floor was reconstructed with suture
and a drain was placed in the Douglas pouch. The total
www.wjgnet.com

Retrorectal cystic hamartoma (hindgut cyst) is a rare
developmental lesion arising from the vestiges of
the embryonic hind gut[4]. Other developmental cysts
(epidermoid, dermoid with skin appendages and rectal
cystic duplication with well-defined muscle layers,
myenteric plexus and serosa) can occur in retrorectal
space [5]. Anal gland cysts can develop near the anal
sphincter. All these cysts are similar to retrorectal
cystic hamartoma and their exact diagnosis depends
on the histopathological examination including
immunohistochemical profile.
Retrorectal cysts are asymptomatic in 50% of
the cases and the lesion is an incidental finding. A
cyst becomes symptomatic due to its mass effects on
surrounding organs (rectal fullness, painful defecation,
dysuria). Cysts with secondary infection have typical
symptoms of abscess and fistula. Perianal changes and a
draining sinus in the sacrococcygeal area can be found.
The presence of retrorectal cyst can bring about the risk
of complicated labor.
Diagnosis of cysts by ultrasound is difficult, and
cysts can be easily misdiagnosed as an ovarian lesion,
especially if the ovaries are not visualized precisely. Since
diagnostic laparoscopy can be false-negative because of
retroperitoneal localization of the cyst, it is necessary to
think of a retrorectal cyst when ultrasound shows a cyst
and laparoscopic findings are negative.
Computed tomography (CT) and MR imaging are
necessary to confirm the diagnosis of cysts[6]. CT scans
usually show the cyst as a well-circumscribed hypodense
retrorectal lesion without invasion of its adjacent
structures. Infection of a cyst may cause wall thickening.
Parietal calcifications can be found, but they are more
typical in dermoid cysts, teratoma, neuroblastoma,
chordoma and mucinous adenocarcinoma. The cyst
signal on MR imaging depends on its content. Malignant
changes are suspected in a case of focal parietal
thickening or with invasion of the adjacent organs[7].
Endorectal ultrasound can also be useful [8] .
Rectoscopy or sigmoidoscopy can verify external
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compression on the rectum. Digital rectal examination is
simple, but essential for cyst diagnosis because 75% of
retrorectal masses are palpable.
Routine preoperative biopsy (transrectal or
transcutaneous) is not recommended because it carries a
significant hazard of spillage of possible malignant cells
into the peritoneal cavity and can lead to infection of
cyst[2,8]. CT-guided extrarectal or presacral approach is
indicated in case of inoperable or locally advanced lesion
or in patients at a high surgical risk[2,8]. Histopathological
examination is necessary to determine adjuvant therapy.
The differential diagnosis of a retrorectal cyst
includes malignant and inflammatory lesions which
can occur in presacral space. Chordoma is the most
common primary tumor, followed by leiomyosarcoma,
neuroblastoma, ganglioneuroblastoma, chondrosarcomas,
hemangiopericytoma, teratocarcinoma, squamous-cell
carcinoma, neuroendocrine carcinoma[9], carcinoid[10]
and adenocarcinoma. Adnexal tumor or endometriosis
is difficult to diagnose[11]. Malignant lesions are solid
with signs of local invasion and bone destruction.
Sacrococcyg eal teratoma with cystic and solid
components and calcification is usually discovered in
neonates. Anterior sacral meningocele is associated with
sacral defect. Primary retrorectal adenocarcinoma arising
from cystic lesions (hind gut cysts) is rare[12]. Lipoma,
myelolipoma and hemangioma are rare in presacral space
too. For completeness, it is necessary to mention bone
tumors including osteosarcoma, chondrosarcoma, giant
cell tumor, bone cysts and bone metastases. Infected
hindgut cyst may be misdiagnosed as a pilonidal cyst, an
anorectal fistula or a recurrent rectal abscess.
Surgery is the first line in management. Simple cyst
marsupialisation with drainage is insufficient and leads
to recurrence and possible infection. Surgical approaches
used for excision are as follows: anterior (abdominal),
posterior (intersphincteric, parasacrococcygeal,
transsphincteric, transsacral, transsacrococcygeal [13],
transanorectal, transvaginal) or combinated. The
approach depends on location, size of the lesion and
its relationship with adjacent structures[14]. Digital rectal
examination is helpful for the choice of approach.
If the superior border of tumor can be palpated, the
posterior approach can be performed successfully.
The posterior (most often transsacral or parasacral)
approach is indicated for low-lying tumors (below the
sacral promontory) and the abdominal approach is
recommended for lesions above the sacral promontory.
Laparoscopic transabdominal approach presents a
minimally invasive approach with reduced surgical
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trauma and an excellent means for visualization of the
presacral space and its contents[15,16].
In conclusion, laparoscopic excision of retrorectal
systs is a safe and efficient option. Laparoscopic
approach minimizes the surgical trauma and offers
perfect visualization of the deep structures in the
presacral space.
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Abstract
Multiple lymphomatous polyposis (MLP) is an unusual
form of non-Hodgkin’s lymphoma characterized by
polyps throughout the gastrointestinal tract. It has
been reported that most MLP are observed in cases
with mantle cell lymphoma of B-cell type. We herein
present a case of a 66-year-old man with adult T-cell
leukemia/lymphoma (ATLL). Colonoscopy revealed
MLP throughout the colon and histopathological
findings of ATLL cell infiltration. The patient died
despite combination of chemotherapy. The literature
of manifestations of colonic involvement of ATLL is

www.wjgnet.com

reviewed and the importance of endoscopic evaluation
to differentiate ATLL intestinal lesions from opportunistic
infectious enterocolitis is discussed.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Adult T-cell leukemia/lymphoma (ATLL) is a malignancy
associated with retrovirus, human T-cell lymphotropic
virus type 1 (HTLV-1)[1-3]. Although it is well-known
that ATLL cells infiltrate into systemic organs including
gastrointestinal (GI) tract [4], colonic involvement has
not been fully documented[5]. We herein report a case of
ATLL presenting MLP and provide a literature review
on this rare entity.

CASE REPORT
A 48-year-old man presented with fever and watery
d i a r r h e a o f a h i s t o r y f o r t h r e e we e k s. H e h a d
been diagnosed as having smouldering ATLL with
er ythematopapular cutaneous lesions, in which
monoclonal integration of proviral DNA of HTLV-1
into the host genome was confirmed by the Southern
blot analysis. He had been managed conservatively
without leukemic change or visceral invasion for

Hokama A et al . ATLL presenting MLP		

A

B

A

B

A

B

20 years. Physical examination revealed mandibular
lymphadenopathy and multiple erythema and papules
on the skin of face, abdomen and back. Abdominal
examination showed hyper bowel sounds, but no
hepatosplenomegaly. The white blood cell count was
7600/mm3 (normal: 3500-8000/mm3), with a normal
differential. Serum lactate dehydrogenase and calcium
were normal. The soluble interleukin 2 receptor was
23 070 U/mL (nor mal: 220-530 U/mL) and antiHTLV-1 antibody was positive. Stool cultures and
parasites including Strongyloides stercoralis were negative.
Colonoscopy disclosed multiple whitish polyps
throughout the colon (Figure 1). Indigo carmine dye
spraying showed a central depression on the polyps
(Figure 2). Pedunculated colonic mucosal tissue was
replaced by diffuse proliferation of large lymphoid cells
with pleomorphic nuclei and pale cytoplasm (Figure 3).
Immunohistochemically, these cells were positive for
CD3, CD25, and CD30, but not for CD20, suggesting
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Figure 1 Colonoscopic images of
the transverse colon. A: Multiple small
polypoid lesions were presented; B: Closer
observation revealed tiny submucosal
tumors as well as whitish polypoid lesions.

Figure 2 Colonoscopic images with
indigo carmine dye. A: Multiple lymphomatous polyposis was clearly depicted;
B: Closer observation revealed polypoid
and aphthoid lesions had tiny central
depression.

Figure 3 Pedunculated colonic
mucosal tissue. Biopsy specimens
of the polypoid lesion showing diffuse
proliferation of atypical lymphoid cells in
the mucosal layer (A, HE, × 100). The
lymphoma cells display pleomorphic
nuclei and pale cytoplasm. (B, HE, × 400).

anaplastic large cell variant of ATLL (Figure 4). All
of these findings indicated the diagnosis of anaplastic
variant of ATLL with colonic involvement presenting
MLP. Subsequent ATLL infiltration to the heart,
lungs and central nervous system occurred rapidly. An
esophagogastroduodenoscopy was not performed.
Despite combination chemotherapy consisting of
cyclophosphamide, doxor ubicin, vincristine and
prednisolone, the patient died 3 mo later.

DISCUSSION
HTLV-1 infection is endemic in southern Japan,
Caribbean, West Africa, South America, and the
Middle East. Worldwide 10-20 million people are
infected approximately [1,2]. Although the majority of
HTLV-1 carriers remain asymptomatic, the virus is
associated with severe diseases that can be subdivided
into three categories: neoplastic diseases (ATLL and
www.wjgnet.com
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Table 1 Clinical features and colonic findings of adult T-cell leukemia/lymphoma reported in the English literature
Author

Age/gender Gastroduodenal findings
[5]

Utsunomiya

Tokunaga[8]
Itsuno[9]
Gakiya[10]
Isomoto[11]
Isomoto[12]
Isomoto[13]
Asada[14]
Hidaka[15]
Onishi[16]
Present case

55/M
55/M
67/M
49/M
60/M
43/M
62/M
70/M
47/M
58/F
78/F
68/M
41/F
68/M

Gastric small nodules
Gastric redness and petechiae
Gastric ulcer and erosions
Gastroduodenal erosions
ND
Gastric ulcerated tumors
Duodenal MLP
Duodenal polypoid tumor
Gastric protruding masses
Normal
ND
ND
ND
NE

Colonic findings

Treatment

Outcome

Edematous mucosa
Diffuse petechiae
Granular appearance
MLP
Ulcerated tumor
MLP
MLP
MLP
Granular, friable, and hyperemic mucosa
MLP
Reddish, flat or slightly elevated lesion
Ulcerated tumor
Redness and erosion
MLP

ND
ND
ND
ND
ND
CPA, DXR, VCR
CPA, PSL
CPA, DXR, VDS, VP-16
CPA, DXR, VCR, PSL
CPA, DXR, VDS
CPA, THP, VCR, VP-16
surgery, CPA, DXR, VDS, PSL
ND
CPA, DXR, VCR, PSL

ND
ND
ND
ND
15 mo, died
8 mo, died
1 mo, alive
4 mo, alive
12 mo, died
7 mo, died
died
10 mo, alive
ND
3 mo, died

MLP: Multiple lymphomatous polyposis; ND: Not described; NE: Not examined; CPA: Cyclophosphamide; DXR: Doxorubicin; VCR: Vincristine; VDS:
Vindesine; PSL: Prednisolone; THP: Pirarubicin.

A

B

C

Figure 4 Immunohistochemical studies. The lymphoma cells were positive
for CD3 (A, × 400), CD25 (B, × 400) and CD30 (C, × 400), consistent with
ATLL, anaplastic large cell variant.
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cutaneous T-cell lymphoma), inflammatory syndromes
(HTLV-1 myelopathy, uveitis, arthropathy, polymyositis
and thyroiditis), and opportunistic infections (S .
stercoralis hyperinfection, scabies, tuberculosis and
leprosy)[1,2].
ATLL is a systemic multiple lymphoma with a strong
tendency to infiltrate various organs or to manifest as
leukemic change. Based on the disease manifestations,
ATLL is classified into four subtypes: smouldering type,
chronic type, lymphoma type, and acute type[6]. Disease
progression to the acute or lymphoma from in patients
with smouldering and chronic ATLL sometimes occurs,
which has a poor prognosis with median survival time
of less than 1 year. The case we present was smouldering
ATLL with progression to the lymphoma form. A
study of 47 autopsied patients with ATLL revealed
that tumor cells infiltrate various organs including the
spleen (85.1%), bone marrow (72.3%), lungs (72.3%),
and GI tract (70.2%). In the GI tract, the stomach
is most frequently involved (40.4%), followed by the
colon (38.3%) and the small intestine (34.0%)[4]. Precise
mechanisms for ATLL cell infiltration in GI tract have
not been clarified; however, Chen et al[7] described that
ATLL cells from patients with GI tract involvement
showed considerably higher expression of an adhesion
molecule integrin β7, suggesting a critical role of this
molecule in adhesion and subsequent infiltration of
a certain type of ATLL cells into intestinal mucosa.
Regarding colonic lesions, Utsunomiya et al [5] first
described radiographic and endoscopic manifestations of
colonic involvement of ATLL in the English literature.
They classified the colonic lesions into three types:
Edema with erosion, granular appearance, and multiple
polypoid lesions with central depression. Table 1
shows colonic involvement of ATLL reported in the
English literature. In addition to the prior categories,
tumor type[8,15] and colitis type[12] have been reported.
A search of the MEDLINE database retrieved only 5
reported cases of ATLL with MLP[5,9-11,13]. Although the
molecular mechanisms which may influence phenotypes
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of colonic lesions have not been clarified, colonic
MLP may be correlated with coexistence of upper
gastrointestinal MLP or polypoid lesions (Table 1). In
addition, patterns and degree of ATLL cell infiltration
have been suspected to be reflected to the morphological
differences[17]. MLP was coined by Cornes, in 1961, to
describe polypoid involvement of long segments of the
gastrointestinal tract by lymphoma[17]. Although most of
MLP were observed in cases with mantle cell lymphoma
(MCL) of B-cell type[18-20], recent studies have shown
that follicular lymphoma (FL) and mucosa-associated
lymphoid tissue (MALT) lymphoma cases also showed
MLP with emphasis of the importance of differentiating
MCL, FL and MALT presenting MLP because of
distinct prognosis among them [21] . Based on prior
reports, definite differences of endoscopic morphology
have not been observed between MLP of various types
of lymphoma. ATLL may have the worst prognosis of
MLP; therefore, pathological diagnosis will be much
more important.
Patients with ATLL are immunocompromised
and develop opportunistic infections that complicate
the disease course [2]. Among these infections, there
is an increasing body of evidence regarding a strong
association between HTLV-1 and S . stercoralis coinfection[22]. Endemic region of HTLV-1 is overlapped
with that of S. stercoralis worldwide and co-infestation by
S. stercoralis can be severe and fatal[23]. Therefore, great
attention should be paid to immunocompromised ATLL
patients with refractory diarrhea and malabsorption to
differentiate ATLL colonic lesions from opportunistic
infectious enterocolitis caused by S. stercoralis, Entamoeba
histolytica, Isospora belli, cytomegalovirus, or Mycobacterium
tuberculosis.
The prognosis of ATLL is still poor with a median
sur vival of less than one year for the acute and
lymphoma forms despite advanced therapy including
new multiagent chemotherapy, allogenic hematopoietic
stem cell transplantation, and antiretroviral therapy[1,2].
Especially, gastrointestinal involvement of ATLL was
reported to be one of the poor prognostic factors in
acute type ATLL[11,24]. Therefore, endoscopic evaluation
may be important for estimating prognosis of ATLL
patients.
In conclusion, although this condition is rare, ATLL
should be included in the differential diagnosis of MLP.
We also emphasize the importance of endoscopic
evaluation to differentiate neoplastic intestinal lesions
from infectious enterocolitis for abdominal symptoms in
patients with leukemia/lymphoma.
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Abstract

INTRODUCTION

A Killian-Jamieson diverticulum (KJD) is an unfamiliar
and rare cervical esophageal diverticulum. This
diverticulum originates on the anterolateral wall of the
proximal cervical esophagus through a muscular gap
(the Killian-Jamieson space) below the cricopharyngeal
muscle and lateral to the longitudinal muscle of the
esophagus. To date, only surgical treatment has been
recommended for a symptomatic KJD due to its close
proximity to the recurrent laryngeal nerve and the
concern of possible nerve injury. Recently, traditional
open surgery for a symptomatic KJD is being
challenged by the development of new endoscopic
techniques and devices. We present here a case of a
symptomatic KJD that was successfully treated with
the flexible endoscopic diverticulotomy using two
new devices. An isolated-tip needle-knife papillotome
(Iso-Tome) was used for the dissection of the tissue
bridge of the diverticulum. And a flexible overtube
with a modified distal end (a fitted overtube) was used
for adequate visualization of the tissue bridge of the
diverticulum and protection of the surrounding tissue
during dissection of the tissue bridge. Our successful
experience suggests that the flexible endoscopic
diverticulotomy with the use of appropriate endoscopic
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A Killian-Jamieson diverticulum (KJD) is an unfamiliar
and rare disease entity as compared with Zenker’s
diverticulum (ZD), which is the most commonly
encountered diverticulum of the cervical esophagus[1-4].
These two types of cervical esophageal diverticula can
be diagnosed and can be differentiated by radiological
studies or by the use of endoscopy. A KJD originates on
the anterolateral wall of the proximal cervical esophagus
through a muscular gap (the Killian-Jamieson space)
below the cricopharyngeal muscle and lateral to the
longitudinal muscle of the esophagus[1-4]. A ZD develops
at the anatomically weak posterior zone (the Killian’s
triangle) just above the cricopharyngeal muscle [1-4].
Although a KJD is anatomically distinct from a ZD, the
symptoms attributable to a KJD are similar to those of
a ZD[3]. To date, only surgical management has been
recommended in symptomatic patients with a KJD[2].
Very recently, the first report of the flexible endoscopic
treatment of a KJD was published[4].
We present here a rare case of a symptomatic KJD
that was successfully treated with the flexible endoscopic
diverticulotomy using an isolated-tip needle-knife
papillotome (Iso-Tome) and a fitted overtube.
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Figure 1 Barium swallow
and endoscopic images.
A: An antero-posterior view
of a barium swallow image,
showing a diverticular sac
filled with contrast and food
debris in the left lateral side
of the cervical esophagus;
B: An endoscopic view of
the KJD that originates on
the anterolateral wall of the
cervical esophagus, which
was filled with impacted
food debris (black arrow: the
tissue bridge; white arrow:
The esophageal lumen).

CASE REPORT
A 55-year-old woman was referred from a local clinic for
a 6-mo history of pharyngeal discomfort and an abnormal
contrast esophagogram. An anteroposterior projection
of a barium swallow image revealed a 1.6 cm left-sided
KJD with a wide neck (Figure 1A). The diverticulum
was filled with contrast and food debris, as demonstrated
by filling defects in the contrast pool. Contrast retention
was persistent regardless of the barium swallow. An
initial esophagoscopy showed a diverticulum protruding
into the anterolateral wall of the cervical esophagus
(Figure 1B). Despite overnight fasting, the diverticular
wall was not clearly identified as food debris, was fully
impacted inside the diverticular sac. The opening of the
esophageal lumen was identified at the posterolateral side
of the diverticular opening. Based on the esophagogram
and the endoscopic finding, we could diagnose a true
KJD. There was no coexisting ZD.
An endoscopic diverticulotomy, with the use of a
forward-viewing flexible endoscope (GIF-Q260; Olympus
Optical, Tokyo, Japan), was performed on an inpatient
basis under conscious sedation with the administration
of midazolam and propofol. Informed written consent
was obtained before the procedure. In order to obtain
good visualization of the tissue bridge of the KJD and
to maintain a clear operational field, we used an overtube
designed for endoscopic variceal ligation (Flexible
Overtube; Sumitomo Bakelite Inc, Tokyo, Japan). Before
the procedure, the distal end of an overtube was snipped
off with a scissor in a rectangular form (Figure 2A). This
‘fitted’ overtube was advanced into the esophageal lumen
under an endoscopic view. The position of the modified
distal end of the overtube was adjusted so that it was
possible to locate the tissue bridge of the KJD within
www.wjgnet.com
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Figure 2 A fitted overtube. A: A photograph of a fitted overtube. The distal
end of a standard overtube is snipped off with a scissor in a rectangular form
according to the size of the diverticular opening (arrow); B: An endoscopic
view following insertion of a fitted overtube (white arrow: Tissue bridge; Black
arrow: Overtube). The tissue bridge of the diverticulum is exposed in the fixed
operational field. The surrounding esophageal wall is completely protected and
stabilized.

the hollow rectangle (Figure 2B).
The diverticular sac was not clearly visualized during
the procedure due to the presence of impacted food
debris. We used an isolated-tip needle-knife papillotome
(Iso-Tome, MTW Endoskopie, Wesel, Germany) and
Endo-cut (VIO 300D, ERBE, Tübingen, Germany) for
dissection of the tissue bridge (Figure 3A). The direction
of the cut was from the diverticular lumen towards
the esophageal lumen. Dissection of the tissue bridge
was performed at its midpoint by direct contact of the
needle of the Iso-Tome with the tissue bridge of the
diverticulum in a slightly vertical manner (Figure 3B).
About three-fourths of the height of the tissue bridge
was separated after the dissection. Minor blood oozing
developed at the incised wound, but the bleeding was
successfully controlled with the use of argon plasma
coagulation (APC). The total time of the procedure
from insertion of the endoscope to complete hemostasis
with APC was 11 min. The patient was discharged two
days after the procedure without any procedure-related
complications.
A follow up esophagoscopy was performed at
three months after the procedure. The esophagoscopy
revealed a wide communication between the diverticular
sac and the esophageal lumen without a significant tissue
bridge (Figure 4). There was no residual food debris
inside the diverticular sac and the patient denied having
any of the previous symptoms.
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Figure 3 Isolated-tip needle-knife papillotome. A: A photograph of an isolatedtip needle-knife papillotome (Iso-tome). Note the semi-oval shaped, isolated-tip
composed of epoxide adhesive. B: An endoscopic view during the diverticulotomy.
The Iso-Tome is inserted into the diverticular sac before dissection.

DISCUSSION
A KJD is an uncommon cervical esophageal diverticulum
located on the proximal lateral side of the cervical
esophagus (also called as proximal lateral cervical
diverticulum) [1-4]. Because of the unfamiliarity and
rarity of this entity, a KJD is often unrecognized and
misdiagnosed as a ZD on an endoscopic finding.
Accurate differentiation between a ZD and KJD relies
on radiological studies, especially the use of a contrast
esophagogram. Unfortunately, we had no initial lateral
view of the esophagogram, but we finally confirmed
the presence of a KJD after a serial esophagogram
and interpretation of the endoscopic findings at our
institution. Although the pathogenesis of a KJD is
unclear, only surgical treatment has been recommended
for a symptomatic KJD due to its close proximity
to the recurrent laryngeal nerve and the concern of
possible nerve injury [3]. Recently, the use of flexible
endoscopic diverticulotomy for the treatment of a
symptomatic KJD was introduced by Tang et al [4] .
The technique is primarily based upon a needle-knife
incision of the esophageal circular muscle under the
assistance of an auxiliary transparent hood as reported
by the investigators. The investigators recommended
that endoscopic management of a symptomatic KJD
was designed to widen the opening of the diverticulum
and allow subsequent fluent drainage of food material.
The basic principle is not different from that for a ZD,
to dissect the septum between the diverticular sac and
the esophagus and then allow an overflow of food

Figure 4 An endoscopic view at three months after the diverticulotomy.
A wide communication between the diverticular sac and the esophageal lumen
without a significant tissue bridge or retained food debris is shown.

material from the diverticular sac into the esophageal
lumen[5]. The aim of performing the diverticulotomy in
the present case was the creation of a communication
between the diverticular sac and the esophageal lumen
for fluent drainage of food debris without retention
inside the diverticulum, thereby resolving the patient
symptoms.
Endoscopic treatment of the KJD was successful
with a good symptomatic resolution in this case. We want
to introduce two new devices for a safe diverticulotomy.
First, we used an isolated-tip needle-knife papillotome
(Iso-Tome) for the dissection of the tissue bridge of the
diverticulum instead of a classical needle-knife. The most
feared complication of needle-knife based endotherapy
of the esophageal diverticula is mediastinitis[6]. The IsoTome was originally introduced in our institution for a
safe and effective pre-cut papillotomy during an ERCP[7].
The Iso-Tome has a semi-oval shaped isolated-tip made
of epoxide adhesive, which prevents electrical leakage
from the tip of the incising needle, thereby preventing
an unintended deep cut and perforation. This definite
merit has been reported for the endoscopic treatment
of an intraluminal duodenal diverticulum[8]. The semioval shape of the tip is also advantageous for placing the
Iso-Tome into a narrow space, such as a diverticular sac
filled with impacted food debris. A diverticular sac is not
often clearly visualized on endoscopy due to impacted
food debris inside the diverticulum. If the depth of the
diverticulum is not measured endoscopically, a blind
dissection with a needle-knife incision may be associated
with overextension beyond the inferior border of
the diverticulum and subsequent mediastinitis. In our
practice, the Iso-Tome was inserted through the biopsy
channel of the endoscope. The tip of the Iso-Tome
was intentionally pushed into the gap between the food
material and the inner wall of the diverticulum, and
was then positioned at the bottom of the diverticulum
(Figure 3B). The lower bottom of the diverticulum
could be assumed by placement of the Iso-Tome inside
the diverticulum before dissection. Another advantage
of the use of the Iso-Tome is stable control of the
direction of dissection. The dissection with the use
of the Iso-Tome is made from the diverticular lumen
www.wjgnet.com
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towards the esophageal lumen. Unintended slippage of
the knife on the inner wall of the diverticulum can be
prevented by hooking the inner diverticular wall by the
shoulder of the semi-oval tip of the Iso-Tome. These
advantages suggest that the use of the Iso-Tome is a
safe and effective alternative to the use of the classical
needle-knife in the treatment of cervical esophageal
diverticula.
As a second device, we used a fitted overtube
for adequate visualization of the tissue bridge of
the diverticulum and protection of the surrounding
tissue during dissection of the tissue bridge. Several
accessory tools (a nasogastric tube, transparent hood
and diverticulosope) have been introduced for flexible
endoscopic treatment of cervical esophageal diverticula
to overcome technical problems, especially for a
ZD[9-12]. All of these accessory tools are commercially
available and can be useful for flexible endoscopic
treatment of a ZD. In our case, the use of a flexible
overtube with a modified distal end allowed clear
isolation and better exposure of the tissue bridge
within the fixed operational field (Figure 2B). The
surrounding esophageal wall, except for the operational
field, could be prevented from exposure to unintended
electrical damage. Effective stabilization of esophageal
motility allowed free movement of the tip of the
endoscope inside the overtube. Direct compression
of the more proximal esophageal wall by the overtube
could prevent aspiration of undigested food debris
during the procedure. Modification of the distal end
of the overtube was easily adjusted according to the
form and size of the diverticular opening before the
procedure.
In conclusion, the flexible endoscopic diverticulotomy
can be a safe and effective method for the treatment of a
symptomatic KJD. We expect that the two new devices
can assist a safer and easier flexible endoscopic treatment
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for any kind of cervical esophageal diverticula, including
both a KJD and a ZD.
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INTRODUCTION
Fundic gland polyps (FGPs) account for about 47% of
all gastric polyps[1]. They are found in up to 1.9% of
the general population, 5% of patients presenting for
upper gastrointestinal endoscopy, 84% of patients with
familial adenomatous polyposis (FAP), and in 93% of
those with attenuated-FAP (AFAP)[1,2]. FGPs are usually
asymptomatic, though some patients may complain of
dyspepsia. Most FGPs are sporadic and number less than
10 in a given patient. Typically their size is between 1 and
5 mm; however, larger polyps are occasionally observed[3].
FGPs tend to occur mostly in women during the 5th or
6th decade of life[4], but they have been described as early
as 8 years of age in patients with FAP[1].
We present a case of giant sporadic FGP that was
associated with positive fecal occult blood test (FOBT). We
describe its endoscopic, endosonographic and histologic
features and discuss the decision for surveillance.

CASE REPORT
Abstract
Fundic gland polyps are the most common gastric
polyps. They are usually small in size, sporadic and
asymptomatic. We present a case of giant fundic gland
polyp. Our case is particular because of the clinical
presentation, the endoscopic and endosonographic
documented findings, and the treatment options
followed.
© 2008 The WJG Press. All rights reserved.
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An asymptomatic 63-year-old male was referred for
evaluation of borderline microcytic anemia and positive
FOBT. Past medical history was positive for long-standing
systemic lupus erythematosus (SLE) for which he was
maintained on prednisone 5 mg daily, hydroxychloroquine,
oral calcium, Vitamin D, and alendronate. Physical exam
was unremarkable. Laboratory tests revealed: Hemoglobin,
12.9 g/dL; hematocrit, 37.5%; mean corpuscular volume
(MCV), 79 fl; serum iron, 34 µ g/dL (37-160); total
iron binding capacity (TIBC), 309 µ g/dL (270-450);
and ferritin 36.7 ng/mL (20-280). Colonoscopy was
performed and was normal. Upper endoscopy showed
a sessile, broad-based, smooth-surfaced polyp, similar in
color to the surrounding mucosa and extending around
8 cm (with a width of 2 cm) from the cardia along the
lesser curvature with two small satellite polyps (Figure 1).
Multiple biopsies from the polyp were compatible with
FGP (Figure 2). Rapid urease test for Helicobacter pylori
(H pylori) was negative. Endoscopic ultrasound (EUS),
performed at a frequency of 12 MHz using radial sector
transducer (GF-UM-240, Olympus Tokyo, Japan), revealed
a wide-based, large, predominantly hypoechoic polyp that
involved the mucosa without reaching the submucosa or
muscularis propria (Figure 3). Small intestinal series (SIS)
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Figure 1 Endoscopic
appearance of the
giant FGP and the two
small satellite polyps.
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Figure 2 Fundic gland polyp biopsy showing numerous fundic glands,
several of which are cystically dilated (HE, ×100).

exam was normal. The treatment was conservative and
the patient was started on iron supplementation.
The patient was re-evaluated at 3 and 8 mo. He
remained asymptomatic. Repeat stool occult blood was
positive on 3 occasions. Laboratory studies showed normal
hemogram and iron studies. A repeat esophagogastrod
uodenoscopy (EGD) and EUS confirmed the previous
findings. Biopsies from the polyp were unchanged, while
biopsies of the surrounding mucosa revealed mild chronic
active gastritis and rare H pylori-like organisms for which
the patient received eradication therapy.

DISCUSSION
FGPs are the most common gastric polyps. The size of
FGPs varies between 1 and 5 mm. Unlike adenomatous
polyps where a size more than 2 cm has been suggested
as critical in the determination of malignant potential,
the size of sporadic FGPs is not considered a risk factor
for malignancy[5]. Six cases of giant FGPs of different
sizes have been reported in the literature [6-11] . The
histologic diagnosis of sporadic FGP was reported in
only one of the cases[8], making our case the second case
of giant FGP.
The diagnosis of FGPs is based on pathology. The
presence of cystically dilated fundic glands that are lined
by attenuated, but otherwise normal-appearing chief
and parietal cells is characteristic. The overlying foveolae
are usually shortened. Inflammatory changes in the
surrounding mucosa are usually absent[3]. In our patient,
www.wjgnet.com

Figure 3 EUS images of the gastric polyp. A: The polyp involves the mucosa
without reaching the submucosa (arrow) or muscularis propria (arrowhead);
B: Mixed echogenicity of the polyp (EUS view at a different level).

the surrounding mucosa was involved by an H pyloripositive mild chronic active gastritis. This association
between sporadic FGPs and H pylori gastritis has been
rarely reported. It seems like patients with sporadic
FGPs are largely protected from H pylori colonization
and that these patients rarely acquire the infection after
the regression of the polyps[12].
Sporadic FGPs have distinct endoscopic features[13].
They are confined to the acid secreting oxyntic mucosa
of the gastric fundus and gastric body. They are small,
sessile, smooth-surfaced, hemispherical or dome-shaped,
and similar in color to the surrounding mucosa. The role
of EUS in the evaluation of gastric mucosal and submucosal lesions is well established. However, its use in
the evaluation of giant gastric polyps has been described
in four cases only[7-9,14]. It may be helpful in defining the
depth and the extension of the lesion through the layers
of the gastric wall, ruling out a possible malignancy.
The natural history of FGPs is unclear and there
are no guidelines for surveillance and treatment. The
number and size of FGPs in the FAP and sporadic
forms can slowly increase, decrease or remain the
same [3] . Since forceps biopsy sampling may fail to
provide adequate tissue for histological diagnosis, it is
recommended to remove all gastric polyps larger than
5 mm in diameter [15]. Whether this recommendation
applies to FGPs is still unclear. Endoscopic mucosal
resection (EMR) seems to be a safe and fast procedure
for the diagnosis and treatment of gastric polypoid
lesions[16]. However, a very high bleeding rate of 32%
may complicate EMR for polyps greater than 3 cm in
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size[17]. Moreover, surgical resection (partial gastrectomy)
of large polyps may be associated with serious acute and
chronic complications[18].
In our patient, the polyp is most likely the cause of
positive stool occult blood. The question whether to
remove such a giant polyp by EMR or surgical resection
or to observe is debatable. We opted for surveillance
of the polyp for the following reasons: The patient
is asymptomatic and his hemogram normalized on
iron therapy; FGPs may regress, progress or remain
unchanged in size, FGPs carry no malignant potential,
and finally endoscopic or surgical resection of such a
polyp carries a high risk of bleeding and complications
respectively. We felt that keeping this large polyp
imposes a negligible risk to the patient.
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Meetings
Events Calendar 2008-2009
FALK SYMPOSIA 2008
January 24-25, Frankfurt, Germany
Falk Workshop: Perspectives in
Liver
Transplantation
International Gastroenterological
Congresses 2008
February 14-16, Paris, France
EASL-AASLD-APASL-ALEH-IASL
Conference Hepatitis B and C virus
resistance to antiviral therapies
www.easl.ch/hepatitis-conference

			

Falk Symposium 164: Intestinal
Disorders

Falk Workshop: Strategies of Cancer
Prevention in Gastroenterology

May 18-21, San Diego, California, USA
Digestive Disease Week 2008

September 18-19, Mainz, Germany
Falk Symposium 166:
GI Endoscopy - Standards &
Innovations

May 21-22, California, USA
ASGE Annual Postgraduate Course
Endoscopic Practice 2008: At the
Interface of Evidence and Expert
Opinion
E-mail: education@&#97;sge.org

September 20-21, Mainz, Germany
Falk Symposium 167:
Liver Under Constant Attack - From
Fat to Viruses

June 5-8, Sitges (Barcelona), Spain
Semana de las Enfermedades
Digestivas
E-mail: sepd@sepd.es

September 24-27, Nantes, France
Third Annual Meeting
European Society of Coloproctology
www.escp.eu.com

June 6-8, Prague, Czech Republic
3rd Annual European Meeting:
Perspectives in Inflammatory Bowel
Diseases
E-mail: meetings@imedex.com

February 28, Lyon, France
3rd Congress of ECCO - the European
Crohn’s and Colitis Organisation
Inflammatory Bowel Diseases 2008
www.ecco-ibd.eu

June 10-13, Istanbul, Turkey
ESGAR 2008 19 th Annual Meeting
and Postgraduate Course
E-mail: fca@netvisao.pt

February 29, Québec, Canada
Canadian Association of
Gastroenterology
E-mail: general@cag-acg.org

June 11-13, Stockholm, Sweden
16th International Congress of
the European Association for
Endoscopic Surgery
E-mail: info@&#101;aes-eur.org

March 14-15, HangZhou, China
Falk Symposium 163: Chronic
Inflammation of Liver and Gut
March 23-26, Seoul, Korea
Asian Pacific Association for the
Study of the Liver
18th Conference of APASL: New
Horizons in Hepatology
www.apaslseoul2008.org
March 29-April 1, Shanghai, China
Shanghai-Hong Kong International
Liver Congress
www.livercongress.org
April 05-09, Monte-Carlo (Grimaldi
Forum), Monaco
OESO 9th World Congress, The
Gastro-esophageal Reflux Disease:
from Reflux to Mucosal
Inflammation-Management of
Adeno-carcinomas
E-mail: robert.giuli@oeso.org
April 9-12, Los Angeles, USA
SAGES 2008 Annual Meeting - part
of Surgical Spring Week
www.sages.org/08program/html/
April 18-22, Buenos Aires, Argentina
9th World Congress of the
International Hepato-Pancreato
Biliary Association
Association for the Study of the
Liver
www.ca-ihpba.com.ar
April 23-27, Milan, Italy
43rd Annual Meeting of the European
Association for the Study of the
Liver
www.easl.ch
May 2-3, Budapest, Hungary

September 18-20, Prague, Czech
Republic
Prague Hepatology Meeting 2008
www.czech-hepatology.cz/phm2008

June 4-7, Helsinki, Finland
The 39th Nordic Meeting of
Gastroenterology
www.congrex.com/ngc2008

February 14-17, Berlin, Germany
8th International Conference on New
Trends in Immunosuppression and
Immunotherapy
www.kenes.com/immuno

March 10-13, Birmingham, UK
British Society of Gastroenterology
Annual Meeting
E-mail: BSG@mailbox.ulcc.ac.uk
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June 13-14, Amsterdam, Netherlands
Falk Symposium 165: XX
International Bile Acid Meeting. B
ile Acid Biology and Therapeutic
Actions
June 13-14, Prague, Czech Republic
Central and Eastern European
Conference on Colorectal "Cancer"
Screening, Prevention and
Management
E-mail: idca2008@guarant.cz
June 25-28, Barcelona, Spain
10th World Congress on
Gastrointestinal Cancer
Imedex and ESMO
E-mail: meetings@imedex.com
June 25-28, Lodz, Poland
Joint Meeting of the European
Pancreatic Club (EPC)
and the International Association of
Pancreatology (IAP)
E-mail: office@epc-iap2008.org
www.e-p-c.org
www.pancreatology.org

N.O.T.E.S
April 3-5, November 27-29
Laparoscopic Digestive Surgery
June 27-28, November 7-8
Laparoscopic Colorectal Surgery
July 3-5
Interventional GI Endoscopy
Techniques
Contact address for all courses:
E-mail: info@eits.fr
International Gastroenterological
Congresses 2009
March 23-26, Glasgow, Scotland
Meeting of the British Society of
Gastroenterology (BSG)
E-mail: bsg@mailbox.ulcc.ac.uk
May 17-20, Denver, Colorado, USA
Digestive Disease Week 2009

October 8-11, Istanbul, Turkey
18th World Congress of the
International Association of
Surgeons,
Gastroenterologists and Oncologists
E-mail: orkun.sahin@serenas.com.tr

November 21-25, London, UK
Gastro 2009 UEGW/World Congress
of Gastroenterology
www.gastro2009.org

October 18-22, Vienna, Austria
16th United European
Gastroenterology Week
www.negf.org
www.acv.at
October 22-25, Minnesota, USA
Anstralian Gastroenterology Week
2008
E-mail: gesa@gesa.org.au
October 22-25, Brisbane, Australia
71st Annual Colon and Rectal Surgery
Conference
E-mail: info@colonrectalcourse.org
October 31-November 4, Moscone
West Convention Center, San
Francisco, CA
59th AASLD Annual Meeting and
Postgraduate Course
The Liver Meeting
Information: www.aasld.org
November 6-9, Lucerne, Switzerland
Neurogastroenterology & Motility
Joint International Meeting 2008
E-mail: ngm2008@mci-group.com
www.ngm2008.com

June 26-28, Bratislava, Slovakia
5th Central European
Gastroenterology Meeting
www.ceurgem2008.cz

November 12, Santiago de Chile,
Chile
Falk Workshop: Digestive Diseases:
State of the Art and Daily Practice

July 9-12, Paris, France
ILTS 14th Annual International
Congress
www.ilts.org

November 28-29, Cairo, Egypt
1st Hepatology and Gastroenterology
Post Graduate Course
www.egyptgastrohep.com

September 10-13, Budapest, Hungary
11th World Congress of the
International Society for Diseases of
the Esophagus
E-mail: isde@isde.net

December 7-9, Seoul, Korea
6th International Meeting
Hepatocellular Carcinoma: Eastern
and Western Experiences
E-mail: sglee@amc.seoul.kr

September 13-16, New Delhi, India
Asia Pacific Digestive Week
E-mail: apdw@apdw2008.net

INFORMATION FOR ALL
FALK FOUNDATION e.V.
E-mail: symposia@falkfoundation.de
www.falkfoundation.de

III FALK GASTRO-CONFERENCE
September 17, Mainz, Germany

Institute of Telesurgery EITS - 2008
Strasbourg, France
January 18-19, March 28-29, June 6-7,
October 3-4

Advanced Courses - European

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, nutrition,
digestive surgery, 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-inone” 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.
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GENERAL INFORMATION
World Journal of Gastroenterology (World J Gastroenterol ISSN 1007-9327
CN 14-1219/R) is a weekly open access peer-reviewed journal
supported by an editorial board consisting of 1208 experts in
gastroenterology and hepatology from 60 countries. The aim of
the journal is to deliver the most clinically relevant original and
commentary articles to readers, and to make the full text publicly
available to all clinicians, scientists, patients and biomedical students
on an unrestricted platform, so that they can access and learn about
the most recent key advances in the field.
In addition to the open access nature, another key characteristic
of WJG is its reading guidance for each article which includes background, research frontier, related reports, breakthroughs, applications,
terminology, and comments of peer reviewers for the general readers.
WJG publishes articles on esophageal, gastrointestinal,
hepatobiliary and pancreatic tumors, and other esophageal,
gastrointestinal, hepatic-biliary and pancreatic diseases in relation
to epidermiology, immunology, microbiology, motility & nerve-gut
interaction, endocrinology, nutrition & obesity, endoscopy, imaging
and advanced hi-technology.
The main goal of WJG is to publish high quality commentary
articles contributed by leading experts in gastroenterology and
hepatology and original articles that combine the clinical practice
and advanced basic research, to provide an interactive platform for
clinicians and researchers in internal medicine, surgery, infectious
diseases, traditional Chinese medicine, oncology, integrated Chinese
and Western medicine, imaging, endoscopy, interventional therapy,
pathology and other basic medical specialities, and thus eventually
improving the clinical practice and healthcare for patients.
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 in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. 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 are 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 copy-edit and put onto
our website accepted manuscripts. Authors should follow the
relevant guidelines for the care and use of laboratory animals of
their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting
of clinical trials, we endorse the policy of the International
Committee of Medical Journal Editors to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available,
to our knowledge, is http://www. clinicaltrials.gov sponsored by
the United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables,
photographs and illustrations because rejected manuscripts
will not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing.
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Online submissions
Manuscripts should be submitted through the Online Submission
System at: http://wjg.wjgnet.com/wjg. Authors are highly
recommended to consult the ONLINE INSTRUCTIONS TO
AUTHORS (http://www.wjgnet.com/wjg/help/instructions.
jsp) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to submission@wjgnet.com,
or by telephone: +86-10-85381892. If you submit your manuscript
online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:
Title page
Full manuscript title, r unning title, all author(s) name(s),
affiliations, institution(s) and/or department(s) where the work
was carried out; author contributions; 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
(remove 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.
Author controbutions: The format of this section should be
like this: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F
and Wu XM designed research; Wang CL, Zou CC, Hong F and
Wu XM performed research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed
data; and Wang CL, Liang L and Fu JF wrote the paper.
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJG, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.
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 equipment, and the experimental
procedures should be included. RESULTS: The observed and
experimental results, including data, effects, outcome, etc. should be
included. Authors should present P value where necessary, and also
include any significant data. CONCLUSION: Accurate view and
the value of the results should be included.
The format for structured abstracts can be found at: http://
www.wjgnet.com/wjg/help/11.doc.
Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Text
For articles of these sections, original articles, rapid communication
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and case reports, the main text should be structured into the
following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
body text or in Figures and Tables, but not in both. The main text
format of these sections, editorial, topic highlight, case report,
letters to the editors, should be found at: http://www.wjgnet.com/
wjg/help/instructions.jsp.
Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the leg end rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A: ...; B:
...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle to publish high
resolution-figures for the printed and E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement but not duplicate the text. Use one horizontal line
under the title, a second under 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,
b
P < 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. A third
series of P values can be expressed as eP < 0.05 and fP < 0.01. Other
notes in tables or under illustrations should be expressed as 1F, 2F, 3F;
or sometimes as 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.
Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscripts and who endorse the data and
conclusions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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Coding system
The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability[1,2]”. If references are cited directly
in the text, they should be put together within the text, for example,
“From references[19,22-24], we know that...”
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.
PMID requirement
PMID roots in the abstract serial number indexed by PubMed
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=PubMed).
The author should supply the PMID for journal citation. For
those references that have not been indexed by PubMed, a printed
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The accuracy of the information for journal citations is very
important. Using the reference testing system, the authors and
editor should check the authors name, title, journal title, publication
date, volume number, start page, and end page. We will interlink
all references with PubMed in an ASP file so that the readers can
immediately access the abstract of the citations online.
DOI requirement
A CrossRef DOI® (Digital Object Identifier) name is a unique
string created to identify a piece of scholarly content in the online
environment. The author should supply the DOIs for journal
citation(doi:10.3748/wjg.13.6458). This link (http://www.crossref.
org/SimpleTextQuery/) allows you to retrieve Digital Object
Identifiers (DOIs) for journal articles, books, and chapters by
simply cutting and pasting the reference list into the box. You may
use the form with any reference style, although the tool works most
reliably if references are formatted in a standard style such as shown
in this example: Assimakopoulos SF, Scopa CD, Vagianos CE.
Pathophysiology of increased intestinal permeability in obstructive
jaundice. World J Gastroenterol 2007; 13(48): 6458-6464
The accuracy of the information of journal citations is very
important. We will interlink all references with DOI in ASP file
so that readers can access the abstracts of cited articles online
immediately.
Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed with
the initial letter capitalized, followed by their abbreviated first
and middle initials. (For example, Lian-Sheng Ma is abbreviated
as Ma LS, Bo-Rong Pan as Pan BR). The title of the cited article
and italicized journal title (journal title should be in its abbreviated
form as shown in PubMed), publication date, volume number
(in black), start page, and end page [PMID: 11819634 DOI:
10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in bold-faced
letters. The surname of all authors should be typed with the initial
letter capitalized, followed by their abbreviated middle and first
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, BoRong Pan as Pan BR) Book title. Publication number. Publication
place: Publication press, Year: start page and end page.
Format
Journals
English journal article (list all authors and include the PMID where
applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
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Chinese journal article (list all authors and include the PMID where
applicable)
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Organization as author
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Alf-One Study Group. Sexual dysfunction in 1, 274 European
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No author given
6 21st century heart solution may have a sting in the tail. BMJ
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Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and safety
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No volume or issue
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Careaction 2002; 1-6 [PMID: 12154804]
Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary system.
9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York: Marcel
Dekker, 1991: 431-450
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Abstract
Studies on rodents and humans demonstrate an inherited
predisposition to hepatocellular carcinoma (HCC). Analysis
of the molecular alterations involved in the acquisition of
a phenotype resistant or susceptible to hepatocarcinogenesis showed a deregulation of G1 and S phases in HCC
of genetically susceptible F344 rats and a G1-S block in
lesions of resistant Brown norway (BN) rats. Unrestrained
extracellular signal-regulated kinase (ERK) activity linked
to proteasomal degradation of dual-specificity phosphatase 1 (DUSP1), a specific ERK inhibitor, by the CKS1-SKP2
ubiquitin ligase complex occurs in more aggressive HCC
of F344 rats and humans. This mechanism is less active in
HCC of BN rats and human HCC with better prognosis. Upregulation of iNos cross-talk with IKK/NF-kB and RAS/ERK
pathways occurs in rodent liver lesions at higher levels in
the most aggressive models represented by HCC of F344
rats and c-Myc-TGF-α transgenic mice. iNOS, IKK/NF-kB,
and RAS/ERK upregulation is highest in human HCC with a
poorer prognosis and positively correlates with tumor proliferation, genomic instability and microvascularization, and
negatively with apoptosis. Thus, cell cycle regulation and
the activity of signal transduction pathways seem to be
modulated by HCC modifier genes, and differences in their
efficiency influence the susceptibility to hepatocarcinogenesis and probably the prognosis of human HCC.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
frequent human cancers, with 1 million of newly
diagnosed cases each year. The highest frequencies
are found in sub-Saharan Africa and far eastern Asia,
where hepatitis B virus (HBV) and hepatitis C virus
(HCV) infections are endemic, and in regions where
food contaminated with Aflatoxin B1 is consumed[1-3].
Other risk factors associated with the development
of HCC include: long term use of oral contraceptive
(female), high dose of androgen steroids, type 2
diabetes, genetic disorders such as hemochromatosis,
hereditary tyrosinemia, glycogen storage disease (types
1 and 2), α1-antitrypsin deficiency, Wilson’s disease;
porphyria cutanea tarda, galactosemia, orotic aciduria,
congenital cholestatic syndrome, and environmental
agents (Thorotrast, Aflatoxins, Cycasin, Pyrrolizidine
alkaloids, Vinyl chloride, tobacco smoke, N-nitrosylated
compounds). HCC incidence appears to be rising,
even in countries with relatively low incidence[4]. HCC
is prevalently male associated with M:F ratios ranging
from 1.3 to 12.9 according to the geographic area[1]. It is
a rapidly fatal disease, with a life expectancy of about 6
mo from the time of diagnosis. Partial liver resection or
liver transplantation are potentially curative, but only a
minority of the cases is amenable to these treatments.
The frequency of HCC, similarly to that of other
www.wjgnet.com
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tumor types, shows great differences within a human
population as a response to environmental risk agents[5].
This suggests that additional environmental and/or
genetic factors may be involved in the pathogenesis of
the disease. Genetic polymorphisms of Cytochromes
P450 2E1 and 2D6, Aldehyde dehydrogenase, Arylamine
N-acetyltransferase 2, Epoxide hydrolase and L-MYC,
and mutation of the Glutathione S-transferase gene have
been associated with increased risk of HCC[6-10]. The
genetic susceptibility has been shown to be one of the
factors involved in familial aggregations of HCCs, even
in HBV endemic areas where perinatal transmission of
HBV is mainly responsible of familial HBV clustering[11].
The absence of an obviously inherited predisposition to
the majority of liver cancers and of familial aggregations
of HCC, independent of environmental agents such as
HBV and HCV infections indicates that high-penetrance
mutations are rare for this tumor, and suggests instead
the involvement of low-penetrance genetic variants.
Indeed, studies of families at risk seem to confirm
the implication of a polygenic control of cancer
incidence[12,13], and are in keeping with a polygenic model
of autosomal recessive inheritance with a major gene
involved in the genetic predisposition of HCC onset at
an earlier age[14].
The development of cancers in mammals depends
on accumulation within somatic cells of a number
of genetic alterations including activation of protooncogenes and inactivation of oncosuppressor genes.
Genetic instability plays an important role in the
accumulation of these alterations[1]. Although various
interindividual and interspecies differences have been
documented, several morphological, biochemical and
biological commonalties have been found in human and
rodent preneoplastic and neoplastic liver lesions[3,15-17].
This sug gests that the basic mechanisms of HCC
development, in different species, are closely similar.
Furthermore, studies with experimental models of
complex diseases, different from cancer, indicate that
the genetic variants controlling susceptibility map to
orthologous regions of the mouse and human genomes,
and various diseases are caused by polymorphism of
equivalent mouse and human genes[18]. On the basis of
these observations and considerations; in recent years,
mouse and rat hepatocarcinogenesis models have been
used to map susceptibility genes, define the genetic
model responsible for an increased risk of HCC, and
examine the effector mechanisms of tumor susceptibility
genes.

RESISTANT PHENOTYPE
Liver carcinogenesis is a multistage process [1,15-17,19].
The clonal expansion of carcinogen-initiated cells
(promotion) leads to the development of foci of altered
hepatocytes (FAHs) that, in the rat, can be identified
by immunohistochemical staining of glutathione
S-transferase 7-7 (GST 7-7). Most liver preneoplastic
lesions re-differentiate or no further evolve to cancer,
whereas a subset of lesions acquires the capacity
www.wjgnet.com
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of autonomous growth and progress to neoplastic
nodules (dysplastic nodules, adenomas) and HCCs[19,20].
Genomic instability, up-regulation of oncogenes and
downregulation of oncosuppressor genes, and in late
stages, alteration of cell adhesion mechanisms drive the
process evolution[15,21].
A striking behavior of rodents’ genetic resistance
to hepatocarcinogenesis is the fact that resistance
genes apparently do not affect the initiation of the
process, but only the capacity of initiated cells to
grow autonomously [22-25]. In recent years the Brown
norway (BN) [26] and Copenhag en (Cop) [27,28] rat
strains have been shown to be strongly resistant to
hepatocarcinogenesis. Both strains, crossed with F344
rats, susceptible to hepatocarcinogenesis, dominantly
transmit their resistance to (BN × F344) F1 (BFF1)
and (Cop × F344) F1 (CFF1) rats. Treatment of rats
with DENA/AAF/partial hepatectomy, according
to the “resistant hepatocyte” model of hepatocarci
nogenesis [19], results in the development in the liver
of resistant strains of an elevated number of fastgrowing early preneoplastic lesions, positive for GST
7-7 expression. After exhaustion of the promoting
stimulus, GST 7-7 positive lesions undergo a progressive
decrease in growth capacity and intensive phenotypic
reversion (remodeling)[29], thus showing inability to grow
autonomously. In carcinogen-treated Cop rat strain, the
block of progression of preneoplastic lesions exclusively
depends on re-differentiation, whereas DNA synthesis in
these lesions proceeds at the same rate as in the lesions
of susceptible strains[27,28,30]. The analysis of BN and
Cop rats excluded apoptosis in the preneoplastic lesions
as a mechanism of resistance to hepatocarcinogenesis
and attributed a preeminent role to redifferentiation[26-28].
However, apoptosis occurs in HCC from the resistant
BN[31] and DHB[32] rats. These observations indicate that
in the presence of dominant resistance alleles the subset
of autonomously growing preneoplastic lesions, selected
during promoting treatments, is very small or absent.

MAPPING OF THE LOCI CONTROLLING
THE SUSCEPTIBILITY TO
HEPATOCARCINOGENESIS
Linkage analysis experiments, made in various models
of rodent hepatocarcinogenesis, led to the identification
of different hepatocarcinogenesis susceptibility (Hcs)
and resistance (Hcr) loci [25]. Mouse Hcs1, Hcs2, and
Hcs3 loci were identified on chromosomes 7, 8, and
12, respectively, in urethane-treated F2 male mice
generated by crossing the susceptible C3H/HeJ strain
with the resistant A/J strain[33]. Interspecific testcrosses
between the phylogenetically distant C3H/HeJ and
Mus spretus mice, followed by the cross of the resulting
F1 with the resistant C57BL/6J (B6) strain, to increase
interstrain polymorphism[23], led to the identification of
3 additional Hcs loci (numbered from 4 to 6), mapping
to chromosomes 2, 5, and 19, respectively. More
recently a seventh Hcs locus (Hcs7) was mapped to
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distal chromosome 1 by analysis of the backcrosses and
intercrosses between the susceptible C3H/HeJ or CBA/J
strains and the resistant B6 strain[35]. Congenic B6.C3H
(D1Mit5-D1Mit17) and B6.BR (D1Mit5-D1Mit17)
were generated in which a approximate 70 cm segment
(between D1Mit5 and D1Mit17) from C3H or C57BR/
cdj (Br) susceptible strains, was introgressed onto a B6
background. These recombinant congenic strains (RCSs)
develop more liver tumors than B6 mice, indicating that
distal chromosome 1 carries potent modifier gene(s)
sufficient to confer susceptibility to liver cancer.
Two loci involved in the susceptibility to HCC
have been identified in crosses between BR and B6
mice [35]. BR females are extremely sensitive to HCC
induction, since they are genetically insensitive to the
inhibition of hepatocarcinogenesis exerted by ovarian
hormones. This property is dominantly transmitted to
B6BRF1 and BRB6F1 mice. BR alleles at two loci, on
chromosomes 17 and 1, identified in backcrosses and
F2 progeny, are associated with increased susceptibility
in both sexes. They were denominated Hcf1 and Hcf2
(hepatocarcinogenesis in females) loci. Hcf1 and at a
lower extent Hcf2 accounted for the higher sensitivity of
BR mice to hepatocarcinogenesis.
In addition to susceptibility loci, two resistance loci,
with negative phenotypic effects have been discovered
i n m o u s e g e n o m e. H c r 1 a n d H c r 2 l o c i m a p o n
chromosomes 4 and 10, respectively[36]. Further work[37]
has shown that a resistant F1 mouse may be generated
by crossing the resistant BXD-15 recombinant inbred
mouse, presumably carrying Hcr genes contributed by
the parental strain DBA/2J, to susceptible recombinant
BXD-11 mice, which should carry DBA/2J Hcs genes.
This strongly suggests that Hcr genes may modify the
activity of several sensitivity loci.
The genome of the BALB/c mouse strain provides
alleles that semi dominantly inhibit hepatocellular
tumor development in F1 crosses with the highly
hepatocarcinogenesis-susceptible C3H/He strain [39].
Recent genome-wide linkage analysis in a F2 population
produced by intercrossing the BALB/c to the C3H/He
mouse strain revealed a hepatocarcinogen resistance 3
(Hpcr3) locus with a major role in the resistance to
urethane-induced hepatocarcinogenesis[40]. This locus,
mapping to central Chromosome 15, accounts for
40% of the phenotypic variance. A gene expression
profile of normal adult mouse liver showed a significant
association with susceptibility of BALB/c, C3H/He,
and F1 mice to hepatocarcinogenesis, and identified the
genes expressed in the Hpcr3 locus region. This analysis
implicated the E2F1 pathway in the modulation of the
phenotype susceptibility to hepatocarcinogenesis.
The first locus regulating the susceptibility of rats to
chemical hepatocarcinogenesis, denominated rcc locus,
has been identified in the telomeric end of chromosome
20 of MHC-recombinant rat strains, congenic for
the MHC genes and its linked region grc (growth
reproduction complex) [41,42]. The rcc + locus has many
properties in common with tumor-suppressor genes: it is
recessive, its deletion causes phenotypic susceptibility to

6603

various carcinogens, and it inhibits tumor development
in many organs and tissues, including liver, skin, kidney
and mesenchyma[41].
Numerous other loci have been identified by linkage
analysis of male backcrosses and intercrosses of
resistant BN and/or Cop rats to susceptible F344 rats.
Seven susceptibility loci have been identified: rat Hcs1
and Hcs2 loci on chromosomes 7 and 1 respectively, in
BN × BFF1 backcross progeny[43], Hcs3 and Hcs4 loci
in BFF2 rats[44], and Hcs3, Hcs5, Hcs6 and Hcs7 in CFF2
intercrosses [45]. Hcr loci numbered 1 to 3 have been
mapped to chromosomes 10, 4, and 8, respectively, in
BN × BFF1 backcrosses[43]. Four additional Hcr loci,
numbered from 9 to 12, (Rat genome database, www.
rgd.mcw.edu/; previously numbered from 4 to 7) were
identified on chromosomes 4, 6, and 8 of BFF2 rats[44].
Hcr13 and Hcr14 (RGD; previously numbered 8 and 9)
were mapped to chromosomes 4 and 18 of CFF2 rats[45].
The results of genomic scanning of crosses of
BN and Cop rats with F344 rats are consistent with
some observations on a resistant mutant of Donryu
rats strain, the DRH rats[46,47], indicating the presence
of two clusters of genes on chromosomes 1 and 4 of
(DRH × F344) F2 rats, designated collectively as Drh1
and Drh2, and considered to be resistance genes. These
genes are transmitted dominantly from DHR rats to the
F2 progeny. The Drh1 locus affects the development of
FAH induced by 3’-Me-DAB[46,47], whereas Drh2 seems
to control the progression of FAH to carcinoma. On
the basis of the chromosomal localization, Dhr2 seems
to correspond to Hcr2 on chromosome 4, while Drh1
corresponds to Hcs3 and Hcs5.
The phenotypic effect of Hcs3 locus in BFF2
rats, consisting in a marked increase in the volume
of neoplastic nodules, accounts for 49% of the total
phenotypic traits[44]. In CFF2 rats, Hcs3 and Hcs5 loci
apparently account for only 14.6% and 8.4% of the
phenotypic trait, respectively, consisting in about a 100%
rise in number of non-remodeling nodules[45]. These
nodules represent less than 20% of the total lesions in
these rats. Thus, a diluting effect of the large number of
remodeling lesions may be responsible for the apparently
low penetrance of the C allele at the Hcs3 locus. In DRH
rats, the presence of F alleles at the Drh1 locus has a
dominant positive effect on the number of FAH (about
100% increases)[46]. These phenotypic effects of Hcs3/
Drh1 have been recently confirmed in a congenic DRH.
F344-Drh1 strain in which an about 43 cm segment of
Drh1 from F344 rats has been introgressed onto a DRH
background[32]. Above observations are consistent with a
major role of Hcs3 in the predisposition to liver cancer.
It should be noted that the analysis of phenotypic effects
of susceptibility/resistance loci in rats showed the
presence of susceptibility loci in resistant BN rats. Given
that BFF1 rats, heterozygous at all loci, are resistant to
hepatocarcinogenesis[26], the behavior of backcross rats
suggests the existence of inhibitory mechanisms of
susceptibility genes in these animals.
Interestingly, the Hpcr3 locus in the middle region
of mouse chromosome 15 is synthetic to the rat Hcs1
www.wjgnet.com
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locus which has been linked with dominant resistance
to hepatocarcinogenesis in a backcross between the
genetically resistant BN and the susceptible F344 rat
strains [43]. Thus, it is possible that the mouse Hpcr3
and the rat Hcs1 locus modify hepatocarcinogenesis
susceptibility by functional alleles of the same gene
in both species. Moreover, both the mouse Hpcr3 and
the rat Hcs1 regions are homologous to the human
chromosome 8q region which undergoes frequent
structural alterations in HCCs, including copy number
gains that have been associated with tumor growth[48-50].
Consistent with these findings, the gain of chromosome
15 occurs in primary HCCs of B6C3F1 mice[51]. These
findings suggest that Hpcr3 represents a major modifier
locus for hepatocarcinogenesis.
The progressive disappearance of molecular markers
of preneoplastic lesions, followed by the disappearance
of histological evidence of these lesions (phenotypic
reversion, remodeling), during rat liver carcinogenesis,
has been interpreted, at least in some instances, as
re-differentiation [19,20,26-28]. The regulation of marker
expression may involve the activity of various genes. We
have identified in BFF2 rats’ two loci, denominated liver
neoplastic nodule remodeling, Lnnr1 and Lnnr2 whose
phenotypic effect was the reduction in the percentage
of remodeling lesions[52]. Due to an intensive remodeling
of preneoplastic lesions in the Cop strain, more detailed
information was obtained by genomic scanning of CFF2
rats, in which four Lnnr loci were discovered: Lnnr3
downregulated the number of remodeling neoplastic
nodule, whereas Lnnr4 and Lnnr5 had the opposite
effect. An additional locus, on chromosome 6, Lnnr6,
had a negative phenotypic effect on the volume of
remodeling nodules[45]. These observations are consistent
with a model of hepatocarcinogenesis in which only
a relatively small subset of early preneoplastic lesions
is genetically programmed to evolve to HCC, whereas
the remainder undergoes phenotypic reversion. The
importance of this phenomenon is underlined by the
observation of hepatocarcinogenesis prevention by
compounds inducing remodeling [20], as well as by its
implication in some cases of spontaneous regression of
liver nodules and carcinomas in humans[53].
The recent construction of the F344.BN-Hcs4 RCS,
by introgressing a 4.41 cm portion of Hcs4 from BN
strain in an isogenic F344 background, allowed the
important identification of a high penetrance gene(s),
activated by estrogens and inhibited/unaffected by
testosterone, conferring resistance to females towards
liver cancer[54]. The volume and positivity for Proliferating
Cell Nuclear Antigen (PCNA) were much higher in
chemically induced preneoplastic lesions of F344 than
BN rats, of both sexes. These parameters were lower
in females than males. It was found that lesion volume
and PCNA values of male RCS were similar to those of
F344 rats, but corresponded in females to those of BN
females. Carcinomatous nodules and HCC developed, at
32 and 60 wk, respectively, in male F344 and congenics
and, rarely, in F344 females. Gonadectomy of congenic
males, followed by β-estradiol administration, caused
www.wjgnet.com
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decrease in Ar (Androgen receptor) gene expression,
increase in Er-α (Estrogen receptor-α) expression, and
development of preneoplastic lesions comparable to
those from BN females. Administration of testosterone
to gonadectomized females leads to Ar increase and
development of preneoplastic lesions as in F344 males.
This indicates a role of homozygous B alleles at Hcs4 in
determination of phenotypic patterns of female RCS.
Research on rodent models of liver cancer have
clearly shown a model-based on the polygenic inheritance
of low penetrance genes with a few predominant
susceptibility/resistance loci. Furthermore, the study of
epistatic interactions between microsatellite loci, inducing
phenotypic effects not predictable on the basis of the
sum of their separate effect, resulted in the identification
of several novel tumor modifier loci in rats, indicating that
gene-gene interactions have a major role in hepatocarci
nogenesis[25]. We can envisage the existence of different
subsets of low-penetrance genes at play in different
subsets of population.
Overall, these findings prove the existence of a great
complexity of the inherited predisposition to liver cancer.
A complex combination and interplay of susceptibility
or resistance alleles determines the individual risk.
Some individuals may inherit a predominance of
susceptibility alleles and/or a major allele and may be
highly cancer prone. However, since human individuals
are generally casually assorted, independently of genetic
factors, a situation of high or low genetic risk should
be rare, and most humans should be at average risk. A
corollary of this situation is that the effect of polygenic
inheritance can be masked by a predominant presence
of environmental high risk factors. Nevertheless, taking
into account the effect of susceptibility/resistance
genes on the proliferative activity and re-differentiation
of initiated cells, it may be expected that the genetic
substrate largely influences the prognosis.

PUTATIVE TARGETS OF
SUSCEPTIBILITY/RESISTANCE GENES
Cell cycle deregulation
The deregulation of signal transduction pathways,
cell cycle control, and genes involved in cell death
signals characterizes initiated cells and influences their
evolution to malignancy[1-3,15]. Several genes implicated
in these activities, in mouse and rats, can be targeted
by the susceptibility/resistance genes. This mechanism
could be responsible for the acquisition of a phenotype
susceptible or resistant to HCC development.
According to recent evidence HCCs developing in
c-Myc transgenic mice undergo sustained regression,
associated with re-differentiation of tumor cells,
following inactivation of c-Myc transgene expression[55].
The re-differentiation is not terminal, and tumor growth
starts again after restoration of c-Myc expression.
These results, linking re-differentiation of tumor
cells to the expression of c-Myc, a gene located at
Lnnr1 [52] , are in keeping with the obser vation that
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inhibition of c-Myc expression by antisense strategy
contributes to the deregulation of E2f1 expression,
and blocks in vitro growth of human and rat HCC
cells[56]. In addition, in vivo studies have shown c-Myc
hypomethylation in preneoplastic and neoplastic rat liver
lesions[57]. The decrease in c-Myc expression, induced
by prolonged administration of the methyl donor
S-adenosylmethionine to rats, is associated with growth
restraint and re-differentiation of liver lesions [20,57,58].
No differences in c-Myc expression occur in the liver
of nor mal F344 and BN rats [56,58,59] . However, the
expression of this gene is much higher in preneoplastic
and neoplastic lesions of F344 rats than in the lesions
of BN rats [56,58,59] . c-Myc is frequently amplified in
preneoplastic and neoplastic lesions of the susceptible
strain, but not in the lesions of the resistant BN and
Wistar strains [60]. Taken together, these observations
suggest the existence of some connections between
c-Myc and the susceptibility genes that regulate redifferentiation.
Since c-Myc regulates the pRb-E2F pathway, we
evaluated cell cycle gene expression in neoplastic nodules
and HCCs, induced by initiation/selection protocols,
40 and 70 wk after diethylnitrosamine treatment, in
susceptible F344 rats, and resistant Wistar and BN
rats[59]. No interstrain differences in gene expression were
observed in normal livers. Overexpression of c-Myc,
Cyclins D1, E, and A, and E2f1 genes, at mRNA and
protein levels, rise in Cyclin D1-Cyclin-dependent kinase
4 (CDK4), Cyclin E-CDK2 and E2f1-DP1 complexes,
and pRb hyperphosphorylation occurred in nodules
and HCCs of F344 rats. In nodules and/or HCCs
of Wistar and BN rats, low or no increases in c-Myc,
Cyclins D1, E, and A, and E2f1 expression, and CyclinCDKs complexes formation were associated with pRb
hypophosphorylation. These results are consistent with
a deregulation of the G1 and S phases in liver lesions of
susceptible rats, and a block of G1-S transition in lesions
of resistant strains, which explains their low progression
capacity.
Au t o n o m o u s l y g r ow i n g p r e n e o p l a s t i c l ive r
nodules develop in susceptible rat strains, initiated by
diethylnitrosamine and subjected to the initiation/
selection treatments of the “resistant hepatocyte”
protocol, after the cessation (about 6 wk after
initiation) of the promotion stimulus represented
by partial hepatectomy [19,20,61]. In contrast, only very
few preneoplastic lesions of resistant BN rats grow
autonomously after the end of the promoting stage;
the majority of lesions remodel or no further evolve
to neoplasia[61]. To evaluate the molecular mechanisms
underlying the appearance of the resistant phenotype
in BN rats[61], the behavior of the p16INK4A and some
genes regulating cell cycle inhibition by p16INK4A have
been analyzed. Preneoplastic liver (7 wk after initiation),
neoplastic nodules (32 wk) and HCC (57 wk) showed
high p16INK4A expression at mRNA and protein levels,
in both F344 and BN rat strains. This was associated
with increase in the expression of Heat shock protein
90 (Hsp90) and Cell division cycle 37 (Cdc37) protein,
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Figure 1 Cell cycle protection from inhibition by P16INK4A through the
CDC37-HSP90 complex and CRM1 transporter protein. P16 INK4A forms
complexes with CDK4 and CDK6 which, as a consequence, cannot by
activated by Cyclin D1 and cannot phosphorylate pRb. The chaperons CDC37
and HSP90 form complexes with CDKs protecting them from inactivation by
P16INK4A. CRM1 forms a complex with E2F4, a P16INK4A effector, transporting it
outside of the nucleus, thus inactivating P16INK4A.

and Cdc37-Cdk4 complex. The HSP90-CDC37 complex
protects several kinases, including Cdk4 and Cdk6 from
the formation of inhibitory complexes with p16INK4A[62-64]
(Figure 1). Consequently, the increase in Cdc37-Cdk4
complex resulted in a decrease in p16INK4A-Cdk4 complex
in the lesions of F344 rats, whereas lower/no changes
occurred in BN rats[61].
The transcription factor E2f4, is a p16INK4A effector,
acting as a growth repressor [65], equally expressed in
the lesions of both F344 and BN rats. Required for
chromosome region maintenance 1 protein (Crm1) is
a receptor for various proteins containing a specific
nuclear export sequence, including E2f4 [66] . Crm1
and the cytoplasmic E2f4-Crm1 complex are highest
in preneoplastic and neoplastic lesions of F344 rats.
This indicates more elevated nuclear E2f4 efflux
in the susceptible rats leading to a decrease in the
interaction of p16 INK4A with G1 kinases (Figure 1).
Fur th er m o r e, l ower P1 6 INK4A l evel a n d h i ghest
upregulation of the HSP90/CDC37, and E2F4/CRM1
systems occur in human HCCs with a poorer prognosis
(HCCP), based on survival rate, compared to HCCs
with a better prognosis (HCCB) [61]. Accordingly, the
P16 INK4A-CDK4 complex is higher in HCCB than in
HCCP, whereas the complexes of CDK4 with HSP90
and CDC37 are higher in HCCP than in HCCB.
Consistent with a protective role of CDC37 against
growth inhibition is the observation that a decrease
in its expression, induced by specific siRNAs, leads to
inhibition of DNA synthesis in HepG2 cells, without
modifying P16 INK4A expression [61]. This suggests that
CDC37 could be a target for HCC chemoprevention and
therapy. These findings underline the role of the Hsp90/
Cdc37 and E2f4/Crm1 systems in the acquisition of a
susceptible or resistant phenotype in rats and suggest
that the protection by CDC37 and CRM1 against cell
cycle inhibition by P16INK4A may influence the prognosis
www.wjgnet.com
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Figure 2 Schematic representations of the activated RAS-MAPK, RASSF1A/NORE1A, and Dab2IP/ASK1 pathways, iNOS signalling, and FOXM1-related
pathways involved in the dysregulation of cell growth and apoptosis in HCC. Active Ha-RAS (GTP-RAS) triggers the MAPK pathway leading to activation of
ERK1/2. Active ERK can down-regulate DUSP1 by phosphorylation at ser296 allowing the formation of the SKP2/CSK1/DUSP1 complex, which facilitates DUSP1
ubiquitination and proteasomal degradation. In addition, ERK may further contribute to DUSP1 proteolysis via induction of its target FOXM1, leading to transcriptional
activation of SKP2 and CKS1. These mechanisms result in decreased inhibition of ERK by DUSP1 (blunt arrow). Moreover, FOXM1 favors the growth of neoplastic
cells by targeting genes involved in G2
M transition, genomic instability, angiogenesis, NF-kB activation, and anti-apoptosis. iNOS activates IKK that allows
proteasomal degradation of the NF-kB inhibitor, IkB-α. This results in NF-kB activation. iNOS also activates Ha-RAS, thus triggering the MAPK pathway leading to
activation of ERK1/2. NF-kB activation by ERK may occur through AURORA-A (AURKA) which inhibits IkB-α. NF-kB activates various antiapoptotic genes (XIAP,
cIAP1, BCL-xL) and inhibits the proapoptotic gene JNK. The inhibition of RAS activation by DAB2IP leads to the activation of ASK1, whereas active RAS favors the
formation of the RASSF1-NORE1A complex. Both the ASK1 and RASSF1-NORE1A complexes trigger pro-apoptotic pathways. ASK1: Apoptosis signal-regulating
kinase 1; BCL-Xl: BCL2-related protein, long isoform; CDC37: Cell division cycle 37; CKS1: CDC28 protein kinase 1b; cIAP: Iinhibitor-of-apoptosis protein 1; DAB2:
Disabled homolog 2; DAB2IP: DAB2-interacting protein; DUSP1: Dual-specificity phosphatase 1; EPO: Erythropoietin; ERK: Extracellular signal-regulated kinase;
GLI1: Glioblastoma associated oncogene 1; HIF-1α: Hypoxia-inducible factor 1 α; HSP90: Heat shock protein 90; HXK Ⅱ: Hexokinase Ⅱ; IKK: Inhibitor of kB kinase;
iNOS: Inducible nitric oxide synthase; MST1: Mammalian sterile twenty kinase 1; NEK2: NIMA-related kinase 2; NF-kB: Nuclear factor-kB; NORE1A: Novel RAS
effector 1A; RASSF1A: RAS association domain family 1A; RKIP: RAF kinase inhibitory protein; SKP2: S-phase kinase-associated protein 2; VEGF-α: Vascular
endothelial growth factor α; XIAP: Inhibitor of apoptosis, X-linked. Pointed and blunt arrows indicate activation and inhibition, respectively.
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of human HCC.
Overall, these observations indicate that susceptible
F344 rats develop various adaptive mechanisms for
protection against stress-responsive tumor suppressors,
such as p16INK4A, that confer to their liver cells the ability
to proliferate under stressful conditions, such as hypoxia,
oxidative stress, DNA damage, abnormal conditions of
growth and differentiation, inappropriate extracellular
matrix, and improper cell-to-cell contracts. In the
resistant BN strain, a shut off of these mechanisms,
associated with cell cycle deregulation and growth
inhibition, occurs in coincidence with the exhaustion of
promoting stimuli.
Mitogen activated protein kinase pathway
The best characterized RAS effector promoting cell
cycle progression is the mitogen activated protein kinase
(MAPK) pathway[67] (Figure 2). Active RAS (RAS-GTP)
drives the RAF1-MAPK kinase kinase 1/2 (MEK1/2)extracellular signal-regulated kinase 1/2 (ERK1/2)
cascade which mediates proliferative and survival signals
and, through the binding to RAS association domain
family 1A (RASSF1A) and the related protein Novel
www.wjgnet.com

RAS effector 1A (NORE1A), may induce apoptosis[68,69].
RASSF1A and NORE1A are members of the RASSF
family of RAS inhibitors and form homo- and heterodimers, which activate the mammalian sterile twenty
kinase 1 (MST1 kinase), an upstream effector of
the p38MAPK and JNK pathways [67-72] . Following
activation, phosphorylated MST1 induces apoptosis via
caspase-dependent and -independent mechanisms[60-72].
Furthermore, RASSF1A may inhibit the ERK pathway
by its association with the plasma membrane calcium
pump (PMCA) 4b protein[73]. Finally, p38MAPK may be
also activated by Disabled homolog 2 (DAB2)-interacting
protein (DAB2IP), a RAS-GTP inhibitor, via activation
of Apoptosis signal-regulating kinase 1 (ASK1), which
phosphorylates p38MAPK[74].
Studies on the role of the inhibitors of RAS/ERK
pathway in the acquisition of a phenotype resistant or
susceptible to hepatocarcinogenesis, showed moderate
activation of Ras, Raf1, and Mek1/2 proteins, paralleled
by strong induction of Dab2 and Raf kinase inhibitory
protein (Rkip) inhibitors, in neoplastic nodules and HCC
of both F344 and BN rats, induced by the “resistant
hepatocyte” protocol [31]. This is compatible with the
limitation of Ras-GTP-mediated activation of Raf1
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due to the upregulation of the Raf1 inhibitor, Dab2[31,75]
(Figure 2). Indeed, in the lesions developed in the
resistant BN strain, lower Dab2 expression is associated
with relatively low Ras-GTP and Raf1 expression and,
consequently, low pRaf1 level[31]. Presumably, similar
mechanisms may be envisaged for the inhibitory effect
of Rkip1 on Mek activation[76] and determine the absence
of interstrain differences in pMek1/2 expression [31].
However, the possibility that other phosphatases
interfere with Raf and Mek activation, during rat liver
carcinogenesis, cannot be excluded and should be the
object of further research.
High levels of Dual-specificity phosphatase 1
(Dusp1), a specific Erk inhibitor (Figure 2), may
be found only in neoplastic nodules and HCC of
the resistant BN rat lesions, leading to modest Erk
activation, whereas a progressive Dusp1 decline occurs in
corresponding lesions from susceptible F344 rats and is
accompanied by elevated Erk activation[31]. Interestingly,
Dusp1 is slightly upregulated in preneoplastic liver of
both F344 and BN strain, but its level progressively
decreases in early liver nodules (12 wk after initiation), as
well as in neoplastic nodules and HCC of F344 rats[31], i.e.
in coincidence with the development of autonomously
growing lesions in susceptible rats [25,61]. In contrast,
Dusp1 further increases in the lesions of BN rats after
the 12th week. This suggests that even in the presence
of a limited increase in the levels of upstream activators
(Raf1, Mek1/2) of Erk1/2, a failure of Dusp1 induction
might sustain Erk1/2 activation and contributes to the
development of autonomously growing liver lesions
in F344 rats. This conclusion is further substantiated
by the observed overexpression of pErk1/2 target
genes, such as Hif1-α (hypoxia-inducible factor 1 α )
and Vegf-α (Vascular endothelial growth factor α ),
regulating angiogenesis, and Hxk Ⅱ [31] (Hexokinase Ⅱ).
The latter gene is a key glycolytic enzyme whose
expression is correlated with Hif1-α mRNA, and may
promote HCC development by different mechanisms,
including enhanced energy production, overproduction
of antiapoptotic enzymes and metabolic precursors
for cell growth[77]. In BN rats, progressive increases in
Dusp1 expression in preneoplastic and neoplastic lesions
is associated with low expression of pErk1/2 and its
target genes. This could contribute to the low propensity
of BN rat lesions to progress.
The mechanisms underlying the effect of
susceptibility genes on the deregulation of the inhibitors
of Ras/Erk cascade in rat hepatocarcinogenesis are
not yet completely known. The progressive rise in
expression of the inhibitors of Ras/Erk pathway,
including Dab2 and Rkip, in preneoplastic and neoplastic
liver lesions of F344 rats, suggests a compensatory
mechanism controlling (at least in part) Ras-GTP, pRaf1,
and pMek1/2 upregulation in this rat model. Sustained
Erk activation in F344 nodules and HCC promotes the
phosphorylation of Dusp1 at the ser296 residue. This is
followed by proteasomal degradation of Dusp1[78,79] (see
below) and enhancement of Erk-driven HCC growth.
The presence of Dusp1 overexpression in late lesions of
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BN rats speaks in favor of a possible low proteasomal
disruption of Dusp1 protein, thus resulting in a further
inhibition of pErk1/2. These findings support the
hypothesis that Dusp1 is at least one of the genes
involved in the acquisition of a resistant phenotype.
Interestingly, Dusp1 co-localizes with the resistance locus
Hcr1 on chromosome 10, in correspondence of the
LOD score peak, a region frequently affected by loss of
heterozygosis (LOH) during rat hepatocarcinogenesis[80].
Nevertheless, the existence of localization and functional
plausibility does not prove per se that Dusp1 is a
hepatocarcinogenesis “modifier” gene[25]. Dusp1 could be
indeed controlled by modifiers of hepatocarcinogenesis.
In accordance with the latter statement, the absence of
functional polymorphisms at the Dusp1 in F344 and BN
rat liver tissues as detected by DNA sequencing (Feo
et al, unpublished data) speaks against a role of Dusp1
as a tumor modifier gene. Further work is necessary to
clarify this point.
A gradual increase of Rassf1A/Nore1A/Mst1-driven
apoptosis has been detected in HCC of both F344 and
BN strains, with highest levels in BN HCC, whereas loss
of Dab2IP (Figure 2) occurs only in F344 rat HCC[31].
These changes are associated with significantly higher
apoptosis in BN than F344 HCC. Taken together, these
results indicate a control of the Ras/Erk pathway, as
well as of the pro-apoptotic Rassf1A/Nore1A and
Dab2IP/Ask1 pathways by HCC susceptibility genes.
Dusp1 possesses a prominent role in the acquisition of
the phenotype resistant to HCC by BN rats, whereas late
activation of RassF1A/Nore1A and Dab2IP/Ask1 axes
is implicated in the highest apoptosis characteristic of
BN HCC[31].
Sustained ERK activity is associated with various
types of human tumors, including lung, breast, colon,
pancreas, and kidney[81-83]. This frequently depends on
upregulation of the RAS/MEK cascade. However,
constitutive ERK overexpression may also occur
independently of the RAS/MEK signaling[84,85]. Recent
studies[86] indicate that prolonged activation of ERK
promotes phosphorylation at the Ser296 residue of
DUSP1. Phosphorylation of this specific residue renders
the DUSP1 protein susceptible to ubiquitination and
proteasomal degradation by the Skp1/Cul1/F-box
protein SKP2 (SCFSKP2) [79] . On the other hand,
constitutive ERK expression may induce SKP2/CSK1
ubiquitin ligase which can phosphorylate DUSP1 and
determine its ubiquitination (Figure 2). This mechanism,
which contributes to maintain elevated ERK expression,
could be at least partially attributed to induction by ERK
of the FOXM1 (Forkhead box M1B) [86,87] (Figure 2)
which, in turn, upregulates the SKP2/CSK1 ligase[88].
It should be noted, however, that transient activation
of ERK induces the catalytic activation of DUSP1,
followed by inactivation of ERK [87,88]. This body of
evidence indicates that DUSP1 feedback inhibits its
activation by ERK and that DUSP1 might be a crucial
regulator of ERK activity in the cell. DUSP1 inactivation
is frequent in prostate and urothelial tumors[89,90], and
recent observations indicate that immunohistochemical
www.wjgnet.com
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positivity for DUSP1 in human HCC is associated with
longer patients’ survival[91].
The interactions of DUSP1 with CKS1-SKP2
ubiquitin ligase have been recently evaluated in human
HCC subtypes with different survival times, in the
attempt to correlate the effects of DUSP1 molecular
interactions with tumor growth and patients’ survival,
and explore DUSP1 prognostic role[92]. It was found
that the levels of DUSP1 are significantly higher in
HCCB when compared with both normal and nontumorous surrounding livers, whereas DUSP1 protein
expression sharply declines in HCCP[92]. In the latter
subtype, DUSP1 inactivation is due to either ERK/
CKS1/SKP2-dependent ubiquitination or promoter
hypermethylation associated with loss of heterozygosity
at the DUSP1 locus. Notably, expression levels of
DUSP1 inversely correlate with those of activated ERK
as well as with HCC proliferation index and microvessel
density, and directly correlate with HCC apoptosis and
patients’ survival rate. Functional studies revealed that
DUSP1 reactivation leads to suppression of ERK,
CKS1 and SKP2 activities, inhibition of proliferation
and induction of apoptosis in human hepatoma cell
lines. Taken together, these data indicate that ERK
achieves unrestrained activity during HCC progression
by triggering ubiquitin-mediated proteolysis of its
specific inhibitor DUSP1. Thus, DUSP1 may represent
a valuable prognostic marker and ERK, CKS1 or SKP2
potential therapeutic targets for human HCC.
FOXM1: A pleiotropic regulator of hepatocarcinogenesis
FOXM1 transcription factor is a major downstream
effector of ERK whose overexpression occurs in
various experimental and human tumors[93,94]. FOXM1
promotes cell proliferation through its ability to
influence various cell cycle phases. Indeed, FOXM1
triggers the activation of SKP2/CKS1 ubiquitin ligase,
which targets P21WAF1, P27KIP1 and P57KIP2 proteins for
degradation during the G1-S transition[93-98] (Figure 2).
Furthermore, FOXM1 induces transcription of genes
promoting cell cycle progression (AURKA, CDC2,
CYCLIN B1, NEK2, and CDC25B), genomic instability
generators (NEK2, CDC25B), suppressors of cell
cycle inhibitors (SKP2, CKS1), and apoptosis inhibitors
(SURVIVIN)[93-97]. In the mouse liver, Foxm1 depletion
results in block of proliferation and resistance to hep
atocarcinogenesis[98-102]. Recently, the role of FOXM1
during hepatocarcinogenesis has been studied in both,
the susceptible/resistant comparative rat model and the
human HCC (Feo et al, unpublished results). Activation
of Foxm1 and its targets (AurkA, Cdc2, Cyclin B1, Nek2)
occurs earlier and is most pronounced in liver lesions
from F344 than BN rats, leading to highest Cdc2-Cyclin
B1 complexes (implying highest G2-M transition) in
F344 rats. In humans, FOXM1 is ubiquitously and
progressively induced from surrounding non-tumorous
liver to HCC, reaching highest levels in tumors with
poorer prognosis and its expression levels directly
correlate with proliferation index, genomic instability
www.wjgnet.com
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rate, and microvessel density, and inversely correlate with
apoptosis. Interestingly, the strong correlation between
FOXM1 levels and both genomic instability rate and
adverse outcome in HCC agrees with the existence of a
molecular signature, including FOXM1 overexpression,
which is significantly associated with degree of genomic
instability and accurately predicts patients survival in
multiple tumors[87,103,104].
Some reports showed FOXM1 upregulation following
either ERK or Glioblastoma associated oncogene 1
(GLI1) induction[105-107] (Figure 2). FOXM1 is a direct
transcriptional target of GLI1[105,106]. GLI family proteins,
including GLI1, 2, and 3, are the terminal effectors of
the Hedgehog signaling[107,108]. The interaction of Sonic
hedgehog (SHH) with its plasmamembrane receptor
PTCH1, releases PTCH-induced inhibition of the
membrane protein Smoothened (SMO). This results in
GLI proteins activation and nuclear translocation, where
they activate target gene transcription[109]. According to
recent observations GLI2 is overexpressed in some HCC
cell lines, and its inhibition by antisense oligonucleotides
inhibits cell proliferation[110]. GLI1 overexpression occurs
in a lower number of HCC cell lines and its inhibition
causes lower decrease in growth rate[110].
High levels of phosphorylated ERK1/2 (pERK1/2)
and Gli1 proteins occur in neoplastic nodules and
HCC induced by the resistant hepatocyte protocol in
F344 rats and, at a lower extent, in BN rats (Feo et al,
unpublished results). Furthermore, pERK1/2 and GLI1
expression are higher in human HCC than normal and
non-neoplastic surrounding livers, and most pronounced
in HCCP. Silencing of either ERK2 or GLI1 via siRNA
in human HCC cell lines, leads to strong decreases
in FOXM1 levels, whereas forced ERK2 or GLI1
overexpression results in a remarkable elevated rise in
FOXM1 level[107]. These findings suggest a reciprocal
activation of ERK2 and GLI1, but the mechanisms
underlying this phenomenon and its role in the activation
of Hedgehog signaling are unclear and require further
investigation.
Interestingly, a recent report implies the combined
overexpression of HSP90 and CDC37 in sustaining
elevated Fused Homolog expression[111]. Accordingly, a
previous report from our laboratory showed a strong
induction of HSP90 and CDC37 in F344 rat liver lesions
and human HCCP[61]. Thus, it might be hypothesized
a role of HSP90 and CDC37 combined activity in the
highest activation of GLI1 observed in F344 neoplastic
lesions and human HCCP.
The observation that FOXM1 induces SKP2 and
CKS1 expression, involved in DUSP1 degradation,
underlines the role of FOXM1 in the active proliferation
of HCC cells, though its implication in a positive
feedback loop reinforcing ERK cascade, by its ability to
inhibit DUSP1[78] (Figure 2).
Inducible nitric oxide synthase signaling
Inducible nitric oxide synthase (iNOS) produces
sustained nitric oxide (NO) concentrations in response
to pro-inflammatory agents. NO is a major mediator of
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chronic inflammation and may modulate tumorigenesis
by regulating cell proliferation, survival, and migration,
angiogenesis, drug resistance, and DNA repair [112,113].
In particular, iNOS might promote unrestrained cell
growth via its ability to inactivate the retinoblastoma
(pRb) pathway[114]. Some observations envisage a cross
talk between iNOS and inhibitor of kB kinase (IKK)/
nuclear factor-kB (NF-kB) and RAS/ERK pathways.
The Ikk and NF-kB activities are strongly reduced in iNos
knockout mice[115]. NO activates Ha-RAS/ERK pathway
in T lymphocytes[116]. Phosphorylated ERK activates iNos
in melanoma[117] and NF-k B in HeLa cells[118].
iNOS, NF- k B, RAS, and ERK are upregulated
in preneoplastic rat liver lesions [119], dysplastic and
neoplastic liver from c-Myc/TGF-α transgenic mice[120],
and human HCCs[121,122], and elevated NO plasma levels
are present in patients with cirrhosis and HCC[123]. A
recent analysis of iNos function and interactions with
NF-kB and Ha-RAS/ERK signalling was performed
during hepatocarcinogenesis in F344 and BN rats,
possessing different genetic predisposition to HCC,
and TGF- α and c-Myc-TGF- α transgenic mice,
characterized by different susceptibility to HCC [124].
iNos upregulation was found always at higher levels in
the most aggressive preneoplastic and neoplastic liver
lesions of F344 rats and c-Myc-TGF-α transgenic mice.
Moreover, the determination of iNOS expression in
human HCC shows highest values in HCC with poorer
prognosis[124]. The suppression of iNOS signaling by
Aminoguanidine[125] in c-Myc/Tgf-α mice and human
HCC cell lines results in decreased HCC growth and
NF- k B and RAS/ERK expression, and increased
apoptosis [124]. In contrast, NO production by GlycoS-nitroso-N-acetyl penicillamine 2 (Glyco-Snap-2)
inhibits apoptosis of in vitro growing human HCC
cells. Conversely, the block of NF- k B signalling by
Sulfasalazine [126] or siRNA, or ERK signaling by the
MEK inhibitor UO126[127] causes iNOS downregulation
in HCC cell lines. In transgenic mice and human HCC
cell lines, iNOS anti-apoptotic effect seems to be
mediated by the NF- k B cascade. The latter induces
various antiapoptotic proteins, such as BCL2-related
protein, long isoform (BCL-xL), Inhibitor of apoptosis,
X-linked (XIAP), and Inhibitor-of-apoptosis protein
1 (cIAP1), and inhibits the proapoptotic pJNK [124].
Accordingly, iNOS suppression by Aminoguanidine
triggers downregulation of NF-kB and antiapoptotic
proteins, and upregulation of pJNK, in c-Myc/TGF-α
and HCC cell lines. However, these findings cannot
exclude the contribution of other mechanisms to the
antiapoptotic action of iNOS.
Above results assign a role to iNOS upregulation
in the control of the proliferative phenotype of
preneoplastic and neoplastic liver cells through the
activation of the IKK/NF-kB axis (Figure 2). They also
imply a cross-talk between iNOS and Ha-RAS/ERK.
The mechanism of NF-kB regulation by pERK1/2 is
not fully understood. Recent observations show that
pERK1/2 activates AURORA-A (AURKA), which
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in turn may activate NF-kB through Inhibitor of kB
(IKB-α) inhibition[128]. The possibility that pERK1/2
contributes to NF-kB upregulation via direct activation
of iNOS may also be taken into account, but requires
experimental support.
The observation that the expression of iNOS and
its downstream targets is highest in HCCs prone to
progression both in rodents and humans, and that
iNOS levels are directly correlated with genomic
instability, proliferation rate and microvessel density
of HCC, and inversely correlated with apoptosis and
patients’ survival[124], suggests that iNOS upregulation
and changes in iNOS/NF- k B and iNOS/Ha-RAS/
ERK cross-talks are prognostic markers for HCC.
These results agree with the observation of a significant
association of iNOS and Metalloproteinase-9 expression
with HCC recurrence [121], and iNOS overexpression
with poor prognosis for gastric cancer[129], adenoid cystic
carcinoma of salivary glands[130], fibrous histiocytoma[131],
colorectal cancer[132]. These iNOS effects seem to be
mediated by its angiogenic properties and intensified by
Cycloxygenase 2 (COX2) upregulation[133]. However, no
correlation of iNOS overexpression with prognosis has
been reported for pancreatic and ovarian tumors[134,135].
Fur ther more, iNos ablation did not prevent
hepatocarcinogenesis induced by a choline-deficient,
L-aminoacid-deficient diet in mice [136], suggesting a
relatively minor role of iNOS signaling. In this model of
hepatocarcinogenesis, high production of lipid peroxides
in hepatocyte nuclei[137] may cause DNA damage and
contribute to HCC development via generation of
genomic instability in an iNOS-independent manner.
In conclusion, iNOS overexpression contributes
to growth deregulation in preneoplastic and neoplastic
liver cells through a cross-talk with Ha-RAS/ERK
and IKK-NF-kB axis. This does not exclude per se the
activation of iNOS signaling by other mechanisms,
such as inflammatory cytokines or the Wnt/β-catenin
signaling [138] . However, the role of Wnt/ β -catenin
signaling in iNOS upregulation seems to be unlikely
due to the observation of equal β-catenin activation
(nuclear localization) in HCCs from both F344 and
BN rats (M. Frau, unpublished data) expressing sharply
different iNos mRNA levels. β -Catenin activation
also occurs in a lower percentage of HCC cells from
c-Myc/TGF- α than TGF- α transgenics (12% vs
30%)[139]. The highest iNos expression occurs in HCC
from double transgenic mice.
The association of the block of iNOS signaling
by a specific inhibitor such as Aminoguanidine with
a consistent decrease in HCC growth and increase in
apoptosis in vitro indicates that the key component of
this pathway could represent therapeutic targets that may
contribute to create networked biological therapies[140].
Thus, determination of iNOS immunoreactivity status
can be proposed as a promising candidate for the
identification of high risk patients who may benefit from
new anticancer drugs targeting iNOS and its interplay
with IKK/NF-kB and Ha-RAS/ERK signalling.
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CONCLUSION
Studies on mouse and rat models of hepatocarcinogenesis have shown the existence of a great complexity
of the inherited predisposition to liver cancer, and
support a model based on the polygenic inheritance of
low penetrance genes, with several gene-gene interactions
and a main susceptibility locus (i.e. Hcs7, Hpcr3 for mice,
and Hcs3/Hcr5 for rats) [25]. A complex combination
and interplay of susceptibility or resistance alleles
determines the individual risk. It has been proposed that
the polymorphic variants of these “cancer modifier”
genes can foster phenotypic expression of previously
unexpressed alleles with consequent positive or negative
influences on cell growth and differentiation[25]. Thus,
the type of influence of modifiers on the carcinogenesis
process may largely depend on interindividual differences
in gene polymorphism, gene-gene interactions and geneenvironment interactions. Epidemiologic and segregation
studies strongly suggest a similar genetic model for the
inherited predisposition to human HCC [11-14]. Taking
into account the effect of susceptibility/resistance
genes on the proliferative activity and re-differentiation
of initiated cells, it may be expected that the genetic
substrate largely influences the prognosis.
The mechanisms underlying the acquisition of the
resistant phenotype have not been completely defined,
as yet. A lower genomic instability of liver lesions
developing in the resistant animals compared to the
susceptible strains has been documented[80,141,142]. This
may be tentatively attributed to interstrain differences
in the activity of care taker and DNA repair genes,
resulting in the prevention of the accumulation of DNA
damage by initiated cells of the resistant rat strains.
This hypothesis, however, needs experimental support.
Nevertheless, accumulating evidence indicates that the
predominance of susceptibility or resistance genes in
individuals can largely influence the molecular control
of cell proliferation and cell death. The susceptible rats
develop various adaptive mechanisms for protection
against stress-responsive tumor suppressors, such as
p16INK4A, that confer to their liver cells the ability to
proliferate under stressful conditions. In the resistant
BN strain, a shut off of these mechanisms, associated
with strong cell cycle deregulation and growth inhibition,
occurs in coincidence with the exhaustion of promoting
stimuli.
Among the effectors promoting cell cycle
progression, ERK achieves unrestrained activity during
HCC progression by triggering ubiquitin-mediated
proteolysis of its specific inhibitor DUSP1. This
mechanism is much more active in neoplastic nodules
and HCC of susceptible rats than in the lesions of the
resistant rats. The observation that FOXM1 induces the
expression of CKS1-SKP2 ligase, involved in DUSP1
degradation, underlines the role of FOXM1 in the active
proliferation of HCC cells, though its implication in
a positive feedback loop reinforcing ERK cascade, by
its ability to inhibit DUSP1[77]. These data indicate that
FOXM1 upregulation is associated with the acquisition
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of a susceptible phenotype in rats and may influence
human HCC development and prognosis. A role in the
control of the proliferative phenotype of preneoplastic
and neoplastic liver cells has been also assigned to higher
iNos upregulation, inducing higher activation of the
IKK/NF-kB and Ha-RAS/ERK signaling, in neoplastic
nodules and HCCs of susceptible than resistant rats[124].
In the latter rats, HCC growth is also contrasted by
relatively high cell death by apoptosis, which, at least
in part depends on the activation of pro-apoptotic
Rassf1A/Nore1A and Dab2IP/Ask1 pathways. Thus,
Dusp1 possesses a prominent role in the acquisition
by BN rats of a phenotype resistant to HCC. Late
activation of RassF1A/Nore1A and Dab2IP/Ask1 axes
is implicated in the highest apoptosis of BN HCC.
Importantly, most of the alterations responsible for
the acquisition of a resistant or susceptible phenotype
by rats have also been found in human HCC with better
of poorer prognosis. A link between fast growth and
signaling deregulation characterizes human HCC with
poor prognosis, whereas the behaviour of HCC with
better prognosis is more similar to that of the lesions
of resistant rats. This does not necessarily imply a
genetic regulation of signaling pathways in humans like
that found in rodents. Further studies are needed to
clarify the influence of susceptibility genes on signaling
pathways supporting tumor growth and progression in
humans.
The study of signal transduction pathways in rats
differently predisposed to HCC development and
prone to HCC progression, allowed the identification
o f nu m e r o u s p o t e n t i a l p r o g n o s t i c m a r ke r s o f
hepatocarcinogenesis, such as the cell cycle protective
mechanisms against p16INK4A, represented by CDC37HSP90 complex and CRM1 protein, the ERK inhibitor
DUSP1, iNOS, FOXM1. The prognostic role of these
proteins was confirmed by analyzing the correlation of
their expression with clinicopathological parameters of
human HCC[91,124]. They therefore represent promising
candidates for the identification of high risk patients
who may benefit from new anticancer drugs against key
components of signaling pathways.
Future work should focus on HCC prevention
obtained by blocking key compounds of signal
transduction network. Early blockage of signaling
pathways may result in more efficient prevention, and
rodent models may be useful to identify progression
markers and therapeutic targets in early stages of the
process, and in a large number of HCC subtypes.
The study of experimental models recapitulating early
preneoplastic alterations of human liver carcinogenesis
may lead to the discovery of biomarkers of the risk
of cirrhosis evolution to full malignancy, as well as
of new key genes and signal transduction pathways
involved in hepatocarcinogenesis. The existence of
numerous interspecies commonalties in the biological
behaviour and molecular changes of preneoplastic and
neoplastic liver lesions[1-3,15,25] underlines the usefulness
of this approach. The complexity of molecular changes
of HCC predicts the impossibility to cure HCC

Feo F et al . Genetic control of signaling pathways in liver cancer

development by interfering with only one signaling
pathway. To overcome this difficulty and the occurrence
of resistance to therapy, networked biologic therapies
have been proposed [140,143,144] in which a combination
of non-cytotoxic interventions must be performed
to interrupt the damage. These interventions may
be directed to interfere with different cell survival
pathways, enhance apoptosis, block angiogenesis and
extrahepatic fibrosis, induce the lysis of tumor cells,
stimulate antitumor immunity, decrease HBV and HCV
replication, etc. Furthermore, the combination of gene
therapy with conventional therapeutic approaches with
cytotoxic drugs may improve the treatment and reduce
the doses of toxic compounds.
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Abstract
The disposition of most drugs is highly dependent
on specialized transporters. OAT1 and OAT3 are two
organic anion transporters expressed in the basolateral
membrane of renal proximal tubule cells, identified as
contributors to xenobiotic and endogenous organic
anion secretion. It is well known that cholestasis may
cause renal damage. Impairment of kidney function
produces modifications in the renal elimination of
drugs. Recent studies have demonstrated that the
renal abundance of OAT1 and OAT3 plays an important
role in the renal elimination of organic anions in the
presence of extrahepatic cholestasis. Time elapsed
after obstructive cholestasis has an important impact
on the regulation of both types of organic anion
transporters. The renal expression of OAT1 and OAT3
should be taken into account in order to improve
pharmacotherapeutic efficacy and to prevent drug
toxicity during the onset of this hepatic disease.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Pharmacotherapeutic efficacy and toxicity are governed
by pharmacodynamic and pharmacokinetic factors. The
ability of a drug to reach its site of action is dependent
on absorption, distribution, metabolism and excretion, all
of which are intimately related to transport mechanisms
in barrier epithelia. The majority of drugs and their
metabolites have a positive or negative charge in the
body, rendering them somewhat polar and hydrophilic.
This polarity limits passive permeation across lipophilic
barrier membranes. Thus the disposition of most
drugs is highly dependent on specialized transporters
embedded in these barrier epithelia. Transporters
mediate selective permeation of charged molecules
through barrier membranes and are thought to play a
pivotal role in detoxification and drug disposition[1,2].
Membrane transporters have been classified into the
solute carrier (SLC) and the ATP-binding cassette
(ABC) transporter families. The SLC22 family comprises
organic cation transporters (OCTs), zwitterion/cation
transporters (OCTNs), and organic anion transporters
(OATs). These transporters contain 12 predicted alphahelical transmembrane domains (TMDs) and one large
extracellular loop between TMDs 1 and 2. Transporters
of the SLC22 family function in different ways: (1) as
uniporters that mediate facilitated diffusion in either
direction (OCTs), (2) as anion exchangers (OAT1, OAT3
and URAT1), and (3) as Na(+)/l-carnitine cotransporters
(OCTN2)[1-5].
OATs play an essential role in the elimination of
numerous endogenous and exogenous organic anions
from the body. Numerous compounds, such as drugs,
environmental substances, plant and animal toxins,
and metabolites of both foreign and endogenous
origins, are classified as organic anions. As for drugs
of pharmacological interest, it is possible to mention
β -lactam antibiotics, diuretics, nonsteroidal antiinflammatory drugs, and several antiviral drugs that are
organic anions[1-5].
Two organic anion transporters, OAT1 (Slc22a6)
and OAT3 (Slc22a8), are expressed in the basolateral
membrane of renal proximal tubule cells and have
been identified as contributors to xenobiotic and
endogenous organic anion secretion[3-5]. This membrane
localization and function position them for an active
role in determining drug exposure and efficacy. The
regulation of OATs expression is not well understood.
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The function of OATs in renal cells under physiological
and pathological conditions has not been, as yet,
fully elucidated. Recent studies indicated that the
expressions of OATs are affected by pathological
states. Modifications in the renal expression of OAT1
and OAT3 have been described in renal diseases; for
example, chronic renal failure[6], ischemic acute renal
failure[7] and obstructive nephropathy[8,9] and in other
diseases, such as arterial calcinosis[10,11] and extrahepatic
cholestasis[12-14].

GENERAL CHARACTERISTICS OF OAT1
AND OAT3
OAT1 has been cloned from rat, mouse, flounder,
human, pig, rabbit and C. elegans [1-5,15-17] . OAT1 is
expressed predominantly in the kidneys and weakly
in the brain. OAT1 couples organic anions entr y
to dicarboxylate exit [16] . T his protein has been
immunolocalized to the basolateral surface of the
proximal tubule [18] . OAT1 mediates the transport
of many compounds (dicarboxylates, nucleotides,
prostaglandins, antivirals, loop and thiazide diuretics, β
lactam antibiotics, and nonsteroidal anti-inflammatory
drugs, including the prototypical substrate of the
classical organic anions secretion pathway, paraaminohipurate (PAH)). For methotrexate, transport
was demonstrated for rat OAT1, but not for human
OAT1, suggesting species differences. This has been
demonstrated in vitro by its heterologous expression
following microinjection of OAT1 cRNA into Xenopus
oocytes or transfection of OAT1 cDNA into epithelial
cell lines[3-5,15-17]. Eraly et al[19] have recently generated a
colony of OAT1 knockout mice, permitting elucidation
of the role of OAT1 in the context of other potentially
functionally redundant transporters. They found that
the knockout mice manifest a large loss of organic
anion transport (e.g. PAH) both ex vivo (in isolated
renal slices) as well as in vivo (as indicated by loss of
renal secretion). In the case of the organic anion,
furosemide (FS), loss of renal secretion in knockout
animals resulted in impaired diuretic responsiveness
to this drug. These results indicate an important role
for OAT1 in the functioning of the classical pathway.
The gene for human OAT1, SLC22A6, is located on
chromosome 11q12.3, being paired with the gene for
OAT3. The mammalian OAT1 consist of 545-551
amino acids, and secondar y str ucture algorithms
predict 12 TMDs with the N- and C-termini located
at the cytosolic side of the plasma membrane. In man,
a longer splice variant with 563 amino acids and two
shorter, non functional splice variants were found[1-5].
OAT3 was cloned from human, monkey, pig, rabbit,
rat and mouse kidneys. The human OAT3 is mainly
expressed in kidneys, and to a lesser extent in the
brain. The human OAT3 gene is paired with that of
OAT1 and located on chromosome 11q12.3. In rats,
more message for rat OAT3 was found in liver than in
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kidneys and brain suggesting species differences. The
mammalian OAT3 proteins consist of 536-542 amino
acids, arranged in 12 TMDs. Inmunohistochemistry
revealed the location of OAT3 at the basolateral
membrane of human, rat and mouse renal proximal
tubules[18,20]. In rats, OAT3 was also found in several
other nephron segments including the thick ascending
limb of Henle’s loop, distal convoluted tubule and
collecting ducts. OAT3 in proximal tubules is involved
in organic anion secretion, but the physiological and
pharmacological roles of OAT3 in deeper nephron
segments are presently not clear. Based on message
abundance, OAT3 is the predominant organic anion
transporter in the human kidney. Besides kidneys and
liver, OAT3 was also found in human choroid plexus
and in rat cerebral capillaries. Rat OAT3 contains
three potential PKC phosphorylation sites and human
OAT3 contains eight. OAT3 recognizes a broad
spectrum of substrates, and it mediates the transport
of PAH, ochratoxin A, estrone sulfate (ES), cimetidine,
benzylpenicillin, cephaloridine and glutarate. Although
it is evident that the selectivity of OAT3 overlaps that
of OAT1, affinities for several substrates appear to
permit discrimination between both transporters. For
example, OAT3 displays a moderately high affinity
for ES, whereas OAT1 interacts little with ES [2]. So,
ES has been frequently used as a test substrate in
studies for OAT3 activity. The mechanisms of OAT3
activity revealed that it can operate as an organic
anion/dicarboxylate exchanger[21,22]. Consistent with an
important role for OAT3-mediated uptake in kidney
and choroid plexus, recent experiments with tissue
from OAT3 knockout mice show reduced uptake
of PAH, ES, and taurocholate in renal cortical slices
and nearly complete inhibition of transport of the
fluorescent organic anion fluorescein in intact choroid
plexus[23]. For some drugs, there are differences in the
specificity between human and rodent OAT3. For
example, rat OAT3 transports ranitidine, famotidine
and AZT, and human OAT3 transport little ranitidine
and no famotidine and AZT [5] . Never theless, a
systematic survey of possible species differences does
not exist.

CHOLESTASIS AND RENAL DAMAGE
Kidney and liver play a major role in the elimination of
numerous potentially toxic xenobiotics, including drugs,
toxins, and endogenous metabolites. In some cases, the
loss of one route of elimination can be compensated by
another[24-26]. It must also be mentioned that impairment
of liver or kidney functions can cause syndromes
characterized by injury of the alternative elimination
organ [24,27,28] . For example, prolonged cholestasis,
characterized by retention of bile compound, may
cause renal damage (reduction in renal hemodynamics,
impairment of renal excretion of water and salts, and
sensitization of the kidney to anoxia damage), which
sometimes leads to renal failure. Moreover, obstructive
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jaundice predisposes the kidney to acute renal failure
and oxidative stress[29-32]. Extrahepatic biliary obstruction
significantly decreased the reduced and oxidated
for ms of glutathione, and significantly inhibited
glutathione peroxidase activity in rat kidneys. Increases
of thiobarbituric acid reactive substances were also
observed[32]. The F2-isoprostanes formed during oxidant
injury are renal vasoconstrictors acting via thromboxane
(TX)-like receptors. Holt et al[30] have demonstrated that
the antioxidants N-acetyl-cysteine and α-lipoid acid and
a TX receptor antagonist can prevent renal dysfunction
in experimental cholestasis. Endothelin, a potent renal
vasoconstrictor and modulator of the tubular action of
arginine vasopressin, shows an increased synthesis in
kidneys from rats with extrahepatic cholestasis, which is
reflected by increased urinary excretion and may reduce
distal tubular water reabsorption in these rats, being also
involved in the renal damage observed during this liver
pathology[31]. In human beings and rats, extrahepatic
cholestasis has been shown to render the kidney
susceptible to a variety of nephrotoxic agents[29,30]. The
pathophysiological cause of renal damage during the
course of bile flow impairment is not well understood,
even if several phenomena, such as increased access of
various constituents into the kidney (bilirubin and bile
salts), have been suggested[30-34]. Impairment of kidney
function produces modifications in the renal elimination
of drugs mediated by alterations in blood flow to the
kidney, glomerular filtration, active tubular secretion,
and passive tubular reabsorption[6-11,35]. Because ethical
considerations usually preclude meaningful clinical
investigation in patients with acute obstructive jaundice,
most studies in this condition have been carried out in
animals, usually dogs and rats[31,32,36]. Bile duct ligation in
dogs and rodents serves as an experimental model of
extrahepatic cholestasis[33,34].

RENAL ELIMINATION OF ORGANIC
ANIONS AND EXPRESSION OF
OAT1 AND OAT3 IN EXTRAHEPATIC
CHOLESTASIS
Brandoni et al [12,13] . have studied the cortical renal
expression of OAT1 and OAT3 in association with the
pharmacokinetics and renal excretion of PAH and FS in
rats with acute extrahepatic cholestasis. Male Wistar rats
underwent bile duct ligation (BDL rats). All studies were
carried out 21 h after surgery. The systemic and renal
clearance of both PAH and FS increased in BDL rats.
In kidneys from BDL rats, immunoblotting showed a
significant increase in the abundance of both OAT1 and
OAT3 in homogenates from renal cortex. In basolateral
membranes from the kidney cortex of BDL rats, OAT1
abundance was also increased and OAT3 abundance
was not modified. Immunohistochemical techniques
confirmed these results. Acute obstructive jaundice is
associated with an upregulation of OAT1 and OAT3,
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which might explain, at least in part, the increased
systemic and renal elimination of PAH and FS.
In this connection, extrahepatic cholestasis is
associated with the production of various cytokines and
growth factors that may affect gene transcription [37].
Similarly, with OAT1 and OAT3, MRP2 upregulation in
BDL rats has been described[38-40]. These authors found
that bilirubin ditaurate, sulfate-conjugated bile acids,
and some components of the human bile upregulate the
expression of MRP2 in human renal tubular cells. MRP2
and MRP4 are two members of the multidrug resistance
protein (MRP) family located at the apical membranes
from the proximal tubule cells[3-5]. Both proteins mediate
the apical renal transport of several anionic substances,
such as PAH[3-5,41]. An up-regulation of renal MRP2 has
been described at 1 d and 3 d after BDL[38-40]. On the
contrary, MRP4 decreases at 3 d after BDL[42].
Three days of BDL is the period in which serum
bile acids and bilir ubin levels reach the peak of
elevation[38,40,43]. Brandoni et al[14] have also studied OAT1
and OAT3 function and expression after 3 d of BDL.
After this time, BDL rats displayed a reduction in the
renal elimination of PAH. OAT1 protein expression in
kidney homogenates was not modified, but it decreased
in the basolateral membranes. In contrast, OAT3
abundance in both kidney cortex homogenates and
in basolateral membranes increased by 3 d after the
ligation. This study demonstrated the key role of OAT1
expression in the impaired elimination of PAH after 3 d
of obstructive cholestasis.
OAT1, when heterologously expressed in oocytes or
mammalian cells, is inhibited by more or less selective
PKC activators. It was demonstrated that PKC induces
human OAT1 down-regulation through carrier retrieval
from the cell membrane without phosphorylation[3-5,44].
Angiotensin Ⅱ[45] modulates the renal proximal tubule
function via activation of PKC. Although the role
of the renin-angiotensin system in the BDL model
remains controversial[30], some humoral factors including
angiotensin Ⅱ induced by the 3 d BDL may induce
the activation of PKC. Moreover, bile acids and high
bilirubin levels can activate PKC[46,47]. Three days of BDL
is the period in which serum bile acids and bilirubin
levels reach peak elevation. So, it was postulated that
the peak elevation of bile acids and bilirubin can also
trigger PKC activation. This PKC activation may cause
the phosphorylation of caveolin-2, which may induce
internalization of caveolae with OAT1 protein anchored
with caveolin, as has been recently suggested by Kwak
et al[48]. This OAT1 downregulation (30%) was associated
with a concomitant decrease of renal and systemic PAH
clearance (40% and 30% respectively). The medium PAH
plasma concentrations reached during the renal clearance
infusion studies were 295 μmol/L and 376 μmol/L for
the Sham and BDL rats respectively. The OAT1 mediated
uptake of PAH is saturable with apparent Michaelis
constants ranging from 15 μ mol/L to 70 μ mol/L
for rat OAT1 [6] . Therefore, PAH concentrations
that we obtained in our “in vivo” experiments were
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Figure 1 Schematic presentation of a renal proximal tubule cell, showing
Organic Anion Transporters 1/3 (OAT1/3) and Multidrug Resistance
Proteins 2/4 (MRP2/4). OA: organic anion; α-KG: α-ketoglutarate.

sufficiently higher than the reported Km of rat OAT1.
The diminished secreted load of PAH measured under
saturating conditions was in part accounted for by
the lower number of OAT1 protein units observed
in renal basolateral plasma membranes after 3 d of
BDL by immunoblot technique. The opposite was
observed in the early phase of extrahepatic cholestasis
where an increase of 30% of OAT1 abundance was
associated with a similar increase in PAH clearance[12].
The differences observed in OAT1 abundance between
21 h and 72 h of BDL remain to be explained. The
increased OAT1 abundance observed in the early phase
of extrahepatic cholestasis suggests a transient upregulation similar to those described for renal OCT1
in cholestatic rats[49]. Different levels of cytokines and
growth factors that may affect gene transcription might
be involved in this differential response[50].
On the contrary, OAT3 expression increased both
in homogenates and basolateral membranes from
BDL kidneys. OAT3 is found in various cells and in
all parts of the nephron, whereas OAT1 is confined to
proximal tubules. The human and rat OAT3 transport
PAH with relatively high affinity (87 μ mol/L and
65 μmol/L respectively)[3-5,20], similarly to OAT1. On the
contrary, ES, cholate, and taurocholate are substrates
for OAT3 and not for OAT1 using in vivo and in vitro
methodologies[3-5,19,20,23]. The over-expression of OAT3
does not compensate for the down-regulation of OAT1
regarding PAH transport because in this disease the high
plasma levels of bile acids compete with PAH for OAT3
transport. Moreover, bile acids regulate the expression
of several genes involved in bile salt transport[51,52]. It
is possible that high bile acid levels up-regulate OAT3
expression without affecting OAT1 expression; this
being another example of substrate specific regulation.
As has been mentioned above, MRP2 up-regulation
was observed in the kidneys from rats with BDL of 1 d
and 3 d[38-40]. On the other hand, renal MRP4 was downregulated at 3 d after biliary obstruction[42]. Therefore,
the protein expression of the luminal (MRP2 and MRP4)
and basolateral organic anion renal transporters (OAT1
and OAT3) are differently regulated in extrahepatic
biliary obstruction, thus indicating that different roles
are played by these transporters in the pathogenesis of
cholestasis. Tubular secretion is a vectorial transcellular

transport system consisting of basolateral entry into the
epithelial cells and secretion across the brush border
membranes. Defects in either of these two processes
should therefore influence the tubular secretion of
anionic drugs.
Therefore, the time elapsed after obstr uctive
cholestasis has an important impact in the regulation of
OAT1 and OAT3. Studies regarding the possible role
of bile acids and bilirubin, which are increased in this
pathology, in the regulation of OATs are currently being
performed in our laboratory.
Highly accumulated anionic drugs, as observed
during cholestasis, may cause general body deterioration.
The molecular mechanism(s) involved in the differential
renal regulation of MRP2, MRP4, OAT3 and OAT1
expression should therefore be elucidated to prevent
the occurrence of drug-induced toxicity. The renal
expression of OAT1 and OAT3 should be taken into
account in order to improve pharmacotherapeutic
efficacy and to prevent drug toxicity during the onset of
this hepatic disease.
Figure 1 shows the expression pattern of the
transporters OAT1, OAT3, MRP2 and MRP4 in a cell
of renal proximal tubule.
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Abstract
The sphincter of Oddi is located at the distal end of
the pancreatic and bile ducts and regulates the outflow
of bile and pancreatic juice. A common channel can
be so long that the junction of the pancreatic and
bile ducts is located outside of the duodenal wall,
as occurs in pancreaticobiliary maljunction (PBM);
in such cases, sphincter action does not functionally
affect the junction. As the hydropressure within
the pancreatic duct is usually greater than in the
bile duct, pancreatic juice frequently refluxes into
the biliary duct (pancreatobiliary reflux) in PBM,
resulting in carcinogenetic conditions in the biliary
tract. Pancreatobiliary reflux can be diagnosed
from elevated amylase level in the bile, secretinstimulated dynamic magnetic resonance cholangiop
ancreatography, and pancreatography via the minor
duodenal papilla. Recently, it has become obvious that
pancreatobiliary reflux can occur in individuals without
PBM. Pancreatobiliary reflux might be related to biliary
carcinogenesis even in some individuals without PBM.
Since few systemic studies exist with respect to clinical
relevance and implications of the pancreatobiliary
reflux in individuals with normal pancreaticobiliary
junction, further prospective clinical studies including
appropriate management should be performed.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The main pancreatic duct and the common bile duct
open into the duodenum either separately or via a
common channel. The incidence of common channel
formation ranges from 55%[1] to 82%[2,3]. Dowdy et al[4]
have reported that the length of the common channel
ranged from 1 mm to 12 mm, with an average length of
4.4 mm. The sphincter of Oddi, which is composed of
the sphincter choledochus, the sphincter pancreaticus
and the sphincter ampullae, is located at the distal end of
the pancreatic and bile ducts and regulates the outflow
of bile and pancreatic juice[2,3]. A common channel can
be so long that the junction of the pancreatic and bile
ducts is located outside of the duodenal wall, as occurs
in pancreaticobiliary maljunction (PBM); in such cases,
sphincter action does not functionally affect the junction,
resulting in two-way regurgitation (biliopancreatic reflux:
regurgitation of bile juice into the pancreatic duct, and
pancreatobiliary reflux: Regurgitation of pancreatic juice
into the common bile duct)[5,6].
Given that the hydropressure within the pancreatic
duct is usually greater than that in the bile duct,
pancreatic juice frequently refluxes into the biliary duct
in PBM[7-9]. Pancreatobiliary reflux can be examined by
several methods, and it has become obvious that this
reflux can occur in individuals without PBM. Recent
advances in diagnosis of pancreatobiliary reflux and its
clinical implications were reviewed.

DIAGNOSIS OF PANCREATOBILIARY
REFLUX
In PBM patients, pancreatic enzymes, especially amylase,
are generally at extremely high levels in the bile within
the bile duct and gallbladder obtained percutaneously or
immediately after laparotomy[5,10]. It has been reported
that, in PBM patients, the amylase level in the bile of
the gallbladder was 123.568 ± 180.827 IU/L (mean ±
SD), and the amylase level in the bile of the bile duct
was 99.018 ± 162.506 IU/L[11]. Levels close to or below
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the serum amylase level are rarely observed in patients
with PBM. However, the normal upper limit of the bile
amylase level is unknown.
Pancreaticobiliary reflux in PBM patients can be
visualized radiologically using secretin-stimulated
dynamic magnetic resonance cholangiopancreatography
(MRCP)[12,13]. In normal pancreaticobiliary dynamics, the
extrahepatic and intrahepatic bile ducts show no change
following secretin injection. On the other hand, in
PBM patients, the volume of the extrahepatic bile duct
and the gallbladder increases due to regurgitation of
pancreatic fluid secreted after secretin injection into the
bile duct[12,13]. However, since bile is also secreted after
secretin stimulation, enlargement of the gallbladder may
imply pancreatobiliary reflux, bile secretion, or both[14].
Pancreatography via the minor duodenal papilla
can also demonstrate pancreatobiliary reflux in PBM
patients. The contrast medium injected endoscopically
via the minor duodenal papilla refluxes into the bile duct
through a long common channel without outflow into
the duodenum[15].

PANCREATICOBILIARY MALJUNCTION
PBM is a congenital anomaly defined as a junction of
the pancreatic and biliary ducts located outside the
duodenal wall, usually forming a markedly long common
channel (≥ 15 mm) (Figure 1)[5,6]. PBM can be divided
into PBM with biliary dilatation (congenital choledochal
cyst) and PBM without biliary dilatation (maximal
diameter of the bile duct ≤ 10 mm). In PBM patients,
since the pancreatic duct and bile duct are joined outside
the duodenal wall, the action of the sphincter of Oddi
does not functionally affect the junction. Therefore,
continuous reciprocal reflux between pancreatic juice
and bile occurs, resulting in various pathological
conditions in the biliary tract and pancreas[5,6,15].
Given that the hydropressure within the pancreatic
duct is usually greater than that in the bile duct,
pancreatic juice frequently refluxes into the biliary
duct[7-9], which results in a high incidence of carcinoma
in the biliary tract. According to a nationwide survey[16]
performed in Japan, cancer of the biliary tract was found
in 278 (17%) of 1627 of patients with PBM, which
was distinctly higher than the incidence of biliary tract
cancer in the general population (0.26%-1.8%). In 1239
patients with PBM with biliary dilatation, the occurrence
rate of biliary cancer was 11% (131/1239), and cancer
of the gallbladder was seen in 85 (65%) out of the
131 patients. In 388 patients with PBM without biliary
dilatation, biliary cancer occurred in 147 patients (38%),
and 93% (137/147) of the associated biliary cancers
were gallbladder cancers.
The etiology of gallbladder cancer in patients with
PBM has not been fully clarified. In PBM patients,
gallstones do not appear to contribute to carcinogenesis,
based on the low rate of gallstone detection [17]. The
age of patients with gallbladder cancer associated
with PBM without biliary dilatation is significantly
yo u n g e r t h a n i n t h o s e w i t h o u t P B M [ 1 7 , 1 8 ] . T h e
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Figure 1 Endoscopic retrograde
cholangiopancreatography of a
patient with PBM shows a long
common channel.

mechanism of carcinogenesis in PBM is considered
to be related to stagnation of refluxed pancreatic juice
into the biliary tract. Refluxed proteolytic pancreatic
enzymes and phospholipase A2 are activated in the
biliary tract. Phospholipase A2, which has a direct
proliferative effect on the gallbladder mucosa, produces
lysophosphatidylcholin, which has a cytotoxic effect[19].
These agents may injure the epithelium of the biliary
tract and induce metaplasia or promote cancer progress.
Epithelial hyperplasia of the gallbladder has been
reported to be a characteristic pathologic change in
PBM patients. The incidence of epithelial hyperplasia
of the gallbladder associated with PBM reportedly
ranges from 39%[20] to 63%[21], and it is as high as 91%[22]
to 100%[23] in PBM without biliary dilatation. Tanno
et al[22] have reported that the Ki-67 labeling index of
epithelial hyperplasia of the gallbladder with PBM was
6.1% ± 1.5% (mean ± SD), which was significantly
greater than the index of 1.2% ± 1.0% in control
gallbladder mucosa without PBM. K-ras mutations in the
non-cancerous gallbladder epithelium have been detected
in 22%[22] to 50%[24] of PBM patients. Considering that
increased cell proliferation is linked to the development
of cancer by means of tumor promotion and an
increased rate of random mutations, the gallbladder
mucosa of PBM patients can be considered to be a
premalignant region.
The treatment of choice for PBM with biliary
dilatation is prophylactic flow-diversion surgery (bile
duct resection and bilioenteric anastomosis) before
malignant changes can take place in the biliary tract[25].
Although a standard treatment protocol for PBM without
biliary dilatation has not been established, prophylactic
cholecystectomy is performed in many institutes, as most
biliary cancers that develop in cases of PBM without
biliary dilatation are gallbladder cancers[16,18].

HIGH CONFLUENCE OF
PANCREATICOBILIARY DUCTS
There are some cases with a relatively long common
channel that are not classified as PBM because the
sphincter of Oddi includes the pancreaticobiliary ductal
junction.
Sterling[1] have reported that it varies from 1.2 mm
to 8.4 mm, averaging 4.4 mm. Rienhoff and Pickrell[26]
www.wjgnet.com
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with PBM, appears to be an important risk factor for
the development of gallbladder cancer. However, since
there are several differences in gender, age at diagnosis,
bile amylase level, and incidence of associated gallbladder
cancer between HCPBD and PBM patients, HCPBM
should be treated at present as an entity separate from
PBM. Although further research is necessary to determine
the appropriate management, including prophylactic
cholecystectomy, of patients with HCPBD, clinicians
should be vigilant regarding the development of
gallbladder cancer in such patients.
Figure 2 HCPBD. Cholangiopancreatogram of a patient with high confluence
of pancreaticobiliary ducts and a common channel of 9 mm in length (left). The
communication between pancreatic and bile ducts was destroyed with sphincter
contraction (right).

have reported that 92 (53%) of 173 cases had a common
channel length within 2 mm, 62 (36%) had a common
channel length ranging from 3 mm to 5 mm, and 19
(11%) had a common channel length > 6 mm. Based on
the above findings, to investigate the clinical significance
of a relatively long common channel, we defined a
high confluence of pancreaticobiliary ducts (HCPBD)
as a common channel length ≥ 6 mm, in which the
communication was occluded when the sphincter was
contracted (Figure 2)[27-29].
In a series of 3459 patients who underwent
endoscopic retrograde cholangiopancreatography (ERCP)
in our hospital, 74 patients (2.1%) had PBM, including
41 with biliary dilatation (congenital choledochal cyst)
and 65 (1.9%) with HCPBD. Although PBM occurred
predominantly in females, there was no difference
between g enders in patients with HCPBD. T he
average age at the time of diagnosis was significantly
younger in PBM patients with biliary dilatation. Reflux
of contrast medium into the pancreatic duct was
detected in 12 (86%) of 14 patients with HCPBD who
underwent postoperative T-tube cholangiography. The
average bile amylase level was elevated to 47 774 IU/L
in seven HCPBD patients, but it was lower than that
of PBM patients. Compared to controls, the incidences
of gallbladder cancer were significantly higher in PBM
patients with biliary dilatation (17%) and without biliary
dilatation (73%), and HCPBD patients (11%). The average
age at the time of diagnosis of the gallbladder cancer
patients with HCPBD (64.5 years old) was between that
of the PBM patients without biliary dilatation (57.0 years
old) and patients without these maljunctions (69.5 years
old). The incidence of gallbladder stones in conjunction
with gallbladder cancer associated with HCPBD (14%)
or PBM (6%) was significantly lower than in those with
gallbladder cancers without these maljunctions (62%).
Similar to PBM patients without biliary dilatation,
hyperplastic change of the gallbladder mucosa with
increased epithelial cell proliferative activity was detected
in cases of HCPBD. Furthermore, K-ras mutations of
the non-cancerous epithelium of the gallbladder were
detected in five (28%) of 18 HCPBD cases. A relatively
long common channel, as well as a long common channel
www.wjgnet.com

PANCREATOBILIARY REFLUX IN
INDIVIDUALS WITH A NORMAL
PANCREATICOBILIARY JUNCTION
By demonstrating elevated levels of pancreatic
enzymes in bile sampled from the common bile duct
or gallbladder, or by MRCP evidence of biliary duct
dilatation after secretin injection, it has been recently
recognized that pancreatobiliary reflux can occur with
normal pancreaticobiliary junction.
High bile amylase levels are found in some patients
without PBM. Anderson et al[30] have reported that the
bile amylase level obtained through an indwelling T-tube
was higher than the serum amylase level in 21 (81%)
of 26 patients with biliary tract disease, and that bile
amylase level fluctuated considerably in the same patient.
Therefore, they have suggested that intermittent reflux
of pancreatic juice might initiate inflammatory changes
in the gallbladder and could play a role in gallstone
formation by altering the constituents that maintain
cholesterol in a soluble state. A high bile trypsin level has
also been reported in patients with bile duct stones[31].
Itokawa et al[32] have reported that the amylase level in the
bile obtained during ERCP was higher than the serum
amylase level in 22 (26%) of 86 patients, and the rate of
a high amylase level in the bile was significantly higher in
patients who were elderly, had a dilated common bile duct,
and in those who had choledocholithiasis. Recently, Sai
et al[33] have demonstrated enhanced visualization of the
intrahepatic and extrahepatic bile ducts and gallbladder
with increased maximal diameter of the extrahepatic
bile duct and short axis of the gallbladder on secretinstimulated dynamic MRCP in four (5%) of 74 patients
who had a normal pancreaticobiliary junction on ERCP.
The bile amylase level was markedly elevated in all four
patients, and three of these four patients had gallbladder
cancer. This would suggest that there is a relationship
between pancreatobiliary reflux in individuals with a
normal pancreaticobiliary junction and gallbladder cancer.
Pancreatobiliary reflux can also occur in cases of
sphincter dysfunction[30,34], periampullary diverticula[35], as
well as after endoscopic sphincterotomy[36] or endoscopic
papillary balloon dilatation[37]. Pancreatobiliary reflux
in many cases with normal pancreaticobiliary junction
seems to be caused by dysfunction of the sphincter of
Oddi. Furthermore, unlike in PBM, pancreatobiliary
reflux in individuals with a normal pancreaticobiliary
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junction occurs not continuously but transiently.
Carcinogenesis in the biliary tract is strongly related
to stagnation of bile inter mingled with refluxed
pancreatic juice. Since, in individuals with a normal
pancreaticobiliary maljunction, the pancreatic juice
refluxes into the common bile duct and is cleared
rapidly without stasis, the occurrence of gallbladder
cancer poses a problem in these cases. It seems rather
obvious that pancreatobiliary reflux might be related to
carcinogenesis of the gallbladder. However, the clinical
relevance of pancreatobiliary reflux in individuals with
normal pancreaticobiliary junction is unknown. Further
prospective clinical studies are needed to determine
which patients require evaluation of biliary amylase
levels and prophylactic cholecystectomy.

CONCLUSION
Pancreatobiliary reflux can be examined using various
methods, and it has become clear that reflux can occur
in some individuals without PBM. Although the true
prevalence and the mechanism of pancreatobiliary reflux
in individuals without PBM are unclear, the reflux might
be related to biliary carcinogenesis even in individuals
with a normal pancreaticobiliary junction. More cases
need to be studied in order to determine the clinical
implications, including appropriate management.
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Abstract
Over the past decade, significant improvements have
been made in the treatment of chronic hepatitis C
(CHC), especially with the introduction of combined
therapy using both interferon and ribavarin. The
optimal dose and duration of treatment is still a
matter of debate and, importantly, the efficacy of this
combined treatment varies with the viral genotype
responsible for infection. In general, patients infected
with viral genotypes 2 or 3 more readily achieve a
sustained viral response than those infected with
viral genotype 1. The introduction of a pegylated
version of interferon in the past decade has produced
better clinical outcomes in patients infected with viral
genotype 1. However, the published literature shows
no improvement in clinical outcomes in patients
infected with viral genotypes 2 or 3 when they are
treated with pegylated interferon as opposed to nonpegylated interferon, both given in combination with
ribavarin. This is significant because the cost of a
24-wk treatment with pegylated interferon in lessdeveloped countries is between six and 30 times
greater than that of treatment with interferon. Thus,
clinicians need to carefully consider the cost-versus benefit of using pegylated interferon to treat CHC,
particularly when there is no evidence for clinically
measurable benefits in patients with genotypes 2 and
3 infections.
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INTRODUCTION
The hepatitis C vir us (HCV) is a non-cytopathic
member of the Flaviviridae family that causes acute and
chronic hepatitis and can lead to the development of
hepatocellular carcinoma (HCC). An estimated 3% of
the world’s population is infected with HCV[1]. Acute
infection is usually asymptomatic, which makes early
diagnosis difficult. A distinct feature of HCV infection
is its proclivity towards becoming chronic in as many as
70% of acute infections. Importantly, chronic hepatitis
C (CHC) is associated with the progressive development
of fibrosis and cirrhosis that, if left untreated, can lead
to end-stage liver disease with an estimated 5%-20%
mortality rate.

PREVALENCE AND VIRAL GENOTYPE
Preliminary surveys from Pakistan suggest that the
seroprevalence of HCV is > 5%, while other surveys
suggest rates as high as 10% [2-6] . In one study [7] of
prospective blood donors in Faisalabad, Pakistan, 78/294
individuals or 26.5% were found to be seropositive for
HCV. If representative, this would be appreciably greater
by far than the prevalence rate of 2.9% estimated for
Egypt, a country with one of the highest HCV infection
rates[8].
The predominant for m of HCV infections in
Pakistan is of the genotype 3 variety, and this genotype
is also predominant in northern, northeastern, and
central India, with infection rates as high as 71% in acute
www.wjgnet.com
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hepatitis patients, and as high as 82% in chronic hepatitis
patients[9,10]. From a global public health perspective,
sizeable fractions of CHC populations outside southern
Asia are also infected with viral genotypes 2 and 3.
For example, 26.9% of CHC patients in Serbia and
Montenegro have been reported to be infected with
genotypes 2 or 3[11]. An estimated 37% of 90 consecutive
liver patients from Novara, Italy, had genotype 2 [12].
In Cordoba, Argentina, 55% of 96 consecutive liver
patients had genotype 2 and 5% had genotype 3[13]. An
estimated HCV prevalence of 31% for genotype 3 and
4.3% for genotype 2 has been reported in Brazil [14].
These data from the more densely populated areas of
the world suggest that the actual number of people
infected with either genotype 2 or 3 is quite substantial
compared to those with genotype 1, the predominant
form in North America and northern Europe, although
an estimated 16% of CHC patients in the United States
are also infected with genotypes 2 or 3, as compared
to 72% with genotype 1 (http://www.hepatitis.va.gov/
vahep?page=diag-tests-03-05).

TREATMENT OPTIONS AND CLINICAL
OUTCOMES
In the past two decades, considerable progress has
been made in the treatment of this disease with the
introduction of interferon (IFN), and, subsequently,
with the addition of the guanosine analogue, ribavarin
(RBV), in 1998. Typically, patients are treated with
IFN by subcutaneous injection three times per week
in conjunction with a daily oral dose of RBV (8001200 mg/day, adjusted by body weight) for between 24
and 48 wk. The therapeutic efficacy is typically measured
by the following end points: (1) a sustained virologic
response (SVR), defined as no detectable levels of the
viral RNA in serum at least 24 wk after the end of
treatment; (2) a decrease in the liver enzyme, alanine
aminotransferase (ALT) to within the normal reference
range; and (3) signs of histological improvement
as demonstrated typically by a paired liver biopsy
performed prior to the initiation of therapy and at 24 wk
after the end of therapy.
Correlations between serum virus levels, serum ALT
levels, and liver pathology, while generally acceptable[15,16],
have not been definitively established. The primary
measure of current therapy is the achievement of
virtually no detectable levels of HCV in serum at least
24 wk following the end of therapy, defined as the SVR.
The SVR correlates well in clinical practice with patient
recovery and wellbeing.
In the past decade, it has been reported that the
addition of a polyethylene glycol (Peg) moiety to IFN
(termed, Peg-IFN) significantly enhances its half-life in
the blood, such that patients can be dosed with the PegIFN once weekly as compared to three times a week for
the non-pegylated IFN.
In a study[17] of 531 CHC patients (190 of whom
were HCV genotype 2 or 3, and 329 were genotype 1),
www.wjgnet.com
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treated with Peg-IFN or IFN, without RBV, for 48 wk
and followed up for an additional 24 wk, the overall SVR
at 72 wk was 39% (95% CI, 33%-45%) for Peg-IFN and
19% (95% CI, 14%-24%) for IFN. The data were not
separated by genotype. The authors noted that the rate
of relapse between weeks 48 and 72 was higher among
patients who had a response to Peg-IFN compared to
those treated with IFN. In a randomized double-blind
study[18] of 1219 patients treated with Peg-IFN alone
compared to IFN, both administered without RBV,
significant improvements, including SVR, were noted in
patients with genotype 1 virus, with a trend towards an
improved, although not significant, response in patients
with genotypes 2 and 3.
Treatment of CHC patients with Peg-IFN + RBV
(the RBV dose typically weight-based but sometimes
flat-dosed between 800 and 1200 mg/day, per os) has
been shown to result in appreciably better clinical
outcomes and has been touted as the so-called gold
standard in the treatment of CHC. This conclusion
stems almost exclusively from two studies[19,20] in which
CHC patients were treated with Peg-IFN + RBV or
with IFN + RBV. The data from these two studies have
shown that the single greatest advantage of the PegIFN over IFN, both given in combination with RBV, has
been the achievement of a statistically significant SVR
in CHC patients with genotype 1, the recalcitrant form
of this viral disease. The studies showed no consistent
advantage of Peg-IFN over IFN (either one given in
combination with RBV) in patients with viral genotypes
2 or 3. In the Manns et al study[19], the SVR was 76%
for genotypes 2 or 3 and ranged from 36 to 56% in
genotype 1 patients treated with IFN + RBV or Peg-IFN
+ RBV. In a randomized study of 1311 CHC patients
given only Peg-IFN + RBV, Hadziyannis et al[21] reported
an SVR of approximately 80% in those infected with
genotype 2 or 3 virus versus approximately 52% in those
with genotype 1 virus. Several other studies[22-38] of CHC
patients with genotype 2 or 3 virus, treated with either
Peg-IFN or IFN, both administered with RBV, are
summarized in Table 1 and show no better results with
either IFN, when given in combination with RBV, for
genotypes 2 and 3 viruses.
Notwithstanding the published clinical data [19-38]
summarized in Table 1, the debate on the optimal
duration of Peg-IFN treatment with RBV continues.
In a recent paper, Shiffman et al[34] have suggested that
it may be prudent to treat CHC patients with genotype
2 or 3 virus for 24 wk as opposed to 16 wk, to ensure
a lower percentage of relapses. The concept of an
early virological response, sometimes referred to as a
rapid viral response (RVR), reported in some fraction
of CHC patients within 4 wk, has been proposed as a
clinically useful predictor of SVR[39]. However, while
this concept is valuable in CHC patients infected with
genotype 1 or 4 virus, some 97% of patients with
genotypes 2 and 3 viruses show an RVR, and therefore,
this concept is less useful in CHC patients infected with
genotype 2 or 3[40]. Importantly, the rates of relapse can
increase with therapies of shorter duration, although

Jamall IS et al . Peg-IFN vs IFN in Chronic Hepatitis C
Table 1 Achievement of SVR by treatment with IFN + RBV
or Peg-IFN + RBV in CHC patients
No. of
patients

IFN +
RBV

Peg-IFN +
RBV

HCV
genotype

79
61
NT
66
73
79.5
85
95
NT
NT
72
NT
NT
NT
NT
82
NT
NT
NT
73
66.7
NT

81%
76%
74-88
NT
NT
NT
NT
NT
80
66
NT
78
81.7
75.6-79.2
83.6
78
75
66
86.3-93.2
87
NT
67.5-77.8

2/3
2/3
2/3
2/3
non-1
3
3
3
2
3
3
2/3
2/3
2/3
2/3
2
2
3
2/3
2/3
2
2/3

446
214
492
253
75
100
350
20
283
18
28
142
1552
397
230
356
369
285
82
51
141

Reference
Manns et al[19]
Fried et al[20]
Hadziyannis et al[21]
McHutchinson et al[22]
Davis et al[23]
Khokar[24]
Muhammad et al[25]
Hazari et al[26]
Mangia et al[27]
Mangia et al[27]
Medeiros-Filho et al[28]
Gupta et al[29]
Elefsiniotis et al[30]
Jacobson et al[31]
Borroni et al[32]
Rumi et al[33]
Shiffman et al[34]
Shiffman et al[34]
Dalgard et al[35]
Poustchi et al[36]
Kawamura et al[37]
Ferenci et al[38]

NT: Not tested.

the SVR rates (27.8% and 58.8%) were inexplicably low
in one particular study of genotype 3 CHC patients in
Pakistan[41].
Emerging data [27,30,32,38-40] sug gest differences in
SVR between patients with genotype 2 or 3 HCV, with
genotype 2 yielding better responses than 3. There may
also be additional nuances between genotypes 2a and 2c
that could be used to the benefit of patients with these
sub-types of HCV infection.

NEWER SUPPLEMENTAL TREATMENT
OPTIONS TO INCREASE THERAPEUTIC
EFFICACY AND PREVENT RELAPSE
Two new adjuvants to existing therapies with IFN
+ RBV or Peg-IFN + RBV are noteworthy in their
potential to vastly improve SVR and clinical outcomes,
and importantly, to decrease relapse rates in CHC
patients. While abnormalities in glucose metabolism in
CHC patients were recognized as far back as 1994[42], the
application of this knowledge in the clinical setting has
been introduced in just the past few years, as the epidemic
of obesity and pre-diabetes or diabetes has come into
sharp focus as a matter of great public health concern.
Eighty-two CHC patients[36] with genotype 2 or 3
virus were treated with IFN + RBV or Peg-IFN + RBV.
Insulin resistance was measured by the homeostasis
model (HOMA-IR). Patients with HOMA-IR values <
2 had an SVR of 94%, those with HOMA-IR values of
2-4 or > 4 had an SVR of 65%. The authors concluded
that SVR rates > 90% are achievable in persons with low
HOMA-IR values in genotype 2 and 3 patients, but drop
to the 60% level more typically seen in CHC genotype
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1 patients when their HOMA-IR values are > 2. Similar
results have been reported more recently by others[43-46].
In an elegant series of papers from the Siddiqui
Laboratory at the University of California at San Diego,
in vitro studies on the mechanisms of HCV-induced
changes in liver cells have identified the importance of
intracellular calcium and oxidative stress in activating
signal transducer and activator of transcription and
nuclear factor-κB which in turn, contribute to the release
of pro-inflammatory cytokines and contribute to liver
pathology in HCV-infected cells[47-51]. This mechanism
has been confirmed by others [52,53] and summarized
in a recent review, in the context of immune system
derangements observed in CHC[54].
We are in the early stages of designing a pilot study
to evaluate the effectiveness of drugs, such as exenatide,
used to overcome insulin resistance and agents that
would block calcium derangements in the liver of CHC
patients infected with HCV genotype 2 or 3.

CONCLUSION
Published and unpublished clinical observations suggest
that an SVR is achieved in 70%-88% of CHC patients
infected with genotype 2 or 3 HCV treated with IFN
+ RBV. A weight-of-evidence analysis using the data
cited in Table 1, suggests no greater benefit in treating
genotype 2 or 3 infections with Peg-IFN, which can
be as much as six to 30 times more expensive than
IFN (unpublished data). While the number of patients
studied (Table 1) may be smaller than optimally required
for a definitive answer to the issue of whether Peg-IFN,
despite its additional costs, brings any clinical benefit
to CHC patients with genotype 2 or 3 infection, the
similarities in SVR between the two IFNs suggest that
neither offers a measurable clinical benefit over the other
when administered with RBV.
The 2002 National Institutes of Health (NIH)
Consensus Conference Statement [55] on Management
of Hepatitis C stated, “Among patients with genotypes
2 or 3, SVRs with standard interferon and ribavarin
were comparable to those with pegylated interferon and
ribavarin, and thus standard interferon and ribavarin
could be used in treating patients with those genotypes”.
The published data since the 2002 NIH Consensus
Statement have not falsified this recommendation.
Thus, the recommendation of duration of Peg-IFN
therapy for hepatitis C with these genotypes needs to be
tempered by whether or not Peg-IFN offers any clinical
advantage, given its much higher cost, when used with
RBV, and especially in less-developed countries.
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Abstract
The pathogenesis of colon cancer involves sequential
and multistep progression of epithelial cells initiated
to a cancerous state with defined precancerous
intermediaries. Aberrant crypt foci (ACF) represent the
earliest identifiable intermediate precancerous lesions
during colon carcinogenesis in both laboratory animals
and humans. ACF are easily induced by colon-specific
carcinogens in rodents and can be used to learn more
about the process of colon carcinogenesis. For over
two decades, since its first discovery, azoxymethane
(AOM)-induced rodent ACF have served as surrogate
biomarkers in the screening of various anticarcinogens
and carcinogens. Several dietary constituents and
phytochemicals have been tested for their colon cancer
chemopreventive efficacy using the ACF system. There
has been substantial effort in defining and refining ACF
in terms of understanding their molecular make-up, and
extensive research in this field is currently in progress.
In chemoprevention studies, AOM-induced rat ACF have
been very successful as biomarkers, and have provided
several standardized analyses of data. There have been
several studies that have reported that ACF data do not
correlate to actual colon tumor outcome, however, and
hence there has been an ambiguity about their role as
biomarkers. The scope of this mini-review is to provide
valuable insights and limitations of AOM-induced rat ACF
as biomarkers in colon cancer chemoprevention studies.
The role of the dynamics and biological heterogeneity of
ACF is critical in understanding them as biomarkers in
chemoprevention studies.
www.wjgnet.com
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INTRODUCTION
Aberrant crypt foci (ACF) have been identified and
defined as putative precancerous lesions of the colon
in both experimental models and humans[1-4]. In animal
models, ACF as a biological marker have been functional
in identifying both naturally-occurring and syntheticallyderived compounds, as well as foods and nutritive agents
for their ability to prevent or control the process of
colon carcinogenesis[5-7]. On the other hand, they have
also been vital in understanding toxic effects of various
compounds[8]. The use of the rodent ACF as a biomarker
has been successful in chemoprevention studies mainly
due to the fact that they are: (a) preneoplastic lesions;
(b) morphologically distinguishable from normal crypts;
(c) induced in colons of several animal models; (d)
remarkable similarity between human and rodents; (e)
rapidly detectable; (f) easily modified by genetic changes
or drug/dietary interventions; (g) amenable in short term
experimental modules (8 wk); (h) classifiable according
to their progression; and (i) generally present in larger
populations. Whether addressing aspects of cancer
prevention/control or toxicity, studies have essentially
focused on the ability to modulate the incidence of total
ACF or incidence of ACF displaying advanced biological
features related to size, dysplasia and crypt multiplicity.
It has been widely accepted that the incidence of ACF
in rodents correlates strongly with the final tumor
outcome[9,10]. Several factors such as dose of carcinogen,
route of administration, time of intervention during
the carcinogenic state, age and sex of the animals,
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location and appearance of lesions in the colon, as well
as the choice of animal models play a critical role in
understanding the modulation of ACF, tumor outcomes,
and their incidental correlation[11].
For colon cancer chemoprevention studies, the ability
of compounds to regress or inhibit the incidence of
total or subtypes of ACF has been utilized using either
short-term (6-8 wk) or long-term (12-54 wk) carcinogeninjected rodent studies. While interpreting data arising
from these studies, especially outcome of ACF and
their sub-types as well as tumors, two points need
special consideration. Firstly, it has to be understood
that ACF, which are dynamic in nature, are amenable to
growth and expansion, and may differ in number and
growth features at different end-points. Secondly, in the
course of their dynamics, ACF undergo several genetic
changes, plausibly acquire novel phenotypes conducive
to their progression, and discard those that render them
normal or make them susceptible to regression [12,13].
Detailed review of the molecular features of ACF can
be found in the papers by Cheng and Lai[12] and Alrawi
et al[14], and recent advances in human ACF and their
potential as biomarkers of human colorectal cancer have
been elegantly discussed by Orlando et al[15], Stevens
et al[16] and Gupta et al[17]. Depending on their growth/
developmental stage, ACF are heterogeneous in their
molecular make-up[12-14]. The growth and development
of ACF on one hand could be regressed or inhibited,
while on the other augmented by various compounds;
both depend on the ACF dynamics as well as their
heterogeneity[7].

ACF DYNAMICS AND
CHEMOPREVENTION
In screening compounds for their efficacy to prevent
or control colon cancer, the popular choices of in vivo
models are male rats of F344, Sprague-Dawley or Wistar
strains that are approximately 5-6 wk old, at least 180-200
g in weight, and injected s.c. with two weekly doses of
AOM at 15 mg/kg body[5,11]. In such protocols, the test
compounds are added to the diet either at the time of the
first AOM injection, or after a period of 4-8 wk. While
in the former protocol, the emphasis is to determine
the efficacy to prevent the appearance and growth of
ACF at the initiation and post-initiation stages; the latter
focuses on changes in ACF that have been established
for a given period at the post-initiation and promotion
stages[7]. In these models, two week after the second
injection, the colonic epithelial cells are initiated, and
a huge population of ACF that are primal (1-3 crypts
per foci) in appearance are observed in the colons[13,18].
With time (promotion stages), the cells of the aberrant
crypt within the same foci clonally grow and expand to
morphologically distinctive larger aberrant crypts, or
those that could be classified as either intermediate (foci
with 4-6 crypts) or advanced lesions. These changes are
generally seen 12-wk post-carcinogen injection. With
time, a decline in the incidence of primal lesions and the
gradual increase in the incidence of other ACF types such
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as large, intermediate or advanced are noted. Towards
and beyond 24 wk post-carcinogen injection which can
be categorized as the progression stage, the incidence
of advanced lesions reaches a peak and the appearance
of microadenomas, adenomas and adenocarcinomas is
evident. Another important criterion for understanding
the early stages of colon carcinogenesis is the differential
growth dynamics of ACF in different regions of the
colon[19,20]. Spatial distribution of ACF differs among
the proximal, mid and distal sections of the colon of
AOM-injected F344 rats, with more incidence of ACF
in the mid sections compared to the distal colon[20]. In
understanding the ability of compounds to modulate
the incidence of ACF and their subtypes, several
comparisons can be made. For instance, the incidence of
ACF or their subtypes could be compared between an
experimentally-treated group and the controls (placebo,
vehicle-treated) at a single time point. Otherwise,
a comparison between time-frames within a single
treatment group could be made. Comparisons of ACF
incidence made between different colonic sections, but
within same time point or same treatment group would
give regional differences in modulation. An ideal method
would be detailed simultaneous comparisons between
time-points, treatment groups and colonic regions on the
incidence of ACF and subtypes to give a cross-sectional
review of the data. Similarly, the incidences of adenomas
and adenocarcinomas can be compared. The entire
data such as the incidences of ACF and their subtypes,
adenomas and adenocarcinomas have to be considered
holistically before making conclusions on the modulating
efficacy of a compound.

HETEROGENEITY OF ACF AND
CHEMOPREVENTION
The initiation of a single epithelial cell within the
crypt to undergo histogenetic changes and gradually
proliferate to form morphologically distinct foci is the
first and foremost stage in the genesis of ACF in the
colon. Monoclonality in ACF, including those without
dysplasia, put ACF at the earliest identifiable stage of this
carcinogenic process[21]. These colon precancerous lesions
progressively advance by acquiring novel genotypes
and phenotypes segregating these lesions into different
histological and morphological sub-types identified by:
(a) size, (b) degree of dysplasia, (c) crypt multiplicity, and
(d) a combination of dysplasia and crypt multiplicity.
Segregation of ACF into sub-types is vital to understand
the disease process and to delineate the novel changes
exhibited at the microscopic level in conjunction with the
given appearance and characteristics of tumors. As ACF
progress from one stage to another, epithelial cells within
the ACF undergo genetic changes that lead to their
radical behavior to skip growth inhibition or apoptosis
and favor proliferation and growth[11,12]. Their goal seems
to be achieving a “neoplastic bliss”. Those molecular
features that result in neoplastic transformation appear
sequentially, and are due to a complex interplay/crosstalk
of several signal transduction pathways. Purported
www.wjgnet.com

6634

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

chemopreventive agents retard or cease the growth
and/or inhibit the development of ACF or their
subtypes. Compounds are known to inhibit preneoplastic
changes by blocking key molecular pathways in the
colonic epithelial cells. As a result, either the progression
within the preneoplastic stages, or the conversion of
preneoplasia to neoplastic transformation is halted.
The response of a single crypt within an ACF with
multiple crypts (those with four or more crypts per
foci) may differ in the modulatory influence of a
compound. In such a case (within multicrypt foci),
although all the crypts are proposed to have developed
by clonal expansion of a single transformed cell, each
crypt plausibly branches itself from others by acquiring
differential genotypic changes, influenced largely by
the environment. The rate at which the changes are
acquired by different crypts within a focus may differ
considerably owing to a biological heterogenous subtype
within the ACF. Hence, within one ACF, each crypt may
succumb differently to growth inhibition by a particular
compound. However, signals from those crypt cells that
undergo inhibition may be transferred to cells that may
be avoiding the inhibitory function of the compound,
making the latter initiate growth inhibition. Eventually, a
complex dialogue within a single ACF is created, and the
crypt eventually succumbs to the inhibitory actions of
the compound. Genetic and molecular heterogeneity of
crypts can also be evident as histological differences such
as hyperplastic and dysplastic crypts[12].

LIMITATIONS OF THE AOM-INDUCED
RAT ACF AS A BIOMARKER
Limitations to the use of ACF and their sub-types as
a biomarker to identify cancer preventive agents is
compromised as the disease progresses from early to late
stages. Increased biological segregation from normal crypts
increases the specificity to the diseased state but the ability
of early lesions, such as the ACF to predict the differences
between two or more experimental groups are limited
by the fact that their number also declines. With time,
ACF undergo the selection process; while some regress,
remodel or even get eliminated; others progress forward
to the next stage. For example as shown in Figure 1,
consider a pool of AOM-injected rat colonic ACF with
different sub-types at varied duration (8, 12 and 24 wk
post-initiation). In 8 wk, ACF with 1, 2 or 3 crypts per
foci appear, and at this time point the incidence of total
ACF (irrespective of their crypt multiplicity) becomes a
valid biomarker. In subsequent weeks, ACF with higher
crypt multiplicities or those with advanced biological
features appear, while those with lower crypt multiplicities
regress. So, at this time point, incidences of higher crypt
multiplicities or those displaying advanced features could
be considered more specific. In more advanced stages of
the carcinogenic process, the value or sensitivity of ACF
as a biomarker to predict tumor outcome diminishes;
however, their specificity as an indictor of the stage
remains uncompromised. The use of ACF and its subtypes as biomarkers thus depend much on the stage of
www.wjgnet.com
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Figure 1 A pictorial representation of the dynamics of ACF during
azoxymethane-induced rat colon carcinogenesis. A: Colon with normal
crypts prior to AOM injection; B: Colon bearing early ACF at approximately
8-wk post AOM injections; C: Colon bearing early and advanced ACF at
approximately 12-wk post AOM injections; D: Colon bearing early and advanced
ACF and tumors at approximately 24-wk post AOM injections. As the population
of ACF (inclusive of all sub-types) increase with time after AOM injections, a
relative decline in the specificity as a biological marker is observed.

colon carcinogenesis. Only at early stages, total number of
ACF and ACF displaying different biological features may
be considered as a valid biomarker. At very early stages
the relevance of utilizing a parameter involving advanced
lesions such as aberrant crypts per ACF (AC/ACF)
becomes invalid, as at early stages to begin with there may
not be a significant pool of ACF with varied features. The
description as ‘very early’, ‘early’ and ‘advanced’ stages of
colon carcinogenesis have been used cautiously and have
considered the AOM-induced rats as the model system
(described in the former Section).
ACF with severe dysplasia have been identified
as the actual precursors of colonic adenomas and
adenocarcinomas[22]. The recent findings of the presence
of b-catenin accumulated aberrant crypts (BCAC) [23],
mucin-depleted crypts (MDF)[24], and flat-dysplastic ACF
(FDACF)[25] in carcinogen-treated rat colons are significant
advances in the identification of events leading to tumor
development. The morphological features of these
lesions resemble those of advanced ACF, as described
earlier[10,13,14]; strongly suggesting that they plausibly are
subtypes of advanced ACF. However, it is still unclear
as to the exact evolutionary sequence of BCAC, MDF
or FDACF, and their relevance to the human situation.
These specific ACF-subtypes are purported to accurately
predict tumor outcome[20-22]. However using them as valid
biomarkers to screen chemicals/agents for potential colon
cancer chemoprevention requires further scrutiny. Indeed,
the simplistic methylene blue staining method in assessing
ACF in whole mounts of colon remains a valuable
tool in screening compounds for their colon cancer
chemopreventive potential.

CONCLUSION
ACF are unique biological markers for the purpose
of assessing potential colon cancer chemopreventive
efficacy of compounds during the early stages of colon
carcinogenesis. Interpreting the ability of compounds
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to retard or inhibit the incidence of ACF is becoming
evidently complex. Sometimes, ACF data seem not to
correlate with that of tumor outcome; in such cases, a
single variable such as ACF incidence at a given time
point to that of tumor outcome may have to be taken
for correlative consideration. Incorporation of the crosssectional criteria described in the earlier sections may
facilitate a realistic correlation between the incidences
of ACF and tumor outcome. Thus, in interpreting
ACF data, their dynamics and heterogeneity need to be
considered in order to formulate stronger correlations to
tumor outcomes. A recent trend in the identification of
ACF subtypes are certainly useful in understanding their
biology, but their use as biomarkers in efficacy studies
requires caution, especially when the relation between
their specificity and predictability at a given time of the
carcinogenic process is taken in to account. More studies
are encouraged to identify the molecular repertoire of
ACF that categorize them as preneoplastic lesions of
the colon. Abrogating the growth and development of
preneoplastic lesions emphasizes an early strategy on
cancer prevention or control. Defining the role of ACF in
colon carcinogenesis is vital to understand the relevance
as a biological marker in the study of chemopreventive
agents. The short-term AOM-induced rat ACF thus
remains an ideal early biomarker for the identification of
various chemopreventive agents against colon cancer.
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Abstract
Irritable bowel syndrome (IBS) is a common functional
gastrointestinal disorder. According to the Rome Ⅲ
criteria, IBS is defined as recurrent abdominal pain
or discomfort for at least 3 d per month during the
previous 3 mo associated with two or more of the
following symptoms: improvement with defecation,
onset associated with a change in the frequency of
stool and/or onset associated with a change in form
or appearance of stool. There is growing evidence
regarding the genetic contribution in IBS, however the
precise etiology of IBS is still unknown. The evaluation
of the genetic influence is based on twin studies,
familial aggregation and genetic epidemiological
investigations. Most studies showed a concordance
for IBS significantly greater in monozygotic than in
dizygotic twins. The majority of the studies have shown
that familial aggregation may represent exposures to a
similar environment, as well as the influence of genetic
factors. Whereas no specific gene has been identified
in association with IBS, recent studies have noticed the
importance of polymorphisms in the promoter region
of the serotonin reuptake transporter gene, G-protein
beta 3 subunit gene (C825T ), cholecystokinin receptor
(CCKAR gene 779T>C), and high-producer tumor
necrosis factor genotype. Further studies are necessary
to determine how genetic factors influence the clinical
manifestations and therapeutical response in IBS
patients.
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INTRODUCTION
Irritable bowel syndrome (IBS) is defined according
to Rome Ⅲ criteria as recurrent abdominal pain or
discomfort for at least 3 d per month during the
previous 3 mo associated with two or more of the
following symptoms: improvement with defecation,
onset associated with a change in the frequency of
stools and/or onset associated with a change in form
or appearance of stools[1,2]. There are four types of IBS:
constipation-predominant IBS, diarrhea-predominant
IBS, mixed IBS and unclassified IBS. Within one year,
75% of patients change subtypes. Population-based
studies show prevalence of IBS to be 10%-20% and an
incidence level of IBS at 1%-2% per year[3].
The precise etiology of IBS is still unknown, but
there is evidence in the last decade regarding the
contribution of genetic, infectious, psychosocial and
dietary factors.
Although to date there has been little support found
for the role of different genes in the development of
IBS, growing evidence suggests that genetic factors may
contribute to the etiology and clinical manifestations of
IBS.
The evaluation of genetic influence is based on familial
aggregation, twin studies, and genetic epidemiological
studies focusing on gene polymorphisms.

FAMILIAL AGGREGATION
Although the family clustering of IBS has been noticed
in medical practice for several years, Whorwell undertook
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pioneering work regarding familial aggregation of IBS.
He found that 33% of patients with IBS reported a
family history of IBS compared with only 2% of the
control group[4].
A family cluster study of 643 subjects from Olmsted
County, USA, showed a significant association between
having a first-degree relative with bowel problems and
presenting with IBS [odds ratio, 2.3; 95% confidence
interval (CI), 1.3-3.9]. Those who reported having a
spouse with bowel problems were no more likely to
present with IBS. The authors also concluded that
familial associations may represent exposure to a similar
environment as well as the influence of genetic factors[5].
A recent study that directly surveyed relatives showed
a prevalence of IBS of 17% in patients’ relatives vs 7% in
spouses’ relatives [odds ratio adjusted for age and sex 2.7
(95% CI, 1.2-6.3)]. When also adjusted for somatization
score, the odds ratio was 2.5 (95% CI, 0.9-6.7). The
authors concluded that IBS presents a familial aggregation
due to genetic or intrafamilial environmental factors, but
this may be partially explained by familial aggregation of
somatization[6].
Some limitations of these studies were that only
abdominal symptoms in first-degree relatives were
assessed and that the IBS diagnosis was not confirmed
by a specialist.
Some studies have shown that specific types of
gastrointestinal illness behavior may be learned through
modeling [7], thus biasing the data on genetic transmission.
A Japanese study showed that both patients with IBS
and IBS nonconsulters were more likely than controls
to present positive family history (33.9% vs 12.6%, P <
0.001, for patients; 26.1% vs 12.6%, P < 0.01, for nonconsulters). The parental history was associated with a
significantly higher impact on clinical manifestations,
including indigestion, diarrhea, constipation, anxiety.
The authors concluded that a parental history of
bowel problems represents a significant risk factor
for development of IBS in Japan, as reported in
USA. Patients with a family history present with more
psychological distress than other patients[8].

TWINS STUDIES
The contribution of genetic factors to the development
of IBS was assessed in several major twin studies.
The Australian study, conducted on 343 twin pairs,
by Morris-Yates, in 1998, showed a higher concordance
rate for IBS in monozygotic twins than in dizygotic
twins (33.3% vs 13.3%). This study, revealing that 56.9%
(95% CI, 40.6%-75.9%) of the variance is attributed to
additive genetic factors, shows a substantial involvement
of the genetic component in IBS[9].
T he American study conducted by Levy and
published in 2001, studied the concordance rate of
IBS among 6060 twin pairs. The concordance rate in
monozygotic twins was twice as high as that in dizygotic
twins (17.2% vs 8.4%, P = 0.03). However, the number
of dizygotic twins with IBS who have mothers with
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IBS was greater than the number of dizygotic twins
with IBS who have co-twins with IBS (15.2% vs 6.7%,
P < 0.001); data also showed that having a mother or
a father with IBS are both independent predictors of
irritable bowel status (P < 0.001) and both are stronger
predictors than having a twin with IBS. Data about
the other twin accounted for little additional predictive
power. The study concluded that heredity contributes
to development of IBS, but social learning has also an
important influence[10].
In contrast with these studies, a British study
published in 2005, which included 1870 twin pairs,
showed an IBS prevalence of 17% in monozygotic twins
and 16% in dizygotic twins. There was no significant
difference regarding the concordance rates between
monozygotic and dizygotic twins (28% vs 27%). Logistic
regression analysis revealed that decreasing age and
increasing psychosomatic score were independent
factors associated with IBS. Somatization was shown
to be moderately heritable. The study concluded that
genetic factors are of little or no contribution to the
development of IBS[11].
A Norwegian study published in 2006 showed a
concordance for IBS significantly greater in monozygotic
(22.4%) than in dizygotic (9.1%) twins (P = 0.011).
The heritability of IBS was found to be 48.4% among
females. Birth weight below 1500 g (adjusted odds
ratio 2.4 (95% CI, 1.1-5.3)) influenced significantly the
development of IBS, which occurred 7.7 years earlier in
the low weight group than in higher weight groups[12].
Another recent twin study perfor med on 986
twin pairs and published in 2007 showed a polychoric
correlation for monozygotic twins and IBS (0.47) larger
than that for dizygotic twins (0.17). Genetic variance
was 22%, but adjusting for anxiety and depression
removed the statistical significance for IBS. The study
concluded that genetic factors are involved in IBS,
possibly mediated by the hereditability of anxiety and
depression[13].

GENE POLYMORPHISMS
No single pathophysiologic mechanism explains
entirely the clinical manifestations of IBS. Current
evidence suggests that altered brain-gut axis is the
key mechanism associated with disordered motility,
visceral hypersensitivity and autonomic dysfunction[3,14].
Regulation of these connections occurs via numerous
neurotransmitters such as CCK, VIP, substance
P, serotonin (5-hydroxytryptamine, 5-HT). Recent
studies have also shown the involvement of the
corticotropin-releasing hormone (CRH) in stress-related
pathophysiology of IBS and possibly in inflammation of
the intestinal mucosa[15].
Genetic factors may influence all these mechanisms,
affecting both central and peripheral levels of the braingut interrelations[16].
Some authors have shown that substances and genes
involved in the brain-gut axis may represent the key
factor solving IBS[14].
www.wjgnet.com
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Gene polymorphisms involve the serotonergic,
adrenergic and opioidergic systems, and genes encoding
proteins with immunomodulatory and/or neuromodulatory features[17,18].
Serotonin polymorphisms
At the gastrointestinal level, 5-HT acts as a paracrine
signalling molecule and as a transmitter released by
serotonergic interneurons. Serotonin activates at least
five types of receptors, influencing intestinal peristalsis,
secretion and signalling in the brain-gut axis. Based on
the differences in structure and function, seven types of
5-HT receptors have been described[18]. In patients with
IBS, stimulation of 5-HT type 3 receptors may lead to
cramps, urgency, diarrhea and colonic contractions. The
serotonin removal from the sites of action is mediated
by a specific protein, the serotonin reuptake transporter
(SERT). Increased 5-HT release in the bowel may induce
diarrhea, nausea, and vomiting[19].
A high level of 5-HT may result from exaggerated
synthesis, excessive release, or inadequate uptake and
inactivation. Modifications in the serotonin transporter,
responsible for removing 5-HT from the interstitial
space and terminating its action, may also contribute to
gastrointestinal motility troubles[19].
Whereas no specific gene has been identified in
association with IBS, recent studies have demonstrated
the importance of polymorphisms in the promoter
region of the serotonin reuptake transporter gene for
motility disorders[19].
The SERT gene encoding the SERT protein is
located on the chromosome 17q11.2-q1. A functional
polymorphism, an insertion or deletion of 44 base pairs
in the 5-HT-transporter-gene-linked polymorphic region
(5-HTTLPR), was first reported in 1996 by Heils[20].
An association between 5-HTTLPR polymorphism
and diarrhea in women with IBS has been reported[19];
however, insufficient numbers of constipationpredominant IBS patients represented a limitation of
this study. Homozygous or heterozygous patients for
the 5-HTTLPR deletion (the short allele) have decreased
transcription of SLC6A4, reduced expression of the
sodium-dependent serotonin transporter and, therefore,
reduced reuptake of serotonin. Homozygous patients
for the 5-HTTLPR insertion polymorphism (the long
allele) present wth significantly slower colonic transit than
heterozygous patients, whereas no difference regarding
the colonic transit time is found between homozygous
or heterozygous patients for the 5-HTTLPR deletion
polymorphism[17,19].
The 5-HTTLPR polymorphism was also studied
in various behavioral traits and psychiatric disorders; a
recent study has shown that IBS patients homozygous
for the shor t allele of 5-HTTLPR or car r ying a
STin2.9VNTR allele (polymorphism located in intron 2
of SERT gene) are significantly more likely to present a
history of depression[20].
Another study has revealed that 5-HTTLPR long
allele may be one pathway that activates negative
emotion in females and has a contrary action in males[21].
www.wjgnet.com
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A recent Chinese study has investig ated the
relationship between polymorphisms of the serotonin
reuptake transporter and the IBS subtypes, and its
influence on the efficacy of tegaserod treatment. This
study suggests that individuals with the long allele
genotype are vulnerable to develop IBS with constipation
and respond poorly to tegaserod treatment[22]. Another
study has shown that alosetron, a 5-HT type 3 receptor
antagonist, relieves IBS-related pain and normalizes
bowel function in women with diarrhea-predominant
IBS. This study also suggests that this drug is more
effective in homozygous patients than in heterozygous
patients for 5-HTTLPR insertion. However, the small
number of patients enrolled in this study does not
permit a firm conclusion[23,24].
Interaction of serotonergic and adrenergic receptors
Adrenergic agents act upon the sensory and motor
function of the human gastrointestinal tract, via α 2
adrenergic receptors (adrenoceptors). Three human α2
adrenoceptors have been identified: the α2A, α2B and α2C
subtypes.
There is evidence that polymorphisms in the genes
encoding these receptors may decrease the synaptic
autoinhibitory feedback and increase presynaptic
release of norepinephrine. Norepinephrine transporter
modulates the synaptic level of norepinephrine. There
is evidence of an interaction between serotonin and
norepinephrine in the modulation of gastrointestinal
function[25]. Associations have been observed between
polymorphisms in SLC6A4 or genes that encode α2A and
α2C adrenoceptors and IBS phenotypes. A polymorphism
in ADRA2C, the gene encoding the α2C adrenoceptor, is
associated with an increased likelihood of constipation
in patients with gastrointestinal functional disorders (P
= 0.05), and also with an increased likelihood of severe
and frequent somatic symptoms. Polymorphisms in
the genes encoding the α2A adrenoceptor and the α2C
adrenoceptor are significantly associated with a high
somatic symptom score[26].
In patients with functional dyspepsia, modified
alpha-adrenoreceptor function and depression are
common; features that are linked to a G-protein beta
3 (GNB3) subunit gene polymorphism (C825T), as
shown in a study published in 2004. G-protein beta 3
subunit 825 CC genotype was significantly associated
with unexplained (functional) dyspepsia; the odds ratio
adjusted for age and sex for upper abdominal symptoms
was 2.2 (95% CI, 1.4-3.3)[27].
Cholecystokinin
Cholecystokinin (CCK) is released by endocrine Ⅰ cells
within the duodenal and jejunal mucosa in response to
the products of protein and fat digestion.
Patients with IBS have high fasting and postprandial
plasma levels of CCK. The effects of CCK are mediated
via CCK-A receptor and CCK-B receptor (also known
as CCK1-R and CCK2-R) located in the peripheral
and central nervous system. Therapeutical blockade of
CCK-A receptors may stimulate gut motility and may
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reduce colonic transit time in patients with constipationpredominant IBS[28].
A polymorphism in CCKAR gene (779T>C) in IBS
patients with constipation is associated with slower
gastric emptying. This suggests that, compared with
the 779T variant, the 779C substitution results in an
increased response to endogenous CCK, retarding
the gastric emptying. Future confirmatory studies are
needed, due to the small sample size in this study[29].
Cytokines
Although the definition of IBS states that no active
inflammation causes symptoms, transient mucosal
inflammation is considered to be an important factor for
the manifestation of IBS.
Cytokines are involved in the regulation of the
immune and inflammatory reaction with proinflammatory
effects, such as tumor necrosis factor (TNF) and
interferon, and with anti-inflammatory effects, such as
interleukin 10 (IL-10) and transforming growth factor
(TGF) β1.
A genetic predisposition to produce high or low
amounts of a particular cytokine may modify the
susceptibility to a certain disease, or affect its clinical
manifestation. Some studies have shown no significant
association between TGF β genotypes and IBS patients.
By contrast, a low prevalence of the high-producer
genotype of IL-10 in patients with IBS has been noticed,
suggesting the association between the predisposition
to produce low amounts of this cytokine and IBS, or
a possible protective role of high levels of IL-10. A
genetic predisposition to produce low levels of antiinflammatory cytokines may signify a compromised
control of the inflammatory response[17,30].
Another study has shown that high-producer TNF-a
genotype is more prevalent in IBS patients than in
healthy subjects. Homozygous high-producer genotypes
were rare in both groups; the heterozygous genotype
was found in 41% of IBS patients vs only 26% of
healthy controls. By contrast, no significant difference
regarding the IL-10 genotypes prevalence was found in
IBS patients and control group. The authors concluded
that high producer TNF- a and low producer IL-10
genotypes were significantly more prevalent in IBS
patients than control group (9% vs 3%, P = 0.035) and
in diarrhea (20%) compared to other IBS subtypes (<
4%, P = 0.026)[30]. Another study showed a significantly
low prevalence of the high-producer IL-10 genotype in
IBS patients compared with controls (21% vs 32%)[31].
This difference might be related to variation in genotype
frequencies according to ethnicity: the high-producer
IL-10 genotype is significantly higher in the Irish
population (34%) than in Africans (9.5%). A limitation
of the study consisted of the assessment of only one
anti-inflammatory cytokine polymorphism[17].
Post-infectious IBS
A recent study evaluated the involvement of genetic
factors in post-infectious IBS; the authors capitalized
on the opportunity to study these correlations after the
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contamination of the municipal water in a small rural
town in Canada. They identified four candidates associated
with post-infectious IBS: two located in Toll-like
receptor 9 (the coding SNP rs352139 and the promoter
SNP rs5743836), one involving the promoter SNP of
E-cadherin (rs16260) and the other involving a promoter
SNP of IL-6 (rs1800795). The authors concluded that
after corrections for multiple comparisons, none of these
associations is significant and stressed the importance of
the further population studies for validations of the gene
candidates in post-infectious IBS[32].
Psychological distress
Association between psychological distress and IBS may
be due to common genetic factors, but this remains
debatable.
The association between major depressive disorder
and IBS (with a 13%-45% co-occurrence) may involve
genetic and environmental common pathophysiological
mechanisms[33]. A recent study has shown the lack of
specificity regarding this association; chronic widespread
pain related to fibromyalgia and chronic fatigue are
also associated with IBS. The authors concluded that
genetic and family environmental factors do not explain
the association between IBS and major depressive
disorder[33,34].
Another recent study has investigated the genetic
compo-nent in the co-occur rence of IBS with
psychological factors; the authors have shown that
independent risk factors for IBS are: female gender,
somatization, neuroticism, phobia; no environmental
factors are significantly involved. Depression and
neuroticism do not co-occur with IBS through common
genetic factors, whereas somatization associated with
IBS share common genetic components[35]. The authors
concluded that identifying the genes involved in
somatization may represent a key in understanding IBS
etiology[35].

CONCLUSION
IBS is a multifactorial functional disorder, resulting
from a complex interaction of genes, environment
and psychosocial factors. Recent studies have shown
that genes may play an important role in IBS. Thus,
the environmental factors can trig ger the clinical
manifestations of IBS when acting on a certain genetic
background.
Genetic factors may be directly linked to gastrointestinal sensory and motor functions or cause initiation
of the modifications underlying the symptoms in the
presence of exogenous factors.
Further studies are necessary to develop the facts
known so far about the genetic determination of the
clinical features and therapeutical response in IBS.
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Abstract
Economic analysis of chronic diseases is required for
proper allocation of resources and understanding costeffectiveness studies of new therapies. Studies on
health care cost of ulcerative colitis (UC) and Crohn’s
disease (CD) are reviewed here. These studies were
carried out in various countries with disparate health
care systems. In the United States, data were often
modeled or retrieved from large insurance schemes.
Surgery and in-patient hospitalization accounted
for over half the outlay on UC and CD. Fistulous
disease in CD and parenteral nutrition were very
costly. In Canada, overall charges were lower than
in the United States, but there too, surgical costs
were relatively high. In European studies, economic
data were abstracted directly from patients’ files.
One pan-European study examined the outlay on UC
and CD in a community-based prospective inception
cohort followed for 10 years. Overall costs in Europe
were lower than in the United States. Surgery,
hospitalization, year of follow-up, disease phenotype
in CD and ASCA-positivity impacted significantly on
costs. In all studies, the cost data were right skewed,
aminosalicylates were expensive drugs, and biological
agents the most expensive; moreover indirect
costs were not calculated. Infliximab raised costs
considerably in CD, but there were no long-term followup studies, so that the cost-benefit of biological agents
remains unknown. In conclusion, costs of managing
UC and CD vary by country, surgery, genotype and
several other factors. The most important question for
further research is whether the biological therapies are
cost-effective in the long-term.
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INTRODUCTION
The science of medical economics, as a branch of
welfare economics, is concerned with providing quality
health care to patients while streamlining costs. In
the current age of escalating health care charges and
growing constraints on national health budgets, formal
economic analysis of chronic diseases is essential for the
proper allocation of resources and the design of costeffectiveness studies of novel therapeutic agents and
diagnostic modalities that are invariably more expensive
than existing methods. The fundamental requirements
of g ood economic studies are given in Table 1.
Inflammatory bowel disease (IBD) comprises ulcerative
colitis (UC), Crohn’s disease (CD), and indeterminate
colitis (IC). These are idiopathic chronic inflammatory
conditions that affect the intestines in particular, with a
high rate of extraintestinal manifestations[1]. CD and UC
present predominantly in young adults, whose concerns
relate to their higher education, careers and establishing
their families. These persons then find themselves having
to cope with illnesses that have life-time morbidity. Lifelong medical treatment is required, and often surgery.
CD has been shown to have an increased mortality
even in its early course[2], but this was not found for
UC[3]. Patients spend variable time periods in transition
states, which depend on the severity of disease, type of
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pharmacotherapy given, need for surgery, and apparently
also geographical origin [4,5]. Additionally, there is the
risk of intestinal and extraintestinal malignancies, and
extraintestinal manifestations in the joints and other
systems. There is evidence for a rising incidence of
these maladies in many countries, including in Asia and
Africa, where cases were scarce until recently[6]. For all
the foregoing reasons, the direct health care costs of
UC and CD are expected to place a considerable and
increasing burden on national health care resources. In
addition, there is the large burden of indirect health
costs engendered by decreased work productivity and
disability[7,8]. This is quite difficult to estimate and no
suitable method exists.
There have been a number of studies published
on the health care costs of UC and CD and these
are reviewed in this article. IC will not be discussed
in detail because it is rarer and has been seldom the
subject of economic analysis. A MEDLINE search was
conducted using the terms ulcerative colitis, Crohn’s
disease, indeterminate colitis, inflammatory bowel
disease, infliximab (and other biological agents), health
care cost, economics, charges, cost-benefit, cost-utility,
cost-effectiveness, and Markov model, to find pertinent
original research articles published after 1990, excluding
letters, commentaries and reviews. The studies selected
for inclusion will be reviewed by country. Of note,
there have been few actual investigations (as opposed to
speculative models) attending to the issue of the costutility of modern biological agents that are becoming
so widely used in CD, and now more recently, in UC.
Furthermore, there are new expensive technologies for
the investigation of patients with CD and UC. These
matters have considerable economic importance.

COST STUDIES
United States
In the 1990s, the initial cost studies in IBD were carried
out in the United States. Hay et al[9,10] produced the first
reports. They described an economic evaluation of
UC and CD using a medical decision algorithm costing
methodology, based on examination of 1988-1989 claims
data from a major United States commercial medical
insurer. They calculated a mean annual direct cost per
patient with CD as $6561 (1990 US dollars), and for
UC $1488. Surgery accounted for the majority of these
sums. The distribution of annual medical expenses was
right-skewed. The top 2% of CD patients accounted for
28.9% of total charges and 34.3% of the total amount
paid; for UC, the corresponding estimates were 36.2%
and 39.0%. Surgery and inpatient costs accounted for
some 56% of costs; outpatient care 3.0%-7.1%; initial
diagnostic workup 1.5%-7.8%, and medications 10%.
Feagan et al[11] used a commercial claims database
serving employees of about 50 large companies in
the US, to determine the payer costs of CD. Charge
claims from 607 patients were analyzed and the results
expressed in 1995 US values. The mean annual cost
of medical care per patient was deter mined to be
www.wjgnet.com
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Table 1 Requirements of good cost-of-disease studies
Requirements
Economic analysis is carried out from the societal perspective
The cohort is community-based
The study provides knowledge of
Total direct cost of a disease
Inclusion of diagnostic costs and treatments until diagnosis
Inpatient and outpatient costs
Resources that drive costs
The analysis
Accounts for the skew of cost data
Provides for time-based discounted downstream costs
The result
Is applicable to patient cohorts from other countries
Provides a basis for cost–utility analysis

$12417 (95% CI, $10 226-$14 607). In a sub-set of
117 hospitalized CD patients, the mean annual cost
per patient was $37135 (95% CI, $28 227-$46 043).
Pharmacy charges amounted to about 4% of this outlay.
The cost data were again right-skewed, with 25% of
patients accounting for 80% of total costs. Thus, in 607
CD patients, the median annual cost was $3668 (95%
CI, $1417-$12 107), and in the sub-set of hospitalized
patients the median annual cost per patient was $21 671
(95% CI, $11 738-$35 535). The major determinants of
cost, in descending order of magnitude, were inpatient
hospitalization, outpatient services, physician office visits
and prescription medications. Twenty-seven of the CD
patients had a fistula, and these individuals encountered
2.5-fold higher mean total medical care costs, $31 370
per patient per year, of which amount, inpatient services
contributed 71%.
Silverstein et al[4] performed a Markov model analysis
of the costs of health care; the utilization/time profile
in this study was based largely on assumed conditions.
They examined direct health care costs in a populationbased inception CD cohort (174 patients, time period
1970-1993), who were residing in Olmsted County,
southeastern Minnesota. Clinical information was
abstracted retrospectively and sometimes from original
medical records, and data on direct medical charges
(the payer’s perspective) were obtained from a county
database. Medical expenses of matched non-CD subjects
were subtracted from the health care expenses of the
CD patients to derive charges that were then attributed
solely to their CD illness. Results were given in 1995
US prices. The estimated life-time direct cost of health
care in the CD cohort (with a 5% annual discount rate
applied) was $125 404. Taking the projected followup period of the disease to be 42.6 years (mean age at
diagnosis 32.1 years plus assumed 42.6 years of life after
diagnosis in a representative patient), the mean cost of
health care can be calculated to be $2944 per patient per
year of disease. In appreciation of the skew of health
care cost data, calculations using median values can be
performed instead. The predicted median life-time cost
of health care was $39 906. Again, using the authors’
assumed median follow-up period of 46.4 years (28.1
median age at diagnosis plus 46.4 projected life years),
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the median cost can be calculated at $860 per patient per
year of disease. Alternately, using the figure of 10 years
median follow-up time of the cohort, as stated by the
authors, the cost of disease becomes $3991 per patient
per follow-up year (or roughly $12 504 mean cost per
patient per disease year). Surgery and aminosalicylate
therapy accounted for 44% and 30% of the total cost,
respectively. The mean cost of surgery was $9109 per
patient per month, compared with medical costs up to
$1000 per patient per month for cases in remission or
with mild disease, or up to $1500 per patient per month
for those on steroids and immunosuppression. Charges
for physician services constituted the largest component
of services for non-surgical patients. CD patients in
remission after medical or surgical treatment had health
care expenses that were substantially higher than those
of the matched controls.
Cohen et al[12] looked at the cost of hospitalization
in CD patients hospitalized in Chicago. There were
147 patients with 175 hospitalizations, mostly surgical,
in a 1-year period ending in June 1997. Duration of
hospitalization was: overall, 8.7 d; medical, 7.5 d; and
surgical, 9.6 d. The mean overall hospitalization charges,
excluding physicians’ fees, totaled $12 528, with medical
and surgical admissions being $10 020 and $14 409,
respectively. The mean charges including physicians’
fees amounted to: overall, $35 378; medical, $20 744; and
surgical, $46 354. High-cost items were surgery and total
parenteral nutrition.
Canada
Bernstein et al[13] investigated the direct hospital costs
from the payer perspective for a cohort of 187 CD and
115 UC patients at a tertiary care hospital in Manitoba, in
1994-1995. Charts were reviewed to validate that the admissions were for CD or UC only. There were 275 hospital admissions entered in the analysis. Resources used
were documented and priced (Canadian $, 1994-1995)
according to the hospital billing database. Cases were
classified as medical or surgical admissions. Data are
shown here for the costs that were related to CD or UC
and not non-digestive disease admissions. The mean
cost of hospital admission per medical case was C$2571
(95% CI, C$1801-C$3340) for CD and C$2186 (95%
CI, C$1449-C$2922) for UC. The mean cost per hospitalized surgical case was higher, with C$3427 (95%
CI, C$2728-C$4126) for CD and C$4635 (95% CI,
C$3549-C$5726) for UC. Using the median values per
hospitalized patient, the medical cost was C$1664 for
CD and C$1262 for UC; the surgical cost was C$2546
for CD and C$3341 for UC. Surgery accounted for 50%
of all hospital admissions, 58% of all hospital days, and
61% of all costs. Patients with multiple admissions were
more costly than those with only a single admission. Patients receiving total parenteral nutrition demonstrated
escalated costs. IC was more costly for surgical hospitalization (mean C$6898) than CD or UC.
Europe
Cost studies were repor ted from Europe in the
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present decade. Bassi et al[14] reported retrospectively
the inpatient and outpatient costs, from the payer
perspective (UK National Health service), of patients
with CD (160 prevalent cases, 12 incident cases), UC
(253, 31) and IC (20, three) at a university hospital in
north-west England, over a 6-mo period, ending in
December 2000. Charges for hospitalization, surgery,
outpatient services, investigations and medications were
documented. IC was included with UC in the paper.
Values were expressed in 2000-2001 values. Costs are
re-calculated here to represent a period of a calendar
year. The cost for treating CD was ₤3416 per patient per
year, and for UC, ₤3021 per patient per year. Fourteen
percent of the patients were hospitalized during the
study period. Inpatient and surgery costs accounted
for over half of the costs for CD and UC. Patients
not requiring hospitalization had less than 10% of
the costs of patients who were admitted. The outlay
on oral 5-aminosalicylates exceeded that of all other
medications. Cost data were highly skewed: the 10%
most costly patients in CD and UC accounted for 59%
and 62% of total costs. Variables driving up the cost of
disease care were a diagnosis of CD, hospitalization, and
severity of illness, but not age, sex or disease extent.
Ebinger et al [15] assessed retrospectively the cost
of outpatient care in CD (390 patients) and UC (158
patients) in a German university hospital in Ulm from
1997 to 2000, using the payer perspective and the
current hospital fee schedule. The mean annual cost
for outpatient care was €3171 in all 548 patients, with
drugs accounting for 85% of this outlay. The mean cost
for one outpatient visit was €162, of which diagnostic
procedures accounted for 82% of charges. Costs
were higher in patients with disease duration of less
than one year. Variables driving the cost of care were
frequent visits to outpatient clinics, complications and
corticosteroid therapy. Costs were no different between
patients with CD or UC.
Odes et al [16] car ried out a cost analysis in a
community-based inception cohort with 10 years of
follow up. There were 425 CD patients and 896 UC
patients from eight European countries and Israel (the
European Collaborative Study Group of Inflammatory
Bowel Disease (EC-IBD) inception cohort, established
1991-1993) followed through to 2004. Extensive
measures were taken to assure the highest rate of case
ascertainment. All patients met the exacting diagnostic
criteria of Lennard-Jones[1]. Data on consumption of
resources were obtained retrospectively from electronic
patient questionnaires (in nine languages) and electronic
physician-per-patient follow-up questionnaires. The
mean annual expenditure (2004 monetary values) on total
health care (outpatient care, diagnostics, hospitalization,
surgery, medication) in IBD was €1871 (SD €4884) per
patient per year over the decade of follow up. The mean
outlay on total health care for CD (€2548 per patientyear) was appreciably higher than that for UC (€1524 per
patient-year). Mean costs varied considerably between
countries, being highest in Denmark at €3705 per
patient-year and lowest in Norway at €888 per patientwww.wjgnet.com
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Figure 1 Mean annual cost of health care for IBD patients in the EC-IBD
countries with 10-year follow-up. Data provided by EC-IBD.
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Figure 2 Mean annual expenditure in CD and UC in remission and with
flares in the EC-IBD countries during 10 year follow-up. Data provided by
EC-IBD.

year (Figure 1). Median costs were lower than mean
costs, which confirmed the right skew of the mean cost
data. The most expensive resources were hospitalization,
which accounted for 63% of the cost in CD and 45%
in UC. Total and hospitalization costs were much higher
in the first year after diagnosis than in the follow-up
period. The significant variables driving the cost of
care were country, year of follow-up [year 1: odds ratio
(OR) = 3] and diagnosis (CD: OR 1.5); sex and age had
no incremental effect on cost. Patients with flares were
more expensive than those without during the entire
follow-up period (Figure 2). 5-Aminosalicylate was the
most expensive drug category; this was the result of a
high price and long duration of use. There were too few
patients receiving infliximab in this study to greatly affect
cost. The extent of disease was found to affect the cost
significantly in UC but not CD patients; the cost in CD
varied significantly according to the Vienna classification
phenotypes. Of importance in this context is the finding
that the extent of UC is known to be changeable over
time in about half of patients, with extension as well as
regression being noted[17].
Juan et al [18] re por ted a cost study on CD in
Spain in 2003. It was based on questionnaires to
gastroenterologists to obtain disease-related information,
and phone inter views to patients to obtain dr ug
utilization data. The annual cost per patient was
estimated at between €2104 to €6808 for direct medical
costs, and €4704 for indirect costs. Hospitalization
and loss of productivity were the items driving these
respective costs.
www.wjgnet.com

Infliximab entered widely into the management of CD
over the last decade or so, and since 2006 for UC as
well. Recently, other biological therapies have entered
the market. Infliximab is an antibody to tumor necrosis
factor α which has revolutionized therapy in over 50%
of patients who receive this treatment, and who were
non-responders to standard medical therapies[19]. There
is a developing trend to introduce infliximab earlier into
the therapeutic regimen, in the hope that prolonged
unresponsive illness, steroid side-effects and surgery may
be avoided, and health-related quality of life improved.
The use of maintenance therapy with biological agents
is gaining acceptance, as it reduces hospitalization and
surgery [20]. However, these are expensive agents, and
assessment of their impact on short- and long-term
health care costs is required. Such studies lead to disease
activity scores and outcomes of biological treatments
as reported in clinical trials. Not all reports fulfill these
criteria. Modeling can only approximate real patient
documentation but does provide a useful indicator of
costs. To date, there have been few reports published in
this area.
Arseneau et al [21] were the first to determine the
cost-utility of treatment with infliximab in CD with
perianal fistulae. Using a Markov model, and with a
given cost of a three-course infusion of infliximab of
$6420 (2000 prices), the cost of achieving one qualityadjusted life-year exceeded US $350 000. This result was
highly dependent on the cost of the medication. Since
2001, the cost of infliximab has decreased somewhat,
and several of the disease-course assumptions have
changed. A more recent retrospective audit by Jewel
et al[22], based on 205 patients who received infliximab
in seven hospitals in the UK, showed that the mean
total health care costs in the 6 mo before the initial
infliximab infusion (₤2883 per patient) exceeded the
mean costs in the 6 mo following the infusion (₤2744
per patient), by an average of ₤139 per patient (a saving
of 5%), which suggests that this biological agent is
potentially cost-effective. There was a 76% reduction in
the number of hospitalization days and 79% of patients
reduced or stopped taking corticosteroids. Lindsay
et al[23] used this study as a basis for determining the
cost-effectiveness of scheduled maintenance treatment
with infliximab for moderate/severe luminal and
fistulizing CD in hypothetical patients in a commercially
funded study. Markov models were constructed to
simulate the progression of adult CD patients, using
transition states estimated from published clinical trials
of infliximab, particularly the ACCENT trial. The
respective incremental costs per quality-adjusted life
year gained were ₤26 128 and ₤29 752 in severe luminal
and fistulizing CD at a 5-year time horizon. The body
weight of patients had the most important impact on
the incremental cost-effectiveness ratio, since dosing
of infliximab is weight-based. A 10% increase in body
weight raises the cost per quality-adjusted life year by
some ₤7000. The reduction in surgery predicted in this

study was similar to that documented by Saro et al[24]
and the time of follow up was similar. Dose-escalation
in patients losing their response to infliximab was very
expensive[25].
Jaisson-Hot et al[26] carried out a life-time cost-utility
analysis with an analytic Markov decision model in nonfistulizing resistant CD patients treated with infliximab
(episodic re-infusions for relapse, or scheduled
maintenance therapy), compared with conventional
surgery and medical treatment. The perspective was that
of the third-party payer system. Utility measurement
using Standard Gamble was employed to adjust the
survival time for each transition state of disease. The
incremental cost-utility ratio per quality-adjusted life
years saved varied from €63 701 (episodic re-infusions)
to over €762 245 (scheduled infusions). The analysis
suggested that infliximab could be cost-effective only in
the case of treatment for flares of disease.
Saro et al[24] reported the impact of infliximab on
health care costs in CD patients in northern Spain.
There were 34 patients in the study with a mean disease
duration of 13.6 years. The mean follow-up time was
9.8 years before and 4.3 years after the first infliximab
treatment. About 53% of the patients had penetrating
and/or perianal disease, and 41% had extraintestinal
manifestations. Following the introduction of infliximab
(which was always given as 5 mg/kg body weight) to
the treatment regimen, mean hospitalization costs
were reduced from €2783 to €679 per patient-year,
and the mean surgical cost dropped from €139 to
€79 per patient-year. However, the cost of infliximab
treatment amounted to a mean €7996 per patient-year.
Therefore, the total annual cost of health care increased
considerably, from a mean €4464 per patient-year before
to a mean €10 594 per patient-year after the introduction
of infliximab. This study contradicts that of Jewell
et al[22]. It must be stressed that all the foregoing studies
did not account for the innate fluctuations of disease
activity and the so-called placebo-response of the
disease, so that future studies need to take these factors
into consideration in the interpretation of outcomes and
costs after therapeutic interventions.

GENOTYPES AND PHENOTYPES DRIVING
COSTS
It would be very useful to identify patients whose
genotypes and phenotypes predicted higher health care
costs, since aggressive treatment might reduce morbidity
as well as cost. Alternatively, genotypes and phenotypes
with a better prognosis would be a reassuring finding.
It was reported recently that the expenditure on
patients with CD was greatly influenced by the disease
phenotypes. In a cohort of 418 patients with CD and 10
years of follow-up, the total cost of health care for the
Montreal classification[27] behavior phenotypes was €1690
for non-stricturing/non-penetrating, €2081 for stricturing,
€3133 for penetrating, and €3356 for penetrating-withperianal-fistula (P < 0.001); all values given as means per
phenotype-patient-year[28]. Taking these phenotypes in the
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Figure 3 Mean annual total direct cost of health care in selected
countries, discounted[36] to year 2004, and expressed as US$ (currency
conversions from http://www.oanda.com/convert/fxhistory, accessed 10
May 2008). H: Hospital costs only.

same order, the cost of surgical hospitalization was €215,
€751, €1293 and €1275 per patient-phenotype-year (P <
0.001). Surgical hospitalization costs differed significantly
by the location phenotypes: ileum, €558, €209, €492
and €542, expressed as means per patient-phenotypeyear (P < 0.001). Younger age at diagnosis predicted
greater surgical expenses. Estimates of the proportion
of CD patients with the various phenotypes of disease
vary in different reports[28]. Notably, there is a change
in phenotype with length of follow-up, with structuring
and penetrating disease becoming more frequent [29].
Unlike behavior, location of disease was shown to be
relatively stable over time [29]. Additionally, smoking
appears to influence disease location in CD, with current
smokers having a lower rate of colonic disease, fewer
strictures and fistulae, and a lower rate of surgery[30]. CD
patients with stricturing and penetrating disease were
more likely to be positive for anti-Saccharomyces cerevisiae
antibody [31]. CD patients with the NOD2/CARD15
mutation Gly908Arg or positive serology to ASCA had
higher health care costs, in particular for surgery, and
prolonged hospitalization [32]. However, the mutants
Leu1007fsinsC and Arg702Trp had little effect on
disease course in that study. ASCA-positive patients were
significantly younger at diagnosis than ASCA-negative
patients, and Gly908Arg-positive patients showed a trend
towards younger age at diagnosis of CD. In another
study, NOD2/CARD15 variants in CD patients aged
under 16 years were strongly associated with jejunal and
ileal involvement, stricturing disease and early recourse
to surgery[33]. ASCA is an established serological marker
for CD. Moreover, ASCA is frequently detected in CD
patients with NOD2/CARD15 allele mutations [34] .
NOD2/CARD15 variants constitute a risk factor for
ileal site of disease, development of intestinal strictures
and fistulae, occurrence of more severe disease, and an
increased requirement for surgery[35]. It is possible that
measurements of Gly908Arg and ASCA at onset can
be used to foretell increased health care costs in CD
patients.

CONCLUSION
CD and UC are serious diseases with considerable
health care costs. The studies reviewed above however
www.wjgnet.com
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displayed considerable disparity of outcomes (Figure 3).
These differences clearly cannot be resolved by simply
applying a discount rate (currently reckoned to be
2.5%-3.0% [36]) to the costs derived at different time
periods. Some of these discrepancies can be attributed
to variations of methodology, selection of cohorts,
locality, and whether the health care system is private or
public. In these studies, the costs were computed from
the payer (third party) perspective or from economic
data abstracted directly from patients’ files, according
to the nature of the research. Differences of medical
practice would seem to play a role as well. There are also
wide differences in the health care price structure within
and between countries [9,16]. This could explain some
of the differences in health care expenditure between
the various European countries that participated in
the EC-IBD study. In all the studies, the charges for
hospitalization, surgery and biological therapy comprised
a large percentage of costs. Despite the trend to do as
much care as possible on an outpatient basis, it appears
that the rate of hospitalization is increasing [37]. The
benefits of keeping patients in remission include a
significant drop in the rate of medical as well as surgical
hospitalization[38], and therefore a reduction in cost. A
new issue in recent years is the welcome development
of biological therapies for CD and UC; these drugs have
profoundly improved the treatment of these diseases,
but with a large price tag. Available economic modeling
exercises and the study from Spain imply that infliximab
has a relatively high incremental cost per quality-adjusted
life year compared with standard care, but this requires
further investigation, preferably with real patient data.
Comparison of the costs of biological agents with
established treatments in trials is complicated by the need
to assess the downstream effects of an intervention. In
those situations, modeling is a quicker method to obtain
cost data, but has its limitations. More data of health
cost in CD and UC are certainly required.
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Abstract
AIM: To distinguish anastomotic from parenchymal
leakage at duct-to-mucosa reconstruction of the
pancreatic remnant.
METHODS: We reviewed the charts of 68 pancreaticoduodenectomies performed between 5/2000 and 12/2005
with end-to-side duct-to-mucosa pancreatojejunostomy
(PJ). The results of pancreatography, as well as
peripancreatic drain volumes, and amylase levels were
analyzed.
RESULTS: Of 68 pancreatojejunostomies, 48 had no
leak by pancreatography and had low-drain amylase
(normal); eight had no pancreatographic leak but had
elevated drain amylase (parenchymal leak); and 12
had pancreatographic leak and elevated drain amylase
(anastomotic leak). Although drain volumes in the
parenchymal leak group were significantly elevated at
postoperative day (POD) 4, no difference was found
at POD 7. Drain amylase level was not significantly
different at POD 4. In contrast, at POD 7, the
anastomotic-leak group had significantly elevated drain
amylase level compared with normal and parenchymalleak groups (14158 ± 24083 IU/L vs 89 ± 139 IU/L
and 1707 ± 1515 IU/L, respectively, P = 0.012).
CONCLUSION: For pancreatic remnant reconstruction
after pancreaticoduodenectomy, a combination of
pancreatogram and peripancreatic drain amylase levels
can be used to distinguish between parenchymal
and anastomotic leakage at pancreatic remnant
reconstruction.
© 2008 The WJG Press. All rights reserved.
www.wjgnet.com
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INTRODUCTION
Pancreaticoduodenectomy remains the surgical resection
of choice for cancer of the head of the pancreas.
Surgical techniques for reconstructing the pancreatic
remnant after pancreaticoduodenectomy include end-toend pancreatojejunostomy (PJ) with invagination, endto-side PJ with[1,2] or without pancreas invagination[3],
pancreatic duct invagination [4], pancreaticocutaneous
fistula[5], and external drainage of the pancreatic duct
without pancreaticoenteric reconstruction[6]. However,
pancreatic leakage remains a significant complication,
occurring in 0%-37% of cases[1,7,8]. An unrecognized leak
at the PJ anastomosis can result in lethal complications, in
particular, intra-abdominal abscess and hemorrhage[9-12].
Pancreatic leaks have traditionally been defined
by amylase levels measured in the peripancreatic fluid
obtained by placing a drain immediately around the PJ
anastomosis[13]. However, pancreatic juice can originate
either from the main pancreatic duct or from the
cut surface of the pancreatic parenchyma. Thus, an
elevated level of amylase in the fluid obtained from the
peripancreatic drain suggesting pancreatic leakage does
not indicate whether the leak is at the duct-to-mucosa
anastomosis (an anastomotic leak) or from the resection
parenchyma surface (a parenchymal leak). The existence
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of parenchymal leakage was previously shown to be
from an accessory small duct in the parenchyma, separate
from the duct-to-mucosa anastomosis[14]. However, it
is difficult to distinguish between an anastomotic and
a parenchymal pancreatic leak at end-to-side duct-tomucosa PJ reconstruction. The aim of this study was
to assess the PJ following pancreaticoduodenectomy to
characterize the nature of PJ leaks.
In the cases studied, the pancreatic remnant
following pancreaticoduodenectomy was reconstructed
with end-to-side duct-to-mucosa PJ, as described
previously[15]. The PJ anastomosis was critically evaluated
postoperatively with pancreatography via an externalized
pancreatic stent placed at the time of surgery. We
found that duct-to-mucosa anastomotic leakage could
be distinguished from parenchymal leakage at the PJ
reconstruction after pancreaticoduodenectomy by using
the combined radiographic findings on pancreatography
and amylase levels in the peripancreatic drain fluid.

MATERIALS AND METHODS
Medical records of patients who underwent abdominal
exploration for pancreatic mass between May 2000 and
December 2005 were reviewed. The review of patient
records was approved by the Institutional Review Board
at the Mayo Clinic in Jacksonville, Florida. Classical
pancreaticoduodenectomy was performed as previously
described[3]. The pancreas was divided left of the portal
vein[14]. The pancreatic remnant was reconstructed with
end-to-side duct-to-mucosa PJ using 6-0 PDS sutures
as previously described[15]. The anterior and posterior
parenchyma-to-serosa layers were completed with
interrupted 3-0 silks. End-to-side choledochojejunostomy
and antecolic gastrojejunostomy were performed.
Across the PJ anastomosis, a stent was placed
through the jejunal limb as shown in Figure 1, similar to
previous reports[11,16-18]. The exit site of the stent at the
jejunal serosa was secured with a Witzel’s tunnel using
3-0 silks and a 5-0 Vicryl™ suture. A stent was similarly
placed across the biliary reconstruction. This stenting
technique was adopted from the same technique used
routinely in liver transplantation at our center since 1998.
A 6-mm round Blake drain was placed beneath the PJ
reconstruction and brought through the left abdominal
wall. A nasogastric tube was positioned just above the
gastrojejunal anastomosis. The biliary and pancreatic
stents were brought through the right abdominal wall.
On postoperative day (POD) 4, a pancreatogram
and a cholangiogram were performed by interventional
radiologists, who gently injected 1 to 3 mL of watersoluble contrast through the respective externalized
pancreatic and biliary stents. The biliary and pancreatic
anastomoses were evaluated by fluoroscopy. Serum
and drain amylase levels were measured. Drain amylase
level was considered significant when it was at least 3
times the upper normal level of serum amylase[13]. After
several days of oral food intake, normal pancreatogram
results, and low or normal drain amylase level, the
drain was removed and the patient was discharged. The
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Figure 1 PJ reconstruction of pancreatic remnant after pancreaticoduodenectomy. Posterior layer with interrupted 3-0 silk sutures approximating
pancreatic parenchyma to jejunal serosa. Arrow shows ongoing duct-to-mucosa
anastomosis with stent inside lumen. Once the duct-to-mucosa anastomosis is
completed, anterior of parenchyma to jejunal serosa approximation is done.

patient returned to the outpatient clinic on POD 28,
and a repeat pancreatogram and cholangiogram were
performed. If there was no evidence of leakage at either
anastomosis, the stents were removed.
When a leak was identified at the PJ anastomosis,
the peripancreatic drain was maintained until the
leak resolved. Patients were started on a fat-free diet
and subcutaneous octreotide (Novartis, USA). A
pancreatogram was repeated weekly until the PJ leak
resolved. Once the leak was resolved, as confirmed
by repeat pancreatography, the stents and drain were
removed and a regular diet was begun. Surgical reexploration was performed when peripancreatic abscess
was not amenable to percutaneous drainage, and/or
when a widely disrupted PJ anastomosis was visualized
on pancreatogram.

RESULTS
From May 2000 to December 2005, of the 105 cases
of surgical exploration for pancreatic mass, there
were seven palliative bypasses due to unresectable
m e t a s t a t i c d i s e a s e. S e ve n t e e n c a s e s h a d d i s t a l
pancreatectomy, two transduodenal ampullectomy, 11
pancreaticoduodenectomy with total pancreatectomy, and
66 classical pancreaticoduodenectomy. The demographic
data are summarized in Table 1.
Of the 66 patients who had pancreaticoduodenectomy, two required revision of the PJ anastomosis.
One patient had afferent loop obstruction and necrosis
due to radiation-induced stricture 2 years after the
pancreaticoduodenectomy. The afferent loop was revised
with a new end-to-side duct-to-mucosa PJ anastomosis
and biliojejunostomy. The other patient developed a
large peripancreatic abscess and PJ anastomotic leak
that did not resolve with conservative management.
After re-exploration, the PJ was reconstructed. Since
these revisions required complete reconstruction of the
pancreatic remnant, the two revised PJ anastomoses were
considered independent anastomoses. The outcomes in
these 68 PJ anastomoses formed the basis of this study.
www.wjgnet.com
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Table 1 Clinical parameters of the three groups of patients
who had duct-to-mucosa PJ reconstruction after resection of
the pancreatic head

n
Age (yr1)
Diagnosis
Ductal adenocarcinoma
Duodenal adenomas
Neuroendocrine
FAP
Cystadenoma
Benign stricture
Chronic pancreatitis
IPMN
Others
RBC transfused (U1)
OR time (h1)
Biliary leak
Gastric leak
Intraabdominal abscess

Normal

Parenchymal
leak

Anastomotic
leak

48
67.5 (29-81)

8
56.0 (51-79)

12
65.5 (51-82)

28
3
2
0
2
2
4
0
7
2 (0-39)
5.94
(4.18-11.04)
1
2
0

1
0
2
1
0
0
1
2
1
2 (0-18)
5.55
(3.40-14.55)
0
0
0

4
1
1
0
1
0
1
3
1
2.5 (0-88)
5.04
(4.93-10.65)
0
0
1

The normal group had no evidence of any pancreatic leakage. Parenchymal
leak indicates no extravasation at the duct-to-mucosa anastomosis in
the presence of elevated amylase levels in the peripancreatic drain.
Anastomotic leak indicates active contrast extravasation at the PJ
reconstruction during pancreatography in the postoperative period after
pancreaticoduodenectomy. FAP: Familial adenomatous polyposis; IPMN:
Intraductal papillary mucinous neoplasm. Other diagnoses included
pseudoinflammatory tumor, hereditary pancreatitis, metastatic renal
cell carcinoma, solid pseudopapillary tumor, cystic lymphangioma,
microcystic adenoma, recurrent duodenal perforation s/p liver transplant;
GIST: Gastric efferent stricture with GJ efferent stricture. 1Age, RBC
transfused, and OR time are expressed as median (range).

Table 2 Outcome patterns of PJ anastomosis after
pancreaticoduodenectomy based on pancreatography findings
and amylase levels in peripancreatic drain fluid

Pancreatography
Peripancreatic drain
Occurrence, n (%)

Normal

Anastomotic
leakage

Parenchymal
leakage

No
extravasation
Normal
48 (72.7)

Extravasation
present
Elevated
8 (12.1)

Normal
Elevated
12 (18.2)

Evaluating duct-to-mucosa anastomosis of PJ
reconstruction via pancreatography
The integrity of the PJ anastomosis was visualized by
fluoroscopy. Of the 68 PJ anastomoses, eight pancreatic
anastomotic stents migrated out of the pancreatic
remnant. Of those eight, three had successful reflux of
the injected contrast into the pancreatic ductal system,
demonstrating no leak. In the remaining five, there was
no reflux of contrast into the pancreatic ductal system,
nor was extravasation seen at the PJ anastomosis. Of
the 60 cases with successful pancreatograms, 48 showed
no PJ extravasation, i.e., no anastomotic leak, and 12
showed the presence of an anastomotic leak.
A typical pancreatog ram and cholangiog ram
are shown in Figure 2, demonstrating intact PJ and
choledochojejunostomy anastomoses. Three patients had
www.wjgnet.com

CJ

PJ

Figure 2 Typical normal pancreatogram and cholangiogram. CJ indicates
bilioenteric anastomosis, and PJ indicates PJ reconstruction.

mild abdominal discomfort during the pancreatogram
injections without increased serum amylase levels. The
discomfort resolved spontaneously within a few hours,
and there were no other complications directly associated
with the pancreatic stents and pancreatog rams.
Although not shown, in all cases serum amylase levels
did not change the day before or the day after the
pancreatograms. Serum amylase levels were normal by
POD 4.
Characteristics of three different outcomes of the PJ
anastomosis
As shown in Table 2, we noted three outcomes at the PJ
anastomosis after pancreaticoduodenectomy.
Normal: This pattern was associated with a normal
pancreatogram, demonstrating an intact PJ anastomosis
and low amylase levels from the drain. Forty-eight cases
had this normal pattern, including both PJ revisions.
The eight cases in which the pancreatic stent dislodged
into the lumen of the jejunum had normal drain amylase
levels and were included in this normal group. As shown
in Figure 3, the peripancreatic PJ drain amylase levels
and volumes in the normal group were lower than those
in patients with a pancreatic leakage.
Parenchymal leak: This pattern was recognized when
there was a normal PJ anastomosis without contrast
extravasation on pancreatograms but with persistently
high amylase levels in the peripancreatic drains. Eight
patients had this pattern. On POD 4 and 7, drain
amylase levels in the parenchymal leak group were
elevated at 1885 ± 1129 IU/L vs 428 ± 1063 IU/L
(P = 0.062) and 1707 ± 151 IU/L vs 89 ± 139 IU/L
(P = 0.012), respectively. The drain amylase levels
became normal between POD 18 and POD 101 after
parenchymal pancreatic leak. Most parenchymal leaks
resolved by POD 48. In one patient, a repeat study
showed the presence of a parenchymal side-branch duct
that appeared to be responsible for the high amylase
levels detected in the drain (Figure 4). Tessel fibrin
sealant was injected, and the drain was removed. Followup study showed no fluid collection at the immediate
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JP drain amylase,
IU/L (× 104)

A

JP drain volumes (mL)

B
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A

Anastomotic leak
Parenchymal leak
No leak

POD 4 (P = 0.062)

POD 7 (P = 0.012)

Anastomotic leak
Parenchymal leak
No leak

POD 4 (P = 0.022)
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B

POD 7 (P = 0.477)

Figure 3 Fluids collected from the peripancreatic drain are analyzed for
amylase content and volumes at postoperative day (POD) 4 and 7. A:
Amylase levels are not different among the 3 groups at POD 4 (P = 0.062);
however, at POD 7, the anastomotic leak group has the significantly highest
level, then the parenchymal leak group as compared to the normal group (P =
0.012). B: Volume of peripancreatic drain of the parenchymal leak group was
significantly increased above the anastomotic leak and normal group at POD 4
(P = 0.022); on the other hand, there was no difference among the three groups
at POD 7 (P = 0.477).

A

B

Figure 4 Parenchymal leaks due to a side branch in the pancreatic
remnant surface. A: Normal pancreatogram shows intact PJ anastomosis
(arrow); B: Sinogram shows a side-branch duct of the pancreas remnant
(arrowhead).

or surrounding areas of the pancreatic anastomosis,
suggesting complete resolution of the pancreatic leakage.
Anastomotic leak: This pattern was defined by the
presence of contrast extravasation at the duct-tomucosa PJ anastomosis on pancreatogram. These
pancreatographic findings were similar to those in a
previous report[11]. There were 12 anastomotic leaks.
Eleven of the 12 PJ leaks were diagnosed on POD 7
via pancreatogram. The highest drain amylase level was
90 000 IU/L. Most elevated drain amylase levels occurred
between POD 5 and POD 9, when the anastomotic
leaks were also documented radiographically. In fact,

Figure 5 Anastomotic leak is visualized at the initial diagnosis and its
resolution is confirmed. A: Contrast extravasation into the surrounding
(arrowhead) from the PJ anastomotic (arrow); B: Complete resolution of PJ
anastomotic leak (arrow).

the drain amylase levels in this group were significantly
elevated at 14158 ± 24083 IU/L vs 1707 ± 1515 IU/L
and 89 ± 139 IU/L for the parenchymal leak and normal
groups at POD 7, respectively (Figure 3A). There was no
significant difference among the three groups at POD 4.
The volumes of the peripancreatic drains did not
correlate with the leaks seen on pancreatography or the
drain amylase levels. As shown in Figure 3B, the volumes
of the peripancreatic drains in the anastomotic group
were not different from the other two groups at POD
7, although the parenchymal leak group had significantly
higher drain volumes at POD 4.
The results of serial pancreatog rams provide
insight into the natural progression of anastomotic
leaks at an end-to-side duct-to-mucosa anastomosis
after pancreaticoduodenectomy. Figure 5 shows an
example of an anastomotic leak at the duct-to-mucosa
PJ reconstruction. The first pancreatogram, done on
POD 4, did not show a leak. With a high level of drain
amylase on POD 7, repeat pancreatogram showed a
significant leak at the duct-to-mucosa anastomosis with
extravasation into the surrounding space (Figure 5A).
Subsequent pancreatograms showed gradual and
complete resolution of the PJ leak (Figure 5B).
Of the 12 pancreatic anastomotic leaks, eight showed
radiographic evidence of resolution in conjunction with
drain amylase levels tapering toward normal levels by
POD 42. In two cases, the anastomotic leak resolved by
POD 123 and 189. None of the pancreatic anastomotic
leaks resolved without therapeutic intervention, such as
replacement of the peripancreatic drains if the primary
drains were displaced and/or replacement of pancreatic
anastomotic stents if they became dislodged from the
lumen of the pancreatic remnant. One patient had a
small leak at the PJ anastomosis on pancreatogram on
POD 4. The drain amylase level was 1184 IU/L on
POD 2. No subsequent amylase levels were obtained.
www.wjgnet.com
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This patient had portal vein thrombosis, intracranial
infarction, and multiorgan failure, and died on POD 31.
Autopsy did not show a pancreatic leak. The pancreatic
leak had resolved and was not the cause of death.
Among the 12 patients with pancreatic anastomotic
leaks, only one required surgical re-exploration due to
refractory abscess. On the day of surgical re-exploration
at POD 37, the drain amylase level was 1919 IU/L.
Yet, the pancreatogram showed a large leak at the PJ
anastomosis. During re-exploration, the PJ anastomosis
was found to be almost completely disr upted. A
new end-to-side duct-to-mucosa PJ anastomosis was
performed. No PJ anastomotic leak recurred.
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DISCUSSION

Figure 6 At completed PJ anastomosis, pancreatic leakage can occur
either at anastomosis (dotted circle and arrow) or at a small peripheral
duct opening or tear in the parenchyma (black circle and arrow).

Pancreatic leakage results in major morbidity and
mortality after pancreaticoduodenectomy. In this
study, we critically examined the integrity of the
duct-to-mucosa PJ anastomosis. By analyzing both
pancreatography findings and drain amylase levels,
we found a way to distinguish parenchymal from
anastomotic leakage at the PJ anastomosis. Of the 20
pancreatic leaks at the PJ anastomosis, eight (40%)
originated from the parenchymal or small side branch
duct, and 12 (60%) originated from the duct-to-mucosa
anastomosis. These findings suggest that in duct-tomucosa PJ anastomosis, parenchymal leakage is almost
as common as anastomotic leakage.
In parenchymal pancreatic leakage, pancreatography
consistently showed no extravasation at the pancreatic
anastomosis. Nevertheless, drain amylase levels were
elevated. In one of the eight cases, a small side-branch
ductal leak was found along the parenchymal surface
of the pancreatic remnant. Although only one case, it
represented a potential and likely source of pancreatic
leakage in the absence of true anastomotic leakage. It
also appears that these parenchymal non-anastomotic
leaks tend to resolve spontaneously. These findings
are consistent with a previous report demonstrating
that most pancreatic leaks do not require surgical
exploration[19]. In another case, a 1.5-mm side branch
in the cut surface of the pancreatic remnant was
observed intraoperatively. This side branch duct was
approximate 1 cm from the main pancreatic duct and
was only 1 cm in length. Fibrin sealant was injected, and
the PJ anastomosis was completed in routine fashion.
Postoperatively, there was no evidence of pancreatic
leakage.
In the cases studied, pancreatic anastomotic
leakage was confirmed by the presence of contrast
extravasation at the duct-to-mucosa anastomosis on
pancreatogram. The levels of drain amylase continued
to increase until the leak started to resolve. In contrast
to parenchymal leaks, anastomotic leaks tend not to
resolve spontaneously. Appropriate intervention, either
replacement of the indwelling anastomotic stent or
surgical exploration for large anastomotic disruption, is
required. In this series, after re-establishing the dislodged
pancreatic stents by interventional radiology, the two

anastomotic leaks resolved at 123 and 189 d, compared
with 14 wk (or 98 d) in a previous report[20]. Eight of the
12 PJ anastomotic leaks resolved within 10 wk in this
series, with a range of 15 to 76 d. The patients whose PJ
leak took the longest to heal had a dislodged pancreatic
anastomotic stent. Once the percutaneous stent was
successfully replaced, the PJ leak healed within 3 wk.
These findings support the concept that mucosa-toductal epithelial healing is probably promoted by stent
placement across the PJ anastomosis [21]. In addition,
the externalized stent allows for continuous external
drainage of luminal pancreatic juice and promotes
healing of the PJ anastomosis. However, our results do
not directly suggest that a pancreatic stent is required.
Pancreatic stents are not commonly used, therefore, PJ
anastomoses might heal without a stent. Rather, the use
of pancreatic stents in this study may provide a means
to understand the exact source and nature of pancreatic
leaks after pancreaticoduodenectomy.
We have found that most pancreatic leaks can be
managed conservatively, which is consistent with the
findings of others[16,19,20]. The indications for surgical reexploration are intra-abdominal refractory abscess or
hemorrhage. In this series, no hemorrhage occurred.
However, hemorrhage secondary to a pancreatic leak
remains a lethal complication. Accurate diagnosis of
a pancreatic anastomotic leak is thus essential. In our
series, only one of the 12 anastomotic leaks needed
surgical correction.
Other studies have indicated different factors
related to increased risk of a pancreatic leak after
pancreatectomy, such as soft pancreatic texture and small
duct size[4,11,22]. It seems probable that pancreatic leaks
may result from parenchymal tears by sutures, resulting
in a leak via a parenchymal side-branch duct. However,
without objective evidence, such as a pancreatogram, it
would be impossible to define the exact nature of the
leak.
Although they did not demonstrate their findings
radiographically, Matsusue and colleagues suggested
a similar distinction for peripancreatic sepsis as the
result of parenchymal or non-anastomotic seepage
of pancreatic juice versus a pancreatic fistula from
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pancreatic anastomotic failure [19] . Our findings for
parenchymal leakage correspond to their description
of peripancreatic sepsis, and our anastomotic leak
corresponds to their pancreatic fistula. Furthermore,
without radiographic evidence, a pancreatic leak can be
classified by using the volume and amylase level of the
fluid in the peripancreatic drain and the requirement
for therapeutic intervention [13]. However, the most
important difference lies within our capability to directly
visualize radiographically the pancreatic anastomosis.
Together, the results from drain amylase levels and
the pancreatog ram can clearly distinguish a tr ue
anastomotic leak from a parenchymal non-anastomotic
leak as illustrated in Figure 6. These findings are
limited, however, by the small number of parenchymal
leaks (n = 8). Larger numbers in future prospective
studies will be required to further understand the exact
nature of pancreatic leaks at PJ reconstruction after
pancreaticoduodenectomy.
One can argue for the need for pancreatic and
biliar y stenting. From our experience with liver
transplantation, biliary stenting is not uniformly used.
This is because the placement of the biliary tube is
usually performed via a T-tube through a surgically
created opening in the common bile duct, which leads
to persistent biliary leakage after removal of the biliary
T-tube. In contrast, since the beginning of the liver
transplantation program at our center in 1998, we insert
the biliary tube via the donor cystic duct and secure it
with a rubber band. For bilioenteric anastomosis, the
biliary tube is inserted through the jejunal limb and
secured with a Witzel’s tunnel. The biliary tube and
the pancreatic stent are each kept in place with a 5-O
Vicryl™ suture, which will dissolve by 4 wk, allowing
for safe removal of the biliary tube at 28 d. When this
method is used, biliary stenting and pancreatic stenting
have been safe. No complications have occurred as a
result of a stent.
Although it was not a stated aim of this study,
we have found that the technique of placing an
externalized PJ anastomotic stent at the time of
pancreaticoduodenectomy is helpful for postoperative
management. Such stenting allows access to the
pancreatic ductal system for assessing anastomotic
integrity by pancreatography and control of drainage,
should a leak be found. None of our patients with leaks
had significant hemorrhage, peripancreatic inflammation,
or completion pancreatectomy [10] . In addition, the
presence of this stent allows ongoing assessment of the
anastomosis and facilitates decisions about timing of
drain removal and progression of diet. For these reasons,
we continue to use this technique in our practice.
In conclusion, duct-to-mucosa anastomotic
leakag e can be distinguished from parenchymal
(non-anastomotic) leakage after duct-to-mucosa PJ.
Both parenchymal and anastomotic pancreatic leaks
contribute almost equally to pancreatic leaks after
pancreaticoduodenectomy. Knowledge of the exact
nature of the leak is important for optimal treatment
and management of this complication.
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COMMENTS
Background

Pancreatic leakage after pancreaticoduodenectomy is a significant source
of morbidity and mortality, with anastomotic leaks being more refractory than
parenchymal leaks. It is important to be able to distinguish one from the other
so that appropriate treatment can be given.

Research frontiers

Pancreatic surgeons need new ways to monitor pancreatic leakage after
pancreaticoduodenectomy to know whether conservative treatment is sufficient
or more aggressive treatment should be undertaken.

Innovations and breakthroughs

By analyzing pancreatographic findings, drainage volumes, and amylase levels,
author found patterns among cases of pancreatic leakage that enable us to
distinguish parenchymal leakage from anastomotic leakage. Specifically, in
parenchymal pancreatic leakage, pancreatography showed no extravasation at
the pancreatic anastomosis, yet drain amylase levels were elevated, whereas
in anastomic pancreatic leakage, contrast extravasation is present and the
levels of drain amylase increased until the leak started to resolve. In contrast to
parenchymal leaks, anastomotic leaks tend not to resolve spontaneously.

Applications

This retrospective study identified distinguishing characteristics of parenchymal
versus anastomotic leakage. These distinctions should be confirmed
prospectively and can be used clinically to provide better treatment after
pancreatic surgery.

Terminology

Pancreaticoduodenectomy is a procedure that is used to treat tumors located in
the head of the pancreas. Parenchymal leakage refers to leakage that occurs
from the resection surface of the pancreas remnant, and anastomotic leakage
refers to a specific leakage that occurs due to a failure of the reconstructed
duct-to-mucosa anastomosis between the pancreas remnant and the intestine.

Peer review

The author evaluated the incidence of anastomotic versus parenchymal
leakage following duct-to-mucosa pancreatic reconstruction in
pancreaticoduodenectomy. This is a well-written paper. The findings provided
great inspiration about how to consider and manage pancreatic leakage after
pancreaticoduodenectomy.
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Abstract
AIM: To investigate the innate immune reactivity of
tumor necrosis factor-alpha (TNF-α), Toll-like receptor
4 (TLR4), and CD14 in the liver of non-alcoholic
steatohepatitis (NASH) model rats.
METHODS: Male F344 rats were fed a cholinedeficient L-amino-acid-defined (CDAA) diet. The rats
were killed after 4 or 8 wk of the diet, and their livers
were removed for immunohistochemical investigation
and RNA extraction. The liver specimens were
immunostained for TNF-α, TLR4, and CD14. The
gene expressions of TNF-α , TLR4 , and CD14 were
determined by reverse-transcriptase polymerase chain
reaction (RT-PCR). Kupffer cells were isolated from the
liver by Percoll gradient centrifugation, and were then
cultured to measure TNF-α production.
RESULTS: The serum and liver levels of TNF-α in the
CDAA-fed rats increased significantly as compared with
the control group, as did the immunohistochemical
values and gene expressions of TNF-α, TLR4, and
CD14 with the progression of steatohepatitis. TNF-α
production from the isolated Kupffer cells of the CDAAfed rats was elevated by lipopolysaccharide stimulation.
CONCLUSION: The expressions of TNF-α, TLR4, and
CD14 increased in the NASH model, suggesting that

TLR4 and CD14-mediated endotoxin liver damage may
also occur in NASH.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Some patients who are not regular drinkers of alcohol
have hepatic histological features that mimic alcoholic
hepatitis and can progress to liver cirrhosis [1]. This
condition has been named non-alcoholic steatohepatitis
(NASH) and is thought to begin with excessive
fat accumulation in the liver (first hit), followed by
aggravating factors such as oxidative stress, inflammatory
cytokines, and endotoxins (second hit)[2].
Kupffer cells, the resident macrophages in the liver,
are localized in the non-parenchymal tissue and involved
in the organ’s innate immunity. Activation of Kupffer
cells induces progression of NASH via tumor necrosis
factor-alpha (TNF-α)[3]. The recent discovery of Toll-like
receptor 4 (TLR4), a functional receptor on the surface
of macrophages and various other types of cells that
transmit Et signals, has led to recognition of molecules,
including CD14, that bind to lipopolysaccharides (LPSs)
as the mainstay of the mechanism that initiates signal
transduction leading to LPS recognition and cellular
activation[4].
NASH is characterized by hepatic steatosis, inflammation, and fibrosis, with increased risk of developing
cirrhosis and hepatocellular carcinoma (HCC) [5]. It is
www.wjgnet.com
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known that the choline-deficient L-amino-acid-defined
(CDAA) fed rat model shows fatty accumulation and
fibrosis, and after 16 wk the liver shows cirrhotic
changes and nodules appear like HCC[6]. This model is
sometimes used as a hepatocarcinogenesis model. In
this study, we used a CDAA diet to produce one of the
experimental animal models of NASH[7], to investigate
the innate immune reactivity of the liver in NASH.

MATERIALS AND METHODS
Animal model
Male F344 rats (6-wk-old, weighing 180-200 g) were
purchased from Japan SLC (Hamamatsu, Japan), and
fed a CDAA diet for up to 8 wk to induce NASH.
At 1, 4, and 8 wk, the control rats (fed a standard rat
chow), and the CDAA-fed rats were killed and bled
from the inferior vena cava (IVC). Liver tissues were
excised after perfusion with PBS into the portal vein. All
procedures were approved by our institutional animal
care committee and conducted in accordance with Nara
Medical University Guidelines for the Care and Use of
Laboratory Animals.
Serum alanine aminotransferase (ALT)
Serum samples from the control and CDAA-fed rats
were used to measure the serum ALT levels. The serum
ALT levels were determined using a 7170 Clinical
Analyzer (Hitachi High-Technologies, Tokyo, Japan).
Serum TNF-α
Serum samples (50 μL) from the control and CDAAfed rats were used to measure the TNF-α concentration
by enzyme-linked immunosorbent assay (ELISA) kit
(BioSource International, Camarillo, CA, USA).
Liver TNF-α
Liver tissues were frozen in liquid nitrogen, powdered,
and 30 mg were homogenized in 1 mL of lysis buffer.
The supernatant (50 μ L) was used to measure the
TNF-α levels by ELISA kit (BioSource International).
Histology
The liver tissues were fixed in 40 g/L for malin,
embedded in paraffin, and 5-μm thick sections were cut
from the paraffin blocks for staining with hematoxylineosin (HE) and Azan stains. Histological grading and
staging were performed using a modified scoring system
based on the classification of either Matteoni et al[8] or
Brunt et al[9] proposed NAFLD types 1-4 based on longterm outcome studies, while Brunt et al[9] proposed a
system of grading and staging for NASH that follows
methods of separate assessment for necroinflammatory
lesions (grading) and fibrosis (staging) accepted in other
forms of non-biliary chronic liver diseases.
Immunohistochemistry
T he TNF- α immunohistochemical staining was
performed on the paraffin sections using an antiwww.wjgnet.com
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rat TNF- α /TNFSF1A antibody (R&D Systems,
Minneapolis, MN, USA), and the TLR4 and CD14
immunohistochemical staining was perfor med on
frozen sections using an anti-rat TLR4 antibody (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, USA), and
an anti-rat CD14 antibody (Santa Cruz Biotechnology
Inc.), respectively. After that, a Vectastain ABC Elite
Kit (Vector Laboratories, Burlingame, CA, USA), and
DAB peroxidase substrate solution (Vector Laboratories
Inc.), with counterstaining by Hematoxylin Mayer were
used. The stained areas were analyzed by NIH image
software (Version 1.61, U.S. National Institute of Health,
Bethesda, MD, USA).
Kupffer cell isolation and culture
Kupffer cells were isolated from the control and CDAAfed rat livers according to a previously described
procedure[10,11]. In brief, the liver was perfused through the
portal vein with 100 mL of PBS containing 0.5 mmol/L
EGTA (Research Organics, Cleveland, OH, USA)
solution. The perfusion was carried out at 37℃ at a
flow rate of 10 mL/min. Subsequent perfusion with
Hanks’ balanced salt solution containing 0.5 g/L
collagenase type Ⅳ (Wako, Osaka, Japan) (collagenase
solution) was carried out at 37℃ at a flow rate of
10 mL/min for 20 min. Then, the liver was excised and
minced in the collagenase solution.
The liver slurry was filtered through gauze mesh,
then washed with collagenase solution. Next, Percoll
(Sigma-Aldrich Corp, St. Louis, MO, USA) was used for
density gradient centrifugation of cells. Kupffer cells were
collected from the layer between 1.04 and 1.06. They were
then cultured in RPMI 1640 supplemented with 10%
fetal bovine serum and SAG (50 μg/mL streptomycin,
50 μg/mL ampicillin, 0.3 g/L L-glutamine). The viability
of the cultured Kupffer cells was determined by trypan
blue exclusion. Kupffer cells were seeded at a density
of 5 × 105 cells/mL on a 12-well plate with RPMI 1640.
For LPS-stimulated group, Kupffer cells were then
exposed to 1 μg/mL of LPS (Sigma-Aldrich Corp.) and
incubated for 4.5 h at 37℃ in a 50 mL/L CO2-humidified
air atmosphere. The cells untreated with LPS were used
as control. The supernatant was analyzed by ELISA
kit (BioSource International) to measure the TNF- α
concentration.
Reverse transcriptase-PCR (RT-PCR) analysis
The total RNA was extracted from the powdered
frozen liver samples using an RNeasy mini kit (Qiagen,
Valencia, CA, USA) according to the manufacturer’s
protocol. Briefly, 2 μg of the RNA sample were used
for cDNA synthesis using Moloney Murine Leukemia
Vir us (M-MLV), Reverse Transcriptase RNaseH
Minus (Toyobo, Osaka, Japan), and RNase Inhibitor
(Toyobo) to investigate the expressions of TNF-α
mRNA, TLR4 mRNA, and CD14 mRNA. PCR
procedure was perfor med as follows: the samples
were heated at 94℃, subjected to 30 cycles of 45 s
at 94℃ for denaturing, 45 s at 60℃ for annealing,
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Target gene

Primer

TNF-a

5’-TACTGAACTTCGGGGTGATTGGTCC-3’ (F)
5’-CAGCCTTGTCCCTTGAAGAGAACC-3’ (R)
5’-CGCTTTCAGCTTTGCCTTCATTAC-3’ (F)
5’-TGCTACTTCCTTGTGCCCTGTGAG-3’ (R)
5’-GTGCTCCTGCCCAGTGAAAGAT-3’ (F)
5’-GATCTGTCTGACAACCCTGAGT-3’ (R)
5’-ACCACAGCTGAGAGGGAAATCG-3’ (F)
5’-AGAGGTCTTTACGGATGTCAAAG-3’ (R)

TLR4
CD14

b -actin

A
Serum TNF-a (pg/mL)

Table 1 Primers for the target genes used in RT-PCR
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Statistical analysis
All results are expressed as mean ± SD. The analysis was
carried out using Statview software (version 5.0, SAS
Institute, Cary, NC, USA). Statistical differences between
groups were evaluated using the paired t-test. P < 0.05
was considered statistically significant.

RESULTS
Serum ALT
The mean serum ALT level in the control rats was 41.7 ±
7.4 IU/L, as compared with 524.6 ± 101.7 IU/L, 267.9
± 47.5 IU/L, and 251.4 ± 81.6 IU/L in the 1-, 4-, and
8-wk CDAA-fed rats, respectively. All CDAA-fed groups
showed a statistically significant elevation in the serum
ALT level as compared with the control group (P < 0.01).
Serum TNF-α
As compared with the control rats (5.2 ± 4.4 pg/mL),
the serum TNF-α level in the 4-wk CDAA-fed rats was
elevated (55.9 ± 1.7 pg/mL, P < 0.01), and that in the
8-wk CDAA-fed rats (48.2 ± 5.3 pg/mL, P < 0.01) was
elevated (Figure 1A).
Liver TNF-α
The liver TNF-α was 15.8 ± 3.6 pg/μg protein in the
control rats, 30.3 ± 5.4 pg/μg protein in the 4-wk CDAAfed rats, and 29.6 ± 4.4 pg/μg protein in the 8-wk CDAAfed rats. The CDAA-fed groups showed a statistically
significant elevation in the liver TNF-α level as compared
with the control group (P < 0.05) (Figure 1B).
Histological findings
Histologically, the livers of the 1-wk CDAA-fed rats
showed inflammation and fat deposits, but no fibrosis,
and were classified as Matteoni’s type 2. The livers of
the 4-wk CDAA-fed rats showed more inflammation,
fat deposits, and fibrosis, equivalent to Matteoni’s type 3

Liver TNF-a (pg/mg protein)

B

b

40

F: Sense; R: Antisense.

and 2 min at 72℃ for extension. Following RT-PCR,
10-μL samples of the amplified products were resolved
by electrophoresis on 15 g/L agarose gel, and stained
with ethidium bromide. Each PCR product was analyzed
by NIH image software. The specific primers for
TNF-α , TLR4, CD14, and β -actin used are described in
Table 1.

b

60

Control

4 wk

8 wk

40
a
a
30

20

10

0

Control

4 wk

8 wk

Figure 1 Serum TNF-α levels and liver TNF-α (ELISA method) compared
with the control group (n = 5). A: Serum TNF-α levels were significantly
elevated in the livers of the 4- and 8-wk CDAA-fed rats; B: Liver TNF-α was
significantly elevated in the livers of the 4- and 8-wk CDAA-fed rats. aP < 0.05
vs the control; bP < 0.01 vs the control.

and grade 2/stage 2 of Brunt’s NASH classification. The
histological findings in the livers of the 8-wk CDAAfed rats were equivalent to Matteoni’s type 4 and Brunt’s
grade 2/stage 3 (Figure 2).
Immunohistochemical findings
The TNF-α immunoreactivities in the tissue samples
from the livers of the 4- and 8-wk CDAA-fed rats
were increased as compared with those in the control
rats. The TLR4 and CD14 immunohistochemical
findings in the 4- and 8-wk CDAA-fed rats were
also increased as compared with those in the control
rats. Moreover, the immunopositive areas in those
animals were localized either in the periphery of fatty
spots or non-parenchymal cells. The semiquantitative
analysis of TNF-α, TLR4, and CD14 staining revealed
significantly increased immunoreactivity in the livers of
the 4-wk (14600 ± 5700, 26400 ± 2300, 17400 ± 6000,
respectively) and 8-wk (10600 ± 1800, 21600 ± 4700,
21300 ± 3900, respectively) CDAA-fed rats as compared
with the control rats (1560 ± 1080, 3160 ± 1000, 4290 ±
1110, respectively) (P < 0.01) (Figure 3).
Kupffer cell isolation and culture
The viability of the cultured Kupffer cells was over
98% as determined by trypan blue exclusion. The basic
TNF-α production of the Kupffer cells isolated from
4- (26.4 ± 2.3 pg/mL) and 8-wk CDAA-fed rats (26.6
± 1.4 pg/mL) was equal to that of the control rats
(23.4 ± 1.8 pg/mL). After LPS stimulation, the TNF-α
www.wjgnet.com
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Figure 2 Inflammation and fibrosis in the rat liver. Ⅰ: HE, x 200; Ⅱ: Azan, x 100. A: Control rat; B: 1-wk CDAA-fed rat; C: 4-wk CDAA-fed rat; D: 8-wk CDAA-fed rat.
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Figure 3 Immunohistochemical staining and semiquantification in the rat liver (x 200). A: For TNF-α; B: For TLR4; C: For CD14. bP < 0.01 vs the control.

production in the control rats (48.9 ± 7.5 pg/mL) was
significantly higher than the basic control levels, and
that in the 4-wk (85.8 ± 16.8 pg/mL) and 8-wk (73.8 ±
8.4 pg/mL) CDAA-fed rats was significantly higher than
in the control rats (P < 0.01) (Figure 4).
www.wjgnet.com

RT-PCR analysis
The expression of both TNF-α mRNA and TLR4
mRNA was significantly increased in the livers of the
4- and 8-wk CDAA-fed rats as compared with those in
the control group (P < 0.01). The expression of CD14
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40

0

Control

4 wk

8 wk

Figure 4 TNF-α production of Kupffer cells in vitro. The basic TNF-α
production of Kupffer cells isolated from 4- and 8-wk CDAA-fed rats was equal
to that of the control rats. After LPS stimulation, the TNF-α production of the
control rats was significantly higher than the basic control levels, and that of the
4- and 8-wk CDAA-fed rats was significantly higher than that of the control rats.
b
P < 0.01 vs the control.

mRNA was increased in the livers of the 8-wk CDAAfed rats as compared with that in the control group (P <
0.05) (Figure 5).

DISCUSSION
Kupffer cells secrete inflammatory cytokines[12] and reactive oxide[13], which affect the hepatocytes, stellate cells,
endothelial cells, etc[14]. In alcoholic hepatitis, inflammatory cytokines, such as TNF-α, induce the liver injury[15].
After chronic ethanol feeding, Kupffer cells exhibit
enhanced sensitivity to LPS-stimulated TNF-α production [16]. Increased serum levels of TNF- α have been
noticed in patients with NASH[17]. The mechanism of
the latter may be secretion from adipocytes, as a result
of obesity, or secretion from Kupffer cells activated by
endogenous endotoxin originating from enteric bacteria.
The activated Kupffer cells induce increases in the levels
of cytokines, such as TNF-α or reactive oxide, which
may be involved in the progression of NASH. Rats fed a
high-fat diet become obese and show insulin resistance.
In addition, the activities of both nuclear factor kappa
enhancer binding protein (NF-κB) and the inhibitor of
NF-κB kinase beta (IKKβ) significantly increase in the
liver, and the expression of inflammatory cytokines such
as TNF-α becomes excessive[18]. Our results showed
that the livers of CDAA-fed rats developed inflammation in the early stage, and this was sustained by chronic
feeding of the diet. After 4 wk or more, the livers of
the CDAA-fed rats developed progressive steatohepatitis. In the present study, we confirmed by ELISA, immunohistochemistry, and RT-PCR that both the serum
level of TNF-α and the liver TNF-α expression were
increased, suggesting involvement of TNF-α in the development and progression of NASH similar to that in
alcoholic hepatitis. Moreover, the TNF-α production of
the isolated Kupffer cells was equal in the NASH model.
Kupffer cells from the control rats were sensitive to LPS
stimulation. Furthermore, those from NASH were more
sensitive to LPS stimulation, suggesting that the continuous inflammation leads to up-regulation of the LPS-
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Figure 5 RT-PCR and semiquantification (n = 5). A: TNF-α mRNA; B: TLR4
mRNA; C: CD14 mRNA; D: β -actin mRNA. aP < 0.05 vs the control, bP < 0.01
vs the control.

stimulated TNF-α production by the activated Kupffer
cells.
To date, 13 TLRs have been described in mice and
11 in humans. Recently, TLR4 has been highlighted
as an important membrane protein [19,20] and is now
established as the receptor for LPS. CD14 binds LPS
and subsequently presents it to TLR4 and MD-2, which
activate the intracellular signaling pathway via myeloid
differentiation factor 88 (MyD 88), resulting in NF-κB
activation[21]. Experiments using TLR4 knockout (KO)
mice or CD14 KO mice have revealed a reduced reaction
to LPS and a reduced expression of TNF- α [22,23] ,
indicating that LPS signaling induces TNF-α production
via TLR4 or CD14. The intake of alcohol facilitates the
permeability of endotoxin from the gut to the portal
vein, and the increased concentration of endotoxin
in the portal vein leads to Kupffer cell activation via
TLR4, with consequent increases in the liver expression
of TNF-α, progression of inflammation, and fibrosis
of the liver[24]. In the experimental chronic liver injury
model, the expression of TLR4 in isolated Kupffer cells
increases with progression of liver injury[25], suggesting
a correlation between inflammation and expression of
www.wjgnet.com
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TLR4. The present study showed increased expression
of mRNA levels and immunohistochemical values of
TNF- α , TLR4, and CD14 in the livers of rats with
NASH induced by CDAA diet, suggesting that TLR4mediated endotoxin liver damage may also occur in
NASH. Rivera et al [26] also demonstrated enhanced
TLR4 expression together with steatohepatitis in the
liver of mice fed a methionine choline-deficient (MCD)
diet. They further reported that the liver injury was
attenuated in the TLR4 mutant mice and in Kupffer
cell-depleted mice, and pointed out the importance of
TLR4 signaling and Kupffer cells in the pathogenesis of
steatohepatitis. Although these models lack obesity and
insulin resistance, two major characteristics of NASH
in humans, the possible relation of Kupffer cells with
inflammation, steatosis, and fibrosis may resemble the
human NASH. We also demonstrated decreased Kupffer
cell phagocytic activity in this model[27]. The possible
Kupffer cell dysfunction characterized by decreased
phagocytic activity and increased cytokine production
should be investigated in future studies.
Although the pathogenic mechanism of NASH
is still unclear, its histopathology is similar to that of
alcoholic hepatitis. Enhanced activation of the TLR4
dependent signaling pathways was also observed after
chronic ethanol feeding[28]. There is a possibility that
TLR4-dependent innate immunity induced by intestinal
bacterial endotoxin may work as a common pathway in
these two types of steatohepatitis. Further studies are
needed to confirm this hypothesis.
In conclusion, our study focused on the innate
immune reactivity of livers in the rat model of NASH,
and we found overexpressions of TNF-α, TLR4, and
CD14 in association with liver fibrosis and inflammation.
These results suggest that TLR4 and CD14-mediated
endotoxin liver damage may also occur in NASH.

COMMENTS
Background

Recently, non-alcoholic steatohepatitis (NASH) has become a common
disease in Japan. The two-hit theory has been widely accepted to explain the
progression from simple steatosis to NASH. Moreover, NASH is known as
a disease progressing to liver cirrhosis or hepatocellular carcinoma (HCC).
The mechanism of NASH progression has not been clarified yet. Authors
investigated the engagement of Toll-like receptor 4 (TLR4) or CD14 in the rat
NASH model.
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This is the first report showing the innate immune response in the rat NASH
model. Authors found overexpression of tumor necrosis factor-alpha (TNF-α),
TLR4, and CD14 in association with liver fibrosis and inflammation. These
results suggest that TLR4 and CD14-mediated endotoxin liver damage may
occur in NASH.

TLR4 is a transmembrane receptor for lipopolysaccharides (LPS) on the
surface of macrophages. LPS stimulation activates TLR4 by binding with CD14,
resulting in pro-inflammatory cytokine production, like TNF-α.
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Abstract
AIM: To investigate alternative or subordinate
pathways involved in colorectal tumorigenesis and
tumor growth, possibly determining at-risk populations
and predicting responses to treatment.
METHODS: Using microarray gene-expression
analysis, we analyzed patterns of gene expression
relative to canonical molecular changes and
clinicopathological features in 84 sporadic colorectal
cancer patients, standardized by tumor location.
Subsets of differentially expressed genes were
confirmed by real-time reverse-transcript polymerase
chain reaction (RT-PCR).
RESULTS: The largest number of genes identified as
being differentially expressed was by tumor location,
and the next largest number by lymphovascular
or neural invasion of tumor cells and by mismatch
repair (MMR) defects. Amongst biological processes,
the immune response was significantly implicated in
entire molecular changes observed during colorectal
tumorigenesis (P < 0.001). Amongst 47 differentially
expressed genes, seven (PISD , NIBP , BAI2 , STOML1 ,
MRPL21 , MRPL16 , and MKKS ) were newly found to
www.wjgnet.com

correlate with tumorigenesis and tumor growth. Most
location-associated molecular changes had distinct
effects on gene expression, but the effects of the latter
were sometimes contradictory.
CONCLUSION: We show that several differentially
expressed genes were associated with canonical
molecular changes in sporadic colorectal cancers,
possibly constituting alternative or subordinate
pathways of tumorigenesis. As tumor location was
the dominant factor influencing differential gene
expression, location-specific analysis may identify
location-associated pathways and enhance the
accuracy of class prediction.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Analysis of genetic alterations in hereditary colorectal
cancers have identified several molecular changes,
i n c l u d i n g t h o s e i nvo l v i n g A P C - W n t s i g n aling,
mismatch repair (MMR) defects, RAF cascades, and
p53 alterations[1-3]. The pattern of molecular changes
obser ved in hereditary colon cancers sug gested a
stepwise model for colorectal tumorigenesis. About
80% of colorectal cancers, however, are sporadic, and
the pattern of genetic alterations observed in hereditary
tumors has been consistently observed in only a small
number of sporadic tumors[1]. These findings suggest
the existence of alternative or subordinate and crossover
pathways of colorectal tumorigenesis.
The APC protein is thought to contribute to all
processes governing tumor tissues, including proliferation,
migration, apoptosis, and differentiation[4]. Loss of APC
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function leads to intracellular β-catenin stabilization,
the key component of canonical Wnt signaling, and
constitutive signaling of β-catenin within the nucleus[5,6].
The current model of colon tumorigenesis suggests
that MMR defects cause tumors primarily through
two mechanisms, mutations in tumor suppressor gene
pathways and inappropriate apoptosis [7] . Sporadic
colorectal cancers with MMR defects, including
almost all those with BRAF mutations, are thought to
arise through the CpG island methylator phenotype
(CIMP) associated with methylation of MLH1[3]. These
alterations initiate cellular processes directed towards
either proliferation or differentiation, depending on
signal intensity and duration [8] . Alternatively, RAS
mutations may be early events in the adenoma-carcinoma
sequence, and RAF alterations may be related to the
progression and development of de novo colorectal
cancer[9].
The p53 pathway is ubiquitously lost in human
cancers, either by p53 mutations, observed in 60%
of tumors, or by loss of cell signaling upstream and
downstream of p53 in the 40% of cancers expressing
wild-type p53[10]. Following disruption of p21WAF1, p53
expression is enhanced because of p53 stabilization,
which correlates with the increased expression of the
tumor suppressor p14ARF, an inhibitor of the ubiquitin
ligase activity of MDM2[11]. Apart from these molecular
changes, however, little is known about crossover
pathways between APC-Wnt signaling and MMR or
RAF alterations. APC and RAS mutations have been
shown to be synergistic in promoting β-catenin nuclear
translocation, thus enhancing canonical Wnt signal
transduction[12]. Moreover, APC was shown to regulate
cellular proliferation and transformation induced by the
activation of both RAS and β-catenin signaling[13].
To identify alternative or subordinate pathways
involved in colorectal tumorigenesis and tumor growth,
we assessed gene expression patterns, relative to
canonical molecular changes and clinicopathological
features in patients with colorectal tumors. Individual
steps and pathways were sorted into various biological
processes. We also performed location-specific analysis
to determine whether this exercise might improve the
accuracy of class prediction. Our results may also be
used to determine at-risk populations and to predict
responses to treatment.

MATERIALS AND METHODS
Patients and tissue samples
We prospectively enrolled 84 consecutive patients
with sporadic colorectal cancer scheduled to undergo
curative resection between 2006 and 2007 at the Asan
Medical Center (Seoul, Korea) (Table 1). Tumors were
standardized by location, and samples of tumor and
normal colonic mucosa, taken at least 5 cm from the
tumor borders, were obtained at the time of surgery.
The tissue samples were snap-frozen in liquid nitrogen.
Total RNA was extracted using RNeasy RNA extraction
kits (Qiagen, Valencia, CA, USA), according to the
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manufacturer’s instructions, and DNA was extracted
from lymphocytes and tumors using standard methods.
Cancer staging was determined by imaging studies and
operative findings with histological diagnosis according
to the American Joint Committee on Cancer (6th ed.,
2001). Our sample size was determined for competent
cluster analysis using an efficient annealing algorithm
with error rates of < 10%. All patients provided
written informed consent, and the study protocol was
approved by the Institutional Review Board for Human
Genetic and Genomic Research, in accordance with the
Declaration of Helsinki.
Clinicopathological features and molecular changes in
colorectal tumorigenesis
Methods of representative molecular changes in
tumor tissues, including APC mutations, Wnt-activated
alterations, MMR defects, RAF-mediated changes, and
p53 alterations have been described using different
samples [14] . Briefly, APC mutations were assessed
throughout all exons and introns, whereas Wntactivated alterations were assessed by immune staining
for β -catenin, Axin2, GSK3 β , and E-cadherin. The
search for MMR alterations included microsatellite
instability (MSI) assays using the Bethesda panel,
assays of methylation status at the 5'-promoter site
and the 3'-small site of hMLH1, and immune staining
for hMLH1 and hMSH2. We assessed RAF-mediated
alterations by determining BRAF codon 600 mutations,
mutations in KRAS exons 12 and 13, and immune
staining for MEK. Alterations in p53 were assessed by
immune staining for altered p53. Crossover was defined
when a tumor carried both APC/Wnt-activated changes
and MMR defects or RAF-mediated alterations.
cDNA microarray and data analyses
The 21k cDNA microarray chips were prepared using
Korean Unigene Information (KUGI) cDNA clones
(http://kugi.kribb.re.kr/) and Incyte Human 10k cDNA
clones. The PCR products of each clone were spotted on
type-7 glass slides using an Array Spotter Generation Ⅲ
(Amersham Pharmacia, Piscataway, NJ, USA). Aliquots
of tumor and non-tumor RNAs (20 mg respectively)
were used as templates for the synthesis of cDNA,
labeled with Cy5 or Cy3, respectively, using SuperScript
Ⅱ reverse transcriptase (Invitrogen, Carlsbad, CA, USA)
for 2 h at 42℃. The two labeled cDNAs were mixed,
filtered through Microcon YM-30 filters (Millipore,
Bedford, MA, USA) to exclude unincorporated dNTPs,
and hybridized to the microarray slides at 50℃ overnight
using a 3DNA Array 50 kit (Genisphere Inc., Hatfield,
PA, USA). After hybridization, each microarray was
washed twice with 2 × SSC with 0.2% (w/v) SDS at
room temperature for 5 min, and finally with 95% (v/
v) ethanol at room temperature for 1 min. The slides
were scanned using a ScanArray 5000 Scanner (Axon
Instruments, Union City, CA, USA), and scanned images
were analyzed using the GenePix Pro 4.0 program (Axon
Instruments). The raw data were normalized using the
print-tip Lowess method available in the OLIN package
www.wjgnet.com
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Table 1 Clinicopathological features relative to location of sporadic colorectal cancers
1

Clinicopathologic features

Tumor location (No. of patients)
R (n = 27)

Male/Female
Age
AJCC stage2, Ⅰ/Ⅱ/Ⅲ/Ⅳ
Tumor differentiation, WD +
MD/PD + muc
Synchronous adenoma, -/+
LVN invasion, -/+

L (n = 29)

P

P (n = 28)

18/9
62 ± 7
4/13/6/4
22/5

15/14
60 ± 12
4/15/6/4
29/0

20/8
62 ± 10
4/10/9/5
24/4

18/9
15/12

23/6
22/7

14/14
20/8

0.273
0.646
0.926
0.021 (R vs L)
0.052 (L vs P)
0.052 (L vs P)
0.236

1

R: Cecum-splenic flexure of transverse colon; L: Splenic flexure of transverse colon-sigmoid colon; P: Rectum. 2According to the American Joint Committee
on Cancer (6th ed., 2001). WD, MD, PD, and muc, well-, moderately-, poorly-differentiated, and mucinous. LVN: Lymphovascular or neural invasion of
tumor cells.

of the Bioconductor project (http://www.bioconductor.
org)[15]. Missing values were imputed using the k-nearest
neighbor method (available at the GEPAS web service:
http://gepas.bioinfo.cipf.es/cgi-bin/preprocess/). The
raw data have been deposited in the Gene Expression
Omnibus (GEO, http://www.ncbi.nlm.nih.g ov/
projects/geo/) under the accession number GSE10982.
Quantitative reverse-transcript polymerase chain
reaction (RT-PCR)
Total cellular RNA (5 µ g) was reverse transcribed
into cDNA using SuperScript Ⅱ (Invitrogen). Realtime (RT)-PCR was performed using the Exicycler
Quantitative Thermal Block (Bioneer, Daejeon, Korea).
The RT-PCR reaction product (100 ng) was amplified
in a 15 µ L reaction volume with 2 × SYBR Premix
EX Taq (Takara, Shiga, Japan). Primers were designed
using the Primer3 program (http://frodo.wi.mit.
edu/cgi-bin/primer3/primer3_www.cgi). Following an
initial denaturation at 95℃ for 1 min, the amplification
protocol consisted of 45 cycles of denaturation at
95℃ for 30 s, annealing at 60℃ for 30 s, and extension
at 72℃ for 30 s, followed by a final extension step of
72℃ for 10 min. The β-actin protein was used as an
internal control. Relative quantification of each mRNA
was analyzed by the comparative threshold cycle (TC)
method.
Parametric analysis of gene set enrichment (PAGE)
We applied the PAGE method to identify significant
changes in expression of gene sets[16]. Diverse categories
of gene sets included molecular changes associated
with colorectal tumorigenesis, namely cell cycle and
apoptosis pathways, receptor protein tyrosine kinase
signaling, Wnt/cadherin signaling, DNA MMR, and
TGF- β signaling pathway. They were prepared from
Affymetrix annotation files (http://www.affymetrix.
com/netaffy) and annotation files were downloaded
from the Source web service (http://genome-www5.
stanford.edu/cgi-bin/source/sourceBatchSearch).
Gene sets identified by gene ontology (GO) protocols
included those involved in various biological processes,
genes responsible for cellular components and molecular
functions, genes defined by chromosomal locations,
genes related by InterPro domains, and genes involved
in distinct metabolic pathways. Pathway information
www.wjgnet.com

was obtained from the BioCarta (http://www.biocarta.
com) and KEGG (http://www.genome.ad.jp/kegg/)
databases. Publications on differentially expressed genes
were accessed to understand gene effects on biological
functions and tumorigenesis, using PubMed (http://
www.ncbi.nlm.nih.gov/sites/entrez).
Statistical analysis
The associations of molecular changes and clinicopathologic features with tumor location were examined
by cross-table analysis using Fisher’s exact or Pearson’s
2
χ tests with their significance level at 5%. The
statistical significance of between-group comparisons
was analyzed using Student’s t-test and Q-values were
calculated from corresponding P-values to control the
false discovery rate (FDR) that may occur when testing
multiple hypotheses [17]. Differential gene expression
between tumors and normal epithelia were deemed to
be significant at P < 0.01 for initial screening and P <
0.001 for individual gene candidates. Class prediction
was examined using the BRB-Array Tools package
(version 3.6) available at http://linus.nci.nih.gov/BRBArrayTools.html. All computations were performed
using R statistical programming language (http://cran.
r-project.org/) and the Bioconductor packages.

RESULTS
Differentially expressed genes relative to molecular
changes and clinicopathological features
Assays for genes differentially expressed relative to
molecular changes and clinicopathological features
(Tables 2 and 3) showed that tumor location was
associated with the highest numbers of differentially
expressed genes. When we compared the right colon
with the left colon and rectum taken together, we found
that 1628 genes were differentially expressed, and
when we compared the right colon with the left colon
and rectum considered separately, we found that 1263
genes were differentially expressed. The next greatest
extent of differential gene expression was seen when
lymphovascular or neural invasion (LVI) of tumor cells
occurred, and an analysis by defects in MMR yielded
the next largest differentially expressed gene set. The
differentially expressed genes significantly associated
with canonical tumorigenesis and tumor progression are
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Figure 1 Quantitative RT-PCR of selected genes associated with molecular changes and clinicopathological features from microarray gene expression
data. These were NUDFC1 and SCL19A2 (with APC mutations), MT1X and MT1A (with MMR defects), SPRR3 (with crossover), CCL16 (with lymphovascular or neural
invasion), and MRPL16 and MKKS (with synchronous adenoma). Genes differentially expressed between two groups were selected and their expression patterns
measured using RT-PCR. WT: Without molecular or clinicopathological changes; MT: Molecular or clinicopathological changes. P-values from unpaired t-tests are shown.

collectively shown in Table 3. The differential expression
of several candidate and novel genes was confirmed by
real time RT-PCR (Figure 1).
Gene sets associated with APC and Wnt pathways
APC mutations are related to expression of constituents
of the extracellular matrix (ECM) and to formation of
the axonemal dynein complex, whereas Wnt-associated
alterations are associated with the immune response,
ECM formation, and filopodium expression. In addition,
changes in pyruvate and arginine/proline metabolism
have been associated with APC mutations; whereas
alterations in G-protein receptor binding, the activities
of various chemokines, phosphatase binding efficiency,
and glycolysis/gluconeogenesis rates are associated with
mutations in Wnt. We found that upregulation of three
genes (CDH7, DYRK1A, PISD) and downregulation of
one (SLC19A2) were associated with APC mutations,
whereas upregulation of two genes (PRAF2, CD99L2)
and downregulation of one (FOXF1) were associated
with Wnt-activated changes (P < 0.001).
Gene set alterations associated with the MMR and RAF
pathways
Biologically, MMR defects affect the immune response

(including antigen processing), chromosome functions,
and cytoskeleton structure, whereas RAF-mediated
alterations are related to thyroid hormone generation
and cytoplasmic effects. Cadmium and copper ion
binding, MHC class Ⅱ receptor activity, and fatty acid
metabolism have been associated with MMR defects,
and protein dimerization activity with RAF-mediated
alterations. We found that four upregulated genes (MT1X,
MT1A, SST, TDG) and three downregulated genes
(HMGB1, SUGT1, VTI1B) were associated with MMR
defects, and that two were upregulated (PPP1R13L,
CAST) and one was downregulated (RAB22A) in
association with RAF-mediated alterations (P < 0.001).
Gene set alterations associated with p53 and crossover
pathways
Alterations in p53 have been associated with the
immune response (including antigen processing), ECM
structure, and sensory perception, whereas crossover
was related to cell cycle stage and protein localization.
MHC class Ⅰ receptor activity, oxidoreductase activity,
and glycolysis were associated with p53 alterations, and
protein kinase binding and renyltransferase activity were
associated with crossover. No upregulated but three
downregulated genes (HLA-F, XRCC3, CCDC24)
www.wjgnet.com
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A004-RT
A010-RT
A011-RT
A019-RT
A028-RT
A029-RT
A030-RT
A005-RT
A007-RT
A008-RT
A009-RT
A012-RT
A013-RT
A014-RT
A015-RT
A016-RT
A017-RT
A018-RT
A020-RT
A022-RT
A023-RT
A024-RT
A025-RT
A026-RT
A027-RT
A031-RT
A032-RT
A044-LT
A045-LT
A049-LT
A050-LT
A054-LT
A059-LT
A062-LT
A033-LT
A035-LT
A036-LT
A037-LT
A038-LT
A039-LT
A040-LT
A041-LT
A042-LT
A043-LT
A046-LT
A048-LT
A051-LT
A052-LT
A053-LT
A055-LT
A056-LT
A058-LT
A060-LT
A061-LT
A063-LT
A066-RE
A080-RE
A081-RE
A082-RE
A083-RE
A085-RE
A087-RE
A090-RE
A091-RE
A099-RE
A069-RE
A073-RE
A074-RE
A075-RE
A076-RE
A077-RE
A078-RE
A079-RE
A084-RE
A086-RE
A088-RE
A089-RE
A092-RE
A093-RE
A094-RE
A095-RE
A097-RE
A098-RE

Table 2 Number of differentially expressed genes in terms of
molecular changes and clinicopathological features
Parameters

Molecular changes1, -/+
APC mutations
Wnt-activated
MMR defects
RAF-mediated
Altered p53 expression
Crossover
Clinicopathologic features
Tumor location2, R/L + P
R/L/P
AJCC stage3, Ⅰ + Ⅱ/Ⅲ + Ⅳ
Tumor differentiation, WD
+ MD/PD + muc
Synchronous adenoma, -/+
LVN invasion, -/+

No. of
patients
(missing)

No. of differentially
expressed genes (P <
0.01), total (up/down)

55/27 (2)

83 (41/42)

45/38 (1)
70/14
58/26
24/59 (1)
64/19 (1)

82 (37/45)
238 (122/116)
108 (59/49)
125 (57/68)
92 (44/48)

27/57
27/29/28
50/34
75/9

1628 (936/692)
1263
195 (103/92)
151 (69/82)

55/29
57/27

152 (92/60)
279 (147/132)

1

Wnt-activated: explored by β-catenin assay, AXIN2 measurement, and
GSK-3β immune staining; MMR defect: analyzed by MSI assay, MLH1
5'-promoter measurement or 3'-methylation, and MLH1 or MSH2 immune
staining; RAF-mediated alterations: assayed by detection of mutations
in BRAF V600E and KRAS exons 12 and 13, and MEK immune staining;
Crossover: When a tumor carried both APC/Wnt-mediated alterations
and MMR defects or RAF-mediated alterations. 2R: Caecum-splenic flexure
of transverse colon; L: Splenic flexure of transverse colon-sigmoid colon; P:
Rectum. 3According to the American Joint Committee on Cancer (6th ed.,
2001). WD, MD, PD, and muc, well-, moderately-, poorly-differentiated,
and mucinous; MMR: Mismatch repair.

were associated with p53 alterations, whereas four
upregulated genes (NID2, EGLN3, NIBP, SPRR3) and
three downregulated genes (ITIH1, CFH, ABI3BP), were
associated with crossover (P < 0.001).

www.wjgnet.com

Number 43
Wild-type p53
Altered p53

R

L

P

CD74
FCGRT
B2M
HLA-B
HLA-A
HLA-E
HLA-G
HLA-F
HLA-C
IGHG1
IGL@
IGHA1
IGHM
HFE
MR1

Tumor location-specific analysis shows distinct patterns
of gene expression
As colon tumor location had a very marked effect
on differential gene expression, genes differentially
expressed as a result of particular molecular changes and
clinicopathological features may be concealed by tumor
location. Interestingly, the number of genes differentially
expressed as a result of tumor location increased slightly
in association with several clinicopathological variables,
although the sample size was much smaller (about onethird, data not shown) than those of other tumor sets.
More importantly, most molecular changes had distinct
location-associated effects on gene expression, but
these were sometimes accompanied by contradictory
effects. For example, p53 alterations inhibited the
expression of antigen presentation-related genes only
in right colon cancers, but had no effect in left colon or
rectal cancers (Figure 2). After separation into classes
showing various molecular and clinicopathological
characteristics, the accuracy of binar y outcome
prediction was estimated using seven different machine
learning algorithms available at BRBArrayTools. As
expected, the best prediction accuracy (85%-94%) was
achieved by tumor location (Table 4), followed by MMR
defects (76%-83%). Most of the other molecular and
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Figure 2 Pattern of expression of genes in the “antigen presentation,
endogenous antigen” gene set as distinguished by tumor location
and p53 status. Protein p53 alterations in the ascending colon coordinately
decreased the expression of genes in the gene set whereas p53 alterations in
the descending colon or rectum had no effect on gene expression. R: Cecumsplenic flexure of transverse colon; L: Splenic flexure of transverse colonsigmoid colon; P: Rectum.

clinicopathological variables had prediction accuracies
< 75%. The prediction accuracies for each variable were
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Table 3 Differential gene expression associated with molecular changes and clinicopathological features
Parameters

Symbol

Name

APC mutations

CDH7
DYRK1A
SLC19A2
PISD
NDUFC1
PRAF2
FOXF1
CD99L2
HMGB1
MT1X
MT1A
SUGT1
VTI1B
SST
TDG
RAB22A
PPP1R13L
CAST
HLA-F
XRCC3
CCDC24
NID2
EGLN3
ITIH1
CFH
ABI3BP
NIBP
SPRR3
PNPT1
BAI2
ADCY1
VEGFC
ATAD3B
CAP1
RPS6KA6
FGF5
MMP12
RAP1GDS1
STOML1
CCL16
NOTCH3
DHPS
PARP2
MRPL21
MRPL16
MKKS
LHX2

Cadherin 7, type 2
DS tyr-(Y)-phosphorylation regulated kinase 1A
Solute carrier family 19 member 2
Phosphatidylserine decarboxylase
NADH dehydrogenase 1, subcomplex unknown
PRA1 domain family, member 2
Forkhead box F1
CD99 molecule-like 2
High-mobility group box 1
Metallothionein 1X
Metallothionein 1A
SGT1, G2 allele of SKP1 (S. cerevisiae)
Vesicle transport with t-SNAREs homolog 1B (yeast)
Somatostatin
Thymine-DNA glycosylase
RAB22A, member RAS oncogene family
Protein phosphatase 1, regulatory subunit 13 like
Calpastatin
Major histocompatibility complex, class I, F
XRCC in Chinese hamster cells 3
Coiled-coil domain containing 24
Nidogen 2 (osteonidogen)
egl nine homolog 3 (C. elegans)
Inter-alpha (globulin) inhibitor H1
Complement factor H
ABI gene family, member 3 binding protein
NIK and IKK binding protein
Small praline-rich protein 3
Polyribonucleotide nucleotidyltransferase 1
Brain-specific angiogenesis inhibitor 2
Adenylate cyclase 1 (brain)
Vascular endothelial growth factor C
ATPase family, AAA domain containing 3B
CAP, adenylate cyclase-associated protein 1 (yeast)
Ribosomal protein S6 kinase, 90kDa, polypeptide 6
Fibroblast growth factor 5
Matrix metallopeptidase 12 (macrophage elastase)
RAP1, GTP-GDP dissociation stimulator 1
Stomatin (EPB72)-like 1
Chemokine (C-C motif) ligand 16
Notch homolog 3 (Drosophila)
Deoxyhypusine synthase
Poly (ADP-ribose) polymerase family, member 2
Mitochondrial ribosomal protein L21
Mitochondrial ribosomal protein L16
McKusick-Kaufman syndrome
LIM homeobox 2

Wnt-activated alterations

MMR defects

RAF-mediated alterations

Altered p53 expression

Crossover2

AJCC stage3

LVN invasion

Synchronous adenoma

1

Log2 fold changes

Unadjusted P

0.419885
0.326912
-0.48574
0.272127
0.539581
0.620619
-0.93359
0.753489
-0.38141
0.965429
1.17894
-0.34799
-0.28513
1.24407
0.479829
-0.36017
0.823379
0.285773
-0.55645
-0.26678
-0.28995
0.938223
0.740933
-0.34777
-0.33826
-0.82558
0.649949
0.99738
0.716381
0.545369
-0.43437
0.329341
-0.40978
-0.66905
0.301665
0.464162
-0.69015
-0.60949
-0.39407
0.475838
0.592567
-0.33131
0.573461
0.243204
0.267004
0.439584
0.663108

0.00033
0.000343
0.000427
0.000545
0.000572
0.000205
0.000524
0.000772
3.74E-06
0.000252
0.000351
0.00039
0.000435
0.000564
0.000946
0.000289
0.000614
0.000872
0.000429
0.000588
0.000996
0.000214
0.000375
0.0004
0.000542
0.000637
0.000688
0.000946
4.94E-06
1.57E-05
1.97E-05
9.11E-05
0.000108
0.000405
0.000586
0.000701
7.76E-05
9.63E-05
0.000255
0.000542
0.000679
0.000965
6.00E-05
0.000149
0.000432
0.000447
0.000782

1

Differential gene expression in tumor tissues compared to normal epithelia was examined in terms of molecular changes and clinicopathological features,
as was considered to be significant when P < 0.001; 2When a tumor carried both APC/Wnt-mediated alterations and MMR defects or RAF-mediated
alterations; 3According to the American Joint Committee on Cancer (6th ed., 2001).

also examined after restricting the analysis by the three
tumor locations mentioned above. As expected, locationspecific analysis generally increased the prediction
accuracy significantly (Figure 3), especially in the case
of variables associated with synchronous adenoma,
tumor stage, RAF-mediated changes, and Wnt-activated
alterations. Accuracy, however, decreased when variables
associated with APC mutations, p53 alterations, and
crossover, were analyzed.
Clinicopathological features correlated with genomic
alterations
Biologically, we found that tumor stage was related to

antigen presentation, cell adhesion and migration, bone
mineralization, and epithelial cell differentiation, and
that lymphovascular or neural invasion was related to
cell adhesion, immune response, and sensory perception.
We also found that serine-type enzyme activities, highdensity lipoprotein binding, pancreatic RNase activity,
and glycolysis/gluconeogenesis were related to tumor
stage, and that various structural molecules, hormones,
serine-type enzyme activities, phosphate transport,
the metabolism of the ECM and related molecules,
and high density lipoprotein binding were related
to lymphovascular or neural invasion. Synchronous
adenoma was related to protein biosynthesis, ribosomal
www.wjgnet.com
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Table 4 Class prediction accuracies (%) relative to molecular changes and clinicopathological features
Parameters
Tumor location
Synchronous adenoma
Tumor stage
APC mutations
LVN invasion
MMR defects
p53 alterations
RAF-mediated alterations
Wnt-activated alterations

1

Genes

CCP

DLDA

1-NN

3-NN

NC

SVM

BCCP

620
12
22
12
27
44
8
3
9

85
58
62
72
70
76
65
36
54

86
60
58
72
69
77
70
35
54

92
64
58
57
57
82
61
43
61

90
63
60
72
60
82
73
51
61

86
57
61
67
68
76
66
36
58

94
67
54
73
64
81
72
42
49

94
65
60
67
68
83
79
69
54

1

Number of classifier genes. CCP: Compound covariate predictor; DLDA: Diagonal linear discriminant analysis; 1-NN: One nearestneighbor; 3-NN: Three nearest-neighbor; NC: Nearest centroid; SVM: Support vector machine; BCCP: Bayesian compound covariate
predictor; LVN: Lymphovascular or neural.

proteins, and MHC class Ⅰ receptor activity. We found
that five genes (PNPT1, BAI2, VEGFC, RPS6K6A,
FGF5) were upregulated and three (ADCY1, ATAD3B,
CAP1) were downregulated in association with tumor
stages; that two genes (CCL16, NOTCH3) and four
genes (MMP12, RAP1GDS1, STOML1, DHPS) were
up- or down-regulated, respectively, in association
with lymphovascular or neural invasion, and that five
genes (PARP2, MRPL21, MRPL16, MKKS, LHX2)
were upregulated but no gene was downregulated in
association with synchronous adenoma (P < 0.001).

DISCUSSION
Distinctive molecular changes, such as APC mutations
and MMR defects, are respectively associated with
two types of hereditary colorectal cancers, familial
adenomatous polyposis and hereditary non-polyposis
colorectal cancer. Although these hereditary tumors
constitute fewer than 5%-8% of all colorectal cancers,
the molecular changes identified in hereditary tumors
are important in sporadic colorectal cancers [14,18,19].
The tumor suppressor APC is the major regulator
of canonical Wnt signaling; these two proteins form
a multi-protein complex encompassing kinases such
as GSK-3 β , CK1, and Axins, to prevent colorectal
tumorigenesis[5]. Mutations in the oncogenes RAF and
RAS are closely associated with MMR defects, and may
act as alternative tumor-initiating steps that synergize
with DNA methylation and occur within the context of
serrated polyps[19,20]. The p53 protein, which normally
induces G1 cell cycle arrest to facilitate DNA repair
during replication, cannot induce cell cycle arrest when
mutated in later stages of the adenoma-carcinoma
sequence, thus leading to cell proliferation[21].
In our study, ECM interactions and the immune
response were down- and up-regulated in tumors
with APC mutations and Wnt-activated alterations,
respectively. Gene set analysis earlier showed that the
structural motif of osteopontin mediated critical cellmatrix and cell-cell signaling whose transcriptional
regulation involves multiple pathways including Wnt/
[22]
β -catenin/APC/GSK-3 β /Tcf-4 . Expression of
the E-cadherin β -catenin was observed in dendritic
www.wjgnet.com

cells and loss of E-cadherin adhesion trig gered a
functionally distinct pathway of maturation linked
more closely to the maintenance of tolerance than
to the initiation of immunity[23]. In ApcMin/+ mice, in
which APC mutations are upregulated, dietary arginine
increased colon tumorigenesis [24]. Amongst the eight
genes we identified that were associated with APC
mutations and Wnt activation, we found that one,
PISD, was a novel gene upregulated in tumor cells with
these alterations. Phosphatidylserine decarboxylation
may provide a functionally impor tant source of
phosphatidylethanolamine in mitochondria[25].
We found that MMR defects correlated positively
with an enhanced immune response and metal ion
binding, whereas RAF alterations correlated with
activation of cellular processes and thyroid hormone
generation. Many tumor-infiltrating lymphocytes are
present in MSI+ tumors, along with activated CD8+
cytotoxic T cells [26,27]. Furthermore, tumor-specific
peptides generated by MSI may be involved in antitumor immune responses and may be useful in the
diagnosis and treatment of patients with MSI+ colorectal
cancers[27]. The deleterious effects of Cd2+ reported
to date include generation of reactive oxygen species,
inhibition of DNA repair, depletion of glutathione, and
alteration of apoptosis[28]. In contrast, RAS/RAF/MEK/
ERK-transduced signals can initiate cellular processes
directed towards either proliferation or differentiation,
depending on signal intensity and duration [29]. RAF
mutations are associated with advanced clinical stages
and early recurrence in patients with papillary thyroid
cancer [30]. Amongst the genes up-regulated by MMR
defects are the metallothionein genes, including MT1X
and MT1A, which are expressed differentially in various
tissues, during several developmental stages, and in
response to metals, steroids, and stress[30]. Several of
these genes, including MT1X, were overexpressed in
MSI+ colorectal and gastric cancers[31].
We found that alterations in p53 downregulated
immune responses and ascorbic acid binding. Anti-p53
IgG has been detected in the sera of subjects with
various types of cancer, indicating induction of anti-p53
CD4+ Th cells[32]. Ascorbic acid can block the effects of
TNF-α on endothelial cell proliferation and apoptosis
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Figure 3 Accuracy of class
prediction increases with
tumor location-specific
analysis. Samples were
divided into three subgroups
corresponding to three tumor
locations (right colon, left
colon, and rectum). Class
prediction was performed
using either all samples
or samples within each
subgroup. For tumor locationspecific analysis, the results
of class prediction (true or
false) from each of the three
locations were combined
to calculate the overall
prediction accuracy. Ten
genetic or clinicopathological
parameters were analyzed.
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by inhibiting TNF-α-induced p53 expression and Rb
hypophosphorylation, as well as by promoting collagen
[33]
Ⅳ production . We also observed that the crossover
pathway between APC/Wnt-activated and MMR defects
or RAF-mediated alterations, which has rarely been
observed in human colorectal cancers, was associated
with cell cycle and protein localization. Recently, mice
car r ying compound Apc and Ras mutations were
characterized as having a striking increase in intestinal

tumor multiplicity and progression, compared with Apconly mutant animals[12]. Amongst the seven genes we
identified as associated with the crossover pathway, one,
NIBP, was a novel gene upregulated in tumor cells with
these alterations. NIBP has been reported to enhance
the cytokine-induced NF- κ B signaling pathway by
interacting with NIK and IKKβ[34], which may activate
the TNF-induced invasive activity of tumor cells.
Embryologically, the right and left colon has different
www.wjgnet.com
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origins, the midgut and hindgut, respectively, and is
supplied by different circulation and innervation [35].
We found that tumor location was the dominant factor
for differential gene expression in colorectal cancers.
Thus, location-specific analysis may more precisely
discriminate between alterations in gene expression
caused by canonical molecular changes. The dependence
of gene expression differences on tumor location has
been reported previously[36-39]. The dominant expression
pattern has been shown to be consistent with different
embryonic origins and a second pattern reveals a gradual
change from the caecum to the rectum [39]. We found
that the prediction accuracy by tumor location-specific
analysis was increased using analyses by synchronous
adenoma, tumor stage, and RAF-mediated and Wntactivated alterations, but decreased by analyses using
APC mutations and p53 alterations. These findings
suggest that APC mutations and p53 alterations may
affect tumorigenesis as initiators and terminators,
respectively, along the entire colon. In the absence
of APC mutations and p53 alterations, however,
synchronous adenoma, tumor stage, RAF-mediated
changes, and Wnt-activated alterations may determine
tumorigenesis at different locations. In addition, we
found that several biological processes were affected
differently by tumor location, often in opposite senses.
One of the most significantly altered biological processes
was the immune response. We observed that genes
involved in the immune response were coordinately
downregulated in left colon cancers with p53 alterations
but not in right colon or rectal cancers. The same trend
was observed with APC mutations, but the opposite
trend was obser ved with MMR defects. Locationspecific analysis also allowed the prediction of gene
class by expression profiling in 6 of 10 parameters in
our analysis, and in agreement with previous findings[38].
Gene expression profiling has been used to predict
metastasis or recurrence in patients with stage Ⅱ colon
cancer, thus enhancing the selection of chemosensitive
patients for adjuvant chemotherapy[40,41]. Our finding
that distinct molecular pathways of tumorigenesis occur
in right and left colon cancers suggests that prediction
of responsiveness to adjuvant therapy will benefit from
location stratification.
In our study, both tumor stage and lymphovascular
or neural invasion were associated with antigen
presentation, ECM metabolism, and cellular and
extracellular processes that determine tumor initiation
and progression. Amongst the 14 differentially expressed
genes associated with these biological functions, one
encodes CCL16, a chemoattractant for monocytes and
lymphocytes that can increase tumor rejection, antigen
presentation by macrophages, T cell cytotoxicity, and
the angiogenic activity of vascular endothelial cells[42].
BAI2 and STOML1 are novel genes, upregulated in
advanced cancers and downregulated in lymphovascular
and neural tumor invasion, respectively. Human BAI2,
probably a G-protein-coupled receptor in the brain,
participates in the early stages of neovascularization
of the cerebral cortex after ischemia[43]. The stomatin
www.wjgnet.com
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homolog (UNC-24) of C. elegans, a protein similar to the
human stomatin homolog STOML1 (SLP-1), is required
for normal locomotor response to volatile anesthetics
and contains a region of sequence homologous to the
nonspecific lipid transfer protein[44].
As the traditional adenoma-carcinoma sequence,
which is instigated in adenomas (or aberrant crypt foci)
by the APC-Wnt signaling pathway, accounts for more
than two-thirds of all colorectal cancers[3], we examined
the molecular association of tumorigenesis in patients
with synchronous adenoma. We found that three novel
genes, MRPL21, MRPL16, and MKKS, were upregulated
in tumors with synchronous adenoma. A mitochondrial
ribosomal protein, MRPL21, arrests the cell cycle by
increasing p21WAF1/CIP1 and p27Kip1 levels under
growth inhibitory conditions [45]. The MRPL16 gene
originated via duplication of a pre-existing mitochondrial
ribosomal protein gene as well as by recruitment of
some DNA sequence from outside of the mitoribosomal
genome[46]. McKusick-Kaufman syndrome (MKKS) is
a human developmental anomaly syndrome featuring
hydrometrocolpos, postaxial polydactyly, and congenital
heart disease[47]. In protein biosynthesis, MKKS is similar
in function to type Ⅱ chaperonins, which are responsible
for folding a wide range of proteins[48].
In conclusion, we found that the differential
expression of 47 genes was associated with canonical
molecular changes and clinicopathological characteristics
of sporadic colorectal cancers, possibly constituting
alternative or subordinate pathways of tumorigenesis
and tumor growth. Currently, the seven novel genes
of our study that correlate with tumorigenesis and
tumor growth, are functionally assessed to be possible
candidates as diagnostic or therapeutic targets for
colorectal cancers. Amongst these biological processes,
the immune response was unifor mly involved in
all molecular changes, that is, APC/Wnt-activated
alterations, changes arising from MMR defects, RAFmediated changes, and p53-caused alterations. As
tumor location was the dominant factor for differential
gene expression in colorectal cancers, location-specific
analysis may precisely discriminate particular gene
expression profiles and enhance the accuracy of tumor
class prediction.
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Abstract
AIM: To investigate the effect of activation of
canonical Wnt signaling pathway on the proliferation
and differentiation of hepatic oval cells in vitro .
METHODS: W B - F 3 4 4 c e l l s w e r e t r e a t e d w i t h
recombinant Wnt3a (20, 40, 80, 160, 200 ng/mL) in
serum-free medium for 24 h. Cell proliferation was
measured by Brdu incorporation analysis; untreated
WB-F344 cells were taken as controls. After treatment
w i t h W n t 3 a ( 1 60 ng/ mL) fo r 2 4 h, s ubc e l lular
localization and protein expression of β-catenin in
WB-F344 cells treated and untreated with Wnt3a
were examined by immunofluorescence staining and
Western blot analysis. CyclinD1 mRNA expression was
determined by semi-quantitative reverse-transcript
polymerase chain reaction (RT-PCR). The mRNA levels
of some phenotypic markers (AFP , CK-19 , ALB ) and
two hepatic nuclear factors (HNF-4 , HNF-6 ) were
measured by RT-PCR. Expressions of CK-19 and AFP
protein were detected by Western blot analysis.
RESULTS: Wnt3a promoted proliferation of WB-F344
cells. Stimulation of WB-F344 cells with recombinant
Wnt3a resulted in accumulation of the transcriptional
activator β-catenin, together with its translocation into
the nuclei, and up-regulated typical Wnt target gene
CyclinD1 . After 3 d of Wnt3a treatment in the absence
of serum, WB-F344 cells retained their bipotential
to express several specific phenotypic markers of
hepatocytes and cholangiocytes, such as AFP and
CK-19, following activation of the canonical Wnt
signaling pathway.
CONCLUSION: The canonical Wnt signaling pathway

promotes proliferation and self-renewal of rat hepatic
oval cells.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The liver is an organ with a remarkable regenerative
capacity, provided by preexisting hepatocytes and
cholangiocytes under normal conditions [1]. However,
viral infection, alcohol, some drugs and self-immunity
may cause liver inflammation and fibrosis. When the
regenerative ability of hepatocytes to divide and replace
the damaged tissue is compromised, oval cells are
activated, and then may give rise to both hepatocytes
and biliary epithelial cells[2,3]. Oval cell activation and
proliferation serve as a source of cell replenishment
and tissue repair as they differentiate into functional
mature hepatocytes, thus aiding in the process of liver
regeneration[4,5]. Therefore, oval cells are also designated
as facultative hepatic stem cells because they proliferate
only in response to chronic regenerative stimuli and have
bipotential differentiation capabilities for both hepatocytes
and cholangiocytes[6,7]. Although oval cells are usually
found in normal human fetal livers, they are also observed
in numerous hepatic pathologies[8,9]. Oval cell activation
in malignancies such as hepatocellular carcinoma (HCC)
and cholangiocarcinoma is of special relevance in light of
the theories supporting the existence of cancer stem cells,
which may serve as a tumor source, or as a mechanism
www.wjgnet.com
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of cancer recurrence or metastasis[10,11]. However, little is
known about the signaling mechanisms involved in oval
cell proliferation and differentiation.
The canonical Wnt signaling pathway is highly
conserved throughout animal development, during
which it exerts pleiotropic effects on cell proliferation,
differentiation, and polarity or migration[12]. The Wnt
signaling pathway, identified recently, critically regulates
various postnatal stem cell compartments, including the
hematopoietic, skin, and enteric systems. In this respect,
it has been demonstrated that hematopoietic stem
cells maintain an undifferentiated self-renewing state
through constitutive activation of the canonical Wnt
signaling pathway with Wnt3a, a prominent member of
the Wnt family[13,14]. In the liver, there is accumulating
evidence that Wnt/β-catenin signaling plays a central
role in various aspects of hepatic biology, including liver
development, regeneration, growth, and oncogenesis.
During liver development, β-catenin critically regulates
hepatic progenitor cell proliferation, and over-expression
or inhibition of β-catenin either increases or decreases the
overall liver size, respectively[15-19]. Studies of pathological
specimens and rodent models of liver diseases have
demonstrated aber rations in the Wnt/ β -catenin
signaling pathway in conditions ranging from hepatitis to
HCC[20]. However, no studies have definitively addressed
the role of canonical Wnt signaling in proliferation
and differentiation of hepatic oval cells. Therefore,
we hypothesize that Wnt signaling can regulate the
proliferation and differentiation of oval cells.
WB-F344, a rat hepatic stem-like epithelial cell line,
isolated from the liver of an adult male Fischer-344 rat,
can express a phenotypic repertory of both hepatocytes
and bile duct epithelial cells compared with those of
normal hepatocytes, biliary epithelial (ductular) and
“oval” cells isolated from liver treated with chemical
carcinogens. The phenotypic properties of cultured liver
epithelial cell line most resemble those of the “oval”
cells. Thus, it is considered to be an in vitro model of
bipotent oval cells as it shares their phenotype[21,22]. After
transplantation into livers of adult syngeneic Germanstrain Fischer-344 rats that are deficient in bile canalicular
enzyme dipeptidyl peptidase Ⅳ (DPP-Ⅳ), WB-F344
cells integrate into hepatic plates and differentiate into
mature hepatocytes [23]. Moreover, when treated with
sodium butyrate and cultured on Matrigel, WB-F344 cells
can differentiate along the biliary phenotype in vitro[24].
In the present study, we provided direct evidence for
the activation of canonical Wnt signal transduction in
WB-F344 cells in response to Wnt ligands, and showed
that activation of canonical Wnt signaling regulates the
proliferation and bipotential of WB-F344 cells. A better
understanding of its role in hepatic stem cell proliferation
and differentiation can lead to the successful manipulation
of liver biology for therapeutic purposes.

MATERIALS AND METHODS
Cell line culture
The rat hepatic oval cell line (WB-F344) was obtained
www.wjgnet.com
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from Academy of Military Medical Sciences. The cells
were cultured in Dulbecco’s modified Eagle’s medium/
F12 (Invitrogen, Carlsbad, CA), supplemented with
10% fetal bovine serum (Gibco BRL, USA), 10 mL of
200 mmol/L L-glutamine and 0.5 mL of penicillinstreptomycin mixture. All cultures were maintained at
37℃ in 50 mL/L CO2.
Proliferation test (Brdu incorporation assays)
Cell proliferation was detected by Brdu incorporation
assays. A total of 6000 WB-F344 cells were seeded
into 96-well culture plates. Cells were brought to 90%
confluence and then fasted overnight in serum-free
media before addition of Brdu to a final concentration
of 10 μmol/L. Two hours later, the cells were stimulated
with escalating doses of Wnt3a (R&D, Systems, Inc)
(20, 40, 80, 160, and 200 ng/mL) for 24 h, washed free
of BrdU and harvested. The cells were fixed with 4%
paraformaldehyde for 30 min, blocked with 1% BSA
in phosphate-buffered saline containing 0.2% Triton
X-100 for 30 min, incubated with a HRP-Brdu antibody
(1:200) for 2 h at 37℃, and washed. A TMB substrate
solution was added to the wells and color developed
in proportion to the amount of Brdu bound. The stop
solution changed the color from blue to yellow, and
intensity of the color was measured at 450 nm with a
spectrophotometer.
Immunofluorescence staining
Fo r s u b c e l l u l a r l o c a l i z a t i o n o f β - c a t e n i n b y
immunocytochemistry, WB-F344 cells were plated
onto chamber slides resulting in 90% confluence, and
then fasted overnight in serum-free media before the
addition of 160 ng/mL Wnt3a (R&D, Systems, Inc).
The cells were fixed with 4% paraformaldehyde for 30
min at 37℃. Permeabilization of the cells was achieved
after incubation for 30 min at 37℃ with PBS containing
0.2% Triton X-100. To minimize nonspecific binding
of the antibody, blocking was carried out with a buffer
containing 1% bovine serum albumin for 1 h. β-catenin
antibody (R&D, Systems, Inc) was applied at a 1:25
dilution for 90 min at 37℃. As a negative control, PBS
was used instead of the primary antibody to exclude
the unspecific binding of the secondary antibody.
No fluorescent labeling was observed in the negative
control. After repeated washing with PBS, the cells
were incubated with a goat-anti-mouse antibody labeled
with fluorescein isothiocyanate (1:10) for an additional
30 min. Finally, cell nuclei were counterstained with
Hoechst 33258. Images were obtained using a confocal
laser scanning microscope.
RNA isolation and reverse-transcription polymerase
chain reaction (RT-PCR)
WB-F344 cells were brought to 90% confluence and then
fasted overnight in serum-free media. After stimulation
with or without Wnt3a, cells were cultivated for 1 and
3 d, respectively. Total RNA was extracted from WB-F344
cells treated with Wnt3a with Trizol according to the
manufacture’s instructions. RNA (1 μ g) was reverse
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Table 1 Primer sequences used for RT-PCR
Gene

Primer sequences

CyclinD1

5’-ATTGAAGCCCTTCTGGAGTCAAGCC-3’
5’-TCTATTTTTGTAGCACCCCCCCGTC-3’
5’-GCTGAACCCAGAGTACTG AC-3’
5’-GACACGTCGTAGATGAACGTG-3’
5’-AAGGCACCCCGATTACTCCG-3’
5’-TGCGAAGTCACCCATCACCG-3’
5’-ATGACTTCCTATAGCTATCG-3’
5’-CACCTCCAGCTCGCCATTAG-3’
5’-GACAAATGGCAGGACGAGGG-3’
5’-AGCGTACTGGTTTAGGTGCC-3’
5’-CTTCCTTCTTCATGCCAG-3’
5’-ACACGTCCCCATCTGAAG-3’
5’-ACCACAGTCCATGCCATCAC-3’
5’-TCCACCACCCTGTTGCTGTA-3’

AFP
ALB
CK-19
HNF-6
HNF-4α
GAPDH

Annealing temp (℃)

Cycles

Ampliconsize (bp)

56

26

420

60

34

472

56

36

608

64

34

340

62

36

781

62

34

269

56

24

469

transcribed. For semi-quantitative PCR, the number
of cycles corresponded to the mid-logarithmic phase.
Primers were designed using GenBank sequences (Table 1).
PCR amplification was performed using PCR Master Mix
(Taqman) according to the manufacturer’s instructions.
PCR products were analyzed by electrophoresis on a 2%
agarose gel.
Western blot analysis
After stimulation with Wnt3a, cells were cultivated for
1 and 3 d, respectively. Trypsinized protein was isolated
using a lysis buffer (50 mmol/L Na2HPO4, 50 mmol/L
NaH 2PO 4, 0.2 mol/L NaCl, 5 mmol/L EDTA, 1%
Triton X-100, pH 6.0). After incubation on ice for
30 min, samples were centrifuged at 13 000 r/min for
20 min at 4℃. Then, a 2 × dithiothreitol (DTT) loading
buffer containing 0.4 mol/L Tris (pH 6.8), 4% SDS,
20% glycerol, and 10% DTT was added to the sample
supernatants, and incubated for 5 min at 95℃. Following
electrophoretic separation by 10% SDS-polyacrylamide
gel electrophoresis, proteins were electroblotted onto
nitrocellulose membranes. The membranes were blocked
in a NET buffer (150 mmol/L NaCl; 5 mmol/L EDTA,
pH 8.0; 50 mmol/L Tris/HCl, pH 7.5; 0.05% Triton
X-100) containing 2.5% gelatin (Merck) for 1 h at room
temperature. Polyclonal antibodies against β -catenin
(R&D, Systems, Inc), cytokeratin-19 (CK-19) (Santa Cruz
Biotechnology Inc), AFP (Santa Cruz Biotechnology
Inc) were used at a dilution of 1:25 (β-catenin), 1:200
(AFP, CK-19) and 1:400 ( β -actin), respectively, and
incubated for 1 h at room temperature. Thereafter, the
membranes were washed in a NET buffer, and further
incubated with a peroxidase-conjugated antibody at a
dilution of 1:20 000. Antibody binding was visualized
by DAB. The bands were semi-quantitatively evaluated
by densitometric analysis. Protein expression levels
of β-catenin were thereby normalized to those of the
housekeeping gene β-actin.
Differentiation assay
WB-F344 cells grown in a Wnt3a-containing medium
in the absence of serum were cultured with or without
Wnt3a for 3 d. The medium was changed every day.

After 3 d of coculture, total Mrna and protein were
extracted and analyzed for expression of CK-19, ALB,
AFP by RT-PCR and Western blot analysis.
Statistical analysis
All results were expressed as mean ± SD. Measurement
data were analyzed using one-way analysis of variances
(ANOVA, SPSS 11.5). P < 0.05 was considered statistically
significant.

RESULTS
Activation of the Wnt pathway, accumulation of
β -catenin, its translocation into nuclei, and
transcriptional activation of Wnt target genes
To investigate whether treatment of WB-F344 cells with
recombinant Wnt3a (160 ng/mL) influences β-catenin
in WB-F344 cells at the protein level, we monitored the
expression of β-catenin by semi-quantitative Western blot
analysis. Accumulation of β-catenin protein (1.2-fold)
was observed 1 d after addition of 160 ng/mL Wnt3a
(Figure 1A). To confirm the data obtained by Western
blot analysis and prove whether Wnt3a stimulation
has any influence on the subcellular localization of
β -catenin, immunocytochemistry was performed.
Clear nuclear staining for β-catenin was observed after
treatment with 160 ng/mL Wnt3a for 1 d, suggesting that
Wnt3a stimulation is responsible for the accumulation
of β-catenin and its translocation from cytoplasm into
nuclei (Figure 1B). To evaluate whether Wnt3a-mediated
accumulation of β-catenin would result in the activation
of typical Wnt target genes, the mRNA expression
levels of CyclinD1 was semi-quantified by RT-PCR 1
d after Wnt3a stimulation (160 ng/mL). A significant
induction in CyclinD1 was obser ved (Figure 2).
These findings indicate that activation of the Wnt
pathway in WB-F344 cells can result in accumulation
of β-catenin, its translocation into nuclei, and enhanced
expression of Wnt target genes.
Effect of Wnt3a on WB-F344 cell proliferation
To determine whether WB-F344 cells respond to Wnt
ligand stimulation with activation of the canonical
www.wjgnet.com
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Figure 2 The mRNA expression levels of the known Wnt target genes
CyclinD1 was semi-quantified at day 1 during stimulation with Wnt3a
(160 ng/mL) and normalized to the expression levels in untreated WB-F344
cells (set as 100%). The mRNA expression level of CyclinD1, one of the known
Wnt target genes in WB-F344 cells after stimulation by Wnt3a (160 ng/mL)
for 1 d was semi-quantified by RT-PCR and the results was normalized to
the expression levels in untreated WB-F344 cells (set as 1). CyclinD1 was
upregulated under stimulating conditions on day 1. For quantification, CyclinD1
mRNA was scanned by densitometric analysis and normalized to GAPDH. Data
are presented as mean ± SD of triplicate experiments. aP < 0.05 in comparison
with un-treated cells.
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0.2
0.1
0

Wnt pathway, WB-F344cells in culture were stimulated
by purified Wnt3a protein. Brdu incorporation assays
were performed to determine whether Wnt stimulates
the proliferation of WB-F344 cells. After ser um
starvation, Wnt3a stimulation of WB-F344 cells resulted
in significantly more uptake of Brdu compared with
controls in the absence of serum. The proliferation of
WB-F344 cells increased after the addition of Wnt3a,
and reached its peak at 160 ng/mL Wnt3a (Figure 3).
To evaluate whether the expression of Wnt target gene
CyclinD1 is directly correlated with the proliferation
of WB-F344 cells, the mRNA expression level of
CyclinD1 was determined by semi-quantitative RT-PCR
1 d after Wnt3a stimulation (160 ng/mL). A significant
up-regulation of CyclinD1 expression was observed,
suggesting that CyclinD1 has a major impact on the
proliferation of WB-F344cells. These findings indicate
that proliferation of WB-F344 cells is stimulated by

a

0.9

Brdu incorporation

Figure 1 Effects of Wnt3a on β-catenin expression, its subcellular
localization, and induction of typical Wnt target genes. A: Stimulation of
WB-F344 cells with 160 ng/mL Wnt3a for 1 d revealing a slight increase in
β-catenin protein level as shown by Western blot analysis and densitometric
analysis; B: Immunocytochemistry analysis of β-catenin exhibiting perinuclear
staining for β-catenin in unstimulated WB-F344 cells (upper panels), whereas
addition of 160 ng/mL Wnt3a for 1 d (lower panels) showing clear nuclear
staining for β-catenin. Immunofluorescence was performed using a polyclonal
antibody against β-catenin (left panels). In addition, nuclei of WB-F344 cells
were stained with Hoechst33258 (right panels). Scale bars: 50 µm.
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Figure 3 Proliferation of WB-F344 cells upon treatment with Wnt3a
measured by Brdu incorporation assay. The proliferation of WB-F344 cells
was significantly enhanced by stimulation with recombinant Wnt3a for 1 d Data
are presented as mean ± SD. aP < 0.05 vs untreated WB-F344 cells.

the canonical Wnt signaling pathway, which may be
the mechanism underlying the up-regulated CyclinD1
expression.
Activation of the canonical Wnt signaling pathway
promoted self-renewal of WB-F344 cells
Although Wnt3a can activate the canonical Wnt
signaling pathway, it remains unclear whether activation
of the canonical Wnt signaling pathway results in
differentiation of WB-F344 cells. If Wnt3a can promote
cell differentiation, WB-F344 cells treated with Wnt3a
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Figure 4 RT-PCR and Western blot analysis of differentiated WB-F344 cells treated or untreated with Wnt3a. A: Wnt3a-treated WB-F344 cells expressing two
phenotypic markers (CK-19 and AFP) and two hepatic nuclear factors (HNF4α and HNF-6) at mRNA level with untreated WB-F344 cells as controls; B: Wnt3a-treated
cells expressing two phenotypic markers (CK-19 and AFP) at protein level.

should express specific markers after activation of the
canonical Wnt signaling pathway. To test this hypothesis,
WB-F344 cells were cultured in the presence or absence
of Wnt3a-containing medium for 3 d under serum-free
conditions. RT-PCR and Western blot were performed
for the expression of markers in WB-F344 cells treated
or untreated with Wnt3a. Two cell–specific markers,
AFP and CK-19 and two hepatocyte nuclear factors,
HNF-4 α , HNF-6 were expressed in both Wnt3atreated and untreated WB-F344 cells. In respect of these
markers, Wnt3a-treated WB-F344 cells did not show any
marked deviation compared with untreated WB-F344
cells (Figure 4). The transcription factors, known to
play a key role in differentiation of hepatocytes and
cholangiocytes, were expressed in both Wnt3a-treated
and untreated WB-F344 cells. These findings suggest

that self-renewal of WB-F344 cells is stimulated by the
canonical Wnt signal transduction.

DISCUSSION
Oval cell activation occurs in the majority of chronic
liver diseases and increases with the severity of the
disease. In moderate and severe degrees of inflammation,
intermediate hepatocytes occur, having a phenotype
intermediate between progenitor cells/ductular cells and
mature hepatocytes. The number of these intermediate
hepatocytes gradually increases with higher degrees
of inflammation and necrosis in necrotizing hepatitis
or with more advanced stages of (non) alcoholic
steatohepatitis[25-27]. However, little is known about the
signaling pathways involved in controlling hepatic oval
www.wjgnet.com
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cell proliferation and differentiation. The present study
demonstrated that Wnt/ β -catenin signaling plays an
important role in the proliferation and renewal of oval
cells in vitro.
Although multiple Wnts are now known to play a
role in the proliferation and renewal of stem cells via
the canonical or non-canonical pathway, Wnt-1 and
-3 have a similar mode of action leading to β-catenin
accumulation[28,29]. Taking advantage of this redundancy
and availability of biologically active Wnt3a, we tested
the impact of Wnt enrichment on WB-F344 cells,
at beginning of cultures. Thus, this study directly
addressed the effect of Wnt3a on the proliferation and
differentiation of WB-F344 cells.
We performed this study in serum-free conditions
to minimize other confounding factors. Our initial
results demonstrate that Wnt proteins, showing high
transforming activity in WB-F344 cells, could activate
the canonical Wnt signaling pathway. To activate the
canonical Wnt signaling pathway, WB-F344 cells were
stimulated with recombinant Wnt3a (160 ng/mL)
for 24 h. β -catenin, upon treatment with Wnt3a,
translocated into the nuclei of WB-F344 cells where
it promotes TCF/LEF-dependent transcription, with
a slightly increased accumulation of β -catenin at
protein level, suggesting that degradation of β-catenin
diminished by the destructive complex is the underlying
mechanism [30]. Nuclear accumulation of this protein
indicates that activity of the Wnt signal pathway is
increased [31]. Furthermore, Wnt3a-mediated nuclear
translocation of β-catenin results in the up-regulation
of CyclinD1, suggesting that the canonical Wnt target
gene, originally identified in colon carcinoma cells[32], can
be induced in WB-F344 cells. Accumulated β-catenin
is translocated into the nuclei of WB-F344 cells where
it binds to the transcription factors, T cell factor (Tcf)/
lymphoid enhancer factor (Lef), thereby stimulates
expression of target genes[33]. Therefore, activation of
the Wnt signaling pathway in WB-F344 cells results in
accumulation of β-catenin, its translocation into nuclei,
and enhanced expression of Wnt target genes.
We also investigated the effect of recombinant
Wnt3a on proliferation of WB-F344 cells in serumfree environment, showing that recombinant Wnt3a
could stimulate the proliferation of WB-F344 cells. This
observation is consistent with the reported findings
that β -catenin plays a central role in regulating the
proliferation and regeneration of hepatocytes[34-36]. To
investigate whether the expression of CyclinD1 is directly
correlated with the proliferation of WB-F344 cells,
mRNA expression in CyclinD1, which plays a fundamental
role in cell cycle at the G1-S phase transition, was semiquantified by RT-PCR 1 d after Wnt3a stimulation (160
ng/mL). A significant mRNA expression was induced in
CyclinD1. This effect was even more pronounced under
Wnt stimulatory conditions. Moreover, it was reported
that proliferation of WB-F344 cells is severely impaired
in the absence of β-catenin, secondary to the decreased
expression of downstream targets such as CyclinD1,
which are critical in proliferation [37]. It has also been
www.wjgnet.com
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shown that WB-F344 cells proliferate in postnatal liver
development, ex vivo embryonic liver development, and
in facultative liver stem and oval cells[38-41]. These findings
further support the idea that the Wnt signaling pathway
is largely involved in controlling the proliferation of
WB-F344 cells.
Oval cells are known to be tumorigenic[42]. The Wnt/
β-catenin signaling pathway plays an important role in
the pathogenesis of hepatic adenoma and its progression
to HCC [43] and also in self-renewal of stem cells in
several tissue types[44]. β-catenin is a mediator of cancer
stem cells[43] and plays an important role in early liver
development at the stage of ongoing hepatic progenitor
proliferation[39,45]. In the present study, the hepatobiliary
phenotype was confirmed by RT-PCR and Western blot
analysis. Wnt3a-treated and untreated WB-F344 cells
cells were positive for AFP and CK-19 but negative
for ALB, one of the final maturation phase markers,
indicating that they were immature cells. The bipotential
phenotype of WB-F344 cells was observed in oval cells,
presumed precursors of hepatocytes and biliary cells.
HNF4 α and HNF6 are known to play a key role in
differentiation of hepatocytes and cholangiocytes[46-50].
Our results also demonstrate that WB-F344 cells treated
or untreated with Wnt3a expressed HNF4α and HNF6.
Studies in knockout mice showed that hepatocyte
nuclear factor HNF4α regulates transcription of genes
essential for hepatocytic cell lineage[51,52], whereas HNF6
is involved in the development of gallbladder and bile
ducts [53,54]. HNF4 α and HNF6 are expressed in fetal
hepatoblasts and show different expression patterns
in adult liver. HNF4α is exclusively expressed in fetal
and adult hepatocytes. No HNF4a expression has been
observed in fetal ductal plate or in bile duct epithelium
or in normal adult liver. HNF6 is also expressed in
fetal and adult hepatocytes and in fetal BEC. HNF6
is completely lost from the BEC with mature biliary
phenotype[55]. It was reported more recently that the
Wnt/β-catenin signaling pathway plays a critical role in
oval cell activation[40]. HNF4α and HNF6 are expressed
in oval cells of the liver activated by 2-AAF/PH [56].
Our results show that activation of the Wnt/β-catenin
signaling pathway could promote self-renewal of
WB-F344 cells, indicating that some molecules involved
in the canonical Wnt pathway may be therapeutic targets.
β-catenin targeting might be of essence in preneoplastic
and early or late HCC as a chemopreventive or chemotherapeutic measure.
In conclusion, the canonical Wnt signaling pathway
plays a key role in regulating the proliferation and selfrenewal of hepatic oval cells. The detailed mechanism
of Wnt3a underlying the differentiation of WB-F344
cells and whether β -catenin can directly control the
expression of HNF4α and HNF6 need further study.

COMMENTS
Background

Oval cell activation occurs in the majority of chronic liver diseases and
increases with the severity of the disease. However, little is known about
the signaling pathways involved in controlling hepatic oval cell proliferation
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and differentiation. The canonical Wnt signaling pathway is highly conserved
throughout animal development during which it exerts pleiotropic effects on cell
proliferation, differentiation, and polarity or migration. In the present study, the
authors aimed to investigate the effect of activation of canonical Wnt signaling
pathway on the proliferation and differentiation of heaptic oval cells in vitro.
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Research frontiers

There is accumulating evidence that Wnt/β-catenin signaling in the liver
plays a central role in various aspects of hepatic biology, including liver
development, regeneration, growth, and oncogenesis. Studies of pathological
specimens and rodent models of liver diseases have demonstrated aberrations
in the Wnt/β-catenin signaling pathway in conditions ranging from hepatitis
to hepatocellular carcinoma (HCC). However, no studies have definitively
addressed the role of canonical Wnt signaling in proliferation and differentiation
of hepatic oval cells.

Innovations and breakthroughs

This is the first study addressing the role of canonical Wnt signaling in
proliferation and differentiation of hepatic oval cells. The canonical Wnt
signaling pathway plays a key role in regulating the proliferation and selfrenewal of hepatic oval cells.
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Applications

Oval cells are known to be tumorigenic. The Wnt/β-catenin signaling pathway
plays an important role in the pathogenesis of hepatic adenoma and its
progression to HCC, and also in self-renewal of stem cells in several tissue
types. β-catenin is a mediator of cancer stem cells. Activation of the Wnt/
β-catenin signaling pathway could promote self-renewal of oval cells, indicating
that some molecules involved in the canonical Wnt pathway may be therapeutic
targets. β-catenin targeting might be of essence in preneoplastic and early or
late HCC as a chemopreventive or chemotherapeutic measure.

Terminology

The Wnt signaling pathway, identified recently, critically regulates various
postnatal stem cell compartments, including the hematopoietic, skin, and
enteric systems. In this respect, it has been demonstrated that hematopoietic
stem cells maintain an undifferentiated self-renewing state through constitutive
activation of the canonical Wnt signaling pathway with Wnt3a, a prominent
member of the Wnt family.
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Peer review

In this study, the authors demonstrated the role of canonical Wnt signaling in
proliferation and differentiation of hepatic oval cells. This work adds significant
information that activation of the Wnt/β-catenin signaling pathway could
promote proliferation and self-renewal of oval cells, indicating that some
molecules involved in the canonical Wnt pathway may be therapeutic targets.
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Abstract
AIM: To explore the influence of portal vein hemodynamic changes after portal venous arterialization
(PVA) on peribiliary vascular plexus (PVP)
morphological structure and hepatic pathology, and to
establish a theoretical basis for the clinical application
of PVA.
METHODS: Sprague-Dawley rats were randomly
divided into control and PVA groups. After PVA,
h e m o d y n a m i c c h a n g e s o f t h e p o r t a l ve i n a n d
morphological structure of hepatohilar PVP were
observed using Doppler ultrasound, liver function
tests, ink perfusion transparency management
and three-dimensional reconstruction of computer
microvisualization, and pathological examination was
performed on tissue from the bile duct wall and the
liver.
RESULTS: After PVA, the cross-sectional area and
blood flow of the portal vein were increased, and
the increase became more significant over time, in a
certain range. If the measure to limit the flow in PVA
was not adopted, the high blood flow would lead to

dilatation of intrahepatic portal vein and its branches,
increase in collagen and fiber degeneration in tunica
intima. Except glutamic pyruvic transaminase (GPT),
other liver function tests were normal.
CONCLUSION: Blood with a certain flow and oxygen
content is important for filling the PVP and meeting the
oxygen requirement of the bile duct wall. After PVA, It
is the anatomic basis to maintain normal morphology
of hepatohilar bile duct wall that the blood with high
oxygen content and high flow in arterialized portal vein
may fill PVP by collateral vessel reflux. A adequate
measure to limit blood flow is necessary in PVA.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In the clinical practice of enlarged radical operation
and liver transplantation, revascularization of the
liver is often needed. For this reason, portal venous
arterialization (PVA) has been extensively studied and
carried out in clinical practice[1-5]. PVA has been used in
more than 10 cases during liver transplantation and some
transplant centers have achieved good outcomes [6,7].
Blood flow and oxygen content in the peribiliary
vascular plexus (PVP) play an impor tant role in
ensuring the normal physiological function of bile-duct
epithelial cells[8]. After PVA, the influence of portal vein
hemodynamic changes on hepatohilar PVP is important
for the incidence of bile duct complications and is
directly associated with clinical application of PVA.
www.wjgnet.com

6682

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

Therefore, the purpose of our study was to explore the
influence of portal vein hemodynamic changes after
PVA on PVP morphological structure, and liver function
and pathology, and to establish a theoretical basis for the
clinical application of PVA.

Hemodynamic changes of arterialized portal vein
Color Doppler ultrasound was used to monitor the
cross-sectional area and blood flow of the portal vein
at the mid-point of the main portal vein in seven rats
from the two groups, at 1 and 6 mo after PVA, which
was carried out in the Department of Ultrasound, PLA
General Hospital. The included angle between the
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All study methods were approved by the ethics
committee of Xiamen First Hospital.

Establishment of PVA model
Rats were randomly divided into control and PVA
groups (each group with 17 rats). Rats were fasted
12 h prior to operation, then anesthetized with 3%
chloral hydrate (1 mL/100 g). Models were made under
BX51TF system microscope. In the control group, after
opening the abdomen, the porta hepatis was isolated,
and then the abdomen was closed. In the PVA group,
after opening the abdomen, the inferior vena cava,
portal vein and common hepatic artery were isolated,
and then double ligations were performed with 0 silk
thread on the common hepatic artery and it was cut in
the middle, the proximal broken end with silk thread
and small round pin for further use. The portal vein and
the celiac artery were blocked with vascular clamps, the
stump of the common hepatic artery was connected
to the portal vein, and then the celiac artery clamp was
removed, and tremors from the portal vein were felt
(Figure 1A). The portal vein clamp was removed and
the blood flow was temporarily restored (cross-clamp
for 5-7 min). Subsequently, the side-to-side anastomosis
(cross-clamp for 10-12 min) of the portal vein and the
inferior vena cava was performed, with the portal vein
diameter the same as the anastomotic stoma diameter
(Figure 1B). The anastomotic stoma was confirmed
to be unobstructed. Finally, ligation was performed
between the anastomotic stoma of the hepatic artery
and the portal vein, and the right gastric vein branch of
the portal vein. Therefore, only arterial blood flowed
into the intrahepatic portal vein. All rats in the PVA and
control groups were observed for 6 mo.
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A

MATERIALS AND METHODS

Materials
Healthy, adult, male, clean Sprague-Dawley rats weighing
250-300 g were provided from the Laboratory Animal
Center, General Hospital of PLA, Beijing. All rats were
maintained under specific pathogen-free conditions.
The CK40 inverted phase contrast microscope and
BX51TF system microscope were provided by Olympus.
Perfusion ink was from China.
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Figure 1 Animal PVA model establishment. A: Side-to-side anastomotic
stoma of the hepatic artery and the portal vein. (1) kidney; (2) inferior vena
cava; (3) abdominal aorta; (4) hepatic artery; (5) portal vein. B: Side-to-side
anastomotic stoma of the portal vein and the venae cavae. (1) inferior vena
cava; (2) portal vein; (3) arteriovenous anastomotic stoma; (4) anastomotic
stoma of the portal vein and the venae cavae; (5) ligation of the portal vein.

ultrasound probe and the main portal vein was < 60°
and the frequency of the probe was 5-13 MHz.
Liver functions in rats 6 mo after PVA
Two milliliters of blood were taken from the abdominal
aorta in randomly selected 8 rats from the two groups
respectively for determining liver functions. Then ink
perfusion was performed in the 8 rats respectively (as
follow).
Capillary morphology in hepatohilar bile duct wall after
PVA
Ink perfusion: Six months after PVA, the portal vein
and abdominal aorta were intubated in 10 rats (remained
2 rats and 8 rats above) in the control group, and only
the abdominal aorta was intubated in 10 rats (remained
2 rats and 8 rats above) from the PVA group. In the 20
rats, the thoracic aorta was ligated, then a cut was made
on the vena cava of the midriff, 1% heparin physiological
saline was infused till clear efflux from thoracic cavity.
Ink had not been equably and slowly infused under
pressure of 16.0 kPa into the abdominal aorta until
ink exuded from inferior vena cava of thoracic cavity,
The perfusion state of the bile duct wall capillaries was
closely observed with a dissecting microscope. The liver
and extrahepatic bile ducts were removed, and fixed with
10% formaldehyde solution over 72 h.
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A

B

Figure 2 Frequency spectrums in the portal vein. A: Venous frequency
spectrums in the portal vein of control group; B: Arterial frequency spectrums in
the portal vein 6 mo after PVA.

Tissue dehydration, transparency and embedding:
Five hepatohilar bile ducts from both groups were
washed with lotic water, dehydrated in graded alcohol,
and placed in dimethylbenzene for transparence over
24 h. The distribution of the hepatohilar bile duct wall
capillaries was observed using an inverted phase contrast
microscope. Another five hepatohilar bile ducts from
the two groups were dehydrated in graded alcohol,
placed in dimethylbenzene for transparence, embedded
in paraffin, and continuously sectioned at a thickness of
20 μm. After adhering on, sections were slightly raised
and heated until the paraffin disappeared, then they were
incubated at 60℃ for 24 h in a thermostat. The sections
were again put in dimethylbenzene for transparence
over 24 h, during which the transparence liquid was
changed three times. After transparence, the sections
were mounted in gum, and pictures were collected with
Motic 0.65 times light microscope for three-dimensional
reconstruction of computer microvisualization.
Three-dimensional reconstruction of computer
microvisualization: Firstly, primitive three dimensional
data field was constructed by registering the sequence
of two-dimensional section images according to feature
points of ink perfusion blood vessel on bile duct thick
sections, then the wave filter of the primitive three
dimensional data was performed with median filter
to inhibit noises and to enhance image characteristics,
improving the ratio of signal to noise. Lastly the
isosurfaces of cube voxel were extracted from three
dimensional data field with Marching Cubes algorithm
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to construct the three-dimensional structure of sequence
sections. Three-dimensional reconstruction was completed
with PⅣ 2.53 GHz, 512M RAM microcomputer and
algorithm was finished with language C++. The resolution
of each section was 686 × 548 × 8 bits.
Pathological changes in hepatohilar bile duct and liver
6 mo after PVA using hematoxylin and eosin (HE) and
Masson staining
The rats that underwent ultrasonography were killed 6 mo
after PVA. Samples of hepatohilar bile ducts and liver were
removed, fixed with 10% neutral formalin for 48-72 h,
embedded in paraffin, continuously sectioned at a thickness
of 5 μm, and stained with HE and Masson stain.
The steps for Masson staining were as follows.
Samples were fixed with neutral formalin, sectioned,
deparaffinized in water, stained with Masson composite
staining solution for 5 min, washed with 0.2% acetic
acid solution, washed with 5% phosphotungstic acid for
5-10 min, washed twice with 0.2% acetic acid solution,
stained with bright green staining solution for 5 min,
washed twice with 0.2% acetic acid solution, dehydrated
in absolute alcohol, put in xylene for transparency, and
mounted with neutral gum. Collagen fibers were bluish
green in color and red blood cells were orange.
Statistical treatment
Data were expressed as mean ± SD. The t test was used
for comparison between the two groups. Statistical
analysis was performed with Stata software.

RESULTS
General status of experimental animals
In all rats, normal diet was restored, and fur was shiny.
Body weight showed an increasing trend 3 d after
operation, and then returned to normal 1 mo after PVA.
There was no significant difference in body weight
between the two groups at 6 mo after PVA.
Hemodynamic changes of the portal vein after PVA
Spectral changes of the portal vein and the status
of vascular anastomosis 6 mo after PVA: In the
portal vein, the continuous venous frequency spectrum
was changed into a pulsatory arterial frequency spectrum
6 mo after PVA (Figure 2). Six months after PVA, the
status of the vascular anastomosis of the portal vein
with hepatic artery and vena cava is shown in Figure 3.
The hepatic artery and the portal vein were obviously
enlarged 6 mo after PVA.
Cross-sectional area of the portal vein in the two
groups after operation: Compared with the control
group, the cross-sectional area of the portal vein in the
PVA group was significantly increased (P < 0.01) (Table 1).
Volume of blood flow of the portal vein in the two
groups after operation: Compared with the control
group, the volume of blood flow in the portal vein 6 mo
after PVA was obviously increased (P < 0.01) (Table 1).
www.wjgnet.com
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Table 1 Comparison of cross section area and volume of
blood flow of the portal vein between the two groups (mean
± SD, n = 7)
Group

1 mo
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A

6 mo

Cross section area of the portal vein (mm2)
Control group
0.0317 ± 0.0098
PVA group
0.0433 ± 0.0242
Volume of blood flow of the portal vein (mL/min)
Control group
37.6 ± 11.36
PVA group
74.70 ± 42.76

0.0333 ± 0.0103
0.0657 ± 0.01511,2
37.72 ± 9.09
132.01 ± 78.723

1

Compared with control P < 0.01; 2Compared with cross section area of the
portal vein one month after PVA P < 0.05; 3Compared with control group
P < 0.01.

B

←

←
←

←
←
Figure 4 PVP plane structure of hepatohilar bile duct. A: Control group
(20 μm, x 100); B: PVA group (20 μm, x 100).

Figure 3 The status of the vascular anastomosis of the portal vein with
hepatic artery and vena cava. The red arrow indicates the anastomotic site
of the hepatic artery and portal vein. The white arrow indicates the side-to-side
anastomotic stoma of the portal vein and the venae cavae. The green arrow
indicates thickening of the portal vein. The black arrow indicates the venae
cavae. The blue arrow indicates a thread blocking the portal vein.

Liver functions in rats 6 mo after PVA
Total bilirubin (TBIL), direct bilirubin (DBIL) and total
bile acid (TBA) in the PVA group were greater than
those in the control group, but there was no significant
difference between the two groups (P > 0.05). Serum
albumin (ALB) and alkaline phosphatase (AKP) in the
PVA group were lower than those in the control group,
but there was no significant significance between the two
groups (P > 0.05). Glutamic pyruvic transaminase (GPT)
in the PVA group was significantly greater than that in
control group (P < 0.01) (Table 2).
Morphological changes of hepatohilar capillaries after
PVA
Ink perfusion sections showed that, compared with
the control group, the capillaries of the outside layer
of the PVP were obviously thickened and dilated, and
capillary density of the inside layer was increased, and
capillary diameter of the inside layer was enlarged in the
PVA group (Figure 4). Ink perfusion gross transparent
specimens clearly showed the capillary structure in
the forked site of the hepatohilar bile duct in the two
groups. Capillaries in the forked site of the bile duct
were obviously thickened in the PVA group (Figure 5).
Three-dimensional reconstruction clearly showed the
www.wjgnet.com

PVP stereochemical structure of the hepatohilar bile
ducts in the two groups. Peripheral vessels of the PVP
were obviously thickened in the PVA group (Figure 6).
Histopathological changes in the hepatohilar bile duct
wall
Figure 7A and B shows that, in both groups, the
epithelial cell morphology of the bile ducts was normal,
the thickness of bile duct was not increased, and there
was no inflammatory cell infiltration.
Masson staining of the liver
In the PVA group, Figure 7C-F shows the dilated
portal vein and its branches, thickened blood vessel
wall, increased collagen fiber and fiber degeneration in
the tunica intima. Hepatic lobule structure was intact.
Pseudolobule formation was not present. Hepatic
sinusoids were widened. The morphology of the hepatic
cells was not obviously abnormal.

DISCUSSION
Since the incidence of hepatic encephalopathy is
increased because of the decrease in hepatic blood
perfusion after portosystemic shunting in portal
hypertension, Cohn & Herrod [9] and Fisher et al [10]
originally thought that portal vein blood was replaced
with arterial blood in hepatic perfusion. Subsequently,
many researchers have carried out a large number of
animal experiments and confirmed that when the portal
vein is perfused with arterial blood at an appropriate

Li WG et al . Portal venous arterialization
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Table 2 Liver Functions in the two groups (mean ± SD, n = 8)
Group

GPT

Control
PVA

62.81 ± 10.98
178.96 ± 62.801

ALB
31.46 ± 3.97
29.71 ± 3.98

TBIL

DBIL

2.53 ± 1.95
3.11 ± 0.95

1.56 ± 1.49
2.19 ± 0.45

AKP
144.43 ± 73.86
117.76 ± 53.41

TBA
46.97 ± 27.89
72.68 ± 35.03

1

Compared with control group P < 0.01.

A

A

B

B

Figure 5 Microvascular distribution in forked site of hepatohilar bile
ducts. A: Control group (x 100); B: PVA group (x 100).

Figure 6 PVP three-dimensional reconstruction of hepatohilar bile ducts.
A: Control group (12 x 20 μm); B: PVA group (12 x 20 μm).

flow and pressure, animals are able to maintain normal
liver blood flow and levels of blood ammonia and
blood colalin, to ensure normal liver detoxification
and cell morphology. Since 1960, PVA has attracted
extensive attention because of its various clinical
applications [11-13] , especially in the enlarged radical
operation for hepatohilar cancer that invades the hepatic
artery and liver transplantation. PVA has been used in
reconstructing hepatic vascular access because of the
presence of thrombosis of the portal and other veins,
or the anatomical variation of the portal and mesenteric
veins[14,15]. Morphological changes in PVP after PVA have
attracted the attention of many workers. Hepatohilar bile
ducts have become a concern because of their unique
anatomical factors, including less collateral circulation
and easily-damaged blood supply. The purpose of
this study was to explore the influence of PVA on the
morphology of hepatohilar bile ducts and PVP, epithelial
cells of bile ducts, and to provide a theoretical basis for
the clinical application of PVA.
Within 6 mo after PVA, rats were well and did not
have jaundice. Their body weights showed an increasing
trend. If the measure to limit blood flow was not taken

within 1 mo after PVA, the cross-sectional area and
blood flow of the portal vein were increased, and the
increasing trend became more significant over time in a
certain range. Hemodynamic changes after PVA will have
an influence on hepatic structure. In our study, Masson
staining 6 mo after PVA showed that, when measures
to limit blood flow were not adopted, high blood flow
in the portal vein led to dilation of the intrahepatic
portal vein and its branches, increased collagen fibers
in the tunica intima, widening of the hepatic sinusoids,
and collagen fiber hyperplasia in the sinusoidal walls.
However, the structure of hepatic lobule was not
obviously disordered and pseudolobule formation was
not present. Liver function tests showed that compared
with the control group, except for GPT (significant
increase P < 0.01), ALB in the PVA group was slightly
lower, and bile acid and BIL were slightly increased,
but there was no significant difference between the
two groups. This demonstrated that PVA had no
significant influence on ALB synthesis, bile acid and BIL
metabolism and bile salt enterohepatic circulation. The
increase in GPT may have been associated with high
blood flow after PVA.
www.wjgnet.com
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The PVP is common in mammals and its structure
differs with various parts. It has been reported that the
PVP of the large bile ducts consists of three layers of
capillaries. The capillaries of the inside layer are arranged
in an orderly manner and are open to capillaries beneath
the epithelial lining. The middle and outside layer consist
of a few capillaries, venules and arterioles in the bile
duct wall or in peribiliary tissue[16]. It has been reported
that different diseases will lead to different pathological
features of the bile ducts, and PVP morphology will
also show different pathological changes[17]. Blood flow
and oxygen content in the PVP play important roles
in ensuring normal physiological function of bile duct
epithelial cells.
Ink perfusion thick sections and transparent
specimens indicated that after PVA, capillaries of the
outside layer of the PVP were obviously thickened, the
number of blood vessels in the outside layer was not
reduced, and capillary morphology in the hepatohilar
bile duct walls was not disordered. This demonstrates
that after the PVP loses its arterial blood supply, the
blood in the arterialized portal vein can meet fully
www.wjgnet.com
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Figure 7 The pathological
changes of hepatohilar
bile duct and the liver in
rats 6 mo after PVA using
HE staining and Masson
staining. A: Hepatohilar bile
ducts in control group (HE, x
400); B: Hepatohilar bile ducts
in PVA group (HE, x 400). C:
Masson staining of the liver 6
mo after operation in control
group (x 40); D: Masson
staining of the liver 6 mo after
operation in control group
(x 400). E: Masson staining
of the liver 6 mo after PVA in
PVA group (x 40); F: Masson
staining of the liver 6 mo after
PVA in PVA group (x 400).

the requirement of the PVP, by portal vein collateral
branch reflux, which may be the theoretical basis for
clinical application of PVA. A semi-quantitative study
of the PVP with normal portal pressure and portal
hypertension has been performed by Terada et al [18]
using immunohistochemistry. Results indicated that
intrahepatic peribiliary vascular density was obviously
increased in congenital portal hypertension and other
forms of portal hypertension, because of extrahepatic
portal vein thrombus and portal vein cancer embolus,
but was only slightly increased in hepatic cirrhosis. PVP
density is associated with portal vein pressure. It may
be that the blood of the portal vein flows back into the
PVP by internal routes, or flows directly into the PVP
via arteries, which leads to PVP hyperplasia. This further
indicates there are collateral vessels between the portal
vein and PVP.
The three-dimensional reconstruction of computer
microvisualization realistically illustrated PVP threedimensional structure. Peribiliary capillaries after PVA
were obviously thickened, which may have been caused
by the increases in blood flow and blood flow rate of

Li WG et al . Portal venous arterialization

the arterialized portal vein. MoticBuaa3DVol threedimensional reconstruction software used in this study
established a foundation for further research on capillary
structure of hepatohilar bile ducts.
To maintain normal physical activities of bile duct
tissue, adequate blood flow and a certain degree of
blood oxygen content are required. Early study has
shown that, since it possesses low blood flow and low
oxygen content, the blood in the portal vein cannot
completely fill the PVP, and local tissue is in a state of
chronic hypoxia. Chronic inflammatory hyperplasia
will occur in the hepatohilar bile duct administered by
portal vein blood[19]. After PVA, blood flow and blood
oxygen content were able to meet the requirements of
the local tissues of the bile duct wall, and no ischemic
lesion occurred in the bile ducts. HE staining results of
this experiment disclosed that after PVA, there was no
pathological change in bile duct tissue, which further
verified this inference. At the same time, there were no
significant differences in BIL and ALP between the two
groups, which further confirmed the HE staining results.
In short, blood with a certain flow and oxygen
content has important significance for filling the PVP
and meeting the oxygen requirement of the bile duct
wall. After PVA, it is the anatomic basis to maintain
normal morphology of hepatohilar bile duct wall that
the blood with high oxygen content and high flow in
arterialized portal vein may fill PVP by collateral vessel
reflux. The high blood flow in the portal vein after
PVA is the main reason for the obvious dilation of
the intrahepatic portal vein and collagen fibroplasia.
Therefore, certain measures to limit blood flow in PVA
are necessary.
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blood flow will lead to dilatation of the intrahepatic portal vein and its branches,
and increased collagen and fiber degeneration in the tunica intima. Therefore, it
is necessary to limit blood flow in PVA.

Applications

Measures to limit blood flow are likely to reduce the incidence of complications
after PVA.

Terminology

PVA: portal venous arterialization; PVP: peribiliary vascular plexus.
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HIV/HCV co-infections were associated with male
gender (OR 1.241; P = 0.011), black race (OR 0.788;
P = 0.036), MSM (OR 0.565; P < 0.001), IDU (OR 8.956;
P < 0.001), IDU and heterosexual activity (OR 9.106;
P < 0.001), IDU and MSM (OR 9.179; P < 0.001), or
transfusion (OR 3.224; P < 0.001). HIV/HBV/HCV coinfections were associated with male gender (OR 2.156;
P = 0.015), IDU (OR 6.345; P < 0.001), IDU and
heterosexual activity (OR 9.731; P < 0.001), IDU and
MSM (OR 9.228; P < 0.001), or unknown (OR 4.219;
P = 0.007).
CONCLUSION: Our study demonstrates that coinfection with HBV/HCV/HIV is significantly associated
with IDU. These results highlight the need to intensify
education and optimal models of integrated care,
particularly for populations with IDU, to reduce the risk
of viral transmission.

Abstract

Peer reviewer: Rosemar Joyce Burnett, PhD, Department of

AIM: To study the prevalence and risk factors associated
with triple infection with human immunodeficiency virus
(HIV)/hepatitis B virus (HBV)/hepatitis C virus (HCV) in
an urban clinic population.
METHODS: Retrospective chart review of 5639
patients followed at St. Luke’s-Roosevelt Hospital
HIV Clinic (Center for Comprehensive Care) in New
York City, USA from January 1999 to May 2007. The
following demographic characteristics were analyzed:
age, sex, race and HIV risk factors. A multiple logistic
regression analysis was performed to evaluate the
influence of demographic factors on acquisition of
these viruses.
RESULTS: HIV/HBV, HIV/HCV and HIV/HBV/HCV
infections were detected in 252/5639 (4.47%),
1411/5639 (25.02%) and 89/5639 (1.58%) patients,
respectively. HIV/HBV co-infections were associated
with male gender (OR 1.711; P = 0.005), black race (OR
2.091; P < 0.001), men having sex with men (MSM)
(OR 1.747; P = 0.001), intravenous drug use (IDU) (OR
0.114; P < 0.001), IDU and heterosexual activity (OR
0.247; P = 0.018), or unknown (OR 1.984; P = 0.004).

© 2008 The WJG Press. All rights reserved.

Key words: Prevalence; Demographics; Human
immunodeficiency virus; Hepatitis B; Hepatitis C
Epidemiology, National School of Public Health, University of
Limpopo, Medunsa Campus, PO Box 173, MedunsA, Pretoria
0204, South Africa

Kim JH, Psevdos G Jr, Suh J, Sharp VL. Co-infection of
hepatitis B and hepatitis C virus in human immunodeficiency
virus-infected patients in New York City, United States. World J
Gastroenterol 2008; 14(43): 6689-6693 Available from: URL:
http://www.wjgnet.com/1007-9327/14/6689.asp DOI: http://
dx.doi.org/10.3748/wjg.14.6689

INTRODUCTION
Co-infection with hepatitis B virus (HBV) or hepatitis
C vir us (HCV) in patients infected with human
immunodeficiency virus (HIV) is common and wellrecognized worldwide, as they are blood-borne pathogens
that share similar routes of transmission, such as
intravenous drug use (IDU), sexual contact, percutaneous
exposure, or from mother to child during pregnancy or
birth[1]. The Joint United Nations Programme on HIV/
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AIDS (UNAIDS) and the World Health Organization
estimate that 1.2 million people live with HIV in the
United States of America (US)[2]. Among HIV-infected
patients studied from Western Europe and the US,
chronic HBV infection has been found in 6%-14%, while
chronic HCV has been found in approximately 33%[3,4].
Co-infections of HBV or HCV with HIV have been
associated with increased risk of antiretroviral-therapyrelated hepatotoxicity and increased risk of progression
to liver disease, which is a major cause of morbidity and
mortality in HIV-infected patients[5-8]. It is well known
that in the US and Europe, HIV/HBV co-infection is
linked most often to sexual intercourse [both heterosexual
and men who have sex with men (MSM)], followed by
IDU, while HIV/HCV co-infection has predominantly
been associated with a non-sexual parenteral route of
transmission of blood or blood products, particularly
IDU[9-13]. Although the rate of HBV and/or HCV coinfection in HIV patients varies according to geographic
region and various risk groups, there is limited data on the
prevalence and risk factors associated with triple infections
with HIV/HBV/HCV in an urban clinic population.
Therefore, we investigated the co-infection patterns of
HBV and HCV among HIV-infected patients coming to
a HIV clinic located in New York City, to determine the
prevalence and risk factors associated with triple infections
with HIV/HBV/HCV.

MATERIALS AND METHODS
Study population
We conducted a retrospective chart review of 5639
patients followed in two HIV/AIDS clinics that
comprise the Center for Comprehensive Care at St.
Luke’s–Roosevelt Hospital in New York City. The study
period was from January 1999 to May 2007. All patients
were HIV-infected and were analyzed for hepatitis B
surface antigen (HBsAg) and HCV antibody, along with
demographic characteristics and risk factors for HIV
acquisition.
Virological assays
HIV infection was defined by positivity on an enzymelinked immunosorbent assay (ELISA) (HIVABTM
HIV-1/HIV-2 (rDNA) EIA, Abbott Laboratories, Abbott
Park, IL, USA) and confirmatory Western Blot test
(HIV 1/HIV 2 WESTERN BLOT/IMMUNOBLOT,
Quest Diagnostics, USA) with viral detection of HIV
RNA by polymerase chain reaction (PCR) (Roche HIV-1
Amplicor Monitor , version 1.5, Roche Diagnostics, Basel,
Switzerland).
HCV serolog y was perfor med using an ELISA
(VITROS R Immunodiagnostics, Or tho-Clinical
Diagnostics, USA). Positive HCV serology results were
confirmed by PCR test [VERSANT R HCV RNA 3.0
Assay (bDNA); Siemens Healthcare Diagnostics, USA].
HBV serology was performed using ELISA (VITROSR
Immunodiagnostics, Ortho-Clinical Diagnostics).
HIV/HBV, HIV/HCV, and HIV/HBV/HCV co-
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infections were defined as positive HIV and HBV
serology, positive HIV and HCV serology, and positive
HIV and HBV and HCV serology results, respectively.
Statistical analysis
The tables describe the distribution of co-infections
among HIV-infected patients according to several
characteristics. The χ 2 test was performed in order
to investigate the association between the presence
of HIV/HBV/HCV co-infections and demographic
variables. The Fisher exact test was used where
applicable. In order to identify factors associated with
HIV/HBV, HIV/HCV and HIV/HBV/HCV coinfections, three multiple logistic regression analyses
were perfor med to deter mine odd ratio (OR) and
95% confidence interval (CI). The level of statistical
significance was fixed at P = 0.05. The statistical analysis
was performed using the statistical software SPSS 15.0
for Windows (SPSS, Chicago, IL, USA).

RESULTS
Epidemiological characteristics
Of the 5639 HIV-infected patients investigated, 1752
(31.07%) were co-infected with hepatitis viruses [252/5639
(4.47%) HIV/HBV, 1411/5639 (25.02%) HIV/HCV,
and 89/5639 (1.58%) HIV/HBV/HCV]. The main
epidemiological demographic characteristics are presented
in Table 1.
HIV and HBV co-infection
Of the 252 HIV/HBV co-infected patients, the majority
was male (203/252, 80.6%). Mean age was 44.2 years old.
Black race was dominant (169/252, 67.1%). Risk factors
for acquisition of HIV included: heterosexual contact
(35.7%), MSM (46.4%) and IDU (2.4%). The results of
the multiple regression analyses are presented in Table 2.
HIV/HBV co-infections were associated with male
gender (OR 1.711; 95% CI 1.179-2.482; P = 0.005), Black
race (OR 2.091; 95% CI 1.404-3.114; P < 0.001), MSM (OR
1.747; 95% CI 1.247-2.448; P = 0.001), IDU (OR 0.114;
95% CI 0.049-0.262; P < 0.001), IDU and heterosexual
activity (OR 0.247; 95% CI 0.077-0.789; P = 0.018), or
unknown (OR 1.984; 95% CI 1.249-3.153; P = 0.004).
HIV and HCV co-infection
The majority of patients were male (1005/1411, 71.2%).
Mean age was 50.4 years old. Hispanic and black ethnic
group constituted the majority (553/1411 39.2%,
630/1411 44.6%, respectively). Concerning the risk
factors of acquiring HIV, 702 patients (49.8%) reported
IDU and 148 patients (10.5%) reported MSM.
Table 2 illustrates the factors associated with HIV/
HCV co-infection, which show that co-infections were
significantly associated with male gender (OR 1.241;
95% CI 1.052-1.464; P = 0.011), Black race (OR 0.788;
95% CI 0.631-0.984; P = 0.036), MSM (OR 0.565; 95%
CI 0.446-0.715; P < 0.001), IDU (OR 8.956; 95% CI
7.502-10.693; P < 0.001), IDU and heterosexual activity
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Table 1 Epidemiological demographic characteristics of HIV, HIV/HBV, HIV/HCV and HIV/HBV/HCV n (%)

Number of patients and prevalence
Mean age (yr)
Gender
Female
Male
Male->Female or Female->Male
Ethnic group
White
Hispanic
African American
Other
Risk factor of HIV acquisition
Hetero
MSM
Hetero and MSM
IDU
IDU and hetero
IDU and MSM
IDU and hetero and MSM
Transfusion
Perinatal
Other
Unknown

HIV

HIV/HBV

HIV/HCV

HIV/HBV/HCV

3887 (68.93)
45.0

252 (4.47)
44.2

1411 (25.02)
50.4

89 (1.58)
47.8

1266 (32.6)
2583 (66.5)
38 (1.0)

48 (19.0)
203 (80.6)
1 (0.4)

392 (27.8)
1005 (71.2)
14 (1.0)

13 (14.6)
75 (84.3)
1 (1.1)

551 (14.2)
1267 (32.6)
1951 (50.2)
118 (3.0)

34 (13.5)
44 (17.5)
169 (67.1)
5 (2.0)

203 (14.4)
553 (39.2)
630 (44.6)
25 (1.8)

16 (18.0)
34 (38.2)
39 (43.8)
0 (0.0)

1683 (43.3)
1233 (31.7)
38 (1.0)
407 (10.5)
90 (2.3)
24 (0.6)
6 (0.2)
36 (0.9)
101 (2.6)
31 (0.8)
238 (6.1)

90 (35.7)
117 (46.4)
3 (1.2)
6 (2.4)
3 (1.2)
3 (1.2)
0 (0.0)
3 (1.2)
0 (0.0)
1 (0.4)
26 (10.3)

285 (20.2)
148 (10.5)
0 (0.0)
702 (49.8)
165 (11.7)
57 (4.0)
1 (0.1)
21 (1.5)
0 (0.0)
0 (0.0)
32 (2.3)

9 (10.1)
17 (19.1)
0 (0.0)
38 (42.7)
13 (14.6)
5 (5.6)
0 (0.0)
0 (0.0)
0 (0.0)
1 (1.1)
6 (6.7)

Data are number (%) of patients, unless otherwise indicated. Hetero, heterosexual; Other, including sexually abused,
transfusion, needle stick injury.

Table 2 Multiple logistic regression analysis of factors associated with HIV/HBV, HIV/HCV, and HIV/HBV/HCV co-infection
HIV/HBV
Characteristics
Gender
Female (Ref)
Male
Male->Female or Female->Male
Ethnic group
White (Ref)
Hispanic
Black
Other
Risk factor of HIV aquisition
Hetero (Ref)
MSM
Hetero and MSM
IDU
IDU and hetero
IDU and MSM
IDU and hetero and MSM
Transfusion
Perinatal
Other
Unknown

   HIV/HCV

HIV/HBV/HCV

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

1.711 (1.179-2.482)
0.399 (0.053-3.020)

0.005
0.374

1.241 (1.052-1.464)
1.978 (0.939-4.167)

0.011
0.073

2.156 (1.159-4.011)
2.091 (0.250-17.529)

0.015
0.496

0.766 (0.480-1.222)
2.091 (1.404-3.114)
0.811 (0.309-2.125)

0.263
< 0.001
0.670

0.956 (0.761-1.201)
0.788 0.631-0.984)
0.827 (0.493-1.388)

0.699
0.036
0.473

0.915 (0.492-1.702)
0.851 (0.464-1.561)
0.000 (0.000- . )

0.779
0.602
0.996

1.747 (1.247-2.448)
1.371 (0.408-4.606)
0.114 (0.049-0.262)
0.247 (0.077-0.789)
0.714 (0.217-2.344)
0.000 (0.000- . )
1.161 (0.354-3.807)
0.000 (0.000- . )
0.594 (0.080-4.437)
1.984 (1.249-3.153)

0.001
0.610
< 0.001
0.018
0.578
0.999
0.806
0.996
0.612
0.004

0.565 (0.446-0.715)
0.000 (0.000- . )
8.956 (7.502-10.693)
9.106 (6.905-12.007)
9.179 (5.767-14.609)
0.900 (0.107-7.550)
3.224 (1.866-5.572)
0.000 (0.000- . )
0.000 (0.000- . )
0.703 (0.476-1.039)

(OR 9.106; 95% CI 6.905-12.007; P < 0.001), IDU and
MSM (OR 9.179; 95% CI 5.767-14.609; P < 0.001),
transfusion (OR 3.224; 95% CI 1.866-5.572; P < 0.001).
HIV and HBV/HCV co-infection
The prevalence of triple co-infection was found to be
1.58% (89/5639). Mean age was 47.8 years old and the
majority was male (75/89, 84.3%). Hispanic and black
ethnic group constituted the majority (34/89 38.2%,
39/89 43.8%). Regarding the risk factors of HIV

< 0.001
0.998
< 0.001
< 0.001
< 0.001
0.923
< 0.001
0.996
0.998
0.077

1.798 (0.763-4.238)
0.000 (0.000- . )
6.345 (3.015-13.351)
9.731 (4.082-23.196)
9.228 (2.897-29.391)
0.000 (0.000- . )
0.000 (0.000- . )
0.000 (0.000- . )
5.857 (0.715-47.994)
4.219 (1.478-12.044)

0.180
0.998
< 0.001
< 0.001
< 0.001
0.999
0.998
0.997
0.100
0.007

acquisition, 38 patients (42.7%) reported IDU and 17
(19.1%) reported MSM.
The multiple regression analysis showed that factors
associated with triple infections with HIV/HBV/HCV,
were male gender (OR 2.156; 95% CI 1.159-4.011;
P = 0.015), IDU (OR 6.345; 95% CI 3.015-13.351;
P < 0.001), IDU and heterosexual activity (OR 9.731;
95% CI 4.082-23.196; P < 0.001), IDU and MSM (OR
9.228; 95% CI 2.897-29.391; P < 0.001), or unknown (OR
4.219; 95% CI 1.478-12.044; P = 0.007).
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Figure 1 Prevalence of HIV and HBV and/or HCV co-infections (%).

DISCUSSION
Our clinics serve a large number of diverse HIV-infected
populations in New York City. Most of our patients are
men, black and Hispanic, which reflects the national
epidemic of HIV infection[2]. In our study period of
8.5 years and the review of 5639 HIV-infected patients,
as Figure 1 shows, the prevalence of HIV/HCV coinfection was remarkably high, at 25.02%. Co-infection
with HBV was not uncommon, at 4.47%, and triple coinfected patients with HIV/HBV/HCV were not rare
either, at 1.58%.
The results of the present study are consistent with
previous studies conducted in urban HIV/HBV or
HCV co-infected populations in the US and Western
Europe[14,15].
In our study, HIV/HBV co-infection was more
likely associated with male gender, black race and MSM,
but less likely associated with IDU, and IDU plus
heterosexual activity, than with heterosexual reference.
These results are consistent with previous studies,
demonstrating that HIV/HBV co-infection is highly
linked to sexual intercourse, including MSM.
In our study, HIV/HCV co-infection was significantly
associated with male gender, IDU, IDU plus heterosexual
activity, IDU plus MSM, and transfusion, but less likely
associated with black race and MSM than heterosexual
reference. These results are in agreement with previous
reports that HCV is not efficiently transmitted by
perinatal or sexual exposure, which are major modes of
transmission for HBV and HIV. HCV is predominantly
found in persons who have had percutaneous exposure
to blood products and IDU in particular[16]. Even though
we did not analyze patients for unsafe sexual practices,
recent evidence shows increased incidence of HCV
infection in MSM population who do not use condoms,
especially young individuals, and in the heterosexual
population who report multiple sexual partners[17]. 10.5%
and 20.2% of our HIV/HCV co-infected patients are
MSM and heterosexual, respectively. Not counting for
other possible risk factors, sexual acquisition of HCV
is likely very important in HIV-infected MSM and
heterosexual individuals with multiple partners.
The prevalence of triple infection with HIV/HBV/
HCV in our cohort was 1.58% and significantly associated
with male gender, IDU, IDU plus heterosexual activity,
www.wjgnet.com
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Figure 2 Ethnicity-related distribution of HIV acquisition risk factors of
HIV and HBV and/or HCV co-infected patients.

and IDU plus MSM. Our results demonstrate that
IDU is the most important factor associated with triple
infections with HIV/HBV/HCV in urban HIV-infected
populations. Therefore, the study results highlight the
need for special attention to populations with IDU for
screening viral co-infections with HIV and HBV/HCV.
Interestingly, among intravenous drug users, we
found that the prevalence of IDU in heterosexuals was
significantly higher than that of MSM with a history of
IDU in HIV/HBV/HCV and HIV/HCV co-infected
patients (14.6% vs 5.6% P < 0.001, 11.7% vs 4% P < 0.001),
which is consistent with previous studies conducted in
the US[18,19]. This could be explained by fewer high-risk
IDU practices, such as needle sharing, among MSM in
our cohort, although IDU behavior was not assessed
in our study. As Figure 2 illustrates, overall IDU-related
prevalence in our cohort was 26.49%, 32.14%, 24.31%
in white, Hispanic and black ethnic groups, respectively.
Our findings contrast with recent data, in which blacks
were more likely to inject than whites, while Hispanics
and whites had similar injecting rates[20]. This indicates
another example of considerable variations in disparities
of IDU in ethnic groups in large urban US cities.
The HIV/AIDS epidemic in the US affects ethnic
and racial groups disproportionally. This was clearly
depicted in our study. Co-infection with hepatotropic
viruses shows similar trends. Physicians who care for
patients with HIV/AIDS should be vigilant to frequently
screen for these infections and vaccinate for hepatitis A
and B when appropriate. Also, our study demonstrates
that co-infection with all three viruses, HIV/HBV/
HCV, is significantly associated with IDU. These results
highlight the need to intensify risk reduction education,
such as needle exchange programs, safe sex programs,
and optimal models of integrated care, particularly
for populations with IDU, to reduce the risk of viral
transmission of HIV and hepatotropic viruses.
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Background

Co-infection with hepatitis B virus (HBV) and hepatitis C virus (HCV) in
human immunodeficiency virus (HIV)-infected patients has been recognized
worldwide. HIV and hepatitis co-infections have considerable impact, and result
in increased morbidity and mortality in these co-infected patients. However,
there are limited data on prevalence and risk factors associated with triple coinfections with HIV/HBV/HCV in an urban clinic population.

Research frontiers

To investigate epidemiological characteristics of triple co-infected patients with
HIV/HBV/HCV.
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10

Innovations and breakthroughs

In this study, the prevalence of triple co-infected patients was 1.58% and it
was significantly associated with male gender and intravenous drug use (IDU).
The prevalence of HIV and HCV co-infected patients was 25.02%, and it was
associated with male gender and IDU. Whereas, the prevalence of HIV and
HBV co-infected patients was 4.47% and was associated with male gender,
black race, and MSM, but not likely associated with IDU than heterosexual
reference.
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12

Applications

This study demonstrates that triple co-infections with HIV/HBV/HCV are
significantly associated with IDU. Therefore, education and integrated care,
particularly for populations with IDU, would help reduce the risk of viral infections.

13

Peer review

This is an interesting paper. The authors demonstrated that co-infection with all
three viruses, HBV/HCV/HIV, is significantly associated with IDU. These results
highlight the need to intensify education and optimal models of integrated care,
particularly for populations with IDU, to reduce the risk of viral transmission.
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abdominal pain (bowel origin) using a combination of
BMFT and barium enema cost significantly more than
BMFTP while their sensitivity was almost comparable.
CONCLUSION: BMF TP should be included in
the investigative workup of patients with chronic
abdominal pain of luminal origin, where either multiple
sites (small and large intestine) of involvement are
suspected or the site is unclear on clinical grounds.
BMFTP is an economical, quick and comfortable
procedure which obviates the need for colonoscopy in
the majority of patients.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To study the sensitivity, specificity and cost
effectiveness of barium meal follow through with
pneumocolon (BMFTP) used as a screening modality
for patients with chronic abdominal pain of luminal
origin in developing countries.
METHODS: Fifty patients attending the
Gastroenterology Unit, SMS Hospital, whose clinical
evaluation revealed chronic abdominal pain of bowel
origin were included in the study. After routine
testing, BMFT, BMFTP, contrast enhanced computed
tomography (CECT) of the abdomen, barium enema
and colonoscopy were performed. The sensitivity,
specificity and cost effectiveness of these imaging
modalities in the detection of small and/or large bowel
lesions were compared.
RESULTS: Out of fifty patients, structural pathology
was found in ten. Nine out of these ten patients had
small bowel involvement while seven had colonic
involvement alone or in combination with small bowel
involvement. The sensitivity of BMFTP was 100%
compared to 88.89% with BMFT when detecting
small bowel involvement (BMFTP detected one
additional patient with ileocecal involvement). The
sensitivity and specificity of BMFTP for the detection
of colonic pathology were 85.71% and 95.35%
(41/43), respectively. Screening a patient with chronic
www.wjgnet.com
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INTRODUCTION
Abdominal pain lasting more than 6 mo duration is defined as chronic abdominal pain. Some of these patients
have colicky pain or have other associated features in the
form of abdominal distension, constipation or vomiting which suggests bowel involvement. The majority of
these patients turn out to have functional disorders such
as irritable bowel syndrome, functional dyspepsia and
functional abdominal pain syndrome. Of these patients,
only a few will definitely have organic lesions.
The evaluation of chronic abdominal pain of luminal
etiology is a challenging problem for primary care physicians and gastroenterologists. The exact localization of
lesions in either the small or large bowel remains difficult
in many subjects. In tropical countries, where most of
the population is of low socioeconomic status, an imag-
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ing modality which screens small and large bowel lesions
simultaneously at a reasonable cost and with good sensitivity and specificity is needed. Small bowel evaluation by
barium meal follow through (BMFT) and colonic evaluation by double contrast barium enema (DCBE) are the
standard norms[1].
The technique of pneumocolon has been used previously to evaluate the terminal ileum and caecum[2-5].
Performing pneumocolon along with BMFT at the same
time evaluates both the small as well as the large bowel
and is more economical than the combination of BMFT
and barium enema. However, its potential in identifying colonic lesions is still controversial[6,7]. We evaluated
BMFT with pneumocolon (BMFTP) as a single test for
the assessment of chronic abdominal pain of bowel origin, screening both the small and large bowel simultaneously.

MATERIALS AND METHODS
One hundred and fifty consecutive patients with chronic
abdominal pain attending the Gastroenterology Unit
of SMS Medical College and Hospital, Jaipur were
evaluated. A detailed history and thorough physical
examination were carried out. Fifty patients in whom
clinical evaluation suggested the involvement of the
small bowel, large bowel or both were enrolled in the
study (Figure 1A). Complete blood count, ESR, chest
X-ray, liver function tests, renal function tests, serum
amylase and complete examination of stools were
performed. BMFT, DCBE, BMFTP and colonoscopy
were carried out as per standard protocol. Contrast
enhanced computed tomography (CECT) of the whole
abdomen was also done. Subjects underwent overnight
fasting and were asked to drink 100 mL of oral contrast
dissolved in one liter of water around one and a half
hours before the procedure. When subjects were taken
for CECT, around 1 mL/kg of non-ionic contrast
was given intravenously on the CT table. CT cuts were
subsequently taken. We compared the sensitivity of
these tests in detecting lesions as well as their cost
effectiveness.
BMFTP was carried out in a similar way to BMFT.
Microbar (Eskay fine chemicals) containing barium
sulphate (92%) was used. 175 mg of Microbar powder
was stirred in 150 mL of water to make a homogeneous
solution. Patients were prepared with laxatives 1 d
before the procedure. Preliminary plain abdominal films
were taken prior to the procedure to rule out significant
obstruction and perforation and to evaluate the patient’s
bowel preparation status. Preliminary films of the
gastroesophageal junction, stomach and duodenum
under IITV control were taken in the prone, supine
and oblique positions to rule out diaphragmatic hernia,
stomach and duodenum lesions and to assess the
position of the duodeno-jejunal flexure. The patient then
lay on his right side so that a continuous single column
of barium was delivered into the small intestine. Prone
postero-anterior (PA) films of the abdomen were taken
every 20 min during the first hour and subsequently

6695

Table 1 Comparison of sensitivity and specificity in detecting
colonic abnormalities using various imaging modalities and
colonoscopy (%)
Imaging

Sensitivity

Specificity

Barium enema
BMFT with pneumocolon
CT abdomen
Colonoscopy

7/7 (100)
6/7 (85.71)
3/7 (42.87)
7/7 (100)

42/43 (97.67)
41/43 (95.35)
41/43 (95.35)
43/43 (100)

BMFT: Barium meal follow through.

every 30 min to 45 min until the barium reached the
colon[8]. A light dry meal was allowed after the barium
had reached the ileum to speed up the examination if
transit time was slow. Spot films of the ileocecal junction
were also taken if required. Spot films with compression
were taken of suspected abnormal bowel loops and
strictures if required. When the barium was seen to
cross the splenic flexure and the small bowel was almost
devoid of barium on fluoroscopy, sufficient air was
insufflated rectally using a sphygmomanometer cuff to
achieve adequate distention of the colon.
About 300 mL to 450 mL of air was insufflated.
Standard antero-posterior (AP), PA and oblique views of
the colon were taken to observe the proximal and distal
large intestine.

RESULTS
One hundred and fifty patients presented with chronic
abdominal pain, of which fifty patients (28 males, 22
females) had bowel symptoms. The mean age of these
50 patients was 35 years (range 25-55 years). Structural
pathology was found in only 10 patients (Figure 1A).
Caecal deformity along with distal ileal narrowing was
seen in 2 patients, multiple ileal strictures in 3 patients,
ileal stricture and stricture of the descending colon in
1 patient, multiple small bowel strictures with loss of
haustration in most of the large bowel in 1 patient,
jejunal and transverse colonic stricture in 2 patients
(Figure 2) and stricture of the sigmoid colon in 1 patient.
Nine of these ten patients had small bowel involvement
while seven had colonic involvement.
BMFT detected 8 of 9 patients (sensitivity =
88.89%) who had small bowel involvement while
BMFTP detected one additional patient with ileocecal
involvement which was missed on BMFT (sensitivity =
100%).
In 7 patients where colonic pathology was found,
BMFTP detected lesions in six patients while DCBE
detected lesions in all seven patients. BMFTP gave falsepositive results in 2 patients while DCBE was falsepositive in one patient. Colonoscopy was normal in these
false-positive cases. The sensitivity of BMFTP in the
detection of colonic pathology was 85.71% (6/7) and
was 100% (7/7) for DCBE. The specificity of BMFTP
was 95.35% (41/43) and was 97.67% (42/43) for DCBE
(Table 1).
CT scanning of the abdomen revealed small bowel
involvement in only four of the nine patients (sensitivity
www.wjgnet.com
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150 patients with chronic abdominal pain
50 appeared to have pain of bowel origin
No structural lesion found (40)

Multiple ileal
strictures (3)

Terminal ileal and
cecal abnormality (2)

B

Structural lesion found (10)

Stricture of ileum &
descending colon (1)

Stricture of jejunum &
transverse colon (2)

Multiple small bowel
strictures & loss of
large bowel
haustration (1)

Stricture of sigmoid
colon (1)

Patient with abdominal pain suggestive of bowel origin
Barium meal follow through with pneumocolon

Small bowel involvement

Enteroscopy
if available

Ileoscopy if terminal
ileal involvement ± Bx

Large bowel involvement

Empirical treatment
based on clinical profile

Both small & large bowel involvement

Sigmoidoscopy/
Colonoscopy ± Bx

Functional
disorder

Normal

Sigmoidoscopy if rectal
symptoms

Figure 1 Study design. A: Study design revealing the various structural lesions observed in subjects; B: Step-up approach for investigating patients with chronic
abdominal pain suggestive of bowel origin.

A

B

sensitivities were almost comparable. Screening with
BMFTP instead of BMFT and DCBE obviates the need
for colonoscopy in around 80% of patients.

DISCUSSION

Figure 2 BMFTP. A: Showing multiple small bowel strictures; B: Adding
pneumocolon to barium meal follow through revealed transverse colonic
stricture in the same patient.

= 44.45%) and colonic lesions in three of seven patients
(sensitivity = 42.87%), although CT revealed additional
findings including abdominal lymph nodes (4 patients)
and a small amount of free fluid in the abdomen (2
patients).
Colonoscopy performed in all fifty patients revealed
colonic lesions in seven patients and terminal ileal
involvement in two patients. Biopsies taken from various
lesions revealed tuberculosis in four patients, two
patients had features of Crohn’s disease and one had
colonic malignancy.
Screening a patient with abdominal pain suggestive
of bowel origin using a combination of BMFT and
DCBE cost three thousand rupees (71.43 $) while
BMFTP cost eighteen hundred rupees (42.86 $) and the
www.wjgnet.com

This study revealed that screening patients with
abdominal pain of luminal origin using BMFTP alone
was cheaper compared to the combination of BMFT
with DCBE and was almost as sensitive and specific.
BMFTP obviates the need for colonoscopy in a number
of patients as it also screens patients with colonic
involvement.
BMFTP was better than BMFT alone in identifying
terminal ileal and cecal lesions [9-12] . In a study by
Marshall et al[13], BMFTP was found to be as accurate
as ileoscopy in diagnosing ter minal ileal disease.
Minordi et al[14] showed that combining pneumocolon
with BMFT improved the identification of terminal
ileal and cecal lesions. Taves et al[7] reported two cases
of cecal carcinoma which were initially described as
Crohn’s disease on the basis of BMFT, but were later
diagnosed as malignant by the addition of pneumocolon
and further confirmed by colonoscopy and pathology.
In this study, we also found that the two patients who
had terminal ileum and cecal involvement were both
identified by BMFTP while one was missed on BMFT
alone.
Adding pneumocolon to BMFT helped in the
detection of colonic lesions[15-17]. Previous studies have
revealed that BMFTP was better at detecting proximal
colonic lesions compared to distal lesions. Chou et al[6]
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showed that a routine overhead radiograph following
the use of the pneumocolon technique was a useful
adjunct to small bowel meal examination as it could yield
unsuspected and clinically significant colonic findings.
Colonic abnormalities such as ascending colonic cancer,
acute or chronic colitis, diverticulosis, cecal polyps
and ileosigmoid fistula were diagnosed using this
pneumocolon technique in their study of 151 patients.
Various studies which have combined contrast CT of the
abdomen with pneumocolon have been used to evaluate
various colonic lesions[18-22]. Some of these studies have
shown CT pneumocolon to be a reliable alternative to
barium enema where colonoscopy is incomplete, with
the added advantage of extra luminal screening, and
examination of the proximal bowel[23-25].
In this study, we were able to detect 6 of 7 colonic
lesions by adding pneumocolon to BMFT. One of
the patients who had sigmoid colonic stricture was
missed using this imaging method and was detected by
subsequent colonoscopy. Although there is little data
available on the role of BMFTP in the detection of
colonic lesions, most of the colonic lesions observed in
this study were detected by BMFTP.
The findings from this study showed that in a patient
with abdominal pain which clinically appeared to be
arising from the bowel, that by performing BMFTP,
both the small and large bowel were screened at the
same time, and that the technique showed an efficacy
comparable to that of BMFT combined with DCBE.
The BMFTP technique was found to be simple and easy
and obtained excellent double contrast visualization
of the distal ileum and colon. The rectal and sigmoid
areas were difficult to interpret on BMFTP. These
patients usually have clinical symptoms suggestive of
distal colonic or rectal involvement and they can be
investigated with the added procedure of sigmoidoscopy.
In addition, BMFTP obviated the need for
colonoscopy in the majority of patients as most of
these patients were ultimately found to have functional
disorders. Colonoscopy should only be performed in
those patients who have positive findings on BMFTP,
thereby decreasing the cost significantly. Colonoscopy
is an invasive technique with significant procedureassociated discomfort.
Common luminal diseases of the gut such as
tuberculosis and Crohn’s disease involve more than one
site in the bowel. Imaging requires the screening of both
the small and large bowel for these diseases and effects
therapeutic decisions. BMFTP helped in the investigation
of these diseases by screening the whole lumen at one
time. This study revealed that many patients who had
strictures at multiple sites were successfully detected by
BMFTP.
Based on our findings, we proposed a stepup approach for investigating patients with chronic
abdominal pain of bowel origin (Figure 1B). Patients
presenting with chronic abdominal pain of luminal
nature in whom involvement of both the small and large
bowel is suspected or where differentiation between the
two is not possible, BMFTP should be performed after
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all baseline investigations. If BMFTP reveals only small
bowel involvement, then depending on whether the
terminal ileum is involved, patients should undergo ileocolonoscopy with biopsy or enteroscopy. When terminal
ileum is not involved and enteroscopy is unavailable,
then patients should undergo empirical treatment
based on their clinical profile. On the other hand,
if BMFTP shows associated or isolated large bowel
involvement, colonoscopy with biopsy of the lesion
should be performed. By following this algorithm, one
can investigate these patients in a cost effective manner
which carries great significance for poor developing
nations.

CONCLUSION
In tropical countries where the majority of the
population is of low socio-economic status, BMFTP
should be included in the investigative workup of
patients with chronic abdominal pain of luminal origin,
where either multiple sites (small and large intestine)
of involvement are suspected or the site is unclear
on clinical grounds. BMFTP is an economical, quick
and comfortable procedure and obviates the need for
colonoscopy in the majority of patients.

COMMENTS
Background

Few studies have tried to evaluate barium meal follow through (BMFT) with
pneumocolon as a screening modality in subjects with chronic abdominal pain
of luminal origin in developing countries where an inexpensive and cost effective screening tool is needed. Only a few studies have compared BMFT with
pneumocolon vs plain BMFT for imaging ileocecal areas and the results of
these studies have been varied.

Research frontiers

Evaluating small and large bowel simultaneously with a cost effective screening
modality in developing countries is needed, as costly invasive modalities like
double balloon enteroscopy and colonoscopy can be used only in selected
subjects.

Innovations and breakthroughs

This is the first study to evaluate BMFT with pneumocolon as a screening
tool for the evaluation of chronic abdominal pain of bowel origin. Adding
pneumocolon to BMFT not only helped in detecting ileocecal lesions but also
helped to detect colonic lesions with a sensitivity of 88.89% and a specificity of
95.35%.

Applications

This study showed that including BMFTP in the investigative workup of
patients with chronic abdominal pain of luminal origin, where either multiple
sites (small and large intestine) of involvement are suspected or the site is
unclear on clinical grounds, helps in screening both the small and large bowel
simultaneously and effectively without adding much to the total cost. This can
be of great value in tropical countries where most of the population is of poor
socioeconomic status.

Peer review

This study from India demonstrates the effectiveness and cost-effectiveness
of BMFTP compared to other methods in screening patients with chronic
abdominal pain. It’s an interesting paper.
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Abstract
AIM: To evaluate the differences that exist between peripheral and mesenteric serum levels of
carcinoembryonic antigen (CEA) and cytokeratins in
patients with colorectal adenocarcinoma.
METHODS: One hundred and thirty-eight patients
with colorectal adenocarcinoma who underwent
surgery at Hospital São Paulo (Discipline of Surgical
Gastroenterology of UNIFESP-EPM) between December
1993 and March 2000 were retrospectively analyzed.
Differences between CEA and cytokeratin (TPA-M) levels
in peripheral blood (P) and in mesenteric blood (M)
were studied. Associations were investigated between
peripheral and mesenteric levels and the staging and
histopathological variables (degree of cell differentiation,
macroscopic appearance, tumor dimensions and
presence of lymphatic and venous invasion).
RESULTS: Differences were observed in the numerical
values of the marker levels: CEA (M) (39.10 mg/L ±
121.19 mg/L) vs CEA (P) (38.5 mg/L ± 122.55 mg/L),
P < 0.05; TPA-M (M) (325.06 U/L ± 527.29 U/L) vs
TPA-M (P) (279.48 U/L ± 455.81 U/L), P < 0.01. The
mesenteric CEA levels were higher in more advanced
tumors (P < 0.01), in vegetating lesions (34.44 mg/L ±
93.07 mg/L) (P < 0.01) and with venous invasion
(48.41 mg/L ± 129.86 mg/L) (P < 0.05). Peripheral
CEA was higher with more advanced staging (P < 0.01)

and in lesions with venous invasion (53.23 mg/L ±
158.57 mg/L) (P < 0.05). The patients demonstrated
increased mesenteric and peripheral TPA-M levels with
more advanced tumors (P < 0.01 and P < 0.01) and
in non-ulcerated lesions [530.45 U/L ± 997.46 U/L
(P < 0.05) and 457.95 U/L ± 811.36 U/L (P < 0.01)].
CONCLUSION: The mesenteric levels of the tumor
markers CEA and cytokeratins were higher than the
peripheral levels in these colorectal adenocarcinoma
patients. Higher levels of these biologic tumor markers
are associated with an advanced state of cancerous
dissemination.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The estimates of cancer incidence in Brazil for the year
2006, published by INCA, indicate that colorectal cancer
is the fifth most common malignant tumor type among
men (11 390 new cases) and the fourth among women
(13 970 new cases). The greatest incidence of cases
occurs in the age group between 50 and 70 years old,
but the possibility of developing this disease is already
increasing after the age of 40 years is reached[1-3].
In 2004, in a study carried out in the 25 member
countries of the European Union, 2 886 800 new cases
of cancer and 1 711 000 deaths were recorded. The
most common type was lung cancer (13.3%) followed

www.wjgnet.com

6700

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

by colorectal cancer (13.2%) and breast cancer (13%).
Lung cancer was also the greatest cause of death (341 800
cases) followed by colorectal cancer (203 700 cases)[4].
When colorectal cancer is detected in its initial stage,
it may even be curable. However, the overall survival of
patients with colorectal cancer does not exceed 40%.
The mean five-year survival for patients with early
diagnosis (stage Ⅰ) is approximately 70%, while it is 6%
for advanced cases of the disease (stage Ⅳ)[1,2].
Tumor markers are substances produced by the
neoplasia than can be identified in the neoplastic tissue
itself and in patients’ biological fluids. Many studies have
been conducted to evaluate serum tumor markers at
different stages of diagnosis and follow-up of colorectal
carcinoma cases. Carcinoembryonic antigen (CEA) is
distinguished as the most important marker[1,2,5-9].
CEA was first identified in 1965, and is a highmolecular-weight glycoprotein that is found in the
cytoplasmic membrane of digestive system cells in the
fetal phase and in neoplastic cells[10]. Cytokeratins form
part of the microtubules of the cellular cytoskeleton,
and they are released into the bloodstream during
processes in which there is intense cell proliferation or
apoptosis[11].
There is controversy regarding whether or not
there are differences in the serum levels of the markers
according to the location of the blood sample collection:
from peripheral veins or from blood flowing directly out
of the lesions. If there were a difference between the
mesenteric and peripheral serum levels of such markers,
the former might more accurately reflect the real levels
produced by the tumors than would the latter. Some
authors have found a significant difference between the
mesenteric and peripheral levels of CEA, while others
have not reproduced these results. Some studies have
also demonstrated relationships between high marker
levels in mesenteric serum and the histopathological
variables of colorectal tumors[12-16].
The objective of the present investigation was to
analyze the mesenteric and peripheral levels of CEA and
cytokeratins in patients with colorectal adenocarcinoma
and observe their correlation with the staging and certain
histopathological variables.

MATERIALS AND METHODS
The patients were volunteers and were treated in
accordance with a protocol approved by the Research
Ethics Committee of the institution. In this study,
138 patients with colorectal adenocarcinoma were
retrospectively analyzed. These patients were attended
to and surgically treated by the Coloproctology Group,
Discipline of Surgical Gastroenterology, Department of
Surgery, Federal University of São Paulo-Escola Paulista
de Medicina (UNIFESP-EPM). The operations were
performed at Hospital São Paulo between December
1993 and March 2000. Surgical resection was performed
on 124 patients, while the tumors were considered
irresectable in 14 patients.
Patients who had had some other benign or
www.wjgnet.com
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malignant neoplasia at some previous time, and those for
whom it was not possible to collect the data needed for
the proposed analysis, were not included in the study.
With regard to the ethnic group to which the patients
belonged, 68.1% were white, 22.5% brown, 6.5% yellow
and 2.8% black. With regard to gender, 57.2% were
female. The patients’ ages ranged from 19 to 87 years,
with a mean of 61.7 years.
The variables analyzed in the present investigation
were: staging of the colorectal neoplasia by means of
the TNM classification, degree of cell differentiation,
diameter of the neoplasia, presence or absence of
venous invasion and presence or absence of lymphatic
invasion.
According to the TNM classification, 34 patients
were in stage Ⅰ, 21 in Ⅱ, 34 in Ⅲ and 49 in Ⅳ. With
regard to the degree of cell differentiation, there were
55 patients with well-differentiated tumors, 66 with
moderately-differentiated tumors and three with poorlydifferentiated tumors. Regarding the diameter of the
neoplasia, 16 patients had tumors of ≤ 3.9 cm; 76 of
4.0-7.9 cm and 32 ≥ 8.0 cm. The presence of venous
invasion was identified in the lesions of 23 patients,
while lymphatic invasion was identified in 41 patients.
The collection of peripheral venous blood was done
by means of direct puncture in the arm that was free
of endovenous hydration, while anesthesia was being
induced. Samples of 10 mL of blood were collected in
dry tubes. These were centrifuged to obtain the serum
from the sample, and this was stored at -20℃.
The mesenteric blood for assaying the marker
levels was collected by dissection, sectioning and
catheterization of the inferior mesenteric vein, when
the tumor was located in the left colon or the rectum.
For tumors in the right colon, collection was via the
wide tributary vein of the superior mesenteric vein,
and for tumors in the transverse colon, collection was
via the middle colic vein. The corresponding vein was
dissected and repaired with 00 cotton thread; the vein
was sectioned obliquely and the catheter was introduced
towards the tumor, with the collection of 10 mL of
blood. This procedure was carried out before any
manipulation of the tumor. The blood was centrifuged,
with separation of the serum and storage in the same
way as done for the peripheral blood samples.
The method utilized for assaying the CEA levels
was DELFIA®. The CEA levels were considered to be
normal when they were less than the limit of 5.0 mg/L.
For assaying the cytokeratin (TPA-M) levels, the
LIA-mat® TPA-M Prolifigen® method was utilized,
(AB Sangtec Medical®), which utilizes a reference value
of 72 U/L as the cutoff point between normal and
abnormal values, and this point was taken for the present
investigation. The apparatus utilized for carrying out the
serum assays was the Lumat LB 9501® luminometer,
(EG&G Berthold).
Statistical analysis
For the statistical analysis of the data obtained in this
study, t test and the marginal homogeneity test were
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Table 1 Descriptive measurements of the tumor markers and the histopathological variables and staging of the colorectal
adenocarcinoma (mean ± SD)
Variables

CEA (M) ug/L

CEA (P) ug/L

TPA-M (M) U/L

TPA-M (P) U/L

14.96 ± 43.02
3.71 ± 3.23
11.33 ± 21.21
90.28 ± 190.14
0.001

15.82 ± 52.37
3.10 ± 2.63
8.00 ± 16.71
90.69 ± 190.88
0.001

178.91 ± 116.08
148.56 ± 79.25
214.94 ± 164.20
578.52 ± 812.53
0.001

168.44 ± 137.84
126.13 ± 82.13
151.55 ± 131.75
511.02 ± 692.70
0.001

22.06 ± 72.07
40.95 ± 116.87
11.40 ± 17.84
0.816

22.40 ± 72.24
40.52 ± 127.30
9.97 ± 14.84
0.632

227.35 ± 214.74
392.67 ± 695.62
111.67 ± 46.50
0.212

197.28 ± 234.32
338.50 ± 589.94
72.53 ± 43.22
0.164

44.80 ± 155.57
27.96 ± 86.94
34.63 ± 89.26
0.106

53.88 ± 190.73
27.18 ± 85.14
31.51 ± 89.48
0.186

194.84 ± 139.81
331.94 ± 645.83
325.34 ± 314.19
0.104

193.03 ± 230.85
294.35 ± 561.49
248.44 ± 234.79
0.197

38.21 ± 103.39
30.01 ± 96.84
0.433

36.82 ± 108.08
30.26 ± 104.16
0.736

530.45 ± 997.46
248.99 ± 257.75
0.014

457.95 ± 811.36
214.44 ± 276.23
0.009

29.19 ± 103.53
34.44 ± 93.07
0.035

30.94 ± 114.16
32.51 ± 95.45
0.197

233.59 ± 229.94
388.99 ± 706.77
0.057

217.40 ± 284.20
319.81 ± 583.88
0.18

15.71 ± 41.64
47.00 ± 129.00
0.132

15.22 ± 45.76
47.23 ± 137.53
0.07

281.19 ± 394.86
341.94 ± 637.18
0.415

244.83 ± 376.19
292.49 ± 532.86
0.321

48.41 ± 129.86
28.09 ± 89.57
0.034

53.23 ± 158.57
26.85 ± 88.36
0.029

347.10 ± 282.17
304.68 ± 575.348
0.163

255.56 ± 477.84
330.35 ± 391.40
0.094

49.76 ± 129.89
23.02 ± 77.03
0.095

46.75 ± 125.35
24.33 ± 92.70
0.15

447.89 ± 845.14
245.69 ± 251.79
0.137

227.83 ± 286.49
353.65 ± 691.80
0.527

TNM
Ⅰ
Ⅱ
Ⅲ
Ⅳ

P
Cell differentiation
PD
MD
BD
P
Diameter (cm)
Up to 3.9
4.0 to 7.9
≥ 8.0
P
Macroscopic ulcerated
No
Yes
P
Vegetating
No
Yes
P
Infiltrative
No
Yes
P
Venous invasion
Present
Absent
P
Lymp. invasion
Present
Absent
P

utilized. To study the correlations using the TNM
variable, the Bonferroni multiple comparisons method
was utilized.
In the tests utilized, the level of statistical significance
for rejection of the nullity hypothesis was set at 0.05%
or 5% (α ≤ 0.05), thereby indicating the results that
were considered significant.

RESULTS
Analysis of the mesenteric and peripheral levels of the
markers
Two statistical analysis methods were performed (one
numerical and the other categorical), and each of the
markers was analyzed in relation to its peripheral and
mesenteric concentrations. With regard to the numerical
descriptive measurements of the CEA levels, the mean
for CEA (M) was 39.10 mg/L ± 121.19 mg/L and the
mean for CEA (P) was 38.5 mg/L ± 122.55 mg/L, with a
statistically significant difference (P < 0.05). Comparison
between the proportions of positive rates of mesenteric
and peripheral CEA was done by means of the marginal
homogeneity test. No statistical difference was found
from this.

With reg ard to the numerical descriptive
measurements of the TPA-M levels, the mean for TPA-M
(M) was 325.06 U/L ± 527.29 U/L and the mean for
TPA-M (P) was 279.48 U/L ± 455.81 U/L (P < 0.01).
To compare the evaluations of mesenteric and peripheral
TPA-M, the marginal homogeneity test was utilized,
from which it was found that rate of positive results was
greater for mesenteric TPA-M (P < 0.05).
Associations
For both markers and for both mesenteric and peripheral
blood, the levels were related to advanced stage of
the neoplasia, and especially to stage Ⅳ of TNM. In
addition to this association, CEA (M) and CEA (P)
presented correlations with venous invasion, and CEA
(M) alone correlated with vegetating lesions. Both the
mesenteric and peripheral levels of TPA-M were high in
non-ulcerated lesions (Table 1).

DISCUSSION
Many studies have been conducted on tumor markers,
seeking greater understanding of all the possible ways
of using them in diagnoses, staging, prognoses and
www.wjgnet.com
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detection of neoplastic recurrences [1,5-7,14,17] . Even
the location for sample collection has been analyzed,
seeking the site that would best translate the serum
levels of tumor markers and identify groups of patients
with more limited prognoses (with or without liver
micrometastases), and also to identify the patients
who would most benefit from adjuvant therapy, for
example[8,17-20].
Studies have analyzed samples from different
markers collected from different points: peripheral veins
or the main drainage vein from the neoplasia. The levels
of these markers have been found to be higher when
sampled closer to the tumors, and thus the peripheral
levels do not provide a true reflection of the production
of these markers.
The production of markers by diseased cells, the
release of these markers and their passage through
adjacent tissue, their entry into lymphatic vessels and
the bloodstream, the formation of immunocomplexes,
metabolism of these markers, their excretion from the
liver and absorption by the colorectal wall, are factors
that would influence the peripheral levels of these
markers[12,13].
The way in which markers arrive in the peripheral
blood has still not been clearly established. It could be
via the portal vein system, the lymphatic system, or both.
Previous studies have suggested that CEA arrives in the
peripheral blood via the portal system[12,13]. These studies
have shown that there is a strong association between
the mesenteric and peripheral CEA levels and the extent
of venous invasion and degree of penetration of this
invasion into the colorectal wall. They have also shown
that there is a significant increase in the portal levels of
CEA soon after the manipulations carried out during the
surgical resection of the neoplasia.
In the case of colorectal adenocarcinoma, CEA has
become prominent in demonstrating usefulness for
following up patients who have undergone surgery with
curative intent, with increases in its levels in the event
of probable tumor recurrence or development of liver
metastases[7,17-19,21].
Cytokeratins have shown greater sensitivity than that
of CEA in the initial diagnosis, staging, establishment
of prognoses and detection of recurrence in colorectal
adenocarcinoma cases[1,2,5].
The studies perfor med by Tabuchi et al [12,13] in
Japan have established that there is a statistically
significant difference between the mesenteric and
peripheral CEA levels, and thus the authors postulate
that this marker reaches the peripheral blood via the
portal system. Positive rates were correlated with
certain histopathological variables, such as venous
invasion and Dukes classification. These studies have
also demonstrated that patients with high mesenteric
CEA levels are potentially at risk of developing liver
metastases and that such levels have a negative impact
on patient survival.
The mesenteric-peripheral CEA gradient has also been
utilized, together with the mesenteric levels, for assessing
the impact on postoperative survival among patients with
www.wjgnet.com
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colorectal cancer. A study published in Japan in 1990
demonstrated that patients with a mesenteric-peripheral
CEA gradient greater than 10 ng/mL would have a worse
prognosis[18].
Another study of interest showed that the mesenteric
levels and the mesenteric-peripheral gradient were more
effective than the utilization of the peripheral levels
alone for predicting liver metastases. A study published
in Japan in 1998 compared patients with advanced
colorectal cancer divided into two groups: with and
without liver metastases. The mean mesenteric CEA
level and mesenteric-peripheral gradient were greater
than the peripheral level in the group with postoperative
liver metastases. This suggests that mesenteric assaying
of this marker would be more effective for predicting
this event[22].
Subsequent studies conducted by other authors have
not shown significant differences between the peripheral
and mesenteric CEA levels[14-16]. This may be related to
the small size of the samples analyzed in these studies.
In the present investig ation, the sample was
c o m p o s e d o f 1 3 8 p a t i e n t s w h o we r e a n a l y z e d
retrospectively. All of them underwent peripheral
and mesenteric assaying of the CEA and cytokeratin
(TPA-M) levels, which were evaluated in relation to
seven histopathological variables. Statistically significant
differences were found between the peripheral and
mesenteric CEA and cytokeratin levels when numerical
analysis was perfor med. When only the positive
frequency of the markers was investigated, there was
only a difference for cytokeratins. This may signify that
the main drainage route for the markers is the portal
system.
Both of these markers had high levels in TNM
stage IV, both for mesenteric and for peripheral blood.
Thus, the markers had significantly higher levels when
the neoplastic disease was no longer limited to the
colon. This corroborates the findings of Fernandes
et al [1] (2005), which showed higher marker levels in
cases of patients with extra-colonic disease, perhaps
signifying the presence of liver or occult lymph node
micrometastases[17].
The mesenteric and peripheral CEA levels were
higher in the presence of venous invasion, and this
reproduces the results from previous studies. This
may corroborate the hypothesis that drainage via the
portal vein system is the fundamental principle for the
distribution of this marker[12-16].
In the present study, the cytokeratin levels were also
higher in the presence of non-ulcerated lesions. No
studies presenting an association between peripheral
and mesenteric CEA and cytokeratin levels and
the macroscopic characteristics of the lesion were
found in a search of the medical literature. In the
present investigation, there were associations between
mesenteric CEA and vegetating lesions and between
mesenteric and peripheral cytokeratins and nonulcerated lesions. It is believed that subsequent studies
will be necessary, in order to analyze and compare
ulcerated, vegetating and infiltrative lesions in relation
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to survival and the peripheral and mesenteric levels of
biological tumor marker, so as to obtain greater depth
for the conclusions.
In summar y, the present results allow it to be
concluded that, for the patients analyzed, there was a
significant difference between the CEA and cytokeratin
tumor marker levels, with higher levels in the samples
collected from the portal vein system than in those
obtained from the peripheral blood. The levels increased
in accordance with the progression of neoplastic
dissemination. High mesenteric and peripheral CEA
levels were associated with venous invasion. There were
higher assayed cytokeratin levels in patients with nonulcerated colorectal adenocarcinoma lesions.
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Abstract
AIM: To evaluate endoscopic and histopathologic
aspects of acute gastric injury due to ingestion of
high-dose acetaminophen and nonsteroidal antiinflammatory drugs (NSAIDs) with respect to some risk
factors and patient characteristics.
METHODS: The study group consists of 50 patients
admitted to emergency department with high dose
analgesic ingestion (group Ⅰ) with suicidal intent. Thirty
patients with or without mild complaints of dyspepsia
(group Ⅱ) were selected as the control group. The
study group was stratified according to the use of type
and number of analgesics. Endoscopic findings were
evaluated according to the Lanza score (LS), expressing
the severity of the gastroduodenal damage and biopsies
according to a scoring system based on histopathologic
findings of acute erosive gastritis.
RESULTS: Gastroduodenal damage was significantly more severe in group Ⅰ compared to group Ⅱ
(P < 0.01). The LS was similar in both groups Ⅰa and
Ⅰb. However LS was significantly higher in patients who
www.wjgnet.com

had ingested multiple NSAIDs (group Ⅰc) compared
to other patients (P < 0.01). The LS was correlated
to age (P < 0.01) and total amount of drug ingested
(P < 0.05) in group Ⅰ; but it was not correlated with
Helicobacter pylori (H pylori) infection or duration
of exposure (P > 0.05). The biopsy score (BS) was
higher in group Ⅰ than group Ⅱ (P < 0.01), and
higher in group Ⅰb than group Ⅰa (P < 0.05).
CONCLUSION: The histopathologic damage was more
severe among NSAID ingesting patients compared
to those ingesting only acetaminophen and there is
no significant difference in the endoscopic findings
between the groups. There is no significant difference
in the LS between the groups. This lack of significance
is remarkable in terms of the gastric effects of highdose acetaminophen.
© 2008 The WJG Press. All rights reserved.

Key words: Acute gastric injury; Nonsteroidal antiinflammatory drug; Acetaminophen; Endoscopic lesion;
Gastroscopy
Peer reviewer: Mark S Pearce, PhD, Paediatric and Lifecourse
Epidemiology Research Group, School of Clinical Medical
Sciences, University of Newcastle, Sir James Spence Institute,
Royal Victoria Infirmary, Newcastle upon Tyne, NE1 4LP,
United Kingdom

Soylu A, Dolapcioglu C, Dolay K, Ciltas A, Yasar N, Kalayci M,
Alis H, Sever N. Endoscopic and histopathological
evaluation of acute gastric injury in high-dose acetaminophen
and nonsteroidal anti-inflammatory drug ingestion with
suicidal intent. World J Gastroenterol 2008; 14(43):
6704-6710 Available from: URL: http://www.wjgnet.
com/1007-9327/14/6704.asp DOI: http://dx.doi.org/10.3748/
wjg.14.6704

INTRODUCTION
Analgesics, nonsteroidal anti-inflammatory drugs
(NSAIDs) and acetaminophen are extensively used
pharmaceutical agents. NSAIDs are well known and
widely used for their anti-inflammatory, analgesic and
antipyretic properties. Incidence of gastrointestinal
side effects associated with NSAIDs is relatively high
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and common. Gastrointestinal side effects of NSAIDs
are related to various factors such as individual risk
factors, the dose and the duration of use. NSAID
use presents with a 2.5- to 5-fold increase in the risk
of gastrointestinal tract (GI) complications [1]. These
complications var y from abdominal discomfor t
to serious complications like ulceration, bleeding,
p er fo r a tio n o r o b s t r u c t i o n [ 2 ] . R i s k f o r a d ve r s e
gastrointestinal events related to NSAID use are related
to the age of the patient (> 60 years), presence of
previous complicated/uncomplicated ulcer, use of
multiple NSAIDs, dose of NSAIDs, type of drug,
the presence of H pylori infection, concomitant use of
corticosteroids and serious comorbid diseases[1,3]. Besides
these, duration of the NSAID use, smoking and alcohol
consumption have also been reported to increase the risk
of NSAID complications, and the incidence of adverse
events decrease with long-term use due to adaptation
mechanisms[4,5].
The reports about NSAID use and related adverse
events have so far involved therapeutic doses of
NSAIDs. Therefore acute effects of short-ter m,
especially high-dose NSAID and acetaminophen use
have not been reported. This study was designed to
investigate acute gastric injury and histological changes
among patients who ingested high dose NSAID with
suicidal intent. We evaluated the association of single
high dose analgesic use with previous gastric complaints,
smoking, food intake, drug dose, duration of exposure,
co-existence of H pylori, and body position during intake
(standing/supine) on the distribution of gastric lesions.

MATERIALS AND METHODS
Study group
This is a prospective, randomized and controlled study.
Fifty Patients admitted to the emergency unit after
ingestion of high-dose analgesics with suicidal intent
(group Ⅰ) were included in the study. The control group
consisted of 30 patients with or without mild dyspeptic
complaints (group Ⅱ). The patients in the study group
were grouped according to the type of analgesic use:
Of the 50 patients, 18 ingested only acetaminophen
(group Ⅰa), 32 have ingested only NSAIDs (group Ⅰb)
and in a subgroup of the NSAID ingesting group 10
ingested multiple types of NSAID simultaneously
(group Ⅰc). Exclusion criteria were: antacids, acid
suppressants (H2-blocker, PPI), NSAIDs and steroid use
with or without alcohol consumption, established gastric
condition and treatment for gastric symptoms, systemic
disease and homodynamic disorders and cognitive
problems. The control group consisted of patients
presenting with or without mild gastric complaints
who had not been previously diagnosed with a gastric
or any other disease, no history of alcohol use, and
who had not used acid suppressants or NSAIDs within
the last month. Exclusion of chronic or intermittent
NSAIDs users enabled us to compare the endoscopic
and histological assessed acute gastric damage with an
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Table 1 Maximum recommended daily dose according to
[6]
drug type
Drug

Dose (mg)

Acetaminophen
Aspirin
Etodolac
Flurbiprofen
Ibuprofen
Naproxen sodium

4000
4000
1200
300
2400
1375

Table 2 Endoscopic grading scale: LS

[7,8]

Grade

Scale

0
1
2
3
4

No visible lesions
Redness and hyperemia in the mucosa
One or two erosions or hemorrhaging lesions
3-10 erosions or hemorrhaging lesions
> 10 erosions or hemorrhaging lesions or an ulcer

Note: Erosions are defined as flat, white-based mucosal breaks of any size;
Ulcers are defined as mucosal breaks of at least 3 mm or more.

almost healthy group. The study protocol was approved
by the local ethics committee.
Study design
Demographic characteristics, smoking habits and
history of gastric complaints during the last month
were compared. The dose and type of drug used with
suicidal intent was identified by examination of drug
pack physically and information were obtained from the
household. Information about time of the ingestion,
type and amount of the dr ug, the occurrence of
vomiting after intake, food intake and body position
following the ingestion (standing/supine) and gastric
lavage after the ingestion were recorded. The amount
of ingested dr ug was standardized based on the
pharmacological maximum recommended daily dose
and scored in multiples (Table 1)[6].
Within 24 h following dr ug ingestion, gastroduodenoscopy was performed on the study and control
groups. Endoscopic gastric findings were recorded by
video endoscopy, and evaluated by a second endoscopy
specialist according to the Lanza score (LS) (Table 2)[7,8].
Biopsies were obtained from the antrum for H pylori
testing from all patients and from lesions if present.
Biopsy specimens were stained with hematoxylin-eosin
and with modified Giemsa for H pylori. In order to
evaluate and quantify the histopathologic findings we
have made a list of microscopic findings of NSAIDrelated acute erosive/hemorrhagic gastritis[9,10]. These
findings were stratified into a three-scaled scoring
algorithm according to the severity of the lesions which
we present in Table 3 as biopsy score (BS).
Statistical analysis
Besides descriptive statistical methods (mean, standard
deviation, frequency), the Mann-Whitney U test, χ2 test,
and Spearman’s Rank Correlation Test were used in the
www.wjgnet.com
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Table 3 Three-scaled histomorphologic scoring algorithm
developed by us indicating the severity of the lesions
according to microscopic findings of NSAID-related acute
erosive/hemorrhagic gastritis
Score

Microscopic findings

1

Superficial epithelium is intact, edema at superficial
lamina propria, dilated and congested capillary structures,
extravasated erythrocyte and tiny fibrin clots
Multiple focal scattered erosions + 1
Disappearance of superficial epithelium, presence of
proteinose materials on the surface of epithelium, diffuse
hemorrhages within lamina propria, transmural ischemic
necrosis + 2

2
3

A
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Figure 2 Distribution of the localization of endoscopic lesions in patients
in the standing and supine positions following ingestion.

group Ⅱ with respect to gastric symptoms within the
last month. Of the group Ⅰ patients, 12% had nausea,
6% had mild heartburn, 4% had epigastric pain and 4%
had hemathinized gastric fluid in nasogastric lavages
during the emergency department examination. There
was no difference in LS and BS among group Ⅰ patients
with or without gastric symptoms during last month.
B

Figure 1 Images of lesions according to the posture after the ingestion.
A: Patients in the supine position following ingestion of NSAID; B: Patients in
the upright position following ingestion.

assessment of study results. Results were evaluated with
a 95% confidence interval (CI) and a significance level
of P < 0.05.

RESULTS
Patients in group Ⅰ [23.3 ± 7.5 years (range: 14-50)] were
younger than those in group Ⅱ [32.3 ± 7.6 years (range:
19-48)] (P = 0.001). There was no difference between
the two groups in terms of smoking (P = 0.39) and H
pylori positivity (P = 0.385) (Table 4). Patients in group Ⅰ
a had ingested 1-5 times the maximum daily dose of
acetaminophen, while those in group Ⅰb had ingested
1.2-13.6 times the maximum daily dose of NSAIDs.
Clinical findings
There was no significant difference between group Ⅰ and
www.wjgnet.com

Endoscopic findings
There was no difference between fundus, corpus, and
antrum involvement of endoscopic lesions according
to body position after drug intake (P > 0.05). Although
there was no statistically significant difference in the
distribution of gastric lesions in the fundus, corpus, or
antrum according to body position after ingestion, the
allocation of gastric lesions in the fundus were 21.1% in
the standing and 41.7% in the supine positions, lesions
in the antrum were 60.5% in the upright and 41.7% in
the supine positions. Images of lesions according to the
posture after the ingestion are demonstrated in Figure 1.
Although there was no statistical significance, anatomical
distribution of gastric lesions differed according to the
body position after the ingestion (Figure 2).
LS
The LS of group Ⅰ (2.3 ± 1.2) was higher than in
group Ⅱ (0.77 ± 0.6) (P < 0.01). The LS was positively
correlated with age in group Ⅰ (r = 0.39, P < 0.01), with
a significant correlation at the 39.1% level. LS increased
with age (Figure 3). Conversely, LS was not correlated
with smoking habits, food intake, H pylori positivity
and duration of exposure to the drugs (P > 0.05).
Interestingly, the difference between the LS of patients
who ingested only NSAIDs (group Ⅰb) was higher
but not significant compared to those who ingested
only acetaminophen (group Ⅰa) (P = 0.08). The LS of
patients who ingested multiple types of NSAIDs was
significantly higher than those who took a single type
of NSAID (P < 0.01). There was a positive correlation
between the total amount of ingested drugs and LS
(r = 0.35, P < 0.05) which means that LS increased with
increasing drug dose.
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Table 4 Comparison of LS and BS in relation to various patient characteristics
LS (median)
Group

Age
History of gastric complaints

Smoking

Food intake

H pylori

Duration of exposure
Total drug dose (as multiples
of maximum daily dose)
Ingested drug

Multiple NSAIDs

Patients
Control group
P
r
P
Positive
Negative
P
Yes
No
P
On full stomach
On empty stomach
P
Positive
Negative
P
r
P
r
P
Acetaminophen only
NSAID only
P
Yes
No
P

2.30 ± 1.18 (2)
0.77 ± 0.57 (1)
0.001
0.391
0.005
2.36 ± 1.43 (3)
2.28 ± 1.12 (2)
0.809
2.08 ± 1.29 (2)
2.52 ± 1.04 (2)
0.234
2.36 ± 1.17 (2)
2.17 ± 1.24 (2)
0.576
2.08 ± 1.19 (2)
2.52 ± 1.15 (2)
0.204
0.14
0.332
0.353
0.012
1.89 ± 1.18 (2)
2.54 ± 1.21 (3)
0.086
3.40 ± 0.70 (3.5)
2.02 ± 1.12 (2)
0.001

BS (median)
2.26 ± 0.83 (2.5)
1.47 ± 0.73 (1)
0.001
-0.078
0.592
2.09 ± 0.83 (2)
2.31 ± 0.83 (3)
0.4
2.24 ± 0.88 (3)
2.28 ± 0.79 (2)
0.949
2.27 ± 0.80 (2)
2.23 ± 0.90 (3)
0.964
2.32 ± 0.75 (2)
2 20 ± 0.91 (3)
0.743
0.099
0.492
0.219
0.127
1.94 ± 0.87 (2)
2.58 ± 0.70 (3)
0.013
2.50 ± 0.85 (3)
2.20 ± 0.82 (2)
0.256

Analyses performed with Mann Whitney U test. r: Spearman’s rank correlation test.
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Figure 3 Correlation between age and LS.

BS
The BS of patients in group Ⅰ (2.3 ± 0.8) was significantly
higher than in patients of group Ⅱ (1.47 ± 0.73)
(P < 0.01). There was no correlation between BS and
age, smoking habits, food intake, H pylori positivity or
duration of drug exposure among group Ⅰ (P > 0.05).
The BS of group Ⅰb patients (2.58 ± 0.70) was higher
than in patients in group Ⅰa (1.94 ± 0.87) (P < 0.05).
The BS of patients who ingested only NSAIDs was
higher than in those who ingested only acetaminophen
(P < 0.05). The BS of patients who took multi-agent
NSAIDs and of those who took single-agent NSAIDs
were similar (P > 0.05). There was no significant
correlation between the total amount of ingested drug
and BS (P > 0.05).

Besides personal risk factors, the type and the dose
of NSAIDs, duration of exposure to the drug and
concomitant use of other drugs play an important role
on NSAID-related GI side effects[11]. In our study, we
observed a positive correlation between endoscopically
observed gastric injury and age, although none of our
patients were in the age group (> 60 years) established as
an individual risk factor. The gastric effects of NSAIDs
vary according to their acute or chronic use. Short-term
studies have reported that gastroduodenal mucosal injury
is dose-dependent. Acute injury on the gastric superficial
epithelium occurs within minutes, whereas subepithelial
hemorrhage and erosions occur within hours [12,13] .
Asymptomatic endoscopically observed lesions are
submucosal hemorrhage, erosions, and ulceration.
Intramucosal hemorrhage, petechia, and mucosal
erosions have been observed endoscopically with shortterm usage. Superficial ulceration typically appears within
1 wk[11]. Following single-dose (650-1300 mg) aspirin
intake, gastric lesions occur with a 100% certainty[12].
This gastric mucosal injury has been reported to develop
rapidly, within 24 h of ASA intake, erosions have been
observed within the first 24 h, and maximal damage
appeared within 3 to 7 d [8,14,15] . In our endoscopic
evaluation within the first 24 h, hemorrhagic foci,
erosions and marked gastric ulceration were observed.
There were acute findings in the histomorphological
evaluation such as congestion of the superficial lamina
propria, edema, extravasated erythrocyte and fibrin
aggregates within two patients whose LS was 0.
www.wjgnet.com
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The gastric effects of long-term NSAID use are
diverse. Gastric and duodenal mucosal erosions and
gastroduodenal ulcers, hemorrhage, perforation and
even fatality due to complications of ulceration can
occur[12,16]. In long-term NSAID users, gastric injury is
more likely to be more severe and has a higher possibility
to be localized in the antrum than the corpus [13,17] .
Lesions situated in the antrum might penetrate into the
submucosa and tend to be wider in size (> 6 mm)[13,18].
Ulcers are most commonly localized in the stomach
and are diffused, multiple and painless[4]. Many patients
who show mucosal damage in the form of ulceration
have no or mild symptoms, while many cases without
visible mucosal damage present with indigestion,
abdominal pain, distension and flatulence[8,16,19]. Suddenonset GI hemorrhage or silent perforation has also
been reported following ingestion of NSAIDs[8]. In our
study of acute high dose use, physical examination and
symptom inquiry did not reveal apparent differences and
clinical presentation and endoscopic findings were not
correlated as in the chronic NSAID users. None of the
patients were admitted for gastric symptoms, they were
rather admitted for the long term toxicity concerns. One
patient with marked ulcerations had mild epigastric pain.
Abdominal palpation was normal for two patients who
had extensive superficial ulcerations and hemathinized
fluid in nasogastric lavage.
Various studies have reported an increase in the risk
of gastrointestinal toxicity with short-term NSAIDs
use, and demonstrated that the first month of treatment
presents the largest risk, while the risk thereafter
decreases with chronic use [4]. A meta-analysis of 16
studies by Gabriel et al reported an 8-fold increase in the
NSAID-related gastrointestinal risk within the first 1 mo,
a 3.3-fold increase within 1-3 mo and 1.9-fold increase
for longer than 3 mo of use[5]. LS was 4 in 20% of our
cases, which present an example for risk of high-dose
NSAIDs in the short-term use. This high percentage
may be interpreted as the added ulceration effect of
acute local toxic damage without a period of adaptation,
thus these patients had multiple and large superficial
ulcerations and marked hemorrhagic foci.
Endoscopic evaluations demonstrated that superficial
lesions develop acutely, within minutes, and that topical
factors prevail in the development of lesions. Acute
lesions involve only the mucosa, are small in size, and
are more prevalent in the fundus than in the antrum[13,18].
NSAID-related ulceration is most often localized in the
greater curvature of the antrum. In adults, in the normal
upright position, this region is susceptible to external
factors, indicating that this type of ulceration (sumpulcer) is related to the direct ingestion of corrosive
substances[13]. A study on this subject reported more
histological damage in the antrum than in the corpus[15].
In an endoscopic evaluation in 6 healthy dogs following
administration of carprofen (4 mg/kg) and deracoxib
(4 mg/kg), involvement of the fundus, antrum and lesser
curvature was reported to deteriorate on the second
day of treatment and heal on the fifth day[20]. Since early
topical consequences are in the forefront in our cases,
www.wjgnet.com
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gastric lesion involvement in the fundus was observed in
41.7% of the patients who were in the supine position
following drug intake, and in the antrum in 60.5% of the
patients who remained standing, albeit without statistical
significance. Considering that local damage is greater
than systemic effects, this may account for the lack of
significance of high-dose drug use with more intense
topical exposure and localization.
Subsequent doses have been determined to increase
the frequency, but not the severity of lesions[14,20]. The
damage was greatest on the third day of continuous
use, and endoscopic damage was lesser on the seventh
day than the first day. Adaptation occurred at around
the third day, and was found to be associated with
increasing healing processes [14]. Endoscopic gastric
damage is primarily dose-related and occurs even in antiinflammatory doses of NSAIDs. In a study with 1 064
healthy volunteers, 6.7% of the subjects developed
ulcerations after a 7-d course of anti-inflammatory
dose[19]. Adaptation and resolution occur more slowly
with high doses and more rapidly with low doses, and
discontinuation accelerates the healing process[15]. We
have preferred not to have a chronic NSAID user
control group, so that we could demonstrate gastric
damage in acute NSAID use.
Bergmann et al[21] administered single-dose ketoprofen
(25 mg), ibuprofen (200 mg) or aspirin (500 mg) to 12
healthy subjects with empty stomach and found that
lesions were similar with ketoprofen and ibuprofen
using the LS and they were less local toxic compared
to aspirin. Previous publications support the finding of
the local damaging effect of short-term, single-dose use
of NSAIDs[15]. In our study, the total amount of drug
taken was found to be correlated with LS. We found a
correlation between the total amount of drug taken and
the severity of endoscopic findings. Also, multiple types
of NSAID users had more endoscopic gastric damage
than acetaminophen only or single NSAID users.
In a study that investigated damage on the gastric
mucosa 10 and 60 min after the direct administration of
2 g acetaminophen in 100 mL saline solution, 10 min
after administration cellular damage was seen in 3%-5%
in the study group and 1%-7% in the control group.
Microscopic evaluation showed focal cellular disruption
and erythrocyte infiltration. Electron microscopy
revealed minimal loss in the cellular apex, but no erosion.
The corresponding findings with aspirin are quite
different. A 2 g dose of acetaminophen caused minimal
mucosal damage[22]. After a 7d continuous treatment on 7
healthy volunteers, aspirin and acetaminophen (1.95 g/d
or 2.6 g/d) plus aspirin (1.95 g vs 3.9 g) on a full stomach
caused escalating mucosal damage with increasing
doses in the group that received aspirin. However, the
addition of acetaminophen to the aspirin regimen did
not cause any deterioration of gastric damage. All doses
were received on a full stomach[23]. In the study group,
food intake before ingestion of analgesics had no effect
on LS or BS. Patients who took acetaminophen had
ingested single doses of 4000 to 20 000 mg, and their
endoscopic evaluations revealed LS of 0 to 4. The LS of
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two patients who took 10 000 mg acetaminophen was 0
and 4, respectively. The unsteadiness of the BS might be
due to the non-uniformity of gastric histomorphologic
findings. In this study, the determination of endoscopic
damage among patients who ingested higher doses
of acetaminophen compared to previous studies [22,23]
indicate that high-dose acetaminophen use may cause
damage, however the damage and dose relationship
suggests that factors other than dose also play a role.
Chemical gastropathy may present with separate
or concurrent nonspecific histopathologic lesions of
various degrees and proportions, and no correlation
between histological findings and clinical symptoms,
particularly the risk of bleeding, has been documented
in gastropathy [24] . Following aspirin ingestion, the
inconsistency of biopsy results during histological
evaluations may reflect sampling errors, or aspirinrelated changes may be unpredictable. None of the
biopsies taken from normal-appearing mucosal tissue
following aspirin intake yielded normal results. Visible
damage may somewhat intensify after the second and
third doses, but the extent of damage does not increase
after a couple of doses, and may even start to diminish.
Although mucosal appearance nor malizes, gastric
microhemorrhages do not cease to occur during aspirin
use[15]. Histomorphological evaluation is significant in
such cases[9]. In this study, BS was not correlated with
the total amount of drug taken or the use of multiple
NSAIDs. However, histological gastric damage was more
extensive in patients who ingested NSAIDs compared to
those who ingested acetaminophen only. There were no
marked histomorphologic differences between biopsy
evaluations of acetaminophen and NSAID patients.
Nonetheless, the biopsies of all patients who took only
acetaminophen revealed acute gastric damage, and six
patients with a BS over 3 had ingested 6000 mg (n = 1)
or 10 000 mg (n = 5) acetaminophen. The BS and LS
of acetaminophen only patients did not correlate to the
acetaminophen dose increments (Figure 4). Even the
patient with a LS of 0 had findings of erosive gastritis
in the histomorphologic evaluation. Also, all patients
had more bleeding during endoscopic biopsy procedures
compared to routine procedure or chronic NSAID users.
H pylori infection and NSAID-related gastric mucosal
damage occur through different pathways and separate
mechanisms[16]. Foveolar hyperplasia, edema and vascular
ectasia are more extensive in NSAID-related gastritis
compared with H pylori gastritis[13,17]. Gastric damage
related to aspirin use was found to be more limited in
patients with H pylori eradication, thus indicating that H
pylori may enhance NSAID-induced gastric damage[25]. It
was also reported that ulcer bleeding was more prevalent
in patients with H pylori infections[26]. Conversely, certain
studies have reported that positivity or negativity of H
pylori in NSAID users made no significant difference[27,28].
In our study, H pylori positivity was not related to
significant changes in LS or BS in patients who had
taken acetaminophen and NSAIDs.
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A

B

Figure 4 HE stain images, x 100. A: Acetaminophen only (10 000 mg) patient
with LS = 4 and BS = 2. Erosion within superficial epithelium, fibrin clots on
superficial lamina propria, widespread congested vessel structures and marked
edema; B: Acetaminophen only (6000 mg) patient with LS = 3 and BS = 2.
Focal erosion within superficial epithelium, extravasated erythrocyte clusters
and congested veins.

CONCLUSION
Acute gastric damage of var ying deg rees occurs
in subjects who ingest high doses of NSAIDs and
acetaminophen with suicidal intent. The degree of
endoscopic acute lesions in high-dose analgesic use
also increases with age, total drug dose, concurrent use
of multiple types of NSAIDs. We found the BS of
patients who ingested only high-dose NSAIDs to be
higher than in those who took acetaminophen, while
there was no significant difference between gastric
lesions. The lack of statistical significance between
the LSs of patients who ingested NSAIDs and those
who took only acetaminophen is remarkable in terms
of the gastric effects of high-dose acetaminophen. It
may be concluded that, contrary to current convictions,
high-dose acetaminophen may also cause endoscopic
acute gastric damage. Body position following intake
influences the localization of endoscopic lesions. H
pylori positivity was not determined as a factor that may
affect NSAID- and acetaminophen-related acute gastric
damage endoscopically or histopathologically.
In patients in a stable condition, we recommend
endoscopy within the first 24 h for the determination of
gastric injury and for treatment maintenance in patients
who have ingested high-dose analgesics with suicidal
intent.
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Background

Analgesics, nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen,
are commonly used for the relief of fever, headaches, and other minor aches
and pains. The gastrointestinal side effects of NSAIDs are well documented and
acetaminophen is accepted to be a safe drug for the gastrointestinal system.
Acute effects of short-term, especially high-dose NSAID and acetaminophen
use have not been studied adequately.
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This paper is one of the first to document the endoscopic acute gastric damage
caused by acute high-dose acetaminophen.
The results of the present paper may be useful in evaluating the gastrointestinal
complications of acute high dose analgesic use. Contrary to current convictions,
high-dose acetaminophen, as well as NSAIDs, may also cause endoscopic
acute gastric damage. Therefore physicians should be alert at evaluating
the gastrointestinal complaints of acetaminophen users as well. The study
suggests that clinicians might as well plan endoscopic evaluation in patients
who ingested high-dose analgesics with suicidal intent.
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The importance of the research and the significance of the research contents
are significant because as it is mentioned in the manuscript there is actually
not much information about acute high-dose acetaminophen causing
endoscopic acute gastric damage. The manuscript is very readable. Methods
are appropriate and detailed description is provided for any modified or novel
methods to allow other investigators to reproduce or validate.
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Abstract
AIM: To evaluate seven patients with non-traumatic
splenic rupture (NSR). NSR is an uncommon dramatic
abdominal emergency that requires immediate
diagnosis and prompt surgical treatment to ensure the
patient’s survival.
METHODS: Within 11 years, seven cases were
evaluated for patient characteristics, anamnesis and
symptoms, method of diagnosis, findings of laparotomy,
and etiology of NSR.
RESULTS: There were six (86%) male and one female
(14%) patient, whose mean age was 36 ± 12.8 (17-56)
years. We report here four cases of Plasmodium vivax
malaria (cases Ⅰ-Ⅳ), one case of hemodialysis (case
Ⅴ), one case of spontaneous splenic rupture (case
Ⅵ), and one case of hairy cell leukemia (case Ⅶ).
Splenectomy was performed in all patients. All of them
made an uneventful recovery and were discharged in
stable condition.
CONCLUSION: NSR is a rare entity that needs a high
index of suspicion for diagnosis. Using ultrasonography
or computer tomography, and peritoneal aspiration
of fresh blood may assist in the diagnosis of NSR.
Increased awareness of NSR can enhance early
diagnosis and effective treatment.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Trauma is the most common cause of splenic rupture,
while non-traumatic splenic rupture (NSR) is a rare
condition. NSR has been described in the medical
literature as a clinical oddity with grave consequences,
if unrecognized and untreated[1]. NSR rarely occurs in a
histologically proven normal spleen, and in such cases,
is called a spontaneous rupture. NSR usually occurs in
a diseased spleen and is called a pathologic rupture[2].
Infection, malignancy, metabolic disorders, as well as
vascular and hematological diseases, of which only single
case reports have been published in the literature, are the
usual reasons[3-5]. Recently, some authors have reported
that spontaneous splenic rupture has been seen as a
factor in malaria[6,7], aortic valve replacement for bacterial
endocarditis [8], normal spleen [9], factor Ⅷ deficiency,
which is a rare autosomal bleeding disorder with a
frequency of 1:2 000 000 in the general population[10],
and autologous transplantation for primary systemic
amyloidosis [11] . Especially, malaria was discussed
retrospectively in all aspects by authors. It has been
reported that the disease has started spreading from
its hotspots to new areas, including many parts of the
United States and southern Europe, including Azerbaijan
and Turkey[12]. We report here seven cases with NSR,
who were successfully treated by splenectomy.

MATERIALS AND METHODS
The medical records of seven patients with NSR, who
www.wjgnet.com
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Table 1 Patient characteristics
Cause of NSR

Age/sex

Duration of
Amount
TA
Splenic
Diagnosis
Observation Amount of Grade of
hospitalization
of blood
(mmHg) weight (g) Parasynthesis Radiological time (h)
free blood splenic
(d)
injury transfusion (U)
(cc)
imaging

Malaria (Case Ⅰ)
Malaria (Case Ⅱ)

56/M
32/M

80/60
70/40

950
1050

+
+

USG
None

Malaria (Case Ⅲ)
Malaria (Case Ⅳ)
Hemodialysis
patient (Case Ⅴ)
Spontaneous
(Case Ⅵ)
Hairy Cell
Leukemia (Case Ⅶ)

46/M
17/M
29/M

90/60
80/50
80/40

800
980
220

+
+
+

30/M

120/70

195

42/F

65/40

2540

1500
1200

Ⅲ

USG
USG
USG

4
Urgent
Laparotomy
6
5
3

3
2

6
11

1700
1500
1500

Ⅲ
Ⅲ

2
5
3

5
4
5

+

USG/CT

18

2000

Ⅱ

6

5

+

None

Urgent
Laparotomy

2500

Ⅲ

5

15

Ⅱ

Ⅲ

NSR: Nontraumatic splenic rupture; TA: Tension arterial; USG: Ultrasonography; CT: Computerized tomography.

were treated in the Department of General Surgery,
Dicle University Hospital, between 1995 and 2006,
were reviewed retrospectively. The patients did not
have a minor or trivial trauma history before admission.
Standard advanced trauma life support resuscitation
protocols were used in all patients. All patients received
preoperative antibiotics and were maintained on
antibiotics for at least 24 h postoperatively. Splenic
injury grade was defined in accordance with the Organ
Injury Scaling Committee of the American Association
of Surgery for Trauma (AAST)[13]. After splenectomy,
Pneumovax and Haemophilus influenzae vaccines were
given. Histopathological analysis of masses was
performed.
Patient data were evaluated for their characteristics
(Table 1), anamnesis and symptoms, method of
diagnosis, findings of laparotomy, and etiology of NSR.
The constant variables were expressed as mean ± SD,
except where otherwise stated.

RESULTS
Cases Ⅰ -Ⅳ
We determined that NSR was due to malaria in four
patients. The mean age of these patients was 37.7 ±
8.48 (17-56) years, and all of them were male. Our area
is endemic for malaria, and before patients presented
to our hospital, they had been diagnosed as malaria by
the Free Malaria Out-Patient Clinic, which treats for
free patients who have been taking antimalarial therapy.
Trophozoites and schizonts of Plasmodium vivax were
identified in peripheral blood smears to confirm previous
diagnoses in all patients in our institute. No patient
had a history of glucose-6-phosphate dehydrogenase
deficiency. The abdominal ultrasound scans of three
patients showed an enlarged, ruptured spleen and intraperitoneal free blood. Gross examination revealed
grayish-brown or dark grey discolored spleen with
capsular tears. Microscopy revealed congestion and
dilatation of sinusoids, mononuclear infiltration with
focal necrosis in capillaries and splenic pulp. Mean
hospitalization time of patients who had splenic rupture
www.wjgnet.com

with malaria etiology was 6.50 ± 1.55 (4-11) d. The
patient who was hospitalized for the longest period of
11 d was receiving treatment for duodenal ulcer in the
gastroenterology department. He immediately became
hypotensive, and had abdominal pain on the day 4 of
hospitalization. We performed abdominal parasynthesis,
which demonstrated free blood in the peritoneal
cavity. Since he was in shock, he underwent explorative
laparotomy, and splenectomy was performed. The
patient had postoperative wound infection on day 5, and
he was discharged on day 11 after therapy.
Case Ⅴ
A 29-year-old male hemodialysis patient was admitted to
our emergency department. Severe left upper abdominal
pain developed 2 d prior to admission. He had a history
of hypertension and urolithiasis for 6 years, and he
was undergoing hemodialysis twice weekly. Abdominal
ultrasonography revealed a hyperechogenic mass that was
composed of spleen and perisplenic fluid, and another
mass, which showed internal echogenicity. A moderate
amount of free fluid was present in the pelvic abdomen
(Figure 1). Gross examination showed a dark gray spleen,
which weighed 220 g, with capsular tears and subcapsular
hematoma on the medial side. Microscopy revealed sinus
dilatation, and increased fibrous tissue and hemosiderin
pigments. The postoperative course was uneventful, and
the patient was discharged from hospital on day 5.
Case Ⅵ
A healthy 30-year-old man was admitted to the
emergency department previously with complaints of
abdominal pain. His pain began approximately 3 h before
arrival, which he described as being vague periumblical
pain. He had no recent illness or trauma and no medical
or surgery history. Initially, pain was minimal and he
had no peritoneal signs, and his abdomen was nondistended, with normal bowel sounds. He had epigastric
and left upper quadrant tenderness with voluntary
guarding in this region. He denied taking any drugs, and
did not have any symptoms and signs such as nausea,
vomiting, diarrhea, melena, hematochezia, cough,
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A

× 40 (HE)

Figure 1 Abdominal ultrasonography of case Ⅴ revealed a hyperechogenic mass composed of spleen and perisplenic fluid.

B

× 1000 (HE)

Figure 3 HE staining reveals splenic sinuses and cords of case Ⅶ
(A, x 40) surrounded by hairy cells in the expanded red pulp (B, x 1000).

Figure 2 CT of case Ⅵ revealed massive hemoperitoneum and large tears
of the splenic hilus.

shortness of breath, weight loss, or fever. Heart and lung
examination was normal. The genitourinary examination
was normal, without hernia. Abdominal parasynthesis
was performed, and free blood in the peritoneal cavity
was observed. Abdominal ultrasonography showed
perisplenic and left paracolic free fluid. Furthermore,
computerized tomog raphy (CT) showed massive
hemoperitoneum and large tears of the splenic hilus
(Figure 2). In spite of non-operative management at 18 h
after arrival at the emergency department, he became
hemodynamically unstable and had to be taken to the
operating room for emergency surgery. Exploratory
laparotomy was perfor med. After opening of the
abdomen, 2000 mL of blood was removed immediately.
The spleen was removed without complication and
was sent for pathological investigation. The pathology
report demonstrated the spleen to be of normal size.
The rupture was found in medial side, penetrating into
the parenchyma of the spleen. Paired acute-phase and
convalescent sera provided no evidence of acute viral
infection, and cultures from blood, sputum, stool and
urine were negative. Screening for autoantibodies was
negative. The patient’s hospital course was uneventful,
and he was discharged on postoperative day 5.
Case Ⅶ
A 42-year-old woman was admitted to our hospital
with a history of weakness, easy fatigability, weight

loss, and left upper abdominal pain for one month.
After splenomegaly was deter mined, the patient
was hospitalized in our department for etiological
investigation. After one day of hospitalization, she
developed sudden hypotension, tachycardia, and
generalized abdominal pain. There was abdominal
distension and peritoneal irritation upon physical
examination. We performed abdominal parasynthesis,
which demonstrated free blood in the peritoneal cavity.
Laparotomy showed extensive hemoperitoneum and
markedly enlarged spleen, with areas in which it appeared
to be a tumor pushing through the splenic capsule,
which was torn and bleeding excessively. Microscopic
examination of the spleen revealed that splenic sinuses
and cords (Figure 3A) were surrounded by hairy cells
in the expanded red pulp (Figure 3B). The patient had
a complication of pneumonia on postoperative day 5,
which was managed successfully with antibiotic therapy;
she made an uneventful recovery and was discharged in
stable condition after 15 d.

DISCUSSION
NSR may occur in 0.1%-0.5% of patients with no
associated trauma [14]. The first cases of spontaneous
splenic rupture were reported by Rokitansky[15] in 1861
and Atkinson[16] in 1874.
The actual reason for the rupture is not yet fully
understood, although the size of the organ plays a
significant role. However, normal-sized organs have been
reported with ruptured spleen [17]. Three mechanisms
have been implicated in the process. The first of these
www.wjgnet.com
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mechanisms is increased intrasplenic tension that is
caused by cellular hyperplasia and engorgement. The
second is that the spleen may be compressed by the
abdominal musculature during physiological activities,
such as sneezing, coughing and defecation. Finally,
vascular occlusion caused by reticular endothelial
hyperplasia, which results in thrombosis and infarction,
may be involved. This leads to interstitial and subcapsular
hemorrhage and stripping of the capsule, which causes
further subcapsular hemorrhage. The distended capsule
finally gives way[18,19]. A Medline search for cases of NSR
revealed that 454 cases were reported between 1966 and
February 2007[20,21].
Malaria is the most common cause of pathologic
rupture of spleen in the tropics, and life-threatening
complications occur in up to an estimated 2% of
cases[6,7,12,20,22]. Most cases of pathologic rupture of the
spleen in malaria occur during acute infection, and usually
during the primary attack[23]. Chronically enlarged spleens
are less vulnerable to rupture[20]. When a palpable spleen
is present, it is generally recognized within 3-4 d of the
onset of symptoms. If the disease goes untreated, the
spleen may grow and result in greater average spleen size,
as the prevalence of malaria increases[24]. This occurrence
is likely caused by rapid hyperplasia and stretching of
splenic parenchyma and capsule, a high frequency of small
infarctions, hemorrhage and tears, a lack of extensive
connective tissue and fibrosis (as found in chronic malarial
spleens); an increased risk of minor stress to the spleen
(e.g. vomiting, rigors) and a lack of prior immunity[23].
Spontaneous splenic rupture is more common with
P. vivax than Plasmodium falciparum malaria. In Turkey,
P. vivax is the predominant Plasmodium species (99.9%)[18,25].
In all our patients, P. vivax was present with pathologic
splenic rupture. Patients were experiencing primary attacks
of malaria and were in the acute stage of the disease.
Spontaneous rupture of the spleen is extremely
rare[2,26-28]. According to Orloff and Peksin[29], a small
group of cases exist, in which the only justifiable
conclusion is that the spleen ruptures spontaneously
without known cause. They identified four criteria for
the diagnosis of spontaneous splenic rupture: (1) on
thorough questioning, either prior to operation or in
retrospect after operation, there should be no history
of trauma or unusual activity that could conceivably
injure the spleen; (2) there should be no evidence
of disease in other organs that are known to affect
the spleen adversely and thereby could cause it to
rupture; (3) there should be no evidence of perisplenic
adhesions or scarring of the spleen that suggests it has
been traumatized or ruptured previously; (4) without
findings of hemorrhage and rupture, the spleen should
be normal on both gross inspection and histological
examination. Crate et al[30] added a fifth criterion: studies
of acute-phase and convalescent sera should not show
any significant rise in viral antibody titers that are
suggestive of recent infection with viruses associated
with splenic involvement. The patient, who was accepted
with spontaneous splenic rupture, had these five criteria.
The pathophysiology of spontaneous splenic rupture
www.wjgnet.com
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is obscure. It should be considered that undetected
structural abnormalities in spleen may cause NSR.
Pathological rupture of the spleen is most commonly
seen in the hematological malignancies [31], in which
fragmentation and dissolution of the fibrous capsule
of the spleen occur by infiltrating atypical lymphocytes,
as seen in lymphoma or leukemia [20] . Giagounidis
et al[32] have reported that male sex, adulthood, severe
splenomegaly and cytoreductive chemotherapy are
factors that are associated more often with rupture of
the spleen in hematological malignancies. The most
common finding was splenomegaly, which was present
in 96% of patients with hairy cell leukemia[33]. One of
the patients with pathological splenic rupture had hairy
cell leukemia, with marked splenomegaly. In patients
with hematological malignancy, pathological rupture
of the spleen often happens unexpectedly, without
preceding trauma [34] . Therefore, diagnosis is often
difficult, and diagnosis of splenic rupture must be
considered in all patients with hematologic malignancies.
Acute or subacute new abdominal pain, hypotension
and tachycardia, even if there is no previous history of
trauma, must be treated aggressively.
Dialysis patients with chronic renal failure (CRF)
show a fibrinolysis defect at the level of plasminogen
activation. Reduced fibrinolysis may be responsible,
along with other factors, for development of thrombosis,
atherosclerosis and their complications[35]. Abnormal
homeostasis is also common in CRF and is characterized
by a tendency to abnor mal bleeding and bruising.
Prolongation of bleeding time, decreased activity of
platelet factor Ⅲ, abnormal platelet aggregation and
adhesiveness, and impaired prothrombin consumption
contribute to the clotting defects. Besides, edema of
the spleen and formation of a subcapsular hematoma
(secondary to uremic coagulopathy and use of heparin in
those who are on hemodialysis) may occur in uremia[36].
Fluid overload is the major cause of hypertension in
uremia; the normotensive state usually can be restored
by aggressive ultrafiltration with dialysis. Nevertheless,
because of hyper-reninemia, in spite of rigorous salt
and water restriction and ultrafiltration, some patients
maintain hypertension[37]. We detected hypertension in
our patients. The underlying cause for the NSR may be
uremic coagulopathy and hypertension.
The most common symptom is left upper quadrant
abdominal pain. This pain can become generalized, with
distention, tenderness and rigidity in later stages. The
abdominal symptoms may be accompanied by pallor,
tachycardia, hypotension and oliguria. Eventually, more
than half of patients will suffer hemorrhagic shock if
the condition is left untreated[27,38]. Diagnosis is based
on clinical symptoms and confirmatory diagnostic tests.
Some authors have reported that paracentesis is the
most effective diagnostic procedure [4,39]. Abdominal
ultrasound is an inexpensive and practical way to obtain
a quick diagnosis of intraperitoneal fluid accumulation
or hematoma, which can be performed at the patient’s
bedside or in the emergency unit[28]. CT signs of NSR
may be useful for predicting rupture, and clearly show
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grade of splenic damage severity and intraperitoneal
free fluid[2]. We think that abdominal ultrasound can
be a good, non-invasive technique, without risk for the
patients who are hemodynamically unstable, whereas
CT can be useful for patients who are hemodynamically
stable. Paracentesis is not only useful in NSR, but also
in patients in whom we think there is intraperitoneal
hemorrhage and who are unstable. Negative results of
paracentesis are not certain to show that there is no
hemorrhage, but a positive result indicates the possibility
of intraperitoneal hemorrhage. In fact, if paracentesis is
positive, it leads us to consider the possibility of intraabdominal hemorrhage.
The management of spontaneous or pathological
splenic hemorrhage has been debated constantly. Among
136 cases of pathological splenic rupture reported in the
literature, 88 underwent surgical intervention, 55 (63%)
survived and 33 (37%) died. Among 43 patients who
did not undergo surgery, 40 died. No information could
be obtained for the five remaining cases[32]. Aggressive
management with early surgical inter vention and
appropriate hemoderivative support is important[40]. The
survival of patients following splenectomy is probably
well correlated with the course of the underlying disease.
The trauma literature is replete with data supporting the
role of non-operative management of low-grade splenic
injuries in hemodynamically stable patients[41,42]. The
same principle has been applied for the management
of spontaneous splenic rupture[43]. In our series, since
six patients were hemodynamically unstable, after
rapid fluid and blood infusions, the patients underwent
splenectomy. One patient, who had SRS, and was
hemodynamically stable at admission, to avoid the risks
of splenectomy, was given medical therapy at first,
but after 18 h, the patient became unstable; therefore,
splenectomy was performed. One patient developed
wound infection and another pneumonia, but all patients
were discharged uneventfully.
In conclusion, NSR is a rare entity that needs a high
index of suspicion for diagnosis. Absence of a history
of trauma can make it difficult to reach a diagnosis,
which causes delay in treatment. Using ultrasonography
or CT, and peritoneal aspiration of fresh blood may
assist in the diagnosis of NSR. Rapid diagnosis,
aggressive resuscitation, and surgical intervention can
lead to a successful outcome in patients with NSR.
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Applications

NSR may be shown in particular in endemic regions of malaria, hematological
malignancies, and spontaneous and chronic renal failure.

Peer review

In this study, NSR was presented with different diseases. Diagnosis of NSR,
using ultrasonography or CT, and paracentesis, is difficult. Splenectomy may
lead to a successful outcome in patients with NSR.
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Abstract
AIM: To determine the expression of DNA (MMR)
proteins, including hMLH1 and hMSH2, in gastric
epithelial cells in the patients with or without
Helicobacter pylori (H pylori) -infected gastritis.
METHODS: Fifty H pylori -positive patients and
50 H pylori -negative patients were enrolled in the
study. During endoscopy of patients with non-ulcer
dyspepsia, two antral and two corpus biopsies were
taken for histological examination (Giemsa stain)
and for immunohistochemical staining of hMLH1 and
hMSH2.
RESULTS: The percentage of epithelial cell nuclei
that demonstrated positivity for hMLH1 staining was
84.14 ± 7.32% in H pylori -negative patients, while it
was 73.34 ± 10.10% in H pylori -positive patients (P <
0.0001). No significant difference was seen between
the two groups regarding the percentage of epithelial
cell nuclei that demonstrated positivity for hMSH2
staining (81.16 ± 8.32% in H pylori -negative versus
78.24 ± 8.71% in H pylori -positive patients; P = 0.09).
CONCLUSION: This study indicates that H pylori might
promote development of gastric carcinoma at least in
part through its ability to affect the DNA MMR system.

© 2008 The WJG Press. All rights reserved.

Key words: Helicobacter pylori ; DNA mismatch repair;
hMLH1, hMSH2
Peer reviewers: Andrew Seng Boon Chua, MD, Department

of Gastroenterology, Gastro Centre Ipoh, 1, lorong Rani,
31, lebuhraya Tmn Ipoh, Ipoh Garden South, IPOH 30350,
Malaysia; Julio H Carri, Professor, Internal MedicineGastroenterology, Universidad Naci`onal de Córdoba,
Av.Estrada 160-P 5-Department D, Córdoba 5000, Argentina
Mirzaee V, Molaei M, Mohaghegh Shalmani H, Zali MR.
Helicobacter pylori infection and expression of DNA
mismatch repair proteins. World J Gastroenterol 2008;
14(43): 6717-6721 Available from: URL: http://www.wjgnet.
com/1007-9327/14/6717.asp DOI: http://dx.doi.org/10.3748/
wjg.14.6717

INTRODUCTION
Helicobacter pylori (H pylori) infection affects about half
of the world’s population, and gastric carcinoma is one
of the most frequent malignancies despite a decrease
in incidence and mortality in recent decades [1,2]. The
association of H pylori with gastric cancer is supported
by epidemiological studies that show odds ratios for
gastric cancer up to nine-fold greater in H pyloriinfected individuals[3]. Chronic H pylori infection can
cause chronic gastritis, which often progresses to
gastric atrophy and intestinal metaplasia, which are
premalignant lesions of the stomach[4]. Although many
epidemiological studies that address the association of
H pylori infection and gastric cancer have been carried
out, fewer advances have been made to understand
how long it takes for H pylori infection to induce the
development of gastric cancer.
The main molecular mechanisms that underlie
cancer development include the overexpression of
genes, including oncogenes and growth factors or their
receptors, and impaired expression of tumor suppressor
genes that results from mutation or allelic losses [5,6]
and deficiencies of the DNA mismatch repair (MMR)
system[7,8].
Impairment of the DNA MMR system is a known
mechanism of carcinogenesis and tumor progression
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of both sporadic and hereditary human cancers [9,10].
The MMR deficiency leads to the accumulation of
base-base mismatches, and short insertion/deletion
mispairing during DNA replication, which results in
widespread mutation generated as a consequence of
DNA replication errors[11]. Most cells deficient in MMR
display a high level of genomic instability characterized
by changes in simple repetitive sequences, so-called
microsatellite instability (MSI). Chronic H pylori infection
damages the gastric barrier function[12,13] and stimulates
gastric cell proliferation[14-19], which leads to mucosal
repair [20] , but which can also induce cellular DNA
damage[18-22].
H pylori gastritis occurs more frequently in individuals
with MSI-positive than MSI-negative gastric cancers,
which raises the possibility that H pylori infection affects
the DNA MMR system[23].

MATERIALS AND METHODS
Patients
We examined dyspeptic patients who were referred for
endoscopic evaluation to Taleghani hospital, a tertiary
hospital in Tehran, Iran. Dyspepsia was defined as
persistent or recurrent abdominal pain or discomfort,
centered in the upper abdomen, with a duration of at
least 3 mo. Abdominal discomfort was characterized by
early satiety, fullness, nausea, retching, upper abdominal
bloating and anorexia [24,25]. We recruited consecutive
patients with n o n -u l cer d ys p e p s i a u p o n u p p er
gastrointestinal (GI) endoscopy. Patients were examined
using an Olympus GIF-Q30 endoscope (Olympus,
Tokyo, Japan). One experienced endoscopist participated
in the study, which allowed the inclusion of patients.
Patients with duodenal ulcer (circumscribed break of
> 5 mm depth in the mucosa, covered with exudate,
present in the prepyloric, pyloric, or duodenal bulb
region), gastric ulcer (with the above-described mucosal
defect located at the angulus or above it), gastric polyps
or cancers, bleeding complications, previous gastric
resection and those who had been treated with antiH pylori treatment, aspirin or other non-steroidal antiinflammatory drugs (NSAIDs) or antibiotics 2 wk before
the study were excluded.
During endoscopy, two antral and two corpus
biopsies were taken and fixed in 10% buffered formalin
and then embedded in paraffin for histological
examination (Giemsa stain) and for immunohistochemical staining of hMLH1 and hMSH2. Patients were
considered to be H pylori-positive when histological
demonstration of the bacterium was positive. Fifty
H pylori-positive and 50 H pylori-negative patients were
enrolled. The updated Sydney system was used to
evaluate pathological findings, such as gastritis severity,
gastritis activity, intestinal metaplasia, gastric atrophy and
dysplasia[26].
Immunohistochemical staining
Immunohistochemical staining was performed following
the Envision method on the gastric biopsy specimens
www.wjgnet.com
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from H pylori-positive and -negative patients. Fourmicrometer-thick sections were obtained from formalinfixed paraffin-embedded tissue blocks. The tissue
sections were deparaffinized in xylene and rehydrated
in graded concentrations of alcohol. Endogenous
peroxidase activity was blocked by treating the sections
with blocking solution. For antigen retrieval, the sections
were treated while boiling in citrate buffer pH 9.0 in a
microwave oven. Then sections were incubated with
primary antibodies against hMLH1 (BD Biosciences
Pharmingen, clone G168-15, 1:100 dilution) and hMSH2
(Calbiochem, Oncogene Sciences, clone FE11, 1:100
dilution). After each step, slides were washed with
TBS buffer for 3 min. Then, slides were treated with
Envision (DAKO, REAL Envision) for 20 min. To
visualize immunoreactivity, 3,3′-diaminobenzidine was
used and samples were counterstained with hematoxylin.
Intramucosal lymphocytes were used as positive controls.
Samples from patients with hereditary non-polyposis
colon cancer were used as a negative control. These
samples have loss of nuclear staining in tumoral cells[24].
The slides were evaluated by two pathologists who were
blinded regarding H pylori status.
A case was considered positive for expression of
hMLH1 or hMSH2 in the presence of nuclear staining
of epithelial cells; however, it was considered negative
when there was a complete absence of nuclear staining
of the epithelial cells in the presence of an unquestioned
internal positive control. The staining intensity was
divided into three grades. We counted more than 500
epithelial cells (including glandular neck, foveolar and
surface epithelium) in each case at × 200 magnification.
Quantitative Ⅰ analysis was performed by measuring the
total number of cells and the positive-staining epithelial
cells. The percentage positivity was then calculated[24].
Statistical analysis
The χ2 test and an unpaired Student’s t test were used,
when appropriate. P < 0.05 was considered statistically
significant. All data were analyzed by SPSS version 13.0
(SPSS, Chicago, IL, USA).

RESULTS
Fifty H pylori-positive patients with a mean age of 41.78
± 15.21 years and 50 H pylori-negative patients with
a mean age of 46.58 ± 13.41 years were studied (P =
0.1). There was no significant difference in the male to
female ratio between the two groups (28/22 in the H
pylori-positive group versus 23/27 in the H pylori-negative
group; P = 0.32). Table 1 outlines the characteristics
and pathological data of both groups. As shown in
Table 1, pathological findings such as gastritis severity,
gastritis activity, intestinal metaplasia, gastric atrophy and
dysplasia were not significantly different between the
two groups.
T he percentag e of e pithelial cell nuclei that
demonstrated positivity for hMLH1 staining was 84.14
± 7.32% in H pylori-negative patients; while it was 73.34
± 10.10% in H pylori-positive patients (P < 0.0001). No
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Table 1 Demographic and pathological findings of H pylori positive and -negative patients n (%)
Positive group
Age (mean ± SD, yr)
Male:female
Gastritis severity
1
2
3
Gastritis activity
0
1
2
3
Intestinal metaplasia
Positive
Negative
Atrophy
Positive
Negative
Dysplasia
Positive
Negative
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Table 2 Immunohistochemical staining of gastric biopsy
specimens from H pylori -positive and -negative patients

Negative group P value

41.78 ± 15.21
28:22

46.58 ± 13.41
23:27

8 (16)
34 (68)
8 (16)

13 (26)
29 (58)
8 (16)

0.1
0.32
0.45

0.23
8 (16)
6 (12)
28 (56)
8 (16)

15 (30)
9 (18)
20 (40)
6 (12)

8 (16)
42 (84)

11(22)
39(78)

7 (14)
43 (86)

5 (10)
45 (90)

3 (6)
47 (94)

1 (2)
49 (98)

0.45

0.54

0.31

significant difference was seen between the two groups
regarding the percentage of epithelial cell nuclei that
were positive for hMSH2 staining (81.16 ± 8.32% in
H pylori-negative patients versus 78.24 ± 8.71% in
H pylori-positive patients; P = 0.09). As shown in Table 2,
the immunohistochemical staining in the corpus and
antrum was relatively similar for hMLH1 or hMSH2.
Intensity of immmunohistochemical staining for
hMLH1 did not differ significantly between the groups
(1.99 ± 0.41 in H pylori-negative patients versus 1.95 ±
0.47 in H pylori-positive patients; P = 0.64). For hMSH2,
intensity of immmunohistochemical staining was 1.93
± 0.46 in H pylori-negative patients and 1.99 ± 0.42 in
H pylori-positive patients; however, the difference was
not statistically significant (P = 0.50).

DISCUSSION
The relationship between H pylori infection, gastric
mucosal damage, and cell proliferation rate is a matter
of debate. One hypothesis regarding how H pylori causes
gastric carcinoma is through impairment of DNA repair
in the gastric epithelium. This results in the accumulation
of mutations and a genomic imbalance in the epithelium,
which increases the risk of gastric carcinoma[27]. Previous
studies have shown that active H pylori infection neither
was more frequently seen in patients who had MSIpositive gastric carcinomas or intestinal metaplasia nor
attach to carcinoma cells in vivo It is possible that during
chronic gastritis, H pylori is physically in direct contact with
gastric epithelial cells, and disturbs them at the molecular
level. Studies on cytokine induction by H pylori support
this hypothesis[28,29]. During chronic gastritis, the mucosa
undergoes rapid turnover, and increased cell proliferation
may per mit an increased number of uncorrected
mutations that may be induced by inadequate DNA
MMR activity. Impairment of the DNA MMR system

hMLH1
Body
Area
Intensity
Antrum
Area
Intensity
Overall
Area
Intensity
hMSH2
Body
Area
Intensity
Antrum
Area
Intensity
Overall
Area
Intensity

P value

Positive group

Negative group

73.80 ± 11.77
2.02 ± 0.65

85.28 ± 7.71
2.08 ± 0.63

0.000
0.64

72.44 ± 11.35
1.88 ± 0.59

82.36 ± 9.63
1.92 ± 0.63

0.000
0.75

73.34 ± 10.10
1.95 ± 0.47

84.14 ± 7.32
1.99 ± 0.41

0.000
0.64

77.24 ± 11.36
1.96 ± 0.57

81.28 ± 10.58
1.96 ± 0.64

0.07
1.00

78.76 ± 11.24
2.04 ± 0.53

80.62 ± 10.89
1.90 ± 0.65

0.40
0.24

78.24 ± 8.71
1.99 ± 0.42

81.16 ± 8.32
1.93 ± 0.46

0.09
0.50

is a known mechanism of carcinogenesis and tumor
progression in sporadic and hereditary human cancers[9,10].
In humans, MMR is mediated by at least six genes,
including hMLH1, hMSH2, hMSH3, hMSH6, hPMS2 and
hPMS1[30]. Germline mutations in hMSH2 and hMLH1
account for approximate 90% of all reported MMR gene
mutations, whereas hPMS2 and hMSH6 account for the
remainder[31]. Several studies have shown that hMLH1 and
hMSH2 are the two main MMR proteins and the other
MMR proteins including hPMS2, hPMS1, and hMSH6
seem to be unstable in the absence of the main MMR
proteins[32,33].
Our findings indicate that decreased levels of
hMLH1 proteins are seen in gastric epithelial cells in
H pylori-positive patients. Although the level of hMSH2
proteins was lower in H pylori-positive patients, there
was no significant difference. Results were the same
as the study of Halling et al[34], which found that MSIpositive gastric carcinoma is usually associated with a
lack of hMLH1 and rarely with a lack of hMSH2. Leung
et al[28] have demonstrated that active H pylori infection
is more frequently found in individuals with MSIpositive than in those with MSI-negative gastric cancer,
which suggests that H pylori infection affects the DNA
MMR system during the stepwise progression of gastric
carcinogenesis. Park et al have studied the expression
of hMLH1 and hMSH2 in patients with chronic
H pylori infection before and after bacterial eradication.
They have found that the expression of DNA MMR
proteins increases in the gastric mucosa after H pylori
eradication, which indicates that H pylori is associated
with impair ment of the DNA MMR system. Kim
et al[27] cocultured gastric cancer cell lines with H pylori
and then determined MutL and MutS DNA MMR
protein and RNA levels. All cell lines showed decreased
levels of MutL and MutS DNA MMR proteins in a
dose-dependent manner[23]. Lack of an efficient DNA
www.wjgnet.com
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MMR system can potentially have dramatic effects
on the cell genome by allowing the accumulation of
mutations in critical regulatory genes.
In this study, immunohistochemical staining of
the corpus and antrum was similar for hMLH1 and
hMSH2. This indicates that H pylori affects DNA MMR
stems of gastric epithelium regardless of its location.
In conclusion, this study indicates that the oncogenic
bacterium H pylori might promote development of
gastric carcinoma, at least in part through its effect on
the DNA MMR system. Impairment of the DNA MMR
system represents a novel mechanism of infectionassociated cancer promotion.
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Abstract
AIM: To determine the incidence of colonoscopic
perforation (CP), and evaluate clinical findings,
management and outcomes of patients with CP from
the World Gastroenterology Organization (WGO)
Endoscopy Training Center in Thailand.
METHODS: All colonoscopies and sigmoidoscopies
performed between 1999 and 2007 in the Endoscopic
unit, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok were reviewed. Incidence of CP,
patients’ characteristics, endoscopic information, intraoperative findings, management and outcomes were
analyzed.
RESULTS: A total of 17 357 endoscopic procedures
of the colon (13 699 colonoscopies and 3658 flexible
sigmoidoscopies) were performed in Siriraj hospital
over a 9-year period. Fifteen patients (0.09%) had CP:
14 from colonoscopy and 1 from sigmoidoscopy. The
most common site of perforation was in the sigmoid
colon (80%), followed by the transverse colon (13%).
Perforations were caused by direct trauma from
either the shaft or the tip of the endoscope (n = 12,
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80%) and endoscopic polypectomy (n = 3, 20%). All
patients with CP underwent surgical management:
primary repair (27%) and bowel resection (73%). The
mortality rate was 13% and postoperative complication
rate was 53%.
CONCLUSION: CP is a rare but serious complication
following colonoscopy and sigmoidoscopy, with
high rates of morbidity and mortality. Incidence of
CP was 0.09%. Surgery is still the mainstay of CP
management.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
There are an increasing number of patients undergoing
endoscopic examination of the colon and rectum for
various purposes such as screening and surveillance
of colorectal cancer. Endoscopy-related complications
could result from preparation for the procedure (such
as hypotension and electrolyte imbalance following
mechanical bowel preparation), or they could be directly
related to the endoscopic procedures (such as postpolypectomy hemorrhage and colonic perforation).
Although colonoscopic perforation (CP) is a rare
complication, it is associated with a high rate of
morbidity and mortality[1-4]. The incidence of CP could
be as low as 0.02% in diagnostic colonoscopy and could
be as high as 0.6% in therapeutic colonoscopy[5,6]. The
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reported morbidity following CP is about 40% and
mortality might be up to 14% depending on patients’
characteristics and co-morbidities [7] . Most patients
with CP require open surgery; however, there is recent
evidence that CP can be successfully managed by
endoluminal repair[6] and laparoscopic surgery[8-11].
To the best of our knowledge, there is no published
literature about CP from any World Gastroenterology
Organization (WGO) Endoscopy Training Center. The
aims of this study were to determine the incidence of
CP following colonoscopy and flexible sigmoidoscopy,
and to evaluate clinical findings, management and
o u tco m es o f p a t i e n t s w i t h C P f r o m t h e WG O
Endoscopy Training Center in Thailand.

Table 1 Incidence, findings and management of CP n (%)
Characteristics

MATERIALS AND METHODS
All colonoscopies and sigmoidoscopies performed
between 1999 and 2007 at the Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand,
were reviewed. Patients with CP were identified from
the prospectively collected database of the Siriraj GI
Endoscopy Center or from the hospital information
system. Medical records of all CP patients were
reviewed. The incidence of CP, patients’ characteristics,
endoscopic infor mation, intra-operative findings,
management and outcomes in CP patients were
analyzed. The study was approved by the Institutional
Ethics Committee and informed written consent was
obtained from each patient.
All data were prepared and compiled using SPSS
software (version 10.0 for Windows). Pearson chisquare test or Fisher’s exact test was used for comparing
categorical data, whereas the Mann-Whitney U test was
used for comparing non-categorical data. P < 0.05 was
considered statistically significant. Values were presented
as a number (percentage), or mean (range).

RESULTS
Demographic data
A total of 17 357 endoscopic procedures of the colon
(13 699 colonoscopies and 3658 flexible sigmoidoscopies)
were performed in Siriraj hospital over a 9 year period.
Fifteen patients (0.09%) had CP: 14 from colonoscopy
and 1 from sigmoidoscopy. The incidence of CP
following colonoscopy was slightly higher than that
following sigmoidoscopy (0.1% vs 0.03%; P = 0.22), with
a relative risk ratio of 3.7 (95% confidence intervals =
0.5-28.4).
Patients with CP had an average age of 67 years (range
36-88) and nine patients (60%) were female. Indications
for endoscopic examination in these patients were
anemia or lower gastrointestinal bleeding (n = 6), bowel
habit change (n = 4), large bowel mass (n = 2), nonspecific abdominal pain (n = 1), refractory inflammatory
bowel disease (n = 1), and suspected pseudomembranous
colitis (n = 1).

Data

CP
Incidence of CP
Overall endoscopy (n = 17 357)
Colonoscopy (n = 13 699)
Flexible sigmoidoscopy (n = 3658)
Site of perforation
Sigmoid colon
Transverse colon
Ascending colon
Mechanism of perforation
Direct injury from shaft of scope
Direct injury from tip of scope
Polypectomy
Surgical management1
Primary suture of the perforation
Resection with primary anastomosis
Resection without anastomosis

15 cases
0.09
0.10
0.03
12 (80)
2 (13)
1 (7)
7 (47)
5 (33)
3 (20)
4 (27)
4 (27)
7 (47)

1

Four patients (27%) had concomitant colorectal cancer.

Perforations
The most common site of perforation was the sigmoid
colon (n = 12, 80%), followed by the transverse colon
(n = 2, 13%) and the ascending colon (n = 1, 7%).
Based on the endoscopic reports and intra-operative
findings, mechanisms of perforation were determined
to be direct trauma from the shaft of the endoscope in
7 patients (47%) and from the tip of the endoscope in
5 patients (33%). The others (n = 3, 20%) were caused
by endoscopic polypectomy. All perforations were
immediately recognized during endoscopy except for
one electrical injury after polypectomy which caused
peritonitis 24 h after the procedure. Details of the
characteristics of CP are summarized in Table 1.
Management and outcomes
Non-operative management consisting of bowel rest and
intravenous antibiotics was attempted in 2 patients with
localized peritonitis; however, their symptoms deteriorated
and an operation was eventually required. Therefore, all
the patients with CP in this series underwent surgical
management. Of these patients, twelve (80%) had medical
co-morbidities and four (27%) had concomitant colorectal
cancer. Types of operation included primary suture of
the perforation in 4 patients (27%), resection and primary
anastomosis in 4 patients (27%), and resection without
anastomosis in 7 patients (47%).
Postoperative complications were identified in 8
patients (53%): 5 wound infections, 3 pneumonias and
1 antibiotics-associated colitis. There was no difference
in age, gender, ASA status, and size of the perforation
between the groups who did and did not develop
postoperative complications (Table 2). There were 2
deaths (both females aged 76 and 83 years, respectively),
accounting for 13% of CP patients and 0.01% of total
colonic endoscopy patients. Pneumonia was the primary
cause of death in both patients. The average hospital
stay of CP patients was 23 d (range 3-92).
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Table 2 Comparison of patients’ characteristics between
the groups who did and did not develop postoperative
complications

Age over 60
Female
ASA ≥ 3
Perforation size ≥ 5 cm

Patients with
complication

Patients without
   complication

(n = 8)
5 (63)
6 (75)
5 (63)
2 (25)

(n = 7)
5 (71)
3 (43)
4 (57)
3 (43)

P

0.71
0.32
0.83
0.61

Values were given as a number (percentage).

DISCUSSION
The incidence of CP in our study was 0.09%, which
was quite similar to that in other larger series (sample
size > 30 000 cases)[12-15]. To the best of our knowledge,
this is the first report of such an incidence from the
WGO Endoscopy training centers. Although it remains
inconclusive whether an endoscopy performed by a
trainee increases risk of CP, we cannot evaluate such a
potential factor because the trainee-to-endoscopist ratio
for all procedures in our study was unknown. Anderson
and co-workers [16] have reported that there was no
significant increased risk of CP performed by training
fellows. Training bodies in America, Britain and Australia
have recommended a minimum of 50-100 colonoscopies
should be performed by a trainee to gain endoscopic
competency[17-20].
We f o u n d t h a t c o l o n o s c o p y h a d a n a l m o s t
fourfold increased incidence of CP compared with
sigmoidoscopy, although this did not reach statistical
significance. Many investigators have reported that the
risk of CP following colonoscopy is 2-4 times higher
than that following sigmoidoscopy [13,20] . Other risk
factors for CP may include female gender[16], advanced
age[12,21], a history of diverticular disease or previous
intraabdominal surgery[12], and endoscopic interventions
s u ch a s p o l y p e c t o my a n d e n d o s c o p i c mu c o s a l
resection[6].
In our study, perforation at the sigmoid colon
accounted for 80% of all perforation sites. This finding
was consistent with that of other studies[9,10,13]. There
are three possible mechanisms responsible for CP:
mechanical perforation directly from the colonoscope,
perforations that occur during therapeutic procedures
a n d , f i n a l l y, b a r o t r a u m a f r o m ove r z e a l o u s a i r
insufflation[22,23].
All patients with CP in the present series underwent
surgical management. Clearly, the choice between
conservative and surgical management depends on clinical
factors [24]. Conservative management is reserved for
patients in good general condition and without any sign
of peritonitis. Surgical management is recommended in
patients with diffuse peritonitis, with clinical deterioration
under medical treatment, or with a concomitant colonic
pathology such as colorectal cancer. In the published
literature, less than 20% of patients with CP can be
successfully treated by non-surgical approach[14,15,25].
www.wjgnet.com
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With regard to the choices of operation for colonic
perforation, we found that a quarter of CP patients
underwent primary suture of the perforation while
the others had bowel resection. The rate of primary
repair in our study was less than that of other studies,
in which the rate of non-resection procedures could be
30%-60%[7,13,15,25,26]. A possible explanation for a relatively
low percentage of primary repair in our series might be
that half of our patients had a large perforation caused
by the shaft of the scope, and many patients were
suspected of having underlying colorectal cancer which
required bowel resection.
The postoperative morbidity rate was 53% and
wound infection was the most common complication.
We cannot identify risk factors for developing
postoperative complication in CP patients. This
may be due to small sample size and limitation in its
power. However, some investigators have suggested
that such risk factors may include delayed diagnosis,
extensive peritoneal contamination, patients using
anticoagulants [15], patients having severe co-morbid
diseases and a large perforation[7]. The mortality rate of
patients with CP in our study was fairly comparable to
other reports which ranged from 0% to 14%, depending
on patients’ coexisting diseases, experience of the care
team and hospital setting. Pneumonia was the primary
cause of death in our study. Respiratory complications
often occur after major abdominal surger y [27-30] ,
particularly in advanced age patients like ours.
In conclusion, colonic perforation is a rare but
serious complication following colonoscopy and
sigmoidoscopy, with high rates of morbidity and
mortality. In this first study into CP carried out in a
WGO Endoscopy training center, we found that the
incidence of CP was 0.09% and the sigmoid colon was
the most common perforation site. Surgery is still the
mainstay of CP management.

COMMENTS
Background

Colonoscopic perforation (CP) is a rare, but serious complication of
colonoscopy. Rising use of colonoscopy could lead to a high number of
endoscopic colonic perforations. Meanwhile, CP could be associated with a
significant morbidity and mortality.

Research frontiers

Absent from the published literature is the incidence, management and
outcomes of CP reported from World Gastroenterology Organization (WGO)
Endoscopy Training Centers.

Innovations and breakthroughs
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The most common site of the perforation was the sigmoid colon. Direct trauma
from either the shaft or tip of the endoscope was the most common cause of
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Abstract
AIM: To introduce and evaluate the efficacy and
technical aspects of endoscopic submucosal dissection
(ESD) using a novel device, the Fork knife.
METHODS: From March 2004 to April 2008, ESD
was performed on 265 gastric lesions using a Fork
knife (Endo FS®) (group A) and on 72 gastric lesions
using a Flexknife (group B) at a single tertiary referral
center. We retrospectively compared the endoscopic
characteristics of the tumors, pathological findings, and
sizes of the resected specimens. We also compared
the en bloc resection rate, complete resection rate,
complications, and procedure time between the two
groups.
RESULTS: The mean size of the resected specimens
was 4.27 ± 1.26 cm in group A and 4.29 ± 1.48 cm
in group B. The en bloc resection rate was 95.8%
(254/265 lesions) in group A and 93.1% (67/72) in
group B. Complete ESD without tumor cell invasion of
the resected margin was obtained in 81.1% (215/265)
of group A and in 73.6% (53/72) of group B. The
perforation rate was 0.8% (2/265) in group A and 1.4%
(1/72) in group B. The mean procedure time was
59.63 ± 56.12 min in group A and 76.65 ± 70.75 min
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in group B (P < 0.05).
CONCLUSION: The Fork knife (Endo FS®) is useful for
clinical practice and has the advantage of reducing the
procedure time.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The emergence of endoscopic submucosal dissection
(ESD) has allowed the achievement of histologically
complete en bloc resection of gastric tumors regardless
of size, which permits the resection of previously
non-resectable tumors[1-4]. Although the fundamental
incision and dissection method are the same for all
ESD procedures, ESD can be classified by the type of
knife that is used; for example, an IT knife (Olympus
Co., Tokyo, Japan)[5-8], a Flexknife (Olympus Co.)[9], or a
Hook knife (Olympus Co.)[10]. Each step of ESD, such
as marking of a lesion, injection, incision and dissection,
may require a different accessory or a knife, depending
on the location and shape of the tumor[11]. Therefore,
when perfor ming ESD, the accessories may be
frequently changed through the working channel of the
endoscope[12,13], which results in a longer procedure time
and a delay in controlling gastrointestinal (GI) bleeding.
A two-channel endoscope can use one accessory or
two accessories at the same time during a procedure[14].
However, two-channel endoscopes have a thicker
diameter, which may cause additional discomfort to the
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patient and impede the field of view in some situations.
Consequently, the development of an instrument
capable of multiple functions, such as injection, incision,
dissection, coagulation, and irrigation, without the need
for changing accessories is an attractive idea.
The Fork knife (Endo FS®; Kachu Technology Co.,
Seoul, Korea) is a device that was developed to enable
an endoscopist to perform the multiple steps of ESD
without the need to change accessories during the
procedure. The Fork knife is capable of performing
every step of ESD, including marking, injection, saline
irrigation, and coagulation, and thus may enable the
endoscopist to reduce the procedure time.
The aim of the present study was to introduce and
evaluate the efficacy and technical aspects of ESD
performed with a Fork knife, which we made ourselves
in cooperation with the Kachu Technology Company.

Figure 1 The Fork knife (Endo
FS®).

Material inlet

Fork knob

MATERIALS AND METHODS
Fork knife
The Fork knife (Endo FS®) has two interchangeable
knives, a fixed flexible snare and a forked knife, which
form a single working unit, and has an inlet for material
injection or saline irrigation during the procedure
(Figures 1 and 2). The knives can be changed during a
procedure by using two switches, the fork knob and core
knob, located on the center of the body (Figure 2).
Fixed flexible snare: The first of the two knives that
constitute the Fork knife is the fixed flexible snare
(Figure 3A), which is operated by sliding the core knob
switch forward. The blade is shaped into an elongated
loop much like the Flexknife. We mainly use the fixed
flexible snare for marking and making incisions around
lesions. Marking around a lesion can be done using the
tip of the fixed flexible snare. Additionally, the tip can be
used for the incision and dissection of a lesion. Although
the incision and dissection techniques are similar to
those used with a Flexknife, the fixed flexible snare has
the advantage of a fixed exposed body length with the
snare located inside the tube, which allows the snare to
be used more firmly than a Flexknife during dissection.
An endoscopist does not need to be concerned about
controlling the length of the body to prevent perforation
in the event of a sudden movement by the patient, such
as belching or coughing. The length of the blade, which
can be adjusted using the switch on the center of the
body, is usually set to 2.5 ± 1.0 mm in order to minimize
the risk of perforation.
Forked knife: The second knife is the forked knife,
which has a double-tipped blade (longer tip length,
2 mm; shorter tip length, 1.5 mm) with a forked shape
(Figure 3B). The forked knife is located on the opposite
side from the fixed snare knife and is operated by
sliding the fork knob switch forward. It is a form of a
needle knife with an M-shape that maximizes the power
applied to contacted surfaces, which is advantageous for
dissection and coagulation. The longer tip of the forked
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Figure 2 Working body of the Fork knife. Two switches, the fork knob and
core knob, are located on the center of the body and enable the knives to be
changed during the procedure. A material inlet for injection and irrigation is
located forward of the body.

knife can be used as an injection needle for making
a submucosal cushion, or for injecting agents such
as epinephrine. The opening of the needle is located
in the center of the knife, between both tips, so that
the mucosa must be injected deeply and at an oblique
angle for maximum injection into the submucosa. We
use the forked knife mainly for submucosal dissection
performed in the proximal to distal direction of the
endoscope, under direct visualization of the dissection
area.
Multi-functions: The Fork knife has a built-in
irrigation system via the material inlet, which allows
saline irrigation while using either knife (Figure 3C).
This allows the endoscopist to perform the dissection
more comfortably and with prompt control of bleeding
to maintain a clear endoscopic view. Additionally, by
softly touching a vessel with the tip of knife and using
the forced coagulation mode (40 W), an endoscopist
can coagulate small vessels that may be exposed during
a procedure. Thus, the use of the Forked knife permits
better and faster control of any bleeding during a
procedure, which reduces the time during which the
endoscopic view is obscured.
Patients
From March 2004 to April 2008, we performed 715
ESDs on gastric lesions. We enrolled 337 patients with
gastric lesions who underwent ESD from January 2006
to April 2008. One endoscopist, who performed ESD in
www.wjgnet.com
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Figure 3 Close-up views of the two interchangeable knives of the Fork knife. A: Fixed
flexible snare knife; B: Forked knife with a doublebladed tip; C: Saline irrigation can be performed
using either knife.
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Figure 4 ESD using the Fork knife. A: Indigo carmine spray for deciding the tumor border; B: Circumferential marking by the fixed flexible snare tip with soft
coagulation current; C: Making an incision with a fixed flexible snare in ENDOCUT mode; D: Circumferential mucosal incision at the periphery of the marking dots;
E: Dissecting the submucosal layer with a forked knife; F: Additional submucosal injection using the long tip of the forked knife without changing accessories; G:
Dissecting the submucosal layer with a fixed flexible snare; H: Large ESD defect after complete en bloc resection.

over 400 cases, performed ESD on gastric lesions during
the investigation period. ESD was performed using the
Fork knife from January 2006 to October 2007, and
the Flexknife was used from November 2007 to April
2008. We designed this study prospectively and reviewed
retrospectively all of the enrolled ESD data. A total of
265 lesions were dissected with the Fork knife (group A),
and 72 lesions were dissected with the Flexknife (group
B). This study was approved by the institutional review
boards of our hospital.
Methods
Patients were sedated with intravenous diazepam
(20-40 mg) while in the endoscopic suite, and conscious
sedation was maintained with additional injections
during the procedure. All patients had a performance
status of < 2 on the Eastern Cooperative Oncology
Group scale and fulfilled the following expanded ESD
indication established by the Japanese Gastroenterologic
Endoscopic Society: (1) non-ulcerated, differentiatedtype mucosal carcinoma, regardless of tumor size; and (2)
differentiated-type mucosal carcinoma with an ulcer scar
www.wjgnet.com

< 30 mm[15]. The Fork knife was used for all ESD steps
in group A, as shown in Figure 4.
Marking: After spraying of indig o car mine dye
(Figure 4A), using the fixed flexible snare tip of the
Fork knife, circumferential markings were made at 5 mm
around the outline of the lesion, with 2-mm intervals
between each marking dot, using a soft coagulation
current of 40-50 W (ICC 200EA, ERBE Elektromedizin
GmbH, Tübingen, Germany) (Figure 4B). For marking
the lesion, the length of the fixed snare tip of the knife
was set to approximate 1 mm, and then using the tip, the
mucosa was touched lightly with electricity for 1 s.
Injection: Using the long tip of the forked knife,
2-5 mL of a saline/epinephrine solution was injected
into the submucosa until the mucosa was raised.
Additional injections were repeated as necessary during
the procedure, without changing accessories.
Mucosal incision: After the lesion was lifted, the knife
was subsequently changed to the fixed flexible snare for
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incision around the lesion. The fixed flexible snare was
used to make the incision along the markings, using an
electrosurgical generator in ENDOCUT mode, effect
3 (output, 80 W) (Figure 4C and D). The tip of the
knife was set to approximate 2 mm. Precutting was not
needed.
Dissection: Followed by incision around the lesion
with the fixed flexible snare, dissection was done with
either the forked knife or the fixed-flexible snare, with
an electrical current of 40-50 W for swift coagulation
(Figure 4F-H).
Bleeding: If bleeding occurs during dissection, saline
can be irrigated without delay using either blades of
the knife. Usually for small vessels that are smaller than
or similar to the tip of the knives, the fixed flexible
snare or the forked knife is sufficient to coagulate the
vessels, with an electrical current of 40 W for forced
coagulation. This allows the endoscopist to prompt
control of bleeding (Figure 4E). Instead of a Fork knife,
a Flexknife was used for ESD in group B, according to
the same steps as described for group A.
Measurements
We compared the endoscopic appearance of tumors,
location of tumors, en bloc resection rate, complete
resection rate, size of resected specimens, complications,
pathological findings, and procedure time between the
two groups. The resected specimens were divided into
two categories, en bloc and piecemeal. Complete resection
was identified when the lateral and vertical margins
of the specimen were free from tumor involvement.
The resected specimens were classified into three size
categories based on the longest diameter (< 3 cm,
3 to < 5 cm, and ≥ 5 cm), and the proportion of each
category was compared between the two groups. To
observe the complications of bleeding and perforation,
blood samples, radiological examinations, and follow-up
endoscopy were performed 1 and 2 d after ESD. Control
of bleeding, difficult dissection caused by fibrosis,
and lesion size were the major factors that affected
the procedure time. Bleeding was identified when a
hemostatic treatment such as endoscopic clipping and/or
electrocoagulation was required during or after the
procedure. Perforation was identified by endoscopy just
after the resection and/or by the presence of free air
on plain abdominal radiography. Fibrosis was identified
as fibrotic tissue observable during dissection; the
fibrosis rate was compared with the procedure time.
The procedure time was measured as the time between
the marking of the first dot and the withdrawal of the
endoscope. The mean procedure time was compared
between the two groups.
Statistical analysis
Statistical analyses were performed using SPSS for
Windows (version 12.0; SPSS Inc., Chicago, IL, USA).
The data are presented as the mean ± SD or the median
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Table 1 Baseline and tumor characteristics of the patients in
each group
Characteristic

Group A (n = 265)

Group B (n = 72)

189 (71.3)/76 (28.7)
62.4 ± 9.5
4.27 ± 1.26

51 (70.8)/21 (29.2)
63.3 ± 9.3
4.29 ± 1.48

51 (19.2)
30 (11.3)
96 (36.2)
64 (24.2)
15 (5.7)
8 (3.0)
1 (0.4)

10 (13.9)
9 (12.5)
24 (33.3)
19 (26.4)
7 (9.7)
3 (4.2)
0

Gender (M/F) (%)
Mean age (yr)
Size of specimen (cm)
Pathologic report, n (%)
TALG
TAHG/CIS
Adenocarcinoma WD
Adenocarcinoma MD
Adenocarcinoma PD
Signet ring cell type
Other tumor1

TALG: Tubular adenoma lower-grade dysplasia; TAHG: Tubular adenoma
high-grade dysplasia; CIS: Carcinoma in situ; WD: Well-differentiated;
MD: Moderately differentiated; PD: Poorly differentiated. 1Carcinoid
tumor.

Table 2 Clinical aspects of gastric cancer in the two groups

n (%)

Clinical aspect
Tumor depth
Mucosal layer
Submucosal layer
Endoscopic appearance
Protruded/Elevated
Flat
Depressed
Mixed
Tumor location
Cardia, Fundus
Body
Angle
Antrum, Pylorus
Subtotal gastrectomy state

Group A (n = 210) Group B (n = 53)
175 (83.3)
35 (16.7)

43 (81.1)
10 (18.9)

77 (36.7)
17 (8.1)
59 (28.1)
57 (27.1)

21 (39.6)
4 (7.5)
19 (35.8)
9 (17.1)

11 (5.2)
54 (25.7)
29 (13.8)
115 (54.8)
1 (0.5)

4 (7.5)
15 (28.3)
12 (22.6)
21 (39.6)
1 (1.9)

and range. Categorical parameters were compared using
the χ2 or Fisher’s exact test, and continuous variables
were compared with Student’s t-test. P < 0.05 was
considered significant.

RESULTS
The mean age of group A was 62.4 ± 9.5 years and
63.3 ± 9.3 years in group B (Table 1). Gender ratios
were similar between groups A and B. The number of
differentiated adenocarcinomas was similarly high in
both groups (36.2% in group A, 33.3% in group B),
and the pathological distribution and mean size of the
resected specimens were similar between the groups.
Undifferentiated, signet ring cell cancer was confirmed
based on resected specimens after ESD, instead of by
initial biopsy before ESD. The mean longest diameter of
the resected specimens was 4.27 ± 1.26 cm in group A
and 4.29 ± 1.48 cm in group B.
Table 2 summarizes the depth, location, and
endoscopic appearance of the tumors in the two groups.
The table excludes adenomatous lesions and is limited
to only those lesions confirmed to be cancerous by
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Table 3 Comparison of procedure time and lesions in the
two groups n (%)
Group A (n = 265) Group B (n = 72)
Procedure time (min)
Fibrosis
Yes
No
Specimen size
< 3 cm
3 to < 5 cm
≥ 5 cm
Ulcer lesion
Yes
No

59.63 ± 56.12

76.65 ± 70.75

42 (15.8)
223 (84.2)

11 (15.3)
61 (84.7)

26 (9.8)
177 (66.8)
62 (23.4)

7 (9.7)
42 (65.3)
18 (25)

36 (13.6)
229 (86.4)

5 (6.9)
67 (93.1)

P
0.043
NS

NS

0.041

NS: Not significant.

Table 4 Resection type and complication rates in the two
groups n (%)

Resection
En bloc
Piecemeal
Complication
None
Bleeding
Perforation

Group A (n = 265)

Group B (n = 72)

254 (95.8)
11 (4.2)

67 (93.1)
5 (6.9)

250 (94.3)
13 (4.9)
2 (0.8)

70 (97.2)
1 (1.4)
1 (1.4)

Table 5 Comparison of ESD in the two groups n (%)
ESD
Complete
Incomplete
Could not be evaluated

Group A (n = 265)
215 (81.1)
47 (17.7)
3 (1.1)

Group B (n = 72)
53 (73.6)
18 (25)
1 (1.4)

pathological reports. The tumor depth distribution was
similar between the two groups (83.3% of mucosal layer
cancer in group A, 81.1% in group B), although group
B showed a higher portion of submucosal cancers. The
endoscopic appearance showed a similar pattern of
distribution between the two groups. The occurrence of
depressed lesions was higher in group B than in group A
(35.8% vs 28.1%), and the occurrence of mixed lesions
was lower in group B than in group A (17.1% vs 27.1%).
With regard to tumor location, group A showed a higher
proportion of antral area cancers (54.8%) than group B
(39.6%), but the locations were not significantly different
between the two groups.
The mean procedure time was significantly shorter
in group A (59.63 ± 56.12 min), compared with group B
(76.65 ± 70.75 min, P < 0.05) (Table 3). Other features
such as fibrosis and resected specimen size, which play
important roles in determining the procedure time, were
similar between the groups. However, ulcerous lesions
were significantly more common in group A than in
group B (13.6% vs 6.9%, P < 0.05). Size of specimens
was similarly distributed between the two groups.
The en bloc resection rate tended to be higher in
group A (254, or 95.8% of cases) than in group B (67,
www.wjgnet.com
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or 93.1% of cases) (Table 4). The overall complication
rate was 6.4% in group A and 2.8% in group B. Bleeding
was more common in group A, but not significantly so.
Perforation was observed in three cases in both group,
and all cases were treated by conservative management
with endoscopic clipping and fasting.
The en bloc resection rates were high for specimens
of all size categories and were not statistically different
between the two groups. En bloc resection was performed
for 92.3% of lesions < 3 cm, 97.7% of lesions 3 to <
5 cm, and 91.9% of lesions ≥ 5 cm in group A. In group
B, en bloc resection was performed for 85.7% of lesions <
3 cm, 95.7% of lesions 3 to < 5 cm, and 88.9% of lesions
≥ 5 cm. The rate for complete ESD was higher in group
A than in group B (Table 5), but the difference was not
significant. Overall, four cases could not be evaluated
regarding the invasion of cancer in the resected margins
because of cellular autolysis and coagulation artifacts.

DISCUSSION
The aim of this study was to introduce and evaluate
the efficacy and technical aspects of ESD using a novel
device, the multi-functional, convenient Fork knife.
ESD is an innovative technique that improves the
rate of successful en bloc resection at an early stage of GI
neoplasia[1-4]. Since Hirao et al[16] first introduced the ESD
technique in 1988, many investigators have improved
the technique and designed several devices, such as the
needle-knife[16], insulated-tip (IT) knife[5-8], and Flexknife[9],
that allow en bloc resection of widespread tumors.
ESD and EMR techniques were developed mainly in
Japan[16-18]. However, these techniques have now become
major therapeutic modalities in Korea[19], which has a
high incidence of early gastric cancer similar to that in
Japan, for the treatment of early gastric cancer associated
with minimal risk for lymph node metastasis [20,21] .
Performing ESD is technically difficult and carries a
high risk for complications such as perforation and
bleeding[22-25]. The IT knife, which is commonly used
for ESD, has been reported to have complication rates
of 5%-22%[7,8,26]. There are no standard methods for
preventing complications, and no rules exist for selecting
proper devices during ESD. The proper devices for
safe ESD are determined by the preference of the
endoscopist and the circumstances of the dissection.
Currently, ESD requires that the accessories be frequently
changed through the working channel of the endoscope,
according to the procedure being performed[12,13]. Using
a two-channel endoscope is more convenient because
two accessories can be loaded into the endoscope at the
same time[14]. However, the thicker endoscopic diameter
causes additional discomfort to the patient and increases
the bend angle of the endoscope. The obtuse bend angle
of the scope increases the difficulty of each step of ESD
and complicates the response to specific conditions such
as bleeding.
The Fork knife is a new device developed for ESD.
It consists of two knives, a fixed flexible snare knife
and a forked knife, in a single working unit. These two
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knives can be interchanged easily and with minimal time
during the procedure. The Fork knife has the advantage
of being multi-functional, such as marking, injection,
incision, irrigation, dissection, and bleeding control.
The fixed flexible snare tip can be used for marking and
performing incisions in the early steps of ESD, and the
forked knife can be used for injections and for dissection
of the submucosal layer. Both knives can also perform
simple irrigation and coagulation of point bleeding from
exposed vessels, without changing accessories during
the procedure. This enables the endoscopist to perform
ESD more conveniently and easily and thus potentially
shortens the total procedure time.
The devices needed during ESD vary according to
the technique used, such as a one-knife or multi-knife
method. There is no principle that ESD should be
performed with only one device (one-knife method).
It depends on the preference of the endoscopist who
performs ESD or on the technical difficulty of the target
lesion. We prefer a multi-knife method and believe that
it allows safer and easier ESD procedures. Also, the Fork
knife enables endoscopists to perform ESD without
changing accessories during the whole procedure time.
The knife tip of the Fork knife and the Flexknife
are similar to that of a needle knife, and afford easier
horizontal than vertical dissection. Nevertheless, a skilled
endoscopist can dissect a lesion without considering the
direction of the knife relative to the plane of the wall.
In the present study, most of the conditions such
as tumor location, endoscopic appearance, resected
specimen size, and fibrosis that can affect procedure
time were similar between the two groups. However,
ulcerations were significantly more common in group
A than in group B. The rates of complete ESD, en bloc
resection, and bleeding were higher in group A, but
the difference was not significant. The bleeding rate
in group A was 4.9%, whereas bleeding rates of 0.7%
and 22% have been reported for the Flexknife [9] and
IT knife [8]. The definition of bleeding in our study,
i.e., all hemostatic processes that occurred during the
procedure, was broader than that in the Flexknife
study [9], which may account, at least in part, for the
difference in the reported rates. Despite the tendency
toward more frequent bleeding complications in group
A, the procedure time was significantly shorter in the
Fork knife than in the Flexknife group. The shorter
procedure time cannot be attributed to differences in the
distributions of resected specimen size, tumor location,
or endoscopic appearance, as all of these factors were
similar between the two groups. It is likely that the
shorter procedure time in group A resulted from the
faster control of bleeding with the Fork knife compared
with the Flexknife.
This study was limited by the different numbers of
enrolled patients in each group; group A had four times
the number of subjects in group B. This may present
concerns regarding statistical comparisons between the
groups. Another matter to consider is that ESD using
the Fork knife was performed by a single endoscopist,
who developed the design. Therefore, the endoscopist
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may have taken exceptional care to avoid complications
or to shorten the procedure time. Also, we did not
take into consideration the technical improvement of
the endoscopist that resulted from his accumulated
experience. Nevertheless, it is our belief that the multifunctional Fork knife can potentially reduce the time
required for ESD and make ESD a more acceptable
procedure for experienced endoscopists. The aim of this
study was not to compare resection techniques such as
ESD with the Flexknife vs ESD with the Fork knife, but
to report on our preliminary experience of using a multifunctional and convenient tool that may save time.
In conclusion, the Fork knife is a multi-functional
instr ument that can perfor m various therapeutic
endoscopic procedures such as marking, injection,
dissection, coagulation, and simple saline irrigation,
without the need to change accessories during procedures.
The major advantage of the Fork knife is that it allows
endoscopists to perform ESD more easily. The Fork knife
may be a very useful device for performing ESD.

COMMENTS
Background

Each step of ESD, such as lesion marking, injection, incision, and dissection,
may require a different accessory or a knife, depending on the location and
shape of the tumor. Therefore, when performing ESD, the accessories may
need to be changed frequently through the working channel of the endoscope,
prolonging the procedure and delaying the control of GI bleeding.

Research frontiers

Many investigators have improved the technique of ESD and have designed
various knives that enable the endoscopist to perform ESD more easily, such
as the IT knife, Hookknife, Flexknife, and triangle-tipped knife. These knives
have contributed to the development of ESD techniques, and each has merits
and demerits.

Innovations and breakthroughs

The authors introduced and evaluated the efficacy and technical aspects of
ESD using a novel device, a convenient multi-functional Fork knife. The Fork
knife consists of two knives in a single working unit: a fixed flexible snare knife
and a forked knife. These two knives can be interchanged easily and have the
advantage of being multifunctional; they can be used for marking, injecting,
incising, irrigating, dissecting, and controlling bleeding. This enables the
endoscopist to perform ESD more conveniently, thus shortening the procedure.

Applications

The Fork knife may be useful for ESD of gastric lesions, such as early gastric
cancer and gastric adenoma. The feasibility and safety of the novel device is
similar to that of other knives but it may actually be more convenient because of
its design.

Terminology

The ESD technique was first introduced in 1988 in Japan. ESD is an innovative
technique that improves the rate of successful en bloc resection of early-stage
GI neoplasms.

Peer review

An interesting article on a timely topic, endoscopic submucosal resection of
early gastric cancer. The authors compared two newer instruments and found
no real difference between them. The paper is well written, the study well
conceived, and I learned a lot about the new treatments of early gastric cancer.
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Abstract

INTRODUCTION

AIM: To evaluate the association between X-ray crosscomplementing gene 1 (XRCC1) genetic polymorphism
Arg399Gln and gastric cancer risk by means of metaanalysis.
METHODS: We searched PubMed and NCBI up to
June 1, 2008. A total of 16 clinical trials and reports
were identified, but only 8 trials qualified under our
selection criteria. Statistical analysis was performed
with the software program Review Manage, version
4.2.8.
RESULTS: Of the 8 case-control studies selected for
this meta-analysis, a total of 1334 gastric cancer cases
and 2194 controls were included. For Arg399Gln, the
Gln/Gln genotype carriers did not have a decreased
cancer risk compared with those individuals with the
Arg/Arg genotype (OR = 0.92, 95% CI, 0.71-1.19;
P = 0.51). Similarly, no associations were found in the
recessive and dominant modeling (Gln/Gln vs Arg/Gln
+ Arg/Arg: OR = 0.96; 95% CI, 0.77-1.19; P = 0.70
and Gln/Gln + Arg/Gln vs Arg/Arg: OR = 0.90, 95%
CI, 0.77-1.05; P = 0.18).
CONCLUSION: No association is found between the
XRCC1 polymorphism Arg399Gln and gastric cancer
risk.
© 2008 The WJG Press. All rights reserved.
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Gastric cancer is a leading cause of death worldwide,
with nearly a million new cases diagnosed each year.
It is the fourth most common cancer and the second
leading cause of cancer death worldwide[1]. Multiple
environmental and lifestyle factors may increase the risk
of gastric cancer (GC), including tobacco use[2], a diet
poor in fresh fruits and vegetables or rich in salt[3], and
Helicobacter pylori (H pylori) infection[4]. However, not all
of those who have been exposed to the risk factors will
develop gastric cancer, suggesting the inter-individual
differences in susceptibility. These differences may
in part be caused by genetic variation, such as single
nucleotide polymorphism (SNPs)[5] in DNA repair gene
that increase susceptibility to the DNA damage resulting
from carcinogens, particularly when these SNPs are
located within the coding or regulating regions causing
altered protein expression.
One of the important DNA repair protein is X-ray
cross-complementing gene 1 (XRCC1)[6], acting as a
scaffolding protein for the base excision repair (BER)
and single-strand break repair (SSBR). These overlapping
pathways participate in the constitutive response to
endogenous mutagens and exogenous exposures,
including tobacco smoke. Specifically, XRCC1-mediated
pathways repair damage to DNA bases, from oxidation
or covalent binding of nonbulky electrophiles, and to
the deoxyribose phosphate backbone. Quick resolution
of this genetic damage is imperative because repair
intermediates, such as abasic sites and SSB, are generally
more genotoxic and cytotoxic than the initial lesion.
www.wjgnet.com
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Three common polymorphisms within the XRCC1
gene have been identified at codon 194, 280 and 399
(Arg194Trp, Arg280His, and Arg399Gln) [7]. These
nonconservative amino acid changes may alter XRCC1
function. This change in protein biochemistry leads to
the supposition that variant alleles may diminish repair
kinetics, thereby influencing susceptibility to adverse
health effects, including cancer.
Shen et al[8] first reported an association between
XRCC1 codon 399 polymorphisms and gastric cancer.
Since the publication of this report, many studies have
appeared in the literature either supporting or negating
the association. To clarify the effect of XRCC1 codon
399 polymorphisms on the risk of gastric cancer, we
have undertaken a systematic review and meta-analysis.

MATERIALS AND METHODS
Literature search strategy
We searched in the Medline and Chinese National
Knowledge Infrastructure (CNKI), covering all papers
published up to June 1, 2008, with a combination of
the following keywords: gastric cancer and XRCC1. We
evaluated potentially relevant publications by examining
their titles and abstracts and procured the most relevant
publications for a closer examination. Besides the
database search, the reference lists of the selected papers
were also screened for other potential articles that may
have been missed in the initial search. The search and
evaluation were conducted from January to June 2008.
The following criteria were used for the literature
selection for the meta-analysis: (1) The articles should
be published in either English or Chinese between
January 1989 and March 2008; (2) Only the case-control
studies were considered; (3) The paper should clearly
describe gastric cancer diagnoses and the sources of
cases and controls; (4) The authors must offer the
size of the sample, odds ratios (ORs) and their 95%
conﬁdence intervals (CIs) or the information that can
help infer the results in the papers; (5) The deﬁnition of
the exposure/risk genotypes was similar in all papers;
(6) The methods of data collection and analysis should
be statistically acceptable; (7) Those publications that
presented data allowing such outcomes to be derived
were also included.
Accordingly, the following exclusion criteria were
also used: (1) The design and the deﬁnition of the
exposure were obviously different from those of the
selected papers; (2) Not offering the source of cases and
controls and other essential information; (3) Reviews
and repeated literatures were also excluded.
Data extraction
To minimize the bias and to improve the reliability,
two reviewers checked all potentially relevant studies
independently. Data on the following characteristics
were also extracted: the ﬁrst author, year of publication,
journal, study population, number of genotyped cases
and controls, and odds ratios and their conﬁdence
intervals.
www.wjgnet.com
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Meta analysis
The strength of the associations between gastric cancer
and the XRCC1 polymorphism was estimated by ORs
and 95% CI. For the Arg399Gln polymorphism, we first
estimated the risk of the variant genotype Gln/Gln and
compared with the wild-type Arg/Arg homozygote, and
then evaluated the risks of Gln/Gln vs (Arg/Gln + Arg
/Arg) and (Arg/Gln + Gln/Gln) vs Arg/Arg, which
assumed the recessive and dominant effect of the variant
Gln399 allele.
We assessed the departure from the Hardy-Weinberg
equilibrium for the control group in each study using
the HWE program (http://linkage.rockefeller.edu/
ott/linkutil.htm) for goodness of fit. The Peto MantelHaenszel fixed effect model or DerSimonian Laird
random effect model was selected to summarize the
combined OR dependent on the results of heterogeneity
test among individual studies. And the heterogeneity
was considered signiﬁcant if P < 0.05. If there was no
heterogeneity, fixed effects model was used; otherwise,
a random effect model based on the DerSimonian and
Laird estimator was used[9]. Inverted funnel plots were
used to provide diagnosis of publication biases.
All of the statistical analyses were performed
with Review Manager (version 4.2.8, The Cochrane
Collaboration).

RESULTS
Literature search and meta-analysis databases
We selected 16 published papers dealing with casecontrol studies of the polymorphisms .We reviewed all
papers in accordance with the criteria deﬁned above,
and excluded 8 papers because their study designs were
different from others or they did not list data clearly
enough for further analysis or repeated literatures.
Hence, data were available from 8 case-control studies,
including 1334 gastric cancer cases and 2194 controls
(Table 1)[8,10-16]. We established a database according to
the extracted information from each article. Given in
Table 1 are the lists of the publication year, first author,
and the number of cases and controls for each XRCC1
codon 399 genotype. Other necessary information
is also listed in the forest plots in our meta-analysis.
No qualified researches were acquired before 2000,
which suggested that the researches between XRCC1
polymorphism and gastric cancer were started very late.
Meta analysis
The Gln/Gln genotype carriers did not have an
increased cancer risk compared with those individuals
with the Arg/Arg genotype (OR, 0.92; 95% CI,
0.71-1.19; P = 0.51). Similarly, no associations were
found in the recessive and dominant modeling (Gln/Gln
vs Arg/Gln + Arg/Arg: OR, 0.96; 95% CI, 0.77-1.19;
P = 0.70 and Gln/Gln + Arg/Gln vs Arg/Arg: OR,
0.90; 95% CI, 0.77-1.05; P = 0.18). We did not find any
associations between Arg399Gln polymorphism and
gastric cancer risk in our study (Figure 1).
In all of the studies, the genotype frequencies were
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Table 1 Distribution of XRCC1 genotype among gastric cancer cases and controls included in the meta-analysis
XRCC1 condon 399

Distribution
First author

Area

Shen et al[8]
Lee et al[10]
Ratnasinghe et al[11]
Duarte et al[12]
Huang et al[13]
Song et al[14]
Zhang et al[15]
Ruzzo et al[16]

China
South Korea
China
Brazil
Poland
China
China
Italy

Prostate cancer

Yr

Control

HWE

Arg/Gln

Arg/Gln

Gln/Gln

Arg/Gln

Arg/Gln

Gln/Gln

13
110
49
73
124
46
136
10

83
71
34
67
121
48
82
45

92
9
3
20
36
8
18
36

13
94
192
70
166
54
369
10

59
69
193
57
179
44
275
59

64
9
33
23
45
3
64
50

2000
2002
2004
2005
2005
2006
2006
2007

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

HWE: Hardy-Weinberg equilibrium.

Review: XRCC1 Arg399Gln polymorphism and risk of gastric cancer
Comparison: 01 XRCC1 Arg399Gln polymorphism
Outcome: 01 Gln/Gln versus Arg/Arg
Study or
sub-category

Cases
n/N

Shen H
92/105
Lee SG
9/119
Ratnasinghe LD
3/52
Duarte MC
20/93
Huang WY
36/160
Song CG
8/54
Zhang Z
18/154
Ruzzo A
36/46
Total (95% CI)
783
Total events: 222 (cases), 291 (controls)
2
Test for heterogeneity: Chi = 7.57, df = 7 (P
Test for overall effect: Z = 0.66 (P = 0.51)

Controls
n/N

OR (fixed)
95% CI

64/77
9/103
33/225
23/93
45/211
3/57
64/433
50/60
1259

Weight
(%)
7.65
7.47
9.77
15.11
25.18
2.08
24.83
7.90
100.00

OR (fixed)
95% CI
1.44 [0.63, 3.30]
0.85 [0.33, 2.24]
0.36 [0.10, 1.21]
0.83 [0.42, 1.65]
1.07 [0.65, 1.76]
3.13 [0.78, 12.49]
0.76 [0.44, 1.33]
0.72 [0.27, 1.91]
0.92 [0.71, 1.19]

= 0.37), I2 = 7.5%
0.1 0.2 0.5 1
2
5 10
Decreases risk
Increases risk

Review: XRCC1 Arg399Gln polymorphism and risk of gastric cancer
Comparison: 01 XRCC1 Arg399Gln polymorphism
Outcome: 02 Gln/Gln versus Arg/Gln + Arg/Arg
Study or
Cases
Controls
sub-category
n/N
n/N

OR (fixed)
95% CI

Shen H
92/188
64/136
Lee SG
9/190
9/172
Ratnasinghe LD
3/86
33/418
Duarte MC
20/160
23/150
Huang WY
36/281
45/390
Song CG
8/102
3/101
Zhang Z
18/236
64/708
Ruzzo A
36/91
50/119
Total (95% CI)
1334
2194
Total events: 222 (cases), 291 (controls)
2
Test for heterogeneity: Chi = 5.55, df = 7 (P = 0.59), I2 = 0%
Test for overall effect: Z = 0.39 (P = 0.70)

Weight
(%)
22.31
5.30
6.40
12.22
19.33
1.63
17.39
15.41
100.00

OR (fixed)
95% CI
1.08 [0.69, 1.68]
0.90 [0.35, 2.32]
0.42 [0.13, 1.41]
0.79 [0.41, 1.50]
1.13 [0.71, 1.80]
2.78 [0.72, 10.80]
0.83 [0.48, 1.43]
0.90 [0.52, 1.57]
0.96 [0.77, 1.19]

0.1 0.2 0.5 1
2
5 10
Decreases risk
Increases risk
Review: XRCC1 Arg399Gln polymorphism and risk of gastric cancer
Comparison: 01 XRCC1 Arg399Gln polymorphism
Outcome: 03 Gln/Gln + Arg/Gln versus Arg/Arg
Study or
Cases
Controls
sub-category
n/N
n/N
Shen H
175/188
123/136
Lee SG
80/190
78/172
Ratnasinghe LD
37/86
226/418
Duarte MC
87/160
80/150
Huang WY
157/281
224/390
Song CG
56/102
47/101
Zhang Z
100/236
339/708
Ruzzo A
81/91
109/119
Total (95% CI)
1334
2194
Total events: 773 (cases), 1226 (controls)
2
Test for heterogeneity: Chi = 6.97, df = 7 (P = 0.43), I2 = 0%
Test for overall effect: Z = 1.34 (P = 0.18)

OR (fixed)
95% CI

Weight
(%)
2.81
13.50
12.52
10.73
23.58
6.07
27.82
2.96
100.00

OR (fixed)
95% CI
1.42 [0.64, 3.17]
0.88 [0.58, 1.33]
0.64 [0.40, 1.02]
1.04 [0.67, 1.63]
0.94 [0.69, 1.28]
1.40 [0.81, 2.43]
0.80 [0.59, 1.08]
0.74 [0.30, 1.87]
0.90 [0.77, 1.05]

0.1 0.2 0.5 1
2
5 10
Decreases risk
Increases risk

Figure 1 Forest plot of a meta-analysis of the association between XRCC1 polymorphism Arg399Gln and gastric cancer risk (fixed-effects mode).
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Review: The association between XRCC1 polymorphisms Arg399Gln
and gastric cancer risk
Comparison: 01 XRCC1 Arg399Gln
Outcome: 01 (Gln/Gln + Arg/Gln) vs Arg/Arg

SE (log OR)

0.1
0.2
0.3
0.4
0.1

0.2

0.5

1
OR (fixed)

2

5

10

Figure 2 Funnel plot to explore publication bias. The graphical funnel plot
of the 8 published studies appears to be asymmetrical.

consistent with Hardy-Weinberg equilibrium (Table 1).
No significant between-study heterogeneities were
present in the heterogeneity tests. In the funnel
plot analysis of publication biases, the shape of the
funnel plot (Figure 2) appeared to be approximately
symmetrical, and the magnitude of the main ORs was
in dispersion on the left side of 1. Therefore, the funnel
plot analysis suggested that publication biases might not
have a significant influence on the results of the XRCC1
gene.

DISCUSSION
XRCC1 protein is an important component of the BER
pathway, which fixes base damage and DNA single
strand breaks caused by ionizing radiation and alkylating
agents. The XRCC1 protein has no known catalytic
activity but serves to orchestrate BER through its role as
a central scaffolding protein for DNA ligase Ⅲ, DNA
polymerase β, and PARP, and also through its function
in recognizing and binding to single-strand breaks[17].
The Arg399Gln polymorphism [18] is located in the
region of the BRCT-Ⅰ interaction domain of XRCC1
with ADPribosepolymerase, the presence of the variant
399Gln allele has been shown to be associated with
measurable reduced DRC as assessed by the persistence
of DNA adducts, tumor-suppressor gene P53 mutations,
increased red blood cell glycophorin A, elevated levels
of sister chromatid exchanges and prolonged cell-cycle
delay.
To the best of our knowledge, it is the first systematic
review that has investigated the association of XRCC1
codon 399 polymorphisms and gastric cancer, and no
evidence has shown any associations between Arg399Gln
polymorphism and gastric cancer susceptibility. One
possible explanation is that human cells have five
different DNA repair systems, characterized by the
involvement of more than 150 proteins coded by genes,
the majority of which are polymorphic. Thus, given that
inter-individual variation in DNA repair capacity is in
part explained by SNPs in repair genes, it is possible that
the analyzed variants do not influence the basal level of
www.wjgnet.com
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damage. Nevertheless, based on our study, it is worth
noting that, even if a common variant in the functional
region of a definitively meaningful gene had an effect on
human disease, such as cancer, it may play only a minor
role in the disease causation.
Although the relationship is inconsistent in bladder
cancer[19], other previous studies have found that the
XRCC1 399Gln/Gln genotype is associated with an
increased risk of lung cancer among Asians [20] and
breast cancer in African Americans[21]. Our present and
previous studies were similar in most aspects, and the
reasons for this apparent difference in risk with different
tumors are as yet unknown, possibly due to the overall
heterogeneity in the studies that find strong positive or
inverse associations. Many meta-analyses of several genedisease associations have shown that initially promising
associations often gravitate toward null over time[22].
In our study, no significant between-study heterogeneities were present in the heterogeneity tests,
indicating that our present combined analyses were
unbiased, and no obvious publication bias existed in our
meta-analysis, since the ‘‘funnel plot’’ was symmetrically
plotted. However, serious limitations were still inherited
from the published studies. First, our assessment was
based on relatively few studies, and because the papers
included in our meta-analysis were limited to those
published in either English or Chinese only in the
periods between 1989 and 2008, it is possible that some
relevant published studies and unpublished studies that
are likely to have null results were not included, which
may have biased the results. Therefore, although the
test for publication bias was not statistically significant,
possible bias, especially the outcome-reporting bias, still
could not be ruled out. Second, most studies selected
case subjects from Asian populations; therefore, we
did not conduct a subgroup analysis according to
different ethnic groups. The other studies were from
Brazil, Poland and Italy, which have different patterns
of lifestyle risk factors, genetic backgrounds, and
gastric cancer risks. Third, we did not test for gene x
environment interactions because of the issue of
multiple testing and the lack of sufficient studies.
Nevertheless, it is possible that these polymorphisms
alter risk in subgroups of the population that have been
exposed to specific environmental and lifestyle factors.
Therefore, larger and well-designed studies are needed
to further evaluate the association between XRCC1
polymorphism and gastric cancer risk.
In summar y, our meta-analysis evaluated the
relationship between genetic polymorphisms and gastric
cancer risk and revealed that XRCC1 polymorphism
Arg399Gln could not alter susceptibility to gastric
cancer.
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Abstract

INTRODUCTION

AIM: To investigate the value of clinical manifestations
and ultrasound examination in the differential diagnosis
of pancreatic lymphoma and pancreatic cancer.
METHODS: The clinical and ultrasonic characteristics
of 12 cases of pancreatic lymphoma and 30 cases of
pancreatic cancer were retrospectively analyzed.
RESULTS: Statistically significant differences were
found in the course of disease, back pain, jaundice,
carcino-embryonic antigen (CEA) and CA19-9 increase,
palpable abdominal lump, superficial lymph node
enlargement, fever and night sweats, lesion size, bile
duct expansion, pancreatic duct expansion, vascular
involvement, retroperitoneal (below the renal vein level)
lymph node enlargement, and intrahepatic metastasis
between pancreatic lymphoma and pancreatic cancer.
There were no significant differences in age of onset,
gender ratio, weight loss, nausea and vomiting, lesion
position, the echo of the lesion, and the blood flow of
the lesion.
CONCLUSION: Pancreatic lymphoma should be
considered for patients with long lasting symptoms,
superficial lymph node enlargement, palpable
abdominal lump, fever and night sweats, relatively
large lesions, and retroperitoneal (below the level of
the renal vein) lymph node enlargement. A diagnosis
of pancreatic cancer should be considered more likely
in the patients with relatively short disease course,
jaundice, back pain, CEA and CA19-9 increase,
relatively small lesions, bile duct expansion, obvious
pancreatic duct expansion, peripheral vascular
wrapping and involvement, or intrahepatic metastases.

Among the pancreatic tumors, there are much
similarities in clinical manifestations and imaging
characteristics of pancreatic cancer and pancreatic
lymphoma and thus they are easy to be misdiagnosed[1-4].
However, the treatment and prognosis of pancreatic
cancer and pancreatic lymphoma are quite different,
and the differential diagnosis of these two diseases is
therefore very important[5-7]. We retrospectively analyzed
clinical and ultrasonic data of 12 cases of pancreatic
lymphoma and 30 cases of pancreatic cancer to study
the differentiation between the two diseases.
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MATERIALS AND METHODS
Subjects
Forty-two pancreatic lesions were retrospectively
analyzed. Patients with lymphoma (n = 12) and patients
with pancreatic cancer (n = 30) whose diagnoses were
confirmed by surgical pathology at our hospital from
April 2001 to December 2007 were studied. All patients
received ultrasound examinations before treatment.
Instruments and methods
Instruments: GE Logiq 7, Philips HDI-5000, HD-11
color Doppler ultrasound diagnostic instrument were
used. The probe frequency was 8-12 MHz; speed range,
blood flow filtering and color gain were adjusted to
achieve blood flow maps with the best display status.
Ultrasound examination: Patients were placed in the
supine position, the gray-scale ultrasound was used
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Table 1 Clinical manifestation of pancreatic lymphoma and
pancreatic cancer

Age of onset (yr)
Gender ratio (male/female)
Course of disease
Weight loss
Nausea and vomiting
Fever and night sweats
Back pain
Jaundice
Palpable abdominal lump
Superficial lymph node
enlargement
CEA, CA19-9 increase

Pancreatic
lymphoma

Pancreatic
cancer

P

52.8 ± 3.4
10/2
3 mo to 1 yr
10
4
5
1
3
6
5

53.8 ± 4.2
24/6
4 wk to 3 mo
27
12
1
18
20
0
1

NS
NS
< 0.05
NS
NS
< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

0

18

< 0.05

P < 0.05, the two groups were significantly different.

to observe the size of the pancreatic lesion, lesion
position, lesion echo, the main pancreatic duct, bile duct,
peripancreatic vessels, and retroperitoneal lymph nodes.
Then the color hemodromogram of the lesion area
was displayed and divided into 3 grades: no blood flow
signal, some blood flow signals, and abundant blood
flow signals.
Statistical analysis
SAS V8.1 statistical software was used for data analysis.
Statistical analyses were done for patient age, course of
disease and lesion size using Wilcoxon’s rank sum test.
Fisher’s exact probability and the χ2 test were carried
out for analyses of sex, back pain, jaundice, palpable
abdominal lump, weight loss, nausea and vomiting,
fever and night sweats, carcino-embryonic antigen
(CEA) or CA19-9 increases, superficial lymph node
enlargement, lesion position, lesion echo, bile duct
expansion, pancreatic duct expansion, vascular invasion,
retroperitoneal (below the renal vein level) lymph node
enlargement, intrahepatic metastasis, and blood flow. P <
0.05 was taken as an indicator of a significant difference
between the two groups.

RESULTS
Clinical manifestations
The clinical characteristics of pancreatic lymphoma
and pancreatic cancer were compared. There was no
significant difference in age of onset, gender ratio,
weight loss, or nausea and vomiting between the two
groups. The course of disease, back pain, jaundice,
CEA and CA19-9 increase, palpable abdominal lump,
superficial lymph node enlargement, fever and night
sweats were significantly different between the two
groups. This means that the disease course of the
pancreatic lymphoma is longer, and superficial lymph
node enlargement, palpable lump, and fever and night
sweats occur more frequently in pancreatic lymphoma.
In pancreatic cancer, back pain, jaundice, and CEA and
CA19-9 increases occur more frequently (Table 1).
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Table 2 Ultrasonic manifestations of pancreatic lymphoma
and pancreatic cancer
Pancreatic
lymphoma

Pancreatic
cancer

P

7
3
2
All 12 cases
had low echo

19
7
4
All 30 cases
had low echo

NS
NS
NS

Lesion position
Pancreatic head
Pancreatic body & tail
Diffuse
Lesion echo
Lesion size

NS

79.6 ± 10.7 mm 34.7 ± 5.5 mm < 0.05

11 cases did not
None of
show any blood the 30 cases
flow signals, 1 showed blood
Blood flow of the lesion
case showed
flow signals
some blood flow
signals
Bile duct expansion
3
20
Pancreatic duct expansion
2
18
Blood vessel involvement
2
15
Retroperitoneal (below the renal
5
1
vein) lymph node enlargement
Intrahepatic metastasis
0
6

NS

< 0.05
< 0.05
< 0.05
< 0.05
< 0.05

P < 0.05, the two groups were significantly different.

Ultrasonic manifestations
The ultrasound characteristics of pancreatic lymphoma
and of pancreatic cancer were compared. There were
no significant differences in lesion position, lesion echo,
or blood flow of the lesion between the two groups.
The lesions size, bile duct expansion, pancreatic duct
expansion, vascular involvement, retroperitoneal (below
the renal vein) lymph node enlargement, and intrahepatic
metastasis were significantly different (Table 2). In
other words, the lesion size of pancreatic lymphoma is
relatively larger, which is prone to causing enlargement
of the lymph nodes below the renal vein level. Pancreatic
cancer tends to cause bile duct and pancreatic duct
expansion more frequently and is more likely to affect
the blood vessels and lead to intrahepatic metastasis.

DISCUSSION
T he incidence of pancreatic cancer has g rown
substantially in developed countries and in some
developing countries. Currently, it is one of the top
ten malignant tumors, and its prognosis is very poor.
The 1-year survival rate is below 20% and the 5-year
survival rate is only 3%[1,5,8]. Pancreatic lymphoma is
a rare pancreatic tumor that accounts for only 1% of
all pancreatic tumors. Its main pathological type is
B-cell non-Hodgkin’s lymphoma and the overwhelming
majority of cases involve pancreatic infiltration by
systemic lymphoma. It can also originate from the
pancreas and show primary pancreatic manifestations,
which are called primary pancreatic lymphoma (PPL).
The average survival time of pancreatic lymphoma
is 2-6.5 years, which is better than the prognosis for
pancreatic cancer[9-11]. There are much similarities in the
clinical and imaging examination of the two diseases
so that they are easily misdiagnosed. However, the
www.wjgnet.com
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treatment and the prognosis of the two diseases are
quite different. Therefore, the differential diagnosis of
these two diseases is important.
Comparison of clinical characteristics of pancreatic
lymphoma and pancreatic cancer
There was no significant difference in the age of onset,
gender ratio, weight loss, nausea and vomiting between
the two diseases. Therefore, these characteristics cannot
be used for the differential diagnosis.
T he course of disease of the patients with
pancreatic lymphoma is usually longer than that of
the patients with pancreatic cancer. As the lesion is
relatively large in pancreatic lymphoma, an abdominal
lump is easily palpable. In our series, an abdominal
lump was palpable in 6 (50%) patients in the pancreatic
lymphoma group. In addition, as the majority of the
pancreatic lymphoma cases originate from systemic
lymphoma, characteristics of the lymphoma such as
superficial lymph node enlargement and fever and
night sweats are likely to occur. Those characteristics
are relatively rare in patients with pancreatic cancer.
Compared with pancreatic lymphoma, jaundice and
back pain are more likely to occur in patients with
pancreatic cancer. This is because pancreatic cancer
has perivascular and perineural growth[12-15]. It is easy
for pancreatic cancer to cause jaundice by bile duct
infiltration or oppression or to cause back pain by
erosion of the retroperitoneal nerve, which is more
obvious at night. Regarding laboratory tests, since the
pancreatic cancer is a tumor with duct infiltration, most
patients show increases in two tumor markers, CEA
and CA19-9.Those markers will usually not increase in
patients with pancreatic lymphoma[16-18].
www.wjgnet.com
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Figure 1 ultrasonic manifestation. A: Diffuse pancreatic
lymphoma (arrows): the
pancreas showed diffuse
enlargement and the echo
decreased; B: Pancreatic
lymphoma (arrows): a low
echo lump was seen in the
pancreatic head. There were
no blood flow signals; C:
Pancreatic cancer (arrows):
a low echo lump was seen in
the pancreatic head. There
were no blood flow signals;
D: Pancreatic cancer: a low
echo lump appeared in the
pancreatic head (white arrows)
and the main pancreatic duct
(black arrows) was obviously
expanded.

Comparison of ultrasonic characteristics of pancreatic
lymphoma and pancreatic cancer
There were no significant differences in the lesion
position, lesion echo, or the blood flow of the lesion
between the two diseases. Pancreatic head lesions
are commonly seen in both diseases. In this study,
pancreatic head lesions accounted for 58.3% of cases
in the pancreatic lymphoma group and 63.3% of cases
in the pancreatic cancer group. In addition, some
lesions located in the body or the tails of the pancreas
were diffuse (Figure 1A). All the lesions had low echo,
and most lesions did not have any blood flow signals
(Figure 1B and C).
The lesion sizes were significantly different between
the two diseases. The lesion of the pancreatic lymphoma
is usually greater than that of the pancreatic cancer. In
this study, the lesion size of the pancreatic lymphoma
was approximately 79.6 ± 10.7 mm, and the lesion size of
the pancreatic cancer was approximately 34.7 ± 5.5 mm.
Other literature reports showed similar results that the
diameter of the pancreatic lymphoma lump is usually
greater than 70 mm, and the diameter of the pancreatic
cancer is usually less than 50 mm[19-22]. A possible reason
is that the early symptoms of pancreatic lymphoma
are not obvious and diagnosis is made relatively late;
therefore the lesions are relatively big when they are
found.
Bile duct expansion was significantly different
between the two diseases. Pancreatic cancer readily
infiltrates and oppresses the bile duct so that bile duct
expansion occurs more frequently in pancreatic cancer
than in pancreatic lymphoma. In this study, intrahepatic
and extrahepatic bile duct expansion occurred in 20
(66.7%) cases of pancreatic cancer, but in only 3 (25%)
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cases of pancreatic lymphoma.
Pancreatic duct expansion was statistically significant
between the two diseases. In this study, 18 (60%)
cases of pancreatic cancer showed pancreatic duct
expansion (Figure 1D), while only 2 (16.7%) cases of
pancreatic lymphoma did so. Another study showed
that the pancreatic duct in pancreatic lymphoma can be
discontinuous or narrow, expansion is rare, and the ratio
of the expanded pancreatic duct to the anteroposterior
diameter of the gland is less than 0.5. However, this
ratio in pancreatic cancer (in more than 89% of cases) is
often greater than 0.5[23-26].
The two diseases were significantly different
regarding blood vessel involvement. The pancreatic
cancer frequently wraps and erodes the blood vessels.
There were 15 (50%) cases of pancreatic cancer with
vascular involvement in this study; there were only 2
(16.7%) cases of pancreatic lymphoma with vascular
involvement. The pancreatic lymphoma mainly pushes
the surrounding blood vessels.
The two diseases were significantly different in
retroperitoneal (below the renal vein level) lymph node
enlargement. Peri-pancreatic and retro-peritoneal lymph
node enlargement can occur in both pancreatic cancer
and pancreatic lymphoma, but pancreatic lymphoma is
often part of a systemic lymphoma. Therefore, there
are more sites of lymph node enlargement in pancreatic
lymphoma than in pancreatic cancer. It has been
reported in the literature that retroperitoneal lymph node
enlargement below the level of the renal vein seldom
appears in pancreatic cancer[27-29]. In this study, 5 (41.7%)
patients with pancreatic lymphoma showed lymph node
enlargement below the level of the renal vein, but only 1
(3.3%) case of pancreatic cancer showed similar lymph
node enlargement.
The two diseases were significantly different in
intrahepatic metastasis. Intrahepatic metastasis occurred
more easily in patients with pancreatic cancer compared
with pancreatic lymphoma[30]. There were 6 (20%) cases
of pancreatic cancer with intrahepatic metastasis in
this study while no intrahepatic metastasis occurred in
pancreatic lymphoma.
In summary, clinical and ultrasonic manifestations
can aid in the differentiation between pancreatic
lymphoma and pancreatic cancer. For the differential
diagnosis of the two diseases, pancreatic lymphoma
should be considered for patients with long lasting
symptoms, superficial lymph node enlargement, palpable
abdominal lump, fever and night sweats, relatively large
lesions, and retroperitoneal (below the level of the renal
vein) lymph node enlargement. A diagnosis of pancreatic
cancer should be considered more likely for patients
with relatively short disease course, jaundice, back pain,
CEA and CA19-9 increase, relatively small lesions, bile
duct expansion, obvious pancreatic duct expansion,
peripheral vascular wrapping and involvement, or
intrahepatic metastases. The diagnosis can be confirmed
by biopsy or postoperative pathological results.
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Background

Differential diagnosis of pancreatic masses is a frequent clinical challenge.
Differential diagnosis is difficult between pancreatic cancer and pancreatic
lymphoma because there are a lot of similarities in clinical manifestations and
imaging characteristics of pancreatic cancer and pancreatic lymphoma among
pancreatic tumors. However, the treatment and prognosis of pancreatic cancer
and pancreatic lymphoma are quite different, and the differential diagnosis of
these two diseases is therefore, very important.

Research frontiers

Further researches are needed in order to improve the diagnosis of pancreatic
cancer and pancreatic lymphoma. Availability of ultrasound examination and
clinical manifestations may provide more information for the diagnosis of
pancreatic cancer and pancreatic lymphoma.

Innovations and breakthroughs

Because the morbidity of pancreatic lymphoma is low, in this study, 12 cases
of pancreatic lymphoma were important which could provide much favorable
information for diagnosis.

Applications

Clinical and ultrasonic manifestations can aid in the differentiation between
pancreatic lymphoma and pancreatic cancer.

Peer review

This is an interesting paper. The contents are important and significant because
there is no much information about pancreatic lymphoma in the existing
literature.
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Abstract
AIM: To investigate the pathological characteristics of
non-thermal damage induced by pulsed high intensity
focused ultrasound (PHIFU) combined with ultrasound
contrast agent (UCA), SonoVue (Bracco SpA, Milan,
Italy) in rabbit liver VX2 tumor.
METHODS: Liver VX2 tumor models were established
in 20 rabbits, which were divided randomly into PHIFU
combined with ultrasound contrast agent group (PHIFU
+ UCA group) and sham group. In the PHIFU + UCA
group, 0.2 mL of SonoVue was injected intravenously
into the tumor, followed by ultrasound exposure of
ISP 5900 W/cm2. The rabbits were sacrificed one day
after ultrasound exposure. Specimens of the exposed
tumor tissues were obtained and observed pathologically under light microscope and transmission electron
microscope. The remaining tumor tissues were sent for
2,3,5-Triphenyltetrazolium chloride (TTC) staining.
RESULTS: Before TTC staining, tumor tissues in both
the sham and the PHIFU + UCA groups resembled gray
fish meat. After TTC staining, the tumor tissues were
uniformly stained red, with a clear boundary between
tumor tissue and normal tissue. Histological examination showed signs of tumor cell injury in PHIFU + UCA

group, with cytoplasmic vacuoles of various sizes, chromatin margination and karyopyknosis. Electron microscopic examination revealed tumor cell volume reduction, karyopyknosis, chromatin margination, intercellular
space widening, the presence of high electron-density
apoptotic bodies and vacuoles in cytoplasm.
CONCLUSION: The non-thermal effects of PHIFU
combined with UCA can be used to ablate rabbit liver
VX2 tumors.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
High-intensity focused ultrasound (HIFU) is a rapidly
developing non-invasive technology for tumor treatment.
In recent years it has been widely used for treating a
variety of solid tumors, such as liver tumor, bone tumor,
and breast cancer. Mechanism for therapeutic actions of
HIFU includes thermal effects and non-thermal effects
with the latter dominated by cavitational effects. Thermal
effects and cavitational effects work together to produce
coagulative necrosis in targeted tumor and thus therapeutic
purpose is achieved[1]. Glynn et al[2] have reported that
cavitational effects of HIFU can be completed in one
acoustic cycle, indicating that in the process of coagulative
necrosis, cavitational effects precede thermal effects.
Furthermore, cavitational effects will inhibit cell growth,
increase membrane permeability, damage cellular DNA,
www.wjgnet.com
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promote cell apoptosis and inhibit cell proliferation[3].
Therefore, efforts to reach treatment goals solely by nonthermal effects dominated by cavitational effects have
become very meaningful.
Adjusting acoustic parameters of pulsed high
intensity focused ultrasound (PHIFU) can control
thermal effects and non-thermal effects; short duty cycle
and high intensity favor the occurrence of cavitation[4].
Roberts et al[5] used mechanical and cavitational effects
generated by pulse focused ultrasound to ablate rabbit
kidney and they found that stable and predictable
morphological lesions can be achieved by controlling
certain parameters. Hall et al[6] used cavitational effects
of PHIFU to ablate tissues (histotripsy), and concluded
that cavitation causes orderly and predictable histologic
changes. Our preliminary study results show that bovine
liver can be ablated non-thermally by PHIFU using the
following parameters: frequency 0.87 MHz, spatial peak
intensity ISP 5900 W/cm2, pulse repetition frequency
100 Hz, and duty cycle 15% [7] . Considering blood
circulation, in vivo tissues should be less susceptible to
heating under same experimental conditions and acoustic
parameters. It has been reported that ultrasound contrast
agent (UCA) can enhance cavitational effects[8]. Therefore,
we combined PHIFU and UCA to produce non-thermal
damage in rabbit liver VX2 tumor in vivo, and investigated
the pathological characteristics of the non-thermal
damage.

MATERIALS AND METHODS
Animal model
Twenty New Zealand white rabbits of either gender,
3-4 mo old and weighing 2.0 ± 0.16 kg were used in this
study. Animals were fasted 24 h before experiments;
abdomen was shaved using 10% Na2S; all rabbits were
anesthetized by intramuscular injection of 0.1 mL/kg
Sumianxin (Institute of Veterinary Medicine, Agriculture
and Ranching University of Changchun, China). One
block (bout 1 cm3) of active tumor tissues was taken from
the rabbit inoculated with VX2 tumor (VX2 squamous
carcinoma cell line was offered by Funabashi Farm
Company in Kyoto, Japan), washed with normal saline,
and then subdivided into small tissue pieces about 1 mm3.
The 20 rabbits were fixed in prone position and routinely
disinfected. A median incision was made below the
Xiphoid process to expose the right lobe of liver, where a
hole about 1-2 cm deep was made using ophthalmological
forceps; then 2 ready tissue pieces were implanted into
each hole. Bleeding points were stopped with gelatin
sponge and then the abdominal wall was sutured. Skin
incision was disinfected; 1 mL Suxingling was injected
intramuscularly. After tumor inoculation, the rabbits were
fed for 2-3 wk and then used in this study.
T he experiment was approved ethically and
scientifically by our university and complied with Practice
for Laboratory Animals in China.
Preparation of UCA suspension
SonoVue ® (Bracco Company, Italy) was used. After
www.wjgnet.com
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the plastic cap of the vial was removed, 5 mL sterile
normal saline was added into the vial. The vial was
shaken vigorously for about 20 s before the milky white
suspension was ready.
HIFU equipment and experimental procedures
Model JC High Intensity Focused Ultrasound Tumor
T herapeutic System [Chongqing Haifu (HIFU)
Technology Co. Ltd., China] was used in this study
and has been described in detail previously [9]. HIFU
parameters used were as follows: ultrasound frequency
0.87 MHz, focal length 150 mm, ISP 5900 W/cm2, pulse
repetition frequency 100 Hz, and duty cycle 15%.
Experiment started on the 15th day after VX2
tumor inoculation. The rabbit abdomen was shaved
with 10% Na 2 S one day before experiment. They
were anaesthetized by intraperitoneal injection of 3%
pentobarbital sodium solution (30 mg/kg body weight)
10 min prior to the experiment and then fixed in prone
position on the treatment bed. The 20 rabbits were
randomly divided into sham and PHIFU + UCA groups,
with 10 rabbits in each group. In the sham group, the
target tumor was localized under the assistance of
B-mode ultrasonography; after the power generator
was turned off, the whole target tumor was irradiated
for 90 s. In the PHIFU + UCA group, after the tumor
was localized using B-mode ultrasonography, 0.2 mL
SonoVue was injected rapidly via ear marginal veins,
followed by rapid injection of 1 mL normal saline.
Fifteen seconds after the injection, the tumors were
exposed to HIFU for 90 s.
Specimen
Twenty-four hours after the HIFU exposure, rabbits in
both groups were killed using excessive anesthetics. The
abdomen was opened to excise the liver. Multiple-spot
sampling was done from the tumor center to the tumor
periphery. One mm3 tumor piece was sampled, doublefixed by glutaraldehyde and osmium acid, embedded in
epoxy resin, sectioned ultra-thinly and ultra-structural
changes of the targeted tissues were observed under
transmission electron microscope. Another 1 mm 3
tumor piece was HE stained and observed under light
microscope. The remaining tumor tissues were stained at
37℃ TTC solution for 15 min and observed grossly.

RESULTS
Gross observation
VX2 tumor model was successfully established in all
the rabbits. Gross observation found that the implanted
tumor was located within hepatic parenchyma, and they
were spherical, elliptical or nodular shaped. The tumors
resembled the appearance of gray fish meat and the cells
were non-encapsulated. There was a clear demarcation
between the tumor and the normal surrounding tissues.
Before TTC staining, tumor tissues in PHIFU + UCA
group resembled gray fish meat and they were demarcated
clearly from surrounding normal liver tissues with a sharp
boundary (Figure 1A). After the TTC staining the tumor
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A

Figure 1 Gross specimen from PHIFU +
UCA group before and
after TTC staining. A:
Before TTC staining,
tumor tissues resembled
gray fish meat, and the
boundary between tumor
and normal tissues was
very clear; B: After TTC
staining, tumor tissues
were uniformly stained
red, without unstained
regions.

B

tissues were uniformly stained red without any unstained
regions. There was a clear demarcation between the tumor
and the normal tissues (Figure 1B).
Light microscopy
Sham group: Under low power lens, VX2 tumor cells in
the sham group appeared mass-flake like or an invasive
cancer nest, with reduced connective tissues and an
unclear demarcation between the tumor and mesenchymal
cells. Under high power lens, tumor cells were large,
irregularly arranged with an irregular morphology.
The nuclei were large and deeply stained, with great
karyoplasmic ratio and increased mitosis (Figure 2A).
PHIFU + UCA group: Tumor cytoplasm in all 10
rabbits was lightly stained, with cytoplasmic vacuoles of
various sizes, chromatin margination and karyopyknosis
(Figure 2B).
Electron microscopy
Sham group: Tumor cells in the sham group appeared
polymorphic or spindle-shaped of various sizes and with
signs of mitosis. The nuclei were large, deformed, with
clear nuclear membranes and rich euchromatin. The
chromatin particles were large with intranuclear pseudoinclusions and there were multiple visible nucleoli
(Figure 3A).
PHIFU + UCA group: Tumor cells were reduced in
size and in some tumor cells, karyopyknosis was revealed.
These tumors showed chromatin margination, intercellular
space widening (Figure 3B), the presence of high electrondensity apoptotic bodies (Figure 3C) and various vacuoles
of different sizes in the cytoplasm (Figure 3D).

A

B
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Figure 2 Light microscopic pathology
of the targeted VX2
tumor rabbit liver
tissues in sham group
(A) and PHIFU + UCA
group (B) (HE, x 400).
A: In sham group,
tumor cells were large,
irregularly arranged
and with irregular
morphology. The nuclei
were large and deeply
H&E stained, with great
karyoplasmic ratio
and increased mitosis.
B: In PHIFU + UCA
group, tumor cytoplasm
in all 10 rabbits was
lightly stained, with
cytoplasmic vacuoles of
various sizes, chromatin
margination and
karyopyknosis.

DISCUSSION
In recent years, the use of microwave, radio frequency,
laser and ultrasound as thermal source to ablate solid
tumors has been applied in clinical use [10] . Among
these treatments, image-guided high-intensity focused
ultrasound (HIFU) in situ ablation of solid tumors is
believed to be the most promising non-invasive modality. Ultrasound beams from an extracorporeal source
can propagate through overlying tissues and be brought
to a tight focus in the target tissue. The temperature at
focus will elevate to 65℃ instantly (0.5-5 s), causing irreversible coagulative necrosis which is grossly visible
and histopathologically confirmed. Coagulative necrosis
is induced through a combination of thermal and cavitational effects[1]. Some researchers believe that the thermal ablation mechanism has shortcomings. Due to the
individual diversity of tissue characteristics and blood
perfusion, the size and morphology of thermal lesion
cannot be accurately predicted. The local thermal effects
may also damage the adjacent tissues and it is possible
that uneven heating in the target region will cause leaping injury[11]. In order to avoid the defects of thermal
effects, non-thermal effects of ultrasound may offer an
alternative.
When acoustic intensity in the target tissue is higher
than 1500 W/cm2, non-thermal effects (mechanical and
cavitational effects) will occur. These include forming
non-thermal lesion[12], damaging DNA, promoting cell
apoptosis, inhibiting cell proliferation[13] and even causing
histotripsy[14]. Thermal and non-thermal effects can be
effectively controlled by adjusting exposure parameters
of PHIFU; short duty cycle and high intensity favor the
occurrence of cavitation[4]. PHIFU parameters used in this
study, ultrasound frequency 0.87 MHz, ISP 5900 W/cm2,
www.wjgnet.com
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Figure 3 Ultrastructure of the targeted VX2 tumor tissues
in sham group and PHIFU + UCA group under transmission
electron microscope. A: Tumor cells in sham group were
pleomorphic or spindle-shaped of various sizes and with
mitosis; nuclei were large and deformed, with clear nuclear
membranes and rich euchromatin; chromatin particles were
large with intranuclear pseudo-inclusions; there were multiple
visible nucleoli (sham group, lead dyeing, x 3500); B: Tumor
cells reduced in size; in some tumor cells, karyopyknosis was
revealed, with chromatin margination and intercellular space
widening (PHIFU + UCA group, lead dyeing, x 4000); C: High
electron-density apoptotic bodies were present (PHIFU +
UCA group, lead dyeing, x 8000); D: Vacuoles were present in
cytoplasm of tumor cells (PHIFU + UCA group, lead dyeing, x
8000).

2 mm

pulse repetition frequency 100 Hz, and duty cycle 15%,
have been demonstrated previously to be able to induce
non-thermal damage in bovine liver[7]. These parameters
are also consistent with non-thermal parameters reported
elsewhere[12].
TTC staining assesses dehydrogenase activity and is a
staining method for gross specimens. The main principle
is that in the presence of NADH, active dehydrogenase
in viable tissues will reduce colorless oxidative TTC to
red reductive TTC; hence viable tissue can be stained
red while necrotic tissue can not. HIFU causes instant
temperature rise to above 65℃ at focus; at such a high
temperature, dehydrogenase is deactivated, hence tissues
within the target region cannot be stained. Based on this
principle, Chang Shufang et al[15] applied TTC staining
to observe HIFU-induced coagulative necrosis grossly.
In one of our preliminary studies, the same parameters
were used to form non-thermal damage in vitro bovine
liver tissues[7]. Considering the cooling effect of blood
circulation in vivo animals, it is inferred that temperature
elevation under same exposure parameters should be
lower in this study. In this study, we found that tissues
in PHIFU + UCA group were stained red by TTC,
indicating that focal temperature was not high enough
to deactivate dehydrogenase, which further proved that
temperature in the targeted tissues did not elevate to the
level required for formation of thermal coagulation.
Lesions caused by non-ther mal effects have
characteristic pathological changes quite different from
those of thermal lesions. Ashush et al [16] observed
the following morphological changes after HIFU
cavitation: cell shrinkage, vacuole formation, chromatin
condensation, karyorrhexis and the for mation of
apoptotic bodies. Kieran et al[11] studied non-thermal
www.wjgnet.com
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lesion by changing ultrasound intensity and duty cycle.
Their histological observation showed that within certain
intensity and duty cycle, vacuoles were formed in the
cells, with blanched and dense liquid inside the vacuoles.
This study found that PHIFU in combination with UCA
can intensify non-thermal effects of HIFU and thus
achieve thermal ablation. Light microscopy displayed
abundant vacuoles of various sizes in the cytoplasm and
chromatin margination and karyopyknosis in some cells.
Electron microscopic examination revealed presence
of karyopyknosis and chromatin margination in some
cells, intercellular space widening, the presence of high
electron-density apoptotic bodies and many vacuoles
of various sizes in the cytoplasm. These results are
consistent with previous reports, indicating that by
combining PHIFU with UCA, non-thermal effects can
be intensified to achieve non-thermal tumor ablation.
Immunohistochemical detection found that PHIFU
combined with UCA can promote tumor cell apoptosis
and inhibit tumor cell proliferation, which will be
reported in another article.
Future studies are needed in many aspects, such as
cavitation detection, temperature monitoring and other
means to detect non-thermal effects; how to optimize
combination between UCA and HIFU exposure
parameters; means to control and monitor cavitational
lesions; long-term outcomes of non-thermal tumor
ablation.
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cause leaping injury. In order to avoid the defects of thermal effects, non-thermal
effects of ultrasound may offer an alternative.
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Abstract
This case report describes the unusual presentation
of a patient who had findings which were initially
suggestive of a type Ⅳ  c holedochal cyst. Her liver
biopsy demonstrated biliary cirrhosis. She was treated
with endoscopic retrograde cholangiopancreatography
and biliary stent exchanges over one year. Her
cholangiogram one year later demonstrated resolution
of the biliary cystic dilation which led to her initial
diagnosis, with beading and stricturing of the hepatic
ducts consistent with primary sclerosing cholangitis.
Liver-associated enzymes and physical findings also
improved. A liver biopsy one year later demonstrated
a marked improvement in hepatic fibrosis with no
evidence of cirrhosis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic
progressive disorder characterized by diffuse intrahepatic
and extrahepatic bile duct inflammation, stricturing, and
fibrosis; progressing to cirrhosis and hepatic failure. PSC
occurs more commonly in men, is frequently associated
with ulcerative colitis (73%) and is a risk factor for
cholangiocarcinoma[1]. We report an unusual case of
PSC, which was initially diagnosed as a choledochal cyst.

CASE REPORT
A 30-year-old female presented with a 6-mo history of
yellow eyes, dark urine and clay-colored stools. Two years
earlier, evaluation at another facility revealed elevated
liver-associated enzymes (LAEs). She was diagnosed with
Caroli’s disease on the basis of non-invasive imaging.
On our evaluation, scleral icterus and hepatosplenomegaly were found on physical examination. Her total
bilirubin was 20.9 mg/dL (normal 0.2-1.3 mg/dL), direct
bilirubin 18.0 mg/dL (0.0-0.4 mg/dL), alkaline phosphatase
(ALK) 957 U/L (38-126 U/L), aspartate aminotransferase
(AST) 104 U/L (14-50 U/L) and alanine aminotransferase
(ALT) 56 U/L (9-52 U/L). Abdominal computed
tomography (CT) scanning showed dilation of the biliary
ducts involving the right and left lobes (Figure 1). The
common bile duct appeared normal. Magnetic resonance
cholangiopancreatography (MRCP) showed intrahepatic
biliary ductal dilation including the right and left hepatic
ducts consistent with choledochal cysts (Figure 2).
Endoscopic retrograde cholangiopancreatography (ERCP)
revealed cystic dilation of the left and right hepatic ducts
and a common duct stricture (Figure 3A). The intrahepatic
ducts appeared irregular and had focal areas of dilation. A
10 FR 7 cm biliary stent was placed with good drainage of
bile and contrast. Cytologic specimens of the stricture were
benign.
Liver biopsy demonstrated biliary-type cirrhosis with
cholestasis and bile ductular proliferation. Based upon
cholangiography and histological findings, we diagnosed
type ⅣB choledochal cyst and biliary cirrhosis. Biliary
stent exchanges were performed over the following year
with gradual improvement in LAEs. ERCP performed
one year after our evaluation revealed diffusely irregular
intrahepatic and extrahepatic bile ducts and total
resolution of the cystic dilation and common duct
stricture (Figure 3B). Her bilirubin was 0.6 mg/dL, ALK
220 U/L, ALT 36 U/L, and AST 38 U/L. Liver biopsy
showed only focal cholestasis, mild portal inflammation,
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A

Figure 1 CT scan illustrating saccular dilations (arrows) of right and left
hepatic ducts.

B

Figure 3 ERCP. A: Initial cholangiogram showing dilated extrahepatic ducts
consistent with diagnosis of type IV choledochal cysts (arrowhead), and
7 cm common duct stricture (arrow); B: Final balloon occlusion cholangiogram
performed one year after stenting showing resolution of the common duct
stricture and cystic biliary dilation. The intrahepatic ducts are diffusely irregular.

A

B

Figure 4 Liver biopsy.
A: Pretreatment Trichome
stain showed cirrhosis;
B: Trichrome stain one
year later following biliary
stenting showed marked
improvement in degree of
fibrosis.

Figure 2 MRCP demonstrating saccular dilation (arrows) of the right and
left hepatic ducts.

and irregular portal and bridging fibrosis. There was a
marked improvement in the degree of fibrosis when
compared to her initial liver biopsy (Figure 4), and there
was no longer evidence of cirrhosis.

DISCUSSION
We present a patient with an unusual presentation of
PSC, with imaging and histological findings which
initially led to a diagnosis of a type ⅣB choledochal
cyst and biliary cirrhosis. The diagnosis of PSC was
made after her subsequent cholangiogram demonstrated
pruning and stenosis of the intrahepatic ducts, with
resolution of the cystic biliary dilation. PSC is a slow
progressive disease, which ultimately leads to hepatic
failure. Cholangiography is the gold standard for the
diagnosis of PSC [2]. Orthotopic liver transplantation
may be used for patients with PSC with end stage liver
disease[3].
Hepatic fibrosis is triggered by recurrent liver injury,
which results in the activation of perivascular stellate
cells and other myofibroblasts [4]. This process may
be reversible in its early stages, and there are reports
of regression of liver fibrosis after biliary drainage
in patients with chronic pancreatitis[5]. However, it is
unusual to have significant improvement in hepatic
fibrosis after years of liver injury. In our patient,
pre- and post-treatment liver biopsies documented a

regression in hepatic fibrosis. It is our belief that the
histologic improvement in our patient can be attributed
to relief of mechanical obstruction by stenting and
drainage of the common bile duct. We acknowledge the
possibility of liver sampling error; however, the overall
improvement in her clinical picture supports a cause and
effect relationship between biliary stricture therapy and
regression of fibrosis.
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Abstract
Gastrointestinal stromal tumors (GISTs) are rare
neoplasms (1%) of the gastrointestinal tract and to our
knowledge only rare cases of synchronous presentation
of gastric carcinomas and GISTs are reported in the
literature. A 72-year-old female with a simultaneous
presentation of gastric adenocarcinoma and GIST is
presented. Moreover, due to polymyalgia rheumatica
the patient received corticosteroids as treatment for
the last 3 years. The concomitant occurrence of these
neoplasms may involve common carcinogenic factors
and there could be an association with polymyalgia
rheumatica either as a paraneoplastic presentation or
due to its treatment with corticosteroids.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are rare
neoplasms (1%) of the gastrointestinal tract [1]. It is
believed that they originate from interstitial cells of Cajal
(ICCs) or their precursors, which regulate gut motility.
This hypothesis is based on observations that both GISTs
and ICCs express the receptor tyrosine kinase KIT
(c-KIT)[2]. Polymyalgia rheumatica is a clinical syndrome
characterized by pain and stiffness in the neck, shoulders
and hips, fatigue, weight loss and low-grade fever and
rarely is presented as a paraneoplastic manifestation[3].
We report a case of synchronous occurrence of gastric
adenocarcinoma and GIST in a 72-year-old female with
polymyalgia rheumatica and provide a review of the
literature. To the best of our knowledge this is the first
case of a synchronous presentation of a gastric carcinoma
and a GIST in a patient with polymyalgia rheumatica.

CASE REPORT
A 72-year-old woman was admitted to our department
in September of 2007 because of epigastric pain
lasting at least three months. Laboratory tests revealed
elevation of the erythrocyte sedimentation rate (ESR)
to 45 mm per hour and the presence of a microcytic,
hypochromic anemia. All other studies were normal,
except esophagogastroscopy which revealed a tumor in
her stomach and a subtotal gastrectomy was performed.
In the pathologic specimen of stomach, two different
neoplasms were revealed: an adenocarcinoma and a GIST.
The adenocarcinoma was a diffuse type according to
Lauren classification (Figure 1). The gastrointestinal tumor
of median diameter 1.8 cm was composed of spindle and
epithelioid cells without atypia. Low mitotic activity (1/50
high powered field), low membranous CD117(KIT)
positivity (Figure 2), median CD34 positivity, low
positivity for smooth muscle actin (SMA) and scatter
desmin positive cells were observed. Consequently, she
received six cycles with the combination of cisplatin and
fluorouracil (5-FU) and since April of 2008 has been
disease free. From her past medical history it should
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Figure 1 A diffuse type adenocarcinoma according to Lauren classification (x 20).

Figure 2 Spindle cells with low membranous positive CD117 immunostaining (x 20).

be noted that she has been suffering from polymyalgia
rheumatica since October of 2004, and she has been
receiving corticosteroids as treatment.

nitrosoguanidine causes synchronous development of
both gastric cancer and leiomyosarcoma.
The relation between polymyalgia rheumatica and
giant cell arteritis is well known[3]. There is debate as to
whether there is an association with the occurrence of
malignancy. Case reports present a possible association of
polymyalgia rheumatica with breast cancer, colon cancer
and non-Hodgkin lymphoma[12-14]. On the contrary, other
researchers failed to reveal a paraneoplastic mechanism[15].
A hypothesis of a relationship between glucocorticoid
and gastric cancer has also been reported[16]. Kodama
et al[17] reported a possible linkage between glucocorticoid
excess and a malignant transformation in the epithelial
cells of the esophagus. It should also be noted that
systemic glucocorticoid administration is associated with
skin cancers and non-Hodgkin lymphoma[18].
To the best of our knowledge this is the first case
of a synchronous presentation of a gastric carcinoma
and a GIST in a patient with polymyalgia rheumatica.
The concomitant occurrence of these neoplasms may
involve common carcinogenic factors and could be
associated with polymyalgia rheumatica either through a
paraneoplastic mechanism or due to its treatment with
corticosteroids.

DISCUSSION
GISTs are rare neoplasms and the stomach (39%-60%),
small bowel (30%-42%), colon-rectum (5%-10%) and
esophagus (5%) are the most common locations [4] .
T he cell mor pholog y is usually spindle shaped
( 7 0 % ) , e p i t h e l i o i d ( 2 0 % ) o r m i xe d . G I S Ts a r e
immunohistochemically positive for KIT expression
(90-95%) and often express BCL-2 (80%), CD34 (70%),
SMA (35%), S-100 (10%) and desmin (5%)[5].
The malignancy potential of these neoplasms is highly
variable and ranges from benign to malignant-aggressive
tumors. Malignant proportion is about 20%-45% of all
GISTs and they often lead to intra-abdominal metastases.
On the contrary extra-abdominal metastases are very
rare[6]. GIST size and cell proliferation rate are the most
important prognostic factors. Differential diagnosis mainly
includes leiomyomas and leiomyosarcomas.
They usually present as sporadic cancers but have
also been reported as a familial occurrence. GISTs
with extraadrenal paraganglioma and pulmonar y
chondroma occurred in patients with Carney’s triad[7].
They are resistant to chemotherapeutic treatment, and
radiotherapy and surgery is the initial treatment, while
the administration of imatinib has become standard
first-line therapy for patients with unresectable or
metastatic GIST. Imatinib is an inhibitor of receptor
tyrosine kinases including KIT, platelet-derived growth
factor receptors (PDGFRs), colony stimulating factor 1
receptor (c-FMS), breakpoint cluster region and abl gene
fusion protein (BCR-ABL) and specifically blocks the
adenosine-5'-triphosphate (ATP) binding site[8].
Rare cases of concurrent presentation of gastric
adenocarcinoma and GIST have been reported in
the literature [9,10]. Some researchers claim that their
presentation is based on coincidence; meanwhile,
others support the hypothesis that some unknown
carcinogens provoke the simultaneous proliferation and
oncogenesis of epithelial and stromal cells. Cohen et al[11]
reported that exposure to both acetylsalicylic acid and
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Abstract
While pneumatosis cystoides intestinalis (PCI) is a
rare disease entity associated with a wide variety of
gastrointestinal and non-gastrointestinal disorders, PCI
associated with massive intra- and retroperitoneal free
air is extremely uncommon, and is difficult to diagnose
differentially from perforated peritonitis. We present
two cases of PCI associated with massive peritoneal
free air and/or retroperitoneal air that mimicked
perforated peritonitis. These cases highlight the clinical
importance of PCI that mimics perforated peritonitis,
which requires emergency surgery. Preoperative
imaging modalities and diagnostic laparoscopy are
useful to make an accurate diagnosis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Pneumatosis cystoides intestinalis (PCI) is a rare disease
characterized by the presence of multiple gas-filled
cysts in the subserosal or submucosal wall of the large
and/or small intestine. Patients either stay asymptomatic
or present with gastrointestinal symptoms, including
nausea, vomiting, diarrhea and abdominal pain. While
the exact pathogenesis of PCI is not well understood,
two theories, mechanical and bacterial, have been
proposed based on the known clinical associations [1].
PCI is commonly associated with chronic obstructive
pulmonary disease, intestinal obstruction [2], ischemic
bowel disease[3], necrotizing enterocolitis in premature
infants[4], immunodeficiency such as AIDS[5], bacterial
and/or viral infection[6,7] and drug therapy[8-13]. PCI may
usually be found in a subserosal or submucosal location,
and bowel distention and/or intraperitoneal free air can
appear when the PCI is sufficiently extensive. However,
PCI showing massive intraperitoneal free air and/or
retroperitoneal air is extremely uncommon and only
a limited number of cases have been documented[5,14].
We present two cases of PCI that mimicked perforated
peritonitis, which required emerg ency surg er y.
Previously reported cases with PCI are reviewed and the
significance of preoperative imaging is discussed.

CASE REPORT
Case 1 was a 58-year-old Japanese woman, who received
corticosteroid therapy for rheumatoid arthritis in
the department of internal medicine at our hospital.
She complained of abdominal pain and distention
and was referred to our department. The abdominal
roentgenogram showed massive intraperitoneal free
air (Figure 1A), dilatation of the intestine and circular
collection of intestinal gas (Figure 1B). The abdominal
computed tomography (CT) scan revealed ascites and
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Figure 1 Abdominal roentgenogram. A: Massive intraperitoneal free air
(arrows); B: dilatation of the intestine and circular collection of intestinal gas.

air collection within the bowel wall, which extended
from the jejunum to the splenic flexure of the colon,
which indicated that the air was present within the
bowel wall (Figure 2). The laboratory data just before
the operation indicated that white blood cell count
was 14 900/mm 3 and the serum C-reactive protein
(CRP) level was 4.0 mg/dL. Although PCI was strongly
suspected, the patient received corticosteroid therapy
for the last 10 years, which may have masked the severe
abdominal symptoms. The possibility of perforated
peritonitis associated with unexplained ascites could
not be eliminated, therefore emergency laparotomy
was performed. At surgery, a large amount of free air
exhausted when the abdomen was opened. Multiple gasfilled subserosal vesicles scattered throughout the surface
of bowel wall and the mesentery were found, which
were almost distributed entirely in the small intestine
and the colon (data not shown). While there was a small
amount of serous ascitic fluid in the abdominal cavity,
the fluid was clear. Despite meticulous exploration of
the abdomen, no evidence suggestive of hollow viscus
perforation was found. The abdomen was irrigated with
1000 mL of saline solution. Culture of the ascitic fluid
obtained at surgery was negative for any microorganism.
Postoperatively, the patient received oxygen therapy
for 4 d and the signs of PCI completely disappeared
5 d after surgery. The patient was discharged from the
hospital 19 d after surgery. No recurrence of PCI has
been found to date.
Case 2 was a 25-year-old man who had been receiving
treatment for the colonic type of Crohn’s disease for the
last 12 years. While he had received repeated doses of
infliximab 31 times from 2001 to 2005, administration
was discontinued because of the appearance of colonic
stenosis. He was then followed up by treatment with
azathioprine and 5-aminosalicylic acid. After the patient
underwent total colonofiberoscopy and barium enema,
abdominal distention continued for 2 wk. The patient
then complained of abdominal pain and was referred
to our department in June 2006. The abdominal plain
roentgenogram revealed massive intra-abdominal free
air and retroperitoneal air (Figure 3). The abdominal
CT scan revealed massive peritoneal free air throughout
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the abdomen and a small amount of ascites (Figure 4).
The laboratory data just before the operation indicated
that white blood cell count was 4600/mm3 and serum
CRP level was 1.8 mg/dL. To eliminate the possibility
of perforated peritonitis and to confirm the diagnosis
of PCI, diagnostic laparoscopy was performed. The
laparoscopic findings revealed multiple glistering,
translucent, gas-filled subserosal vesicles scattered
throughout the surface of the bowel wall, the mesentery
and omentum, which was compatible with PCI (data not
shown). Although a small amount of ascitic fluid was
present in the abdominal cavity, there was no finding
suggestive of perforated peritonitis. Culture of the
ascitic fluid obtained at surgery was negative for any
microorganism. The postoperative course was uneventful
and the elemental diet was started 8 d after surgery to
facilitate the recovery. The patient was discharged from
the hospital 19 d after diagnostic laparoscopy. The
patient has remained healthy and no recurrence of PCI
has been found to date.

DISCUSSION
PCI affects men more commonly than women, with a
peak incidence at 30-50 years of age[15]. The sigmoid
colon and its proximal side of the gastrointestinal tract
has been shown to be the area that is predisposed to
PCI, which is similar to diverticular disease [16]. The
majority of patients are asymptomatic, therefore, the
incidence of PCI may be underestimated. As a result of
the high incidence of associated conditions, mortality
rate of PCI in a collected series has been reported to
be as high as 33%[17]. Furthermore, mortality rate of
patients of PCI observed without surgery has been
reported to be 18%, which suggests that emergency
laparotomy is occasionally required.
The striking finding of preoperative imaging analysis
in the present cases was the presence of massive
intraperitoneal free air and/or retroperitoneal air that
mimicked perforated diffuse peritonitis. Despite the
fact that rupture of subserosal cysts of PCI results in
pneumoperitoneum without peritonitis, accumulation
of a large amount of intraperitoneal free air throughout
the abdomen is extremely uncommon and only a limited
number of cases have been documented previously[14,18,19].
Particularly, the presence of free retroperitoneal air
as well as intraperitoneal air was detected in the plain
abdominal roentgenogram and abdominal CT scan in
case 2, which could also be signs strongly suggestive of
gastrointestinal perforation. Although it is extremely
rare, the presence of free retroperitoneal air caused by
PCI has been reported previously[5,14]. Plain abdominal
roentgenography is the most useful and easy way to
ensure the diagnosis of PCI. Circular collection of gas
in the bowel and mesentery is characteristic of PCI,
and a review of 919 cases of PCI has shown positive
abdominal roentgenography in two-thirds of patients[20].
Furthermore, recent reports have shown that abdominal
CT and ultrasonography are useful methods for the
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Figure 2 Abdominal CT scan
images. Massive intraperitoneal
free air extending throughout
the abdominal cavity (white
arrows, A and B), and a
stranded appearance of air
collection within the bowel wall
detected in the lung window
setting, which extended from the
jejunum to the splenic flexure
of the colon. This indicated that
the air was present within the
bowel wall (white arrows, C
and D). Black arrows indicate
massive intraperitoneal air (C).
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Figure 3 Roentgenogram of chest and abdomen. It revealed massive intraabdominal free air (arrows, A) and pneunoretroperitoneum (arrow, B).

Figure 4 Abdominal CT scan, revealing massive peritoneal free air (arrows)
that extended throughout the entire abdomen.

diagnosis of PCI[19,21,22]. A stranded appearance within
the air collection of the bowel wall in the CT images
is characteristic of PCI, which indicates that the air
is present within the bowel wall[1]. In particular, lung
window settings have been reported to be important
in the detection of intramural air, and obviate the need
for intraluminal contrast to outline the circumferential
pattern of PCI [22]. This technical observation could
have potential clinical significance in the evaluation of
patients with suspected intestinal ischemia or gangrene,
in whom the appearance of intramural air is an ominous
prognostic sign. Although these CT images were
useful for the diagnosis of PCI in the present cases,
the possibility of gastrointestinal perforation could
not be completely eliminated because of the massive
intraperitoneal free air and ascites.
In the present cases, because no gastrointestinal
perforation occurred, no particular surgical intervention

was performed on the bowel associated with PCI.
Oxygen therapy was performed in case 1 and the signs
of PCI substantially disappeared 5 d after surgery.
Although oxygen was first used by Forgacs et al[23] in 1973
for the treatment of PCI, the minimal concentration
and the optimal duration of oxygen have not been
established. It was initially suggested that arterial oxygen
concentrations in excess of 300 mmHg were required,
which could be accomplished by delivering 70%-75%
humidified oxygen at 8 L/min via a mask. Wyatt[24] has
suggested that aggressive oxygen therapy should be
continued for at least 48 h after complete radiological
disappearance of all cysts, and that recurrent cysts are
to the result of inadequate initial treatment rather than
actual recurrence. No recurrence of PCI was detected
during 2 years follow-up in the present cases.
Laparoscopic examination was perfor med on
case 2 to precisely determine the cause of massive
www.wjgnet.com
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intraperitoneal free air, retroperitoneal air and noninfectious ascites. Although there was no gastrointestinal
perforation in either of our cases, the cause of the
ascites remains uncertain. Unexplained ascites associated
with PCI has been reported previously[25]. The ascites
disappeared as the PCI improved postoperatively in our
cases, which suggests a possible link between PCI and
ascites.
In summar y, these cases highlight the clinical
impor tance of PCI associated with massive
intraperitoneal free air and/or retroperitoneal air that
mimic perforated peritonitis, which required emergency
surgery. Preoperative imaging modalities are useful
to make precise diagnosis and further diagnostic
laparoscopic examination is a useful adjunct to ensure
the diagnosis of PCI.
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Abstract
A 4 6 -ye a r- o l d C h i n e s e w o m a n p re s e n t e d w i t h
nausea, recurrent vomiting, and abdominal pain.
Gastroduodenal endoscopic examination revealed an
oval-shaped submucosal tumor at the prepyloric area
on the posterior wall of the stomach. A degenerated
gastrointestinal stromal tumor was suspected. Distal
gastrectomy was performed and a histological diagnosis
of heterotopic pancreas (HPs) was confirmed. The
patient had an uneventful postoperative course and
was discharged 7 d after operation. The patient remains
healthy and symptom-free in the follow-up of 6 mo.
This is a report of a case of gastric outlet obstruction
resulting from pancreatic heterotopia in the gastric
antrum in an adult woman.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Heterotopic pancreas (HPs), a rare entity, is defined
as the presence of pancreatic tissue outside its normal
localization and without anatomic and vascular continuity
with the pancreas itself. Other terms such as pancreatic
rest, ectopic, aberrant, or accessory pancreas are also
used [1]. It can occur anywhere in the gastrointestinal (GI)
tract. The etiology of HP is unknown. In most cases,
HP does not cause symptoms, but it can occasionally
present as nausea, vomiting and abdominal pain. Peptic
ulceration and upper GI bleeding are rare presentations,
as are malignant deg eneration, pancreatitis and
pseudocysts[2]. HP tissue is found in persons of all ages
and slightly more often in man[3]. HP has been reported
as the cause of gastric outlet obstruction in infant[4]
or child[5]. This is a report of a case of gastric outlet
obstruction resulting from pancreatic heterotopias in the
gastric antrum in an adult woman.

CASE REPORT
A 46-year-old woman was admitted to our hospital with
a 5-year history of chronic epigastric pain and recurrent
vomiting after meal. The patient had an unremarkable
medical history. The physical examination was normal.
She was afebrile with stable vital signs. The abdomen
was soft and nontender with no palpable mass and
normal bowel sounds. Stools tested negative for occult
blood. Hematologic examination and blood chemical
findings were normal as well.
Gastroscopy showed antritis and a submucosal
lesion in the prepyloric posterior gastric wall (Figure 1).
Proton pump inhibitors were started but did not relieve
the symptoms. A computer tomography scan showed
www.wjgnet.com
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Figure 1 Submucosal lesion in the prepyloric posterior gastric wall.
Figure 2 CT scan
shows thickness of
posterior gastric wall,
measuring 1 cm x 1.5
cm in the lower body
of the stomach.
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Figure 4 Heterotopic pancreatic tissue with fully developed acini and
ducts. Islet is not found.

areas were remarkable for the presence of heterotopic
pancreatic tissue with fully developed acini and ducts
(Figure 4). The margins of the resection were negative,
and the lymph nodes were benign.
The postoperative course was uneventful. After the
operation, vomiting episodes ceased, the patient gained
3 kg of body weight, and returned to full physical
activity. The patient remained healthy and symptom-free
in the follow-up of 6 mo.

DISCUSSION
Figure 3 EUS reveals
a lesion of 1.5 cm in
diameter, with low
and high complex
echo-genicity, located
within either the third
or the fourth echolayers.

thickness of posterior gastric wall, measuring 1 cm ×
1.5 cm in the lower body of the stomach (Figure 2).
Endoscopic ultrasonography revealed a lesion of 1.5 cm
in diameter, with low and high complex echogenicity
around this tissue, located within either the third or
fourth echo-layers (Figure 3).
The results of biopsy were nondiagnostic, and
disclosed only mild gastritis. Attempts of ploric dilation
once proved unsuccessful, because the patient remained
symptomatic: recurrent vomiting and epigastric pain
despite helicobacter eradication and ploric dilation. A
surgical exploration was proposed.
The lesion was removed with gastrectomy and
gastrojejunostomy due to a presumed diagnosis of
gastric outlet obstruction and submucosal tumor and
because endoscopic biopsy was not diagnostic. The
resected mass measured 1.5 cm × 2.0 cm × 1.0 cm with
no ulceration or excessive induration. Some mucosal
www.wjgnet.com

The first case report of HP was made by Schultz in 1729.
It is possible that early in fetal life, during rotation of the
foregut and fusion of the dorsal and ventral parts of the
pancreas, small parts are separated from it, and continue
to develop in the wrong location[3]. Most often, HP is
found in the stomach, duodenum and jejunum, but it
may also be found anywhere in the digestive tract, intraabdominally, in the mediastinum, and in the lung[1].
HP tissue is often found incidentally in patients
operated on for other reasons or during autopsies. The
condition is relatively uncommon, it has been found in
1%-2% of patients in autopsy studies and encountered
in about 1 of 500 operations in the upper abdomen[6].
Macroscopically, HP consists of lobular white or yellow
nodular tumors about 1-4 cm in diameter[1]. The mean
size of HP was 1.52 cm in diameter (range 0.2-4 cm)[7].
A central mucosal depression, also described as volcanic
of crater-like, is often recognized at endoscopy. The
endoscopic appearance of gastric depends on the
localization, HP may present with various symptoms.
Nausea (27%) and vomiting, epigastric pain (27%) and
ulceration (27%) were the most frequent clinical signs[7].
Heartburn and dyspepsia are also frequent for gastric
HP, but often there are symptoms due to mechanical
obstruction[1]. In the series of 34 patients with pancreatic
heterotopia of Armstrong et al, 8 lesions were located in
the stomach and 6 of those had produced symptoms[8].
There was a significant correlation between the size of
the lesion and the presence of symptoms. Armstrong
et al found that symptoms are related to the size of HP
lesion. They postulated that size greater than 1.5 cm is
more likely to be of clinical significance[8]. Other less
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common symptoms were bleeding mimicking jejunal
tumor[9], pancreatitis, and malignant transformation[10-12].
Macroscopically, the tissue often localized in the
submucosa, but may also be found in the muscularis
mucosa, subserously or in the serosa. In some cases, it
streches through several or all of these layers[3]. Although
imaging studies such as computer tomography (CT),
radiographic contrast studies, and upper endoscopy are
of assistance in the initial assessment of patients, the
preoperative diagnosis of pancreatic heterotopia is often
difficult.
Ormarsson et al reported that all patients examined
with CT were inconclusive[1]. Cho et al also reported CT
findings interpreted as HP in only two cases (17%)[13].
A diagnosis can occasionally be made on the basis of
endoscopic biopsies. Histological examinations are
inconclusive in about 50% of the cases because normal
gastric mucosa covers the lesions[14]. Only in 4 out 10
patients did a biopsy lead to the correct diagnosis[1]. In
most cases, however, the diagnosis is confirmed only by
surgical resection.
Endoscopic ultrasonography (EUS) is widely used to
evaluate submucosal lesions in the upper GI tract[15]. In
a retrospective study of postresection histologic features
compared with preoperative EUS findings in 10 patients
with gastric HP, there was a close correlation between
histology and EUS findings. EUS-guided aspiration
has been reported to be helpful in diagnosis of HP[16].
If endoscopic resection is considered, EUS is also
extremely useful for pre-excision assessment[17].
Most patients with HP are asymptomatic and require
no treatment. The lesion is usually discovered incidentally.
There was no correlation between the histological type
of HP and the presence of symptoms[1,18]. Surgery is
frequently needed to make a definitive diagnosis and to
plan further treatment because the differential diagnosis
of pancreatic rests includes leiomyoma, lymphoma,
carcinoid tumors, and other malignancies[19].
If HP is discovered as an incidental finding, local
excision is recommended. When HP results in symptoms,
the lesion should be resected[20,21]. Increasingly, some are
removed endoscopically with satisfactory postoperative
results. Endoscopic excision can be considered in select
cases depending on the size and location of the mass,
especially for treating the benign lesions of HP.
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Baumert F Thomas, Strasbourg
Marie-Catherine Vozenin-brotons, Villejuif
Jean-Pierre H Zarski, Grenoble
Jessica Zucman-Rossi, Paris

Germany
Hans-Dieter Allescher, G-Partenkirchen
Martin Anlauf, Kiel
Rudolf Arnold, Marburg
Max G Bachem, Ulm
Thomas F Baumert, Freiburg
Daniel C Baumgart, Berlin
Hubert Blum, Freiburg
Thomas Bock, Tuebingen
Katja Breitkopf, Mannheim
Dunja Bruder, Braunschweig
Markus W Büchler, Heidelberg
Christa Buechler, Regensburg
Reinhard Buettner, Bonn
Elke Cario, Essen
Uta Dahmen, Essen
Christoph F Dietrich, Bad Mergentheim
Arno J Dormann, Koeln
Rainer J Duchmann, Berlin
Volker F Eckardt, Wiesbaden
Paul Enck, Tuebingen
Fred Fändrich, Kiel
Ulrich R Fölsch, Kiel
Helmut Friess, Heidelberg
Peter R Galle, Mainz
Nikolaus Gassler, Aachen
Andreas Geier, Aachen
Markus Gerhard, Munich
Wolfram H Gerlich, Giessen
Dieter Glebe, Giessen
Burkhard Göke, Munich
Florian Graepler, Tuebingen
Axel M Gressner, Aachen
Veit Gülberg, Munich
Rainer Haas, Munich
Eckhart G Hahn, Erlangen
Stephan Hellmig, Kiel
Martin Hennenberg, Bonn
Johannes Herkel, Hamburg
Klaus R Herrlinger, Stuttgart
Eva Herrmann, Homburg/Saar
Eberhard Hildt, Berlin
Joerg C Hoffmann, Berlin
Ferdinand Hofstaedter, Regensburg

Werner Hohenberger, Erlangen
Jörg C Kalff, Bonn
Ralf Jakobs, Ludwigshafen
Jutta Keller, Hamburg
Andrej Khandoga, Munich
Sibylle Koletzko, München
Stefan Kubicka, Hannover
Joachim Labenz, Siegen
Frank Lammert, Bonn
Thomas Langmann, Regensburg
Christian Liedtke, Aachen
Matthias Löhr, Mannheim
Christian Maaser, Muenster
Ahmed Madisch, Dresden
Peter Malfertheiner, Magdeburg
Michael P Manns, Hannover
Helmut Messmann, Augsburg
Stephan Miehlke, Dresden
Sabine Mihm, Göttingen
Silvio Nadalin, Essen
Markus F Neurath, Mainz
Johann Ockenga, Berlin
Florian Obermeier, Regensburg
Gustav Paumgartner, Munich
Ulrich KS Peitz, Magdeburg
Markus Reiser, Bochum
Emil C Reisinger, Rostock
Steffen Rickes, Magdeburg
Tilman Sauerbruch, Bonn
Dieter Saur, Munich
Hans Scherubl, Berlin
Joerg Schirra, Munich
Roland M Schmid, München
Volker Schmitz, Bonn
Andreas G Schreyer, Regensburg
Tobias Schroeder, Essen
Henning Schulze-Bergkamen, Mainz
Hans Seifert, Oldenburg
Norbert Senninger, Muenster
Manfred V Singer, Mannheim
Gisela Sparmann, Rostock
Christian J Steib, München
Jurgen M Stein, Frankfurt
Ulrike S Stein, Berlin
Manfred Stolte, Bayreuth
Christian P Strassburg, Hannover
Wolfgang R Stremmel, Heidelberg
Harald F Teutsch, Ulm
Robert Thimme, Freiburg
Hans L Tillmann, Leipzig
Tung-Yu Tsui, Regensburg
Axel Ulsenheimer, Munich
Patrick Veit-Haibach, Essen
Claudia Veltkamp, Heidelberg
Siegfried Wagner, Deggendorf
Henning Walczak, Heidelberg
Heiner Wedemeyer, Hannover
Fritz von Weizsacker, Berlin
Jens Werner, Heidelberg
Bertram Wiedenmann, Berlin
Reiner Wiest, Regensburg
Stefan Wirth, Wuppertal
Stefan JP Zeuzem, Homburg

Greece
Alexandra A Alexopoulou, Athens
George N Dalekos, Larissa
Christos Dervenis, Athens
Melanie Maria Deutsch, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
George Papatheodoridis, Athens
Spiros Sgouros, Athens
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Hungary
Peter L Lakatos, Budapest
Zsuzsa Szondy, Debrecen

Iceland
Hallgrimur Gudjonsson, Reykjavik

India
Philip Abraham, Mumbai
Rakesh Aggarwal, Lucknow
Kunissery A Balasubramanian, Vellore
Deepak Kumar Bhasin, Chandigarh
Sujit K Bhattacharya, Kolkata
Yogesh K Chawla, Chandigarh
Radha K Dhiman, Chandigarh
Sri Prakash Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Seyed A Taghavi, Shiraz

Ireland
Billy Bourke, Dublin
Ronan A Cahill, Cork
Anthony P Moran, Galway

Israel
Simon Bar-Meir, Hashomer
Abraham R Eliakim, Haifa
Zvi Fireman, Hadera
Yaron Ilan, Jerusalem
Avidan U Neumann, Ramat-Gan
Yaron Niv, Pardesia
Ran Oren, Tel Aviv
Ami D Sperber, Beer-Sheva

Italy
Giovanni Addolorato, Roma
Luigi E Adinolfi, Naples
Domenico Alvaro,
Mario Angelico, Rome
Vito Annese, San Giovanni Rotond
Filippo Ansaldi, Genoa
Adolfo F Attili, Roma
Giovanni Barbara, Bologna
Claudio Bassi, Verona
Gabrio Bassotti, Perugia
Pier M Battezzati, Milan
Stefano Bellentani, Carpi
Antomio Benedetti, Ancona
Mauro Bernardi, Bologna
Livia Biancone, Rome
Luigi Bonavina, Milano
Flavia Bortolotti, Padova
Giuseppe Brisinda, Rome
Elisabetta Buscarini, Crema
Giovanni Cammarota, Roma
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Antonino Cavallari, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
Massimo Colombo, Milan
Amedeo Columbano, Cagliari
Massimo Conio, Sanremo
Dario Conte, Milano
Gino R Corazza, Pavia
Francesco Costa, Pisa
Antonio Craxi, Palermo
Silvio Danese, Milan
Roberto de Franchis, Milano
Roberto De Giorgio, Bologna
Maria Stella De Mitri, Bologna
Giovanni D De Palma, Naples
Fabio Farinati, Padua
Giammarco Fava, Ancona
Francesco Feo, Sassari
Fiorucci Stefano, Perugia
Andrea Galli, Firenze
Valeria Ghisett, Turin
Gianluigi Giannelli, Bari
Edoardo G Giannini, Genoa
Paolo Gionchetti, Bologna
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Mario Guslandi, Milano
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giacomo Laffi, Firenze
Giovanni Maconi, Milan
Lucia Malaguarnera, Catania
Emanuele D Mangoni, Napoli
Paolo Manzoni, Torino
Giulio Marchesini, Bologna
Fabio Marra, Florence
Marco Marzioni, Ancona
Giuseppe Mazzella, Bologna
Mario U Mondelli, Pavia
Giuseppe Montalto, Palermo
Giovanni Monteleone, Rome
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Fabio Pace, Milano
Luisi Pagliaro, Palermo
Francesco Pallone, Rome
Fabrizio R Parente, Milan
Maurizio Parola, Torino
Francesco Perri, San Giovanni Rotondo
Raffaele Pezzilli, Bologna
Alberto Pilotto, San Giovanni Rotondo
Alberto Piperno, Monza
Mario Pirisi, Novara
Anna C Piscaglia, Roma
Paolo Del Poggio, Treviglio
Gabriele B Porro, Milano
Piero Portincasa, Bari
Cosimo Prantera, Roma
Bernardino Rampone, Siena
Oliviero Riggio, Rome
Claudio Romano, Messina
Marco Romano, Napoli
Gerardo Rosati, Potenza
Mario Del Tacca, Pisa
Gloria Taliani, Rome
Pier A Testoni, Milan
Enrico Roda, Bologna
Domenico Sansonno, Bari
Vincenzo Savarino, Genova
Vincenzo Stanghellini, Bologna
Giovanni Tarantino, Naples
Roberto Testa, Genoa
Dino Vaira, Bologna
Anna Linda Zignego, Florence

IV

Japan
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Taiji Akamatsu, Matsumoto
Sk Md Fazle Akbar, Ehime
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Taku Aoki, Tokyo
Masahiro Arai, Tokyo
Tetsuo Arakawa, Osaka
Yasuji Arase, Tokyo
Masahiro Asaka, Sapporo
Hitoshi Asakura, Tokyo
Takeshi Azuma, Fukui
Yoichi Chida, Fukuoka
Takahiro Fujimori, Tochigi
Jiro Fujimoto, Hyogo
Kazuma Fujimoto, Saga
Mitsuhiro Fujishiro, Tokyo
Yoshihide Fujiyama, Otsu
Hiroyuki Fukui, Tochigi
Hiroyuki Hanai, Hamamatsu
Naohiko Harada, Fukuoka
Makoto Hashizume, Fukuoka
Tetsuo Hayakawa, Nagoya
Toru Hiyama, Higashihiroshima
Kazuhide Higuchi, Osaka
Keisuke Hino, Ube
Keiji Hirata, Kitakyushu
Yuji Iimuro, Nishinomiya
Kenji Ikeda, Tokyo
Toru Ikegami, Fukuoka
Kenichi Ikejima, Bunkyo-ku
Fumio Imazeki, Chiba
Yutaka Inagaki, Kanagawa
Yasuhiro Inokuchi, Yokohama
Haruhiro Inoue, Yokohama
Masayasu Inoue, Osaka
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Kei Ito, Sendai
Masayoshi Ito, Tokyo
Hiroaki Itoh, Akita
Ryuichi Iwakiri, Saga
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
Hiroshi Kaneko, Aichi-Gun
Shuichi Kaneko, Kanazawa
Takashi Kanematsu, Nagasaki
Mitsuo Katano, Fukuoka
Junji Kato, Sapporo
Mototsugu Kato, Sapporo
Shinzo Kato, Tokyo
Norifumi Kawada, Osaka
Sunao Kawano, Osaka
Mitsuhiro Kida, Kanagawa
Yoshikazu Kinoshita, Izumo
Tsuneo Kitamura, Chiba
Seigo Kitano, Oita
Kazuhiko Koike, Tokyo
Norihiro Kokudo, Tokyo
Satoshi Kondo, Sapporo
Shoji Kubo, Osaka
Shigeki Kuriyama, Kagawa[2]
Katsunori Iijima, Sendai
Masato Kusunoki, Tsu Mie
Shin Maeda, Tokyo
Shigeru Marubashi, Suita
Masatoshi Makuuchi, Tokyo
Osamu Matsui, Kanazawa
Yasuhiro Matsumura, Chiba
Yasushi Matsuzaki, Tsukuba
Kiyoshi Migita, Omura
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Kenji Miki, Tokyo
Tetsuya Mine, Kanagawa
Hiroto Miwa, Hyogo
Masashi Mizokami, Nagoya
Yoshiaki Mizuguchi, Tokyo
Motowo Mizuno, Hiroshima
Morito Monden, Suita
Hisataka S Moriwaki, Gifu
Yasuaki Motomura, Iizuka
Yoshiharu Motoo, Kanazawa
Naofumi Mukaida, Kanazawa
Kazunari Murakami, Oita
Kunihiko Murase, Tusima
Hiroaki Nagano, Suita
Masahito Nagaki, Gifu
Masaki Nagaya, Kawasaki
Yujl Naito, Kyoto
Atsushi Nakajima, Yokohama
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Shuji Nomoto, Nagoya
Susumu Ohmada, Maebashi
Hirohide Ohnishi, Akita
Masayuki Ohta, Oita
Tetsuo Ohta, Kanazawa
Kazuichi Okazaki, Osaka
Katsuhisa Omagari, Nagasaki
Saburo Onishi, Nankoku
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Masanobu Oshima, Kanazawa
Hiromitsu Saisho, Chiba
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Isao Sakaida, Yamaguchi
Michiie Sakamoto, Tokyo
Yasushi Sano, Chiba
Hiroki Sasaki, Tokyo
Iwao Sasaki, Sendai
Motoko Sasaki, Kanazawa
Chifumi Sato, Tokyo
Shuichi Seki, Osaka
Hiroshi Shimada, Yokohama
Mitsuo Shimada, Tokushima
Tomohiko Shimatan, Hiroshima
Hiroaki Shimizu, Chiba
Ichiro Shimizu, Tokushima
Yukihiro Shimizu, Kyoto
Shinji Shimoda, Fukuoka
Tooru Shimosegawa, Sendai
Tadashi Shimoyama, Hirosaki
Ken Shirabe, Iizuka City
Yoshio Shirai, Niigata
Katsuya Shiraki, Mie
Yasushi Shiratori, Okayama
Masayuki Sho, Nara
Yasuhiko Sugawara, Tokyo
Hidekazu Suzuki, Tokyo
Minoru Tada, Tokyo
Tadatoshi Takayama, Tokyo
Tadashi Takeda, Osaka
Koji Takeuchi, Kyoto
Kiichi Tamada, Tochigi
Akira Tanaka, Kyoto
Eiji Tanaka, Matsumoto
Noriaki Tanaka, Okayama
Shinji Tanaka, Hiroshima
Hideki Taniguchi, Yokohama
Kyuichi Tanikawa, Kurume
Akira Terano, Shimotsugagun
Hitoshi Togash, Yamagata
Shinji Togo, Yokohama
Kazunari Tominaga, Osaka
Takuji Torimura, Fukuoka

Minoru Toyota, Sapporo
Akihito Tsubota, Chiba
Takato Ueno, Kurume
Naomi Uemura, Tokyo
Shinichi Wada, Tochigi
Hiroyuki Watanabe, Kanazawa
Toshio Watanabe, Osaka
Yuji Watanabe, Ehime
Toshiaki Watanabe, Tokyo
Chun-Yang Wen, Nagasaki
Satoshi Yamagiwa, Niigata
Koji Yamaguchi, Fukuoka
Takayuki Yamamoto, Yokkaichi
Takashi Yao, Fukuoka
Masashi Yoneda, Tochigi
Hiroshi Yoshida, Tokyo
Masashi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Hitoshi Yoshiji, Nara
Kentaro Yoshika, Toyoake
Yasunobu Yoshikai, Fukuoka
Masahide Yoshikawa, Kashihara
Katsutoshi Yoshizato, Higashihiroshima

Lebanon
Bassam N Abboud, Beirut
Ala I Sharara, Beirut
Joseph D Boujaoude, Beirut

Lithuania
Limas Kupcinskas, Kaunas

Macedonia
Vladimir C Serafimoski, Skopje

Malaysia
Andrew Seng Boon Chua, Ipoh
Khean-Lee Goh, Kuala Lumpur
Jayaram Menon, Sabah

Ernst J Kuipers, Rotterdam
CBHW Lamers, Leiden
Ton Lisman, Utrecht
Yi Liu, Amsterdam
Jeroen Maljaars, Maastricht
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Michael Müller, Wageningen
Amado S Peña, Amsterdam
Robert J Porte, Groningen
Ingrid B Renes, Rotterdam
Andreas Smout, Utrecht
Paul E Sijens, Groningen
Reinhold W Stockbrugger, Maastricht
Luc JW van der Laan, Rotterdam
Karel van Erpecum, Utrecht
Gerard P VanBerge-Henegouwen,Utrecht

New Zealand
Ian D Wallace, Auckland

Slovakia
Silvia Pastorekova, Bratislava
Anton Vavrecka, Bratislava

Slovenia
Sasa Markovic, Ljubljana

South Africa
Rosemar Joyce Burnett, Pretoria
Michael C Kew, Parktown

Nigeria
Samuel B Olaleye, Ibadan

Norway
Trond Berg, Oslo
Tom H Karlsen, Oslo
Helge L Waldum, Trondheim

Pakistan
Muhammad S Khokhar, Lahore
Syed MW Jafri, Karachi

South Korea
Byung Ihn Choi, Seoul
Ho Soon Choi, Seoul
Marie Yeo, Suwon
Sun Pyo Hong, Gyeonggi-do
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Myung-Hwan Kim, Seoul
Chang Hong Lee, Seoul
Jong Kyun Lee, Seoul
Eun-Yi Moon, Seoul
Jae-Gahb Park, Seoul
Dong Wan Seo, Seoul
Dong Jin Suh, Seoul
Byung Chul Yoo, Seoul

Peru
Hector H Garcia, Lima

Mexico
Diego Garcia-Compean, Monterrey
Eduardo R Marin-Lopez, Jesús García
Nahum Méndez-Sánchez, Mexico
Saúl Villa-Treviño, México

Poland
Tomasz Brzozowski, Cracow
Robert Flisiak, Bialystok
Hanna Gregorek, Warsaw
Dariusz M Lebensztejn, Bialystok
Wojciech G Polak, Wroclaw
Marek Hartleb, Katowice

Monaco
Patrick Rampal, Monaco

Portugal
Miguel C De Moura, Lisbon

Morocco
Abdellah Essaid, Rabat

Russia
Vladimir T Ivashkin, Moscow
Leonid Lazebnik, Moscow
Vasiliy I Reshetnyak, Moscow

The Netherlands
Ulrich Beuers, Amsterdam
Gerd Bouma, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
NKH de Boer, Amsterdam
Koert P de Jong, Groningen
Henrike Hamer, Maastricht
Frank Hoentjen, Haarlem
Janine K Kruit, Groningen

Singapore
Bow Ho, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Ahmed Helmy, Riyadh

Serbia
Dusan M Jovanovic, Sremska Kamenica
www.wjgnet.com

Spain
Juan G Abraldes, Barcelona
Agustin Albillos, Madrid
Raul J Andrade, Málaga
Luis Aparisi, Valencia
Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona
Josep M Bordas, Barcelona
Xavier Calvet, Sabadell
Jordi Camps, Catalunya
Andres Cardenas, Barcelona
Vicente Carreño, Madrid
Jose Castellote, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Juan C Garcia-Pagán, Barcelona
Jaime B Genover, Barcelona
Javier P Gisbert, Madrid
Jaime Guardia, Barcelona
Isabel Fabregat, Barcelona
Mercedes Fernandez, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
Laura Lladóa, Barcelona
María IT López, Jaén
Juan R Malagelada, Barcelona
José M Mato, Derio
Juan F Medina, Pamplona
Miguel A Muñoz-Navas, Pamplona
Julian Panes, Barcelona
Miguel M Perez, Valencia
Miguel Perez-Mateo, Alicante
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Josep M Pique, Barcelona
Jesús M Prieto, Pamplona
Sabino Riestra, Pola De Siero
Luis Rodrigo, Oviedo
Manuel Romero-Gómez, Sevilla
Joan Roselló-Catafau, Barcelona

Sweden
Einar S Björnsson, Gothenburg
Curt Einarsson, Huddinge
Per M Hellström, Stockholm
Ulf Hindorf, Lund
Elisabeth Hultgren-Hörnquist, Örebro
Anders E Lehmann, Mölndal
Hanns-Ulrich Marschall, Stockholm
Lars C Olbe, Molndal
Lars A Pahlman, Uppsala
Matti Sallberg, Stockholm
Magnus Simrén, Göteborg
Xiao-Feng Sun, Linköping
Ervin Tóth, Malmö
Weimin Ye, Stockholm
Christer S von Holstein, Lund

Switzerland
Chrish Beglinger, Basel
Pierre A Clavien, Zurich
Jean-Francois Dufour, Bern
Franco Fortunato, Zürich
Jean L Frossard, Geneva
Gerd A Kullak-Ublick, Zurich
Pierre Michetti, Lausanne
Francesco Negro, Genève
Bruno Stieger, Zurich
Radu Tutuian, Zurich
Stephan R Vavricka, Zurich
Gerhard Rogler, Zurich
Arthur Zimmermann, Berne

Turkey
Yusuf Bayraktar, Ankara
Figen Gurakan, Ankara
Aydin Karabacakoglu, Konya
Serdar Karakose, Konya
Hizir Kurtel, Istanbul
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Cihan Yurdaydin, Ankara
United Arab Emirates
Sherif M Karam, Al-Ain

United Kingdom
David H Adams, Birmingham
Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Ahmed Alzaraa, Manchester
Lesley A Anderson, Belfast
Charalambos G Antoniades, London
Anthony TR Axon, Leeds
Qasim Aziz, Manchester
Nicholas M Barnes, Birmingham
Jim D Bell, London
Mairi Brittan, London
Alastair D Burt, Newcastle
Simon S Campbell, Manchester
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Simon R Carding, Leeds
Paul J Ciclitira, London
Eithne Costello, Liverpool
Tatjana Crnogorac-Jurcevic, London
Harry Dalton, Truro
Amar P Dhillon, London
William Dickey, Londonderry
James E East, London
Emad M El-Omar, Aberdeen
Ahmed M Elsharkawy, Newcastle Upon Tyne
Annette Fristscher-Ravens, London
Elizabeth Furrie, Dundee
Daniel R Gaya, Edinburgh
Subrata Ghosh, London
William Greenhalf, Liverpool
Indra N Guha, Southampton
Peter C Hayes, Edinburgh
Gwo-Tzer Ho, Edinburgh
Anthony R Hobson, Salford
Lesley A Houghton, Manchester
Stefan G Hübscher, Birmingham
Robin Hughes, London
Pali Hungin, Stockton
David P Hurlstone, Sheffield
Rajiv Jalan, London
Janusz AZ Jankowski, Oxford
Brian T Johnston, Belfast
David EJ Jones, Newcastle
Roger Jones, London
Michael A Kamm, Harrow
Peter Karayiannis, London
Laurens Kruidenier, Harlow
Patricia F Lalor, Birmingham
Chee Hooi Lim, Midlands
Hong-Xiang Liu, Cambridge
Yun Ma, London
Kenneth E L McColl, Glasgow
Stuart AC McDonald, London
Dermot P Mcgovern, Oxford
Giorgina Mieli-Vergani, London
Nikolai V Naoumov, London
John P Neoptolemos, Liverpool
James Neuberger, Birmingham
Philip Noel Newsome, Birmingham
Mark S Pearce, Newcastle Upon Tyne
Stephen P Pereira, London
D Mark Pritchard, Liverpool
Sakhawat Rahman, London
Stephen E Roberts, Swansea
Marco Senzolo, Padova
Soraya Shirazi-Beechey, Liverpool
Robert Sutton, Liverpool
Simon D Taylor-Robinson, London
Paris P Tekkis, London
Ulrich Thalheimer, London
David G Thompson, Salford
Nick P Thompson, Newcastle
David Tosh, Bath
Frank I Tovey, London
Chris Tselepis, Birmingham
Diego Vergani, London
Geoffrey Warhurst, Salford
Alastair John Watson, Liverpool
Peter J Whorwell, Manchester
Roger Williams, London
Karen L Wright, Bath
Min Zhao, Foresterhill

United States
Manal F Abdelmalek, Durham
Gary A Abrams, Birmingham
Maria T Abreu, New York
Reid B Adams, Virginia
www.wjgnet.com

Golo Ahlenstiel, Bethesda
BS Anand, Houston
Frank A Anania, Atlanta
M Ananthanarayanan, New York
Gavin E Arteel, Louisville
Jasmohan S Bajaj, Milwaukee
Subhas Banerjee, Palo Alto
Peter A Banks, Boston
Jamie S Barkin, Miami Beach
Kim E Barrett, San Diego
Marc D Basson, Detroit
Anthony J Bauer, Pittsburgh
Wallace F Berman, Durham
Timothy R Billiar, Pittsburgh
Edmund J Bini, New York
David G Binion, Milwaukee
Jennifer D Black, Buffalo
Herbert L Bonkovsky, Charlotte
Carla W Brady, Durham
Andrea D Branch, New York
Robert S Bresalier, Houston
Alan L Buchman, Chicago
Ronald W Busuttil, Los Angeles
Alan Cahill, Philadelphia
John M Carethers, San Diego
David L Carr-Locke, Boston
Maurice A Cerulli, New York
Ravi S Chari, Nashville
Jiande Chen, Galveston
Xian-Ming Chen, Omaha
Xin Chen, San Francisco
Ramsey Chi-man Cheung, Palo Alto
William D Chey, Ann Arbor
John Y Chiang, Rootstown
Parimal Chowdhury, Arkansas
Raymond T Chung, Boston
James M Church, Cleveland
Ram Chuttani, Boston
Mark G Clemens, Charlotte
Ana J Coito, Los Angeles
Vincent Coghlan, Beaverton
David Cronin II, New Haven
John Cuppoletti, Cincinnati
Mark J Czaja, New York
Peter V Danenberg, Los Angeles
Kiron M Das, New Brunswick
Conor P Delaney, Cleveland
Jose L del Pozo, Rochester
Sharon DeMorrow, Temple
Deborah L Diamond, Seattle
Douglas A Drossman, Chapel Hill
Katerina Dvorak, Tucson
Bijan Eghtesad, Cleveland
Hala El-Zimaity, Houston
Michelle Embree-Ku, Providence
Sukru Emre, New Haven
Douglas G Farmer, Los Angeles
Alessio Fasano, Baltimore
Mark A Feitelson, Philadelphia
Ariel E Feldstein, Cleveland
Alessandro Fichera, Chicago
Robert L Fine, New York
Magali Fontaine, Stanford
Chris E Forsmark, Gainesville
Glenn T Furuta, Aurora
Chandrashekhar R Gandhi, Pittsburgh
Susan L Gearhart, Baltimore
Xupeng Ge, Boston
Xin Geng, New Brunswick
M Eric Gershwin, Suite
Jean-Francois Geschwind, Baltimore
Ignacio Gil-Bazo, New York
Shannon S Glaser, Temple
Ajay Goel, Dallas
Richard M Green, Chicago
Julia B Greer, Pittsburgh

James H Grendell, New York
David R Gretch, Seattle
Stefano Guandalini, Chicago
Anna S Gukovskaya, Los Angeles
Sanjeev Gupta, Bronx
David J Hackam, Pittsburgh
Stephen B Hanauer, Chicago
Gavin Harewood, Rochester
Margaret M Heitkemper, Washington
Alan W Hemming, Gainesville
Samuel B Ho, San Diego
Peter R Holt, New York
Colin W Howden, Chicago
Hongjin Huang, Alameda
Jamal A Ibdah, Columbia
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Hartmut Jaeschke, Tucson
Dennis M Jensen, Los Angeles
Cheng Ji, Los Angeles
Leonard R Johnson, Memphis
Michael P Jones, Chicago
Peter J Kahrilas, Chicago
Anthony N Kalloo, Baltimore
Marshall M Kaplan, Boston
Neil Kaplowitz, Los Angeles
Serhan Karvar, Los Angeles
Rashmi Kaul, Tulsa
Jonathan D Kaunitz, Los Angeles
Ali Keshavarzian, Chicago
Miran Kim, Providence
Joseph B Kirsner, Chicago
Leonidas G Koniaris, Miami
Burton I Korelitz, New York
Robert J Korst, New York
Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Michael Kremer, Chapel Hill
Shiu-Ming Kuo, Buffalo
Paul Y Kwo, Indianapolis
Daryl Tan Yeung Lau, Galvesto
Stephen J Lanspa, Omaha
Joel E Lavine, San Diego
Bret Lashner, Cleveland
Dirk J van Leeuwen, Lebanon
Glen A Lehman, Indianapolis
Alex B Lentsch, Cincinnati
Andreas Leodolter, La Jolla
Gene LeSage, Houston
Josh Levitsky, Chicago
Cynthia Levy, Gainesville
Ming Li, New Orleans
Zhiping Li, Baltimore
Zhe-Xiong Lian, Davis
Lenard M Lichtenberger, Houston
Gary R Lichtenstein, Philadelphia
Otto Schiueh-Tzang Lin, Seattle
Martin Lipkin, New York
Chen Liu, Gainesville
Edward V Loftus, Rocheste
Robin G Lorenz, Birmingham
Michael R Lucey, Madison
James D Luketich, Pittsburgh
Guangbin Luo, Cheveland
Henry T Lynch, Omaha
Patrick M Lynch, Houston
John S Macdonald, New York
Bruce V MacFadyen, Augusta
Willis C Maddrey, Dallas
Ashok Malani, Los Angeles
Mercedes Susan Mandell, Aurora
Peter J Mannon, Bethesda
Charles M Mansbach, Tennessee
John F Di Mari, Texas

John M Mariadason, Bronx
Jorge A Marrero, Ann Arbor
Paul Martin, New York
Paulo Ney Aguiar Martins, Boston
Wendy M Mars, Pittsburgh
Laura E Matarese, Pittsburgh
Richard W McCallum, Kansas
Beth A McCormick, Charlestown
Lynne V McFarland, Washington
Kevin McGrath, Pittsburgh
Harihara Mehendale, Monroe
Ali Mencin, New York
Fanyin Meng, Ohio
Stephan Menne, New York
Didier Merlin, Atlanta
Howard Mertz, Nashville
George W Meyer, Sacramento
George Michalopoulos, Pittsburgh
James M Millis, Chicago
Fabrizio Michelassi, New York
Albert D Min, New York
Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Smruti R Mohanty, Chicago
Satdarshan S Monga, Pittsburgh
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Abstract
Adenosquamous carcinoma is rare, accounting for
3%-4% of all pancreatic carcinoma cases. These
tumors are characterized by the presence of variable
proportions of mucin-producing glandular elements
and squamous components, the latter of which
should account for at least 30% of the tumor tissue.
Recently, several reports have described cases of
adenosquamous carcinoma of the pancreas. However,
as the number of patients who undergo resection at a
single institute is limited, large studies describing the
clinicopathological features, therapeutic management,
and surgical outcome for adenosquamous carcinoma
of the pancreas are lacking. We performed a literature
review of English articles retrieved from Medline
using the keywords ‘pancreas’ and ‘adenosquamous
carcinoma’. Additional articles were obtained from
references within the papers identified by the Medline
search. Our subsequent review of the literature
revealed that optimal adjuvant chemotherapy and/or
radiotherapy regimens for adenosquamous carcinoma
of the pancreas have not been established, and that
curative surgical resection offers the only chance for
long-term survival. Unfortunately, the prognosis of the
39 patients who underwent pancreatic resection for
adenosquamous carcinoma was very poor, with a 3-year
overall survival rate of 14.0% and a median survival
time of 6.8 mo. Since the postoperative prognosis of
adenosquamous carcinoma of the pancreas is currently
worse than that of pancreatic adenocarcinoma, new
adjuvant chemotherapies and/or radiation techniques
should be investigated as they may prove indispensible
to the improvement of surgical outcomes.
© 2008 The WJG Press. All rights reserved.

INTRODUCTION
The majority of malignant tumors in the pancreas are adenocarcinomas. Adenosquamous carcinoma of the pancreas occurs less frequently with an incidence of 3%-4%[1].
These tumors are a malignant epithelial carcinoma of the
pancreas and are characterized by the presence of variable
proportions of both glandular and squamous components. At least 30% of the neoplasm should be comprised
of the squamous component[1,2]. Recently, several reports
have described cases of adenosquamous carcinoma of
the pancreas[3-6]. However, as the number of patients who
undergo resection at a single institute is limited, large studies describing the clinicopathological features, therapeutic
management and surgical outcome for adenosquamous
carcinoma of the pancreas are lacking.
To the best of our knowledge, our survey of the English literature reporting on adenosquamous carcinoma of
the pancreas, which was found on Medline, revealed that
only 39 intent-to-cure surgical resections had been performed and had clearly presented data (Table 1)[7-28]. The
purpose of this study was to clarify the surgical outcome
including survival rates after surgery, and to determine the
prognostic factors of adenosquamous carcinoma of the
pancreas by conducting a retrospective analysis of the 39
patients.

PATIENTS
Our survey of the literature from 1980 to the end of
2007 revealed that 45 patients underwent surgical resection for adenosquamous carcinoma of the pancreas[7-28].
www.wjgnet.com
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Table 1 Clinical and pathological data for the 39 cases that underwent surgical resection for adenosquamous carcinoma of the
pancreas
Author

Ref

Yr

Age

Sex

Location

Surgery

Size (cm)

Cx

RT

Rec site

Ishikawa

7

1980

8
9

1984
1991

Motojima

10

1992

Tanaka
Makiyama
Onoda
Campman
Kuji
Nabae

11
12
13
14
15
16

1994
1995
1995
1997
1997
1998

Myung
Lozano

17
18

1998
1998

Aranha

19

1999

Komatsuda
Yavus

20
21

2000
2000

Yamaue
Kardon
Murakami
Rahemtullah

22
23
24
25

2001
2001
2003
2003

Alwaheeb
Hsu

26
27

2005
2005

Jamali

28

2007

M
F
M
M
M
F
F
F
M
F
F
M
M
M
F
F
M
M
F
M
M
M
M
M
M
M
M
M
M
M
F
ND
M
ND
ND
M
M
F
M

Body
Head
Head
Head, body
Head
Head
Head
Head
Head
Head
Body
Tail
Body, tail
Head
Head
Head
Head
Body, tail
Body, tail
Body, tail
Body
Head
Head
Head, body
Head
Head
Head
Body
Head
Head
Head
Head
Head
Head
Head
Head
Head
Head
Head

DP
PD
PD
PD
PD
PD
PD
PD
PD
PD
DP
DP
DP
PD
PD
PD
PD
DP
DP
TP
DP
PD
PD
PD
PD
PD
PD
DP
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD

10.0
4.2
4.5
4.5
ND
ND
ND
ND
ND
ND
ND
ND
7.0
3.0
6.0
4.2
5.0
7.0
7.5
6.0
6.0
ND
3.5
4.5
3.5
3.2
3.0
5.0
4.0
2.0
4.5
ND
3.0
ND
ND
6.0
3.5
3.8
3.0

ND
ND
ND
+
+
ND
+
+
+
+
ND
ND
+
ND
ND
+

ND
ND
ND
ND
IOR
+
+
+
+
ND
ND
+
+
ND
ND
+
-

Widespread metastasis

Wilczynski
Yamaguchi

67
53
61
68
60
52
44
56
56
68
49
61
52
75
75
48
58
64
65
73
60
73
64
75
42
52
62
67
51
48
63
ND
41
ND
ND
45
66
38
75

Survival

ND
ND
ND
ND
ND
ND
ND
ND
Systemic metastasis
Liver
Liver
ND
Peritoneum
Liver, peritoneum
ND
ND
ND
Liver
ND
ND
ND
Systemic metastasis
Systemic metastasis
Peritoneum
ND
ND
Peritoneum
ND
ND
ND
ND
ND
Liver

4 mo
2d
12 mo
20 d
3 mo
7 mo
5 mo
4 mo
5 mo1
5 mo1
5 mo
14 mo1
3 mo
10 mo
8 mo
7 mo
18 mo
3 mo
ND
2 mo
4 mo
10 mo
4 mo1
ND1
ND1
13 mo
14 mo
6 mo
36 mo1
ND
40 mo1
33 mo1
5 mo
13 mo1
ND
ND
2.5 mo
6.8 mo
6 mo

Cx: Chemotherapy; RT: Radiotherapy; Rec site: Recurrence site; ND: Not described; PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; TP: Total
pancreatectomy. 1Surviving patients.

Of these, six patients were excluded due to a lack of
clear data. The remaining 39 patients were analyzed in
this study (Table 1) and included 25 men, 11 women,
and three patients of unknown sex with a mean age of
59.0 years (range, 38-75 years). The prognosis outcome
of each case was obtained from the published data. The
clinicopathological data associated with the pancreatic
adenosquamous carcinomas described in these case reports were evaluated, and included tumor location, type
of operation, tumor size, whether chemotherapy and radiotherapy had been administered, recurrence sites, and
survival times. All of the patients had undergone surgery involving an attempted curative resection. Survival
rates were generated using the Kaplan-Meier method
and compared using the log-rank test[29]. Values were
expressed appropriately as the mean ± SD. Differences
in proportions were evaluated by the Pearson chi-square
test. A value of P < 0.05 was considered to be statistically significant.
www.wjgnet.com

DIAGNOSIS OF ADENOSQUAMOUS
CARCINOMA OF THE PANCREAS
Table 1 lists 39 patients who had undergone surgical
resection for adenosquamous carcinoma of the
pancreas. Adenosquamous carcinomas have not been
associated with any specific clinical syndromes[2,30]. Each
of the 39 patients presented clinical symptoms such as
abdominal pain, back pain, painless jaundice, anorexia,
and/or body weight loss (data not shown). Accurate
preoperative diagnosis of adenosquamous carcinoma
of the pancreas is very difficult, because imaging
studies have revealed no characteristic features that can
facilitate the differentiation of this tumor type from
ordinary invasive ductal carcinoma. One study reported
that intense Gallium-67 citrate uptake was observed in
adenosquamous carcinoma of the pancreas, indicating
that Gallium-67 citrate scintigraphy might be useful in
detecting these carcinomas[15]. However, more detailed
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imaging data are required to improve the ability to
diagnose this rare disease.
Adenosquamous carcinoma of the pancreas appears
to be larger than ordinary pancreatic adenocarcinoma.
The tumors in the 27 cases for which the relevant data
was available had a mean size of 4.8 ± 1.8 cm (range,
2-10 cm; Table 1). Preoperative cytological or pathological diagnosis of adenosquamous carcinoma of the
pancreas is reportedly rare[12,16-18,21,24,26,30]. However, the
two malignant cellular components of adenosquamous
carcinoma can be recognized in aspirated smears[17,18,24].
A careful search for glandular differentiation is warranted when the squamous component predominates,
particularly if squamous carcinoma specimens only are
obtained by biopsy or fine needle aspiration biopsy[12,16].
Adenosquamous carcinoma of the pancreas has no specific radiological findings or serum data, including tumor
markers such as carcinoembryonic antigen, carbohydrate
antigen 19-9, or squamous cell carcinoma antigen[12,22].
Physicians should try to remember to consider adenosquamous carcinoma of the pancreas in the differential
diagnosis of ordinary pancreatic adenocarcinoma, especially if the patient has severe abdominal symptoms
and/or a large tumor size[2,30]. Recently, preoperative and
intraoperative cytological examinations have been diagnostically correct, however these findings did not alter
treatment decisions or survival[30].

MANAGEMENT FOR RESECTABLE
ADENOSQUAMOUS CARCINOMA OF
THE PANCREAS
Since adenosquamous carcinomas are uncommon tumors
with a poor prognosis, the outcomes associated with
various therapeutic interventions are not well defined.
Table 1 lists the tumor location and operative method
used in the 39 cases analyzed here. Three main operative methods were performed: pancreaticoduodenectomy
(PD) including pylorus-preserving PD (PPPD) in 30 cases
(76.9%); distal pancreatectomy (DP) in eight cases (20.5%);
and total pancreatectomy (TP) in one case (2.6%). Tumors were located in the head alone in 28 cases (76.9%),
in the head and body in two cases, and in the body and/or
tail of the pancreas in nine cases (23.1%). Although adenosquamous carcinoma of the pancreas has different
clinicopathological features to pancreatic adenocarcinoma,
the treatment strategy of patients with adenosquamous
carcinoma is dealt with in the same manner as patients
with adenocarcinoma. Surgical treatment remains the only
curative management option that is seriously considered
for adenosquamous carcinoma of the pancreas.
To date, only eight patients have received adjuvant
chemotherapy, indicating that postoperative adjuvant
chemotherapy is not usually administered to patients with
adenosquamous carcinoma of the pancreas (Table 1).
Tanaka et al reported that the size of an unresectable adenosquamous carcinoma of the pancreas was reduced by
neo-adjuvant chemotherapy consisting of a combination
of interferon-α, tumor necrosis factor-α, and 5-fluoroura-
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cil[11]. However, the patient only survived 7 mo after surgery[11]. In this case, although neo-adjuvant chemotherapy
might not have contributed to prolonging the patient’s
survival, the ability of the chemotherapy to reduce the size
of the tumor from one that was unresectable to one that
could be resected was confirmed. In the current study, the
adjuvant chemotherapy group had a 2- or 3-year cumulative survival rate of 16.7% and a median survival period
of 7 mo (Table 2). In comparison, the group who did not
receive adjuvant chemotherapy had a 2-year cumulative
survival rate of 9.2% and a median survival period of 5
mo (P = 0.364). Almost all of the patients in the adjuvant
chemotherapy group were treated with a 5-fluorouracilbased regimen. Recently, adjuvant chemotherapy using
new drug agents has been considered as the standard
therapeutic option following resection for pancreatic
adenocarcinoma, and several reports suggest that adjuvant chemotherapy with gemcitabine is responsible for a
significant increase in patient survival[31-33]. Postoperative
administration of gemcitabine also significantly delayed
the development of recurrent disease after complete resection of pancreatic cancer compared with observation
alone[34]. However, information regarding gemcitabine use
in cases with adenosquamous carcinoma of the pancreas
is not available as previous reports lack such data. Further
investigations examining whether adjuvant chemotherapy
using gemcitabine will improve surgical outcome in patients with adenosquamous carcinoma of the pancreas are
therefore warranted.
There are no published prospective randomized
controlled trials investigating radiotherapy treatment of
pancreatic adenosquamous carcinoma following curative resection, only retrospective studies. Limitations of
the present study include the errors and biases inherent
in a small retrospective study design. Two retrospective
studies investigating the benefit of radiotherapy following curative resection for pancreatic carcinoma showed
no significant difference in the overall survival between
patients who were or were not treated with radiotherapy[35,36]. In the current study, patients who had received
intra- and/or postoperative radiotherapy had a 2- or
3-year cumulative survival rate of 20.0% and a median
survival period of 13 mo (Table 2). By comparison, the
non radiotherapy group had a 2-year cumulative survival
rate of 9.0% and a median survival period of 6 mo (P
= 0.284). There was no significant difference in survival
between patients who did and did not receive radiotherapy.

PROGNOSIS AFTER PANCREATIC
RESECTION
The overall 1-, 2-, and 3-year survival rates after pancreatic resection were 25.5%, 14.0%, and 14.0%, respectively
(Figure 1). Table 1 shows operative mortality occurred in
two patients during the early 1980s[7,8]. One patient died of
myocardial infarction 2 d after undergoing PD and another died of numerous postoperative complications including electrolyte disturbance from massive abdominal fluid
www.wjgnet.com
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Table 2 Clinical characteristics after surgical resection for adenosquamous carcinoma of the pancreas
Characteristics

No. of

Overall
Age (yr)
< 60
> 60
Gender
Male
Female
Tumor location
Head
Body or tail
Operation type
PD
DP or TP
LN metastasis
Present
Absent
Chemotherapy
Yes
No
Radiotherapy
Yes
No

Survival rate (%)

Median survival

P value

patients

1 yr

2 yr

3 yr

in months (range)

39

25.5

14.0

14.0

6.8 (4.6-9.0)

16
20

26.9
20.4

9.0
13.6

9.0
13.6

6.8 (4.4-9.2)
6.0 (1.3-10.7)

0.975

25
11

28.4
12.0

8.5
12.0

8.5
12.0

6.0 (1.1-10.9)
6.8 (5.0-8.6)

0.842

30
9

34.8
11.1

17.9
-

17.9
-

8.0 (5.3-10.7)
4.0 (2.6-5.4)

0.017

30
9

33.4
12.5

17.2
-

17.2
-

8.0 (5.2-10.8)
4.0 (2.7-5.3)

0.063

14
8

20.0
50.0

50.0

50.0

5.0 (2.0-8.0)
5

0.134

8
23

50.0
18.4

16.7
9.2

16.7
-

7.0 (0.0-15.4)
5.0 (3.0-7.0)

0.364

7
23

60.0
18.0

20.0
9.0

20.0
-

13.0 (0.0-26.3)
6.0 (4.0-8.0)

0.284

PD: Pancreaticoduodenectomy; DP: Distal pancreatectomy; TP: Total pancreatectomy; LN metastasis: Lymph node
metastasis.

100

Cumulative survival rate (%)

80
3-yr survival rate: 14.0%
60

40

20

0

0

10

  20

30

40

50

Months after pancreatic resection

Figure 1 Survival after surgical resection for adenosquamous carcinoma of
the pancreas (n = 39).

losses, acute renal failure and eventually congestive heart
failure 20 d after undergoing PD[7,8]. Univariate analysis of
the different prognostic factors predicted to contribute to
patient prognosis showed that tumor location was the only
unfavorable prognostic factor. Median survival of patients
with a tumor located in the body and/or tail (4 mo) was
significantly worse than those with tumors located in the
head (8 mo) (Table 2). Prognostic differences based on tumor location may relate to tumor size, as the size of a distal pancreatic tumor (7.3 ± 1.8 cm) was significantly larger
than that of a proximal pancreatic tumor (4.7 ± 1.9 cm,
P = 0.002). Age, gender, type of operative procedure, and
www.wjgnet.com

lymph node metastasis were not significant prognostic
factors.
Recently, long-term survival after PD for pancreatic
adenocarcinoma has improved, and the number of patients surviving for five or 10 years has increased[37-39].
On the other hand, the prognosis for the 39 patients
with adenosquamous carcinoma in this study was poor,
with a 3-year overall survival rate of only 14.0%, and
includes two patients with hospital mortality. A patient
surviving for five years post-resection has not been reported yet (Table 1). This suggests that adenosquamous
carcinoma of the pancreas has greater malignant potential than adenocarcinoma of the pancreas. A previous
report also found that squamous cell carcinomas grow at
twice the speed of adenocarcinomas[31]. Therefore, once
an adenocarcinoma has transformed into an adenosquamous carcinoma, the carcinoma may exhibit a higher
degree of malignancy[40].

CONCLUSION
Even though curative resection for adenosquamous
carcinoma of the pancreas was performed in the 39 patients, prognosis remained poor because systemic metastases in the liver and peritoneal dissemination were the
major sites of recurrence (Table 1). In addition, tumor
recurrence occurred during the early stages of the postoperative period in a large number of patients. Yamaue
et al. reported that it might be preferable not to perform
a pancreatic resection if a pancreatic tumor is diagnosed
as an adenosquamous carcinoma[22]. Consensus of opinion regarding the surgical indication required for this
type of tumor has not been reached yet. Elucidating

Okabayashi T et al . Adenosquamous carcinoma of the pancreas		

a surgical treatment strategy based on the appropriate
surgical indication is essential for improving the surgical
outcome of adenosquamous carcinoma of the pancreas.
The results of this current study indicate that tumor
location may be an important factor in determining the
appropriate surgical indication. Namely, surgical resection
may be better suited for proximal pancreatic tumors than
for distal tumors because the proximal location of tumors
was the only significant favorable prognostic factor found
in this study. Furthermore, exploration of new radiation
techniques and chemotherapeutic regimens using new
drug agents such as gemcitabine may be required because
conventional chemotherapy and radiotherapy treatments
did not contribute to survival benefit. The incorporation
of novel ‘molecularly targeted’ agents into therapy will
also be required to improve surgical outcome.
Although adenosquamous carcinoma of the pancreas
has a poor prognosis even after curative resection, we
must continue to endeavor to improve the surgical
outcome of this tumor, because despite its rarity, it occurs
worldwide. More data, including epidemiological and
pathological findings, will be required to determine the
appropriate surgical indication for this tumor.
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Abstract
Eosinophilic gastroenteritis (EGE) in the adult is a
distinctive pathologically-based disorder characterized
by an eosinophil-predominant mucosal inflammatory
process. Most often, the disorder is detected during
endoscopic investigation for abdominal pain or diarrhea.
Other causes of gastric and intestinal mucosal
eosinophilia require exclusion, including parasitic
infections and drug-induced causes. Occasionally, the
muscle wall or serosal surface may be involved. EGE
appears to be more readily recognized, in large part,
due to an evolution in the imaging methods used to
evaluate abdominal pain and diarrhea, in particular,
endoscopic imaging and mucosal biopsies. Definition of
EGE, however, may be difficult, as the normal ranges
of eosinophil numbers in normal and abnormal gastric
and intestinal mucosa are not well standardized. Also,
the eosinophilic inflammatory process may be either
patchy or diffuse and the detection of the eosinophilic
infiltrates may vary depending on the method of
biopsy fixation. Treatment has traditionally focused
on resolution of symptoms, and, in some instances,
eosinophil quantification in pre-treatment and posttreatment biopsies. Future evaluation and treatment
of EGE may depend on precise serological biomarkers
to aid in definition of the long-term natural history of
the disorder and its response to pharmacological or
biological forms of therapy.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Eosinophilic gastroenteritis (EGE) is a distinct
eosinophil-predominant inflammatory process in
gastric or small intestinal mucosal biopsies. Although
most published material has focused largely on the
pediatric population, this manuscript focuses on the
adult with EGE. Most often in adults, EGE is detected
during endoscopic investigation for abdominal pain
or diarrhea [1-4] . Although the endoscopic changes
are non-specific (Figure 1), chronic or recurring
symptoms are present and other causes of intestinal
eosinophilia require exclusion (e.g. parasitic infections,
medications)[1-4]. The mucosa of the stomach, intestine,
or both may be involved most frequently. In one specific
classification schema that included different forms of
intestinal eosinophilic infiltration, involvement of the
muscular layer or serosa was also described, but even
in these, concomitant mucosal involvement was often
present[5].
EGE has been considered an uncommon, even
rare disorder but this may well depend on its definition
as well as the method of detection. In a single clinical
practice, only less than 1% of all upper endoscopic
studies during an 8-year period showed changes that led
to a diagnosis of EGE[6]. Biopsies are now commonly
done during routine endoscopic evaluation, even if
the mucosa is visually normal or if only non-specific
changes are present. Finally, it is speculated that there
may be some environmental factors (or allergen) in the
diet or air that plays a critical role in the emergence of an
eosinophil-predominant mucosal inflammatory process.

HISTOPATHOLOGICAL CRITERIA
Most often, the diagnosis of EGE is defined by
histological evaluation of endoscopic biopsies. There
are some potential diagnostic issues and pitfalls. First,
www.wjgnet.com
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Third, these studies are also limited, to some degree,
by the inherent “patchy” nature of the eosinophilic
inflammatory process in EGE since the numbers
of eosinophils may differ in biopsies obtained from
different sites. Finally, fixation methods may be critical
in the definition of eosinophils in gastric and intestinal
biopsies. For example, Bouin’s solution (often used for
gastric or intestinal biopsies), can result in “bleaching”
of eosinophil granules making detection much more
difficult. If EGE is suspected, routine formalin fixation
has been shown to provide more optimal material for
routine staining (Figure 2)[9].

CLINICAL FEATURES

GE clinic

Figure 1 Endoscopic views of gastric antrum and gastric body showing
non-specific erythematous and thickened mucosal folds with pre-pyloric
pseudopolypoid change.

Figure 2 Photomicrographs show a formalin-fixed biopsy on the left
with arrows delineating intraepithelial eosinophils along with numerous
eosinophils in the lamina propria, while a Bouin’s fixed biopsy on the right
from an adjacent endoscopic biopsy shows a paucity of eosinophils..

pathologists, like endoscopists, have varying levels
of expertise in mucosal biopsy interpretation. It is
appreciated that there may be many “shades of grey”
in the definition of EGE and the experience of the
pathologist may determine disease recognition. To
date, however, precise information on intra- and interobserver error in the interpretation of biopsies in EGE
is still needed. Second, eosinophils may normally be
detected in the gastric and intestinal mucosa (as opposed
to the normal esophagus), and only limited numbers of
studies (mainly in children) have tried to quantify normal
compared to abnormal numbers in health and different
inflammatory disease states, e.g. ulcerative colitis [7,8].
www.wjgnet.com

Prior studies have suggested that EGE is a malepredominant clinical disorder [1]. Some believe that
clinical features may reflect extent, location and depth
of infiltration of this eosinophilic inflammatory process
within the gastrointestinal tract[1,5]. Abdominal pain and
diarrhea are common. Weight loss may occur, in part
related to malabsorption. Iron deficiency associated with
blood loss as well as protein-losing enteropathy may also
be seen. If muscular layers are involved, obstruction
or, even an acute abdomen has been recorded[1-4], while
serosal involvement may be associated with evidence
of ascites [5]. Peripheral blood eosinophilia has been
recorded in up to 70%, but this is not specific for
EGE and should lead to exclusion of other disorders,
specifically parasitic infections[3]. In some with EGE,
increased serum IgE levels may be seen, but this is
also not specific. Endoscopic evaluation might permit
definition of the extent of the inflammatory process
in the upper gastrointestinal tract. In rare reports[10,11],
celiac disease has been linked to EGE but as completely
independent disorders.
Treatment is largely aimed at resolving symptoms.
Medications used in EGE are largely based on empiric
observation and experience. Because of the rarity of
EGE, there are no controlled treatment trials available.
Steroids have been used as a traditional form of therapy
to reduce the inflammatory process[1-4], however, these
may cause steroid-related effects, especially because
of their recurring need over prolonged periods. Other
remedies have been used but their effectiveness still
requires definition. These include: proton pump
inhibitors [5], mast cell stabilizers [12,13], ketotifen [9,14],
leukotriene antagonists [15], octreotide [16] and surgical
resection of involved intestinal segments [17] . This
lengthening therapeutic list might be construed as a clear
reflection of the limited forms of effective therapy that
are currently available.

HYPEREOSINOPHILIC SYNDROMES
The hypereosinophilic syndromes (HES) represent a
heterogeneous group of rare disorders that have been
defined in the past by persistent blood eosinophilia for
more than 6 mo with evidence of organ involvement.
The cause is unknown. HES may include a broad
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spectrum of disorders, including familial or geneticallybased eosinophilia and more sinister neoplastic disorders,
including eosinophilic leukemia[1,19]. About 25% of cases
with HES, however, have eosinophilic infiltration in the
gastrointestinal tract, and in some, this inflammatory
process is reportedly localized only in gastric or intestinal
mucosa.
The onset of HES is generally described between
ages of 20 and 50 years with a male predominance[1].
Abdominal pain and diarrhea with malabsorption have
been described. In comparison with those with disease
localized in some other non-intestinal sites, involvement
of the intestinal tract has been associated with a limited
prognosis, lympho-proliferative disorders [20], and, in
some, a fatal outcome[1]. Unfortunately, there may be
little to distinguish EGE and HES, especially if the latter
is early in the clinical course and localized to the gastric
and intestinal mucosa alone. In some, steroids, immunesuppressants and even biological agents have been
used[21]. Clearly, long-term clinical studies are needed
to define and elucidate the natural history of EGE, a
relatively unique inflammatory process, and to determine
if there is a potential HES risk.
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Abstract
The spectrum of drug-induced liver injury (DILI) is
both diverse and complex. The first step in diagnosis
is a suspicion of DILI based on careful consideration
of recent comprehensive reports on the disease.
There are some situations in which the suspicion of
DILI is particularly strong. Exclusion of other possible
etiologies according to the pattern of liver injury is
essential for the diagnosis. In patients with suspected
DILI, diagnostic scales, such as the Councils for
International Organizations of Medical Sciences/
Roussel Uclaf Causality Assessment Method (CIOMS/
RUCAM) scale, may be helpful for the final diagnosis.
Early management of DILI involves prompt withdrawal
of the drug suspected of being responsible, according
to serum levels of alanine aminotransferase (ALT),
alkaline phosphatase (ALP), and total bilirubin (T-Bil).
However, as DILI patients may show resolution of liver
injury without discontinuation of the drug, it should
be carefully evaluated whether the suspected drug
should be discontinued immediately with adequate
consideration of the importance of the medication.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Drug-induced liver injury (DILI) is a common liver
disease which generally occurs between 5 and 90 d after
drug ingestion. The clinical picture of the disease is
variable, ranging from transient mild elevation of liver
enzymes to fulminant liver failure leading to death. DILI
has been reported to be a cause of fulminant liver failure
in 13%-30% of cases [1–3]. DILI is divided into three
types: hepatocellular, cholestatic, and mixed according to
the Councils for International Organizations of Medical
Sciences (CIOMS)[4,5]. Hepatocellular type is defined by
alanine aminotransferase (ALT) > 2 ULN (upper limits
of normal) or R ≥ 5, where R is the ratio of serum
activity of ALT/serum activity of alkaline phosphatase
(ALP), both of which are expressed as multiples of
the ULN. Liver injury is likely to be more severe in
hepatocellular type than in cholestatic/mixed type, and
patients with elevated bilirubin levels in hepatocellular
liver injury indicating serious liver injury with fatalities,
are found at a rate of 0.7 to 1.3/100 000 individuals
receiving a given drug[2]. Cholestatic type is defined by
ALP > 2 ULN or R ≤ 2 and mixed type is defined by
ALT > 2 ULN and 2 < R < 5. Patients with cholestatic/
mixed type are likely to develop chronic disease more
frequently than those with hepatocellular type [6]. For
most drugs, the risk of liver injury is estimated to be
1-10/100 000 persons exposed. A recent report indicated
that DILI occurs in 1/100 patients hospitalized in
internal medicine departments[7]. Thus, DILI is not a
rare condition and sometimes leads to serious disease.
Rapid and accurate diagnosis of DILI is important in
daily practice. However, diagnosis of DILI is not easy
and is mainly based on circumstantial evidence. As
there is no gold standard for diagnosis, it is essential to
exclude other possible etiologies for accurate diagnosis.
A number of scoring systems have been proposed,
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but even experts may make different judgments using
these systems[8]. This review summarizes recent trends
regarding DILI and proposes practical guidelines for its
diagnosis and early management.

Table 1 Common causative agents of drug-induced liver
injury with fatalities fatalities

Acetaminophen
Anti-HIV1
Stavudine, didanosine, nevirapine, zidovudine
Troglitazone
Anticonvulsants (valproate, phenytoin)
Anti-cancer
Flutamide
Cyclophosphamide
Methotrexate
Cytarabine
Antibiotics
Trovafloxacin
Sulfa/trimethoprim
Clarithromycin
Anesthetic
Halothane
Anti-tuberculosis
Isoniazid
Diclofenac
Oxycodone

RECENT REPORTS ON DILI
A recent report on DILI based on the database of the
World Health Organization (WHO) indicated that the
number of cases of DILI has been increasing since
the 1990s[9]. The WHO began monitoring adverse drug
reactions in 1968, and there are more than 3 million
reports on their database (http://www.who-umc.org).
This large database is useful for obtaining information
on previous reports regarding adverse reactions to drugs.
Acetaminophen, drugs against human immunodeficiency
virus (HIV), troglitazone, anti-convulsants (such as
valproate), analgesics, antibiotics, and anti-cancer drugs
are common causative agents of DILI with fatalities
(Table 1)[9]. Therefore, particular attention should be
paid to patients taking one or more of these drugs who
show liver injury. Analysis of 461 cases in Spain over
a 10-year period indicated that amoxicillin/clavulanate
was the most common drug involved in DILI (59/461
cases, 12.8%)[10]. Moreover, in addition to amoxicillin/
clavulanate, they reported that bentazepam, atorvastatin,
and captopril were frequent causative drugs leading to
chronic liver damage[6]. In a retrospective study in Italy,
hydroxymethylglutaryl-CoA reductase inhibitors were
the most frequent causative drugs among 1069 cases
of DILI (4.5% of cases of adverse drug reactions)[11].
Other studies also showed acetaminophen, antiretroviral therapy, antibiotics, lipid-lowering drugs, and
anti-convulsants to be responsible for DILI [12-18]. In
recent analyses in Asia, traditional alternative medicines
were reported to be the most common causes of DILI,
in contrast to those in Western countries [19]. Table 2
summarizes the drugs suspected to be responsible
for DILI and the types of liver injury reported in the
literature from various regions[3,6,7,10,12,17-19]. In general,
antibiotics, non-steroidal anti-inflammatory drugs, and
anti-convulsants are frequent causative drugs of DILI.
Importantly, although not shown in Table 2, two or
more drugs were suspected to be responsible for DILI
in about 10% of cases[10,13]. Furthermore, it is notable
that the incidences of DILI caused by herbal remedies
or traditional medicines have been increasing over the
last decade. The causative drugs for DILI are therefore
becoming more diverse and complex. The first and most
important step in managing cases of suspected DILI is
to gain a detailed understanding of the causative drugs.
In the United States of America, the Food and Drug
Administration (FDA) records drug toxicity (http://
www.fda.gov/medwatch), and the Drug Induced Liver
Injury Network was established in 2003 to collect data
on DILI in a prospective manner[1]. A similar network
is also in place in Spain[6]. A worldwide network which
collects all the reports on adverse drug reactions is
needed to provide comprehensive information on DILI,

n (%)

Drug

305 (16.9)
303 (16.8)
211 (11.7)
187 (10.3)
223 (12.3)
59 (3.3)
56 (3.1)
55 (3.0)
53 (2.9)
158 (8.7)
57 (3.2)
52 (2.9)
51 (2.8)
85 (4.8)
57 (3.2)
56 (3.1)
56 (3.1)

1

human immunodeficiency virus.

which would facilitate accurate diagnosis and early
management.

PRACTICAL DIAGNOSIS OF DILI
Situations in which DILI should be suspected
In daily clinical practice, DILI can always be a cause
of liver injury in patients taking medications. However,
there are some situations in which DILI should be
particularly suspected and are as follows[20]: (1) Start
of a new drug in the past 3 mo, (2) Presence of rash
or eosinophilia, (3) Mixed type (hepatocellular and
cholestatic) liver injury, (4) Cholestasis with normal
hepatobiliary imaging and (5) Acute or chronic hepatitis
without autoantibodies or hypergammaglobulinemia.
Although DILI cannot be excluded if patients with
any type of liver injury do not meet these criteria, their
consideration may lead to early diagnosis of DILI.
Risk factors for DILI
Recognition of risk factors provides clues for the
diagnosis of DILI, and some scoring systems include
these elements. Host factors which may be associated
with DILI are listed in Table 3. Age, gender, pregnancy,
and alcohol intake are estimated as risk factors for
patients, and liver injury with these risk factors is thought
to be related to acute cytolytic hepatitis[21]. In a recent
analysis, age was reported to be the most important
determinant in biochemical expression of amoxicillin/
clavulanate hepatotoxicity, probably because of the
slower drug elimination related to advanced age[22]. In
contrast, adverse events associated with valproate or
erythromycin are more common in childhood [23]. On
the other hand, a retrospective study indicated that most
patients with drug-induced acute liver failure undergoing
www.wjgnet.com
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Table 2 Drugs suspected of being responsible for at least two cases of drug-induced liver injury and the types of liver
injury reported in recent literature
Use

Drugs

Anti-microbial

Amoxicillin-clavulanate
Azithromycin
Trovafloxacin
Erythromycin
Clindamycin
Nitrofurantoin
Levofloxacin
Ciprofloxacin
Flucloxacillin
Sulfasalazine
INH + RIP + PIZ
HAART
Dapsone
Acetaminophen
Diclofenac
Nimesulide
Ibuprofen
Carbamazepine
Valproic acid
Bentazepam
Paroxetine
Disulfiram
Tetrabamate
Flutamide
Methotrexate
Atorvastatin
Fenofibrate
Ebrotidine
Captopril
Ticlopidine
Thiamazole
Azathioprine
Medical herbs
OTC health supplements

Anti-inflammatory

Anti-convulsant

Psychiatric

Anti-cancer
Lipid-lowering
Gastrointestinal
For circulation
Anti-coagulant
For endocrine
Immunosuppressant
Others

Hepatocellular

Cholestatic

Mixed

28
0
5
2
2
1
0
2
0
1
24
4
2
40
18
7
8
6
4
5
4
2
6
12
3
6
1
23
1
8
1
5
26
3

26
8
0
4
0
1
0
1
7
0
6
1
0
0
8
2
3
1
1
0
1
0
1
1
0
2
0
0
0
5
4
4
3
0

23
0
1
3
0
0
1
1
1
1
32
1
0
0
3
0
9
3
3
2
2
0
0
5
0
2
2
2
1
1
0
2
2
0

INH: Isoniazid; RIP: Rifampicin; PIZ: Pirazinamide. HAART: Highly active antiretroviral therapy. 40 cases from United States of America
between 1998 and 2006; 28 cases from Spain between 1995-2005; 88 cases from Switzerland between 1996 and 2000; 461 cases from Spain
between 1994 and 2004; 29 cases from United States of America between 1999 and 2003; 34 cases from France between 1997 and 2000; 77
cases from Sweden between 1995 and 2005; 31 cases from Asia between 2004 and 2006.

liver transplantation were female [24] . Thus, age and
female gender may affect the clinical course of DILI. As
immune responses to drugs and altered drug metabolism
are possible mechanisms in DILI pathogenesis, different
immune status or drug metabolism according to age
or gender may lead to differences in the occurrence of
DILI[25,26]. However, Shapiro and Lewis reported that
factors such as age (over 55 years old), gender (female
dominant), or the history of alcohol intake were not
specific for DILI based on the evaluation of recent DILI
cases using the CIOMS/RUCAM scale[27]. Therefore,
risk factors for DILI must be analyzed carefully in
future. Moreover, genetic factors for drug metabolism,
such as polymorphisms of cytochrome P (CYP) 450 or
deficiency of N-acetyltransferase, have been reported
to contribute to DILI[28,29]. Interestingly, a recent report
suggested an association between the daily dose of
drug ingested and idiosyncratic DILI, and the number
of cases and poor outcome of DILI were reported to
increase in a dose-dependent manner[30]. Furthermore,
underlying liver disease or systemic viral infection
may increase susceptibility to DILI. In particular,
www.wjgnet.com

DILI caused by anti-tuberculous therapy is known to
be increased in patients with hepatitis B or C virus
infection[31]. Anti-retroviral therapy in HIV infection
was reported to induce severe hepatitis and lead to acute
liver failure[32]. The mechanisms by which HIV infection
predisposes patients to severe DILI are unknown, but
activation or sensitization of the innate immune system
by HIV infection may be involved. Moreover, hepatic
steatosis in nonalcoholic fatty liver disease (NAFLD)
increases the risk of DILI[33]. Mitochondrial dysfunction
or the existence of oxidative stress seen in NAFLD may
affect the occurrence and severity of DILI.
Clinical diagnosis of DILI
There are few clinical features associated specifically with
DILI. Although fever, rash, arthralgia, and eosinophilia
are symptoms and signs of an immunoallergic reaction
to a drug, they can also be seen without taking any drugs
and the frequencies in patients with DILI are not high.
General fatigue, appetite loss, and splenomegaly, often
seen in patients with viral hepatitis that may be helpful
for differential diagnosis at initial presentation, are also
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Table 3 Axes and scores of four representative scales utilized for diagnosis of drug-induced liver injury
NADRPS
Axis

CIOMS/RUCAM
Score

Chronological criteria
Illegibility in onset

-1 to +2

M&V

Axis

Score

Chronological criteria
From drug intake until
onset
From drug withdrawal
until onset

+1 to +2
0 to +1

Axis

DDW-J
Score

Chronological criteria
From drug intake until
onset
From drug withdrawal
until onset

+1 to +3
-3 to +3

Axis

Score

Chronological criteria
From drug intake until
onset
From drug withdrawal
until onset

+1 to +2
0 to +1

Course of the reaction
0 to +1

Exclusion of other causes -1 to +2
Rechallenge
Placebo response
Drug concentration and
monitoring

-1 to +2
0 to +1
0 to +1

Dose relationship
Previous exposure and
cross-reactivity
Any objective evidence

0 to +1
0 to +1

≥9

5 to 8
1 to 4
≤0

Definitive
Probable
Possible
Unlikely

Course of the reaction
Risk factors Age
Alcohol (or Pregnancy)1
Concomitant therapy
Exclusion of other causes
Previous information
Rechallenge

-2 to +3
0 to +1
0 to +1
-3 to 0
-3 to +2
0 to +2
-2 to +3

Course of the reaction

Definitive
Probable
Possible
Unlikely
Excluded

Course of the reaction
Risk factors
Alcohol (or Pregnancy)1

-2 to +3
0 to +1

Exclusion of other causes -3 to +3
Previous information
0 to +2
Rechallenge
0 to +3

Exclusion of other causes -3 to +2
Previous information
0 to +1
Rechallenge
0 to +3

Extrahepatic
0 to +3
manifestations rash, fever,
arthralgia, eosinophilia,
cytopenia

Extrahepatic
manifestations
eosinophilia

0 to +1

DLST

0 to +2

0 to +1
>8
6 to 8
3 to 5
1 to 2
≤0

-3 to +3

≥ 18

14 to 17
10 to 13
6 to 9
≤5

Definitive
Probable
Possible
Unlikely
Excluded

≥5

3 to 4
≤2

Definitive
Probable
Unlikely

1

Cholestatic/Mixed cases; DLST: Drug lymphocyte stimulation test.

not common in non-fulminant DILI. As there are many
causes of liver injury, it is essential to exclude other
etiologies in the diagnosis of DILI. Other etiologies
include viral hepatitis (hepatitis A virus, hepatitis B
virus, hepatitis C virus, hepatitis E virus, EB virus,
cytomegalovirus, human herpes virus-6, parvovirus
B19, etc.), biliary diseases such as cholelithiasis, alcohol
abuse, NAFLD, autoimmune liver diseases, and
hereditary diseases, such as hemochromatosis, α 1 antitrypsin deficiency, and Wilson’s disease. Among these
possible causes of liver injury, diagnosis of acute onset
autoimmune hepatitis (AIH) is sometimes difficult,
because scores using the International Autoimmune
Hepatitis Group scoring system for the diagnosis of
AIH, serum IgG levels or antinuclear antibody titers are
often low in acute AIH. Histological examination of the
liver may be useful for the differential diagnosis. Taken
together, a low threshold of suspicion, thorough history
including recent and past drug exposure, exclusion of
other possible etiologies, or occupational hazards with
exposure to potential toxins, are important in making
an accurate diagnosis of DILI[20,34]. Some clinical scales
are available for the diagnosis of DILI. However,
it is impractical to apply these diagnostic scales for
each patient with liver injury taking medications. In
addition, most patients take more than one drug, and
identification of a single drug as a causative agent is
difficult, even in cases where DILI is strongly suspected,
using these scales. Moreover, patients with underlying
liver or systemic diseases which also affect liver

biochemical tests, complicate the diagnosis of DILI.
Clinical scales available for diagnosis of DILI (Table 3)
As there are no standard criteria for diagnosis of DILI,
various clinical scales have been developed. The Naranjo
Adverse Drug Reactions Probability Scale (NADRPS)
was proposed in 1981 for assessment of adverse drug
reactions[35]. NADRPS has been widely used for DILI
due to its simplicity and wide applicability, despite not
being developed specifically for diagnosis of DILI.
Although simplicity is important for practical use,
NADRPS has been reported to have low sensitivity
and negative predictive values, and to exhibit a limited
capability to distinguish among adjacent categories of
probability such as “possible” and “probable” [36]. In
the early 1990s, the diagnostic scale called the Council
for International Organizations of Medical Sciences
(CIOMS) or Roussel Uclaf Causality Assessment
Method (RUCAM), was proposed at the International
Consensus Meeting by Danan and Benichou[4]. It was
also called the French method, because Danan had
previously reported the diagnostic criteria for acute
cytolytic hepatitis in France [21]. CIOMS/RUCAM is
applied for classification of the pattern of liver injury,
hepatocellular type, cholestatic type, or mixed type, as
described above. This scale is determined by a score
based on 7 criteria, including temporal relationship,
clinical course (response after withdrawal of drug), risk
factors, concomitant drugs, exclusion of other non-drug

www.wjgnet.com

6778

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

CIOMS/RUCAM

NADRPS

M&V
None

WHO
Medline
Original
DDW-J

Figure 1 Percentages of methods for causality assessment utilized for
diagnosis of DILI, reported during the last decade.

etiologies, likelihood of a reaction based on package
labeling, and rechallenge. It has been widely used as a
standardized scale with high reliability, reproducibility,
and specificity. More recently, Maria and Victorino
(M&V) reported a scale called the clinical diagnostic
scale (CDS), which simplified the CIOMS/RUCAM
using only 5 criteria[37]. It has often been noted that false
negative judgments are often made in cholestatic DILI
cases because the pattern of liver injury is not taken
into consideration in the M&V scale[38]. Moreover, DILI
cases with long latency periods and evolution to chronic
disease after withdrawal (especially cholestatic type) were
poorly diagnosed, and there was no agreement in cases
of fulminant hepatitis[39]. The M&V scale emphasizes
the immunoallergic reactions, such as extrahepatic
manifestations [40] . In Japan, a diagnostic scale was
proposed by reference to the CIOMS/RUCAM scale
in Digestive Disease Week Japan (DDW-J) 2004, and
includes a drug-lymphocyte stimulation test (DLST) as
a diagnostic factor[41]. The DDW-J scale was reported to
have higher sensitivity than the CIOMS/RUCAM (93.8%
vs 77.8%, respectively) in the analysis of 127 Japanese
patients. However, this scale must be evaluated in nonJapanese patients to verify its universal usefulness.
A review of 61 case reports of DILI in the PubMed
database over the last decade regarding diagnostic
methods used [42-102] (Figure 1, Table 4) revealed that
the CIOMS/RUCAM was the most widely utilized for
diagnosis of DILI (10/61 case reports, 16.4%), followed
by NADRPS (8/61, 13.1%), M&V (CDS) (2/61, 3.3%),
WHO database (2/61, 3.3%), Medline (1/61, 1.6%),
Original (1/61, 1.6%), DDW-J (1/61, 1.6%), and none
(38/61, 62.3%). The case reports using the WHO
database [88,98] or Medline [77] based DILI diagnosis on
reports of the suspected drug as a causative drug in the
database in addition to circumstantial evidence (history
of drug intake, onset of liver injury, and exclusion
of other causes). In the case of original criteria [73],
DILI diagnosis was made using the following criteria:
occurrence of hepatic damage directly related to drug
administration, exclusion of other causes of hepatitis,
recovery of hepatic function tests after cessation of
www.wjgnet.com
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drug therapy, and liver histology. Although the CIOMS/
RUCAM scale is the most widely used and thus currently
seems to be the standard method for diagnosis of DILI,
it should be emphasized that many physicians still make
a diagnosis of DILI based on their own judgment
probably because of the complexity of the scoring
systems available.
Additional tests to confirm the diagnosis of DILI and
identify a single causative drug
As mentioned above, patients are often taking several
drugs only one of which is responsible for liver injury
in most cases. However, even when clinical scales
for DILI strongly suggest a given drug as a cause of
liver injury, identification of the single causative drug
cannot be established with these scales. Rechallenge
with a potential causative drug to establish a diagnosis
is one of the diagnostic methods in the CIOMS/
RUCAM criteria [4,21]; however, it is not advised and
may be contraindicated from an ethical viewpoint. As
an alternative way to establish the diagnosis of DILI
and the identification of a single causative drug, some
additional tests using samples from the patient, such as
peripheral blood, could be helpful. One of the most
commonly used methods is DLST, which is performed
as follows [103] : Lymphocytes collected from the
heparinized peripheral blood of patients are incubated
with various dilutions of the suspected causative drug.
Lymphocyte proliferative response is evaluated by
monitoring 3H-thymidine uptake. DLST is widely used
in Japan and is incorporated into the diagnostic criteria
in Japan (DDW-J scale). However, sensitivity is around
50% and the lymphocyte response to the suspected
causative drug may not necessarily be related to liver
injury. Another test using peripheral blood of patients
is the leukocyte migration test (LMT), which has been
reported to be more useful than DLST [104]. This test
involves assaying the chemotaxis of granulocytes
from one chamber to another chamber containing
mononuclear cells, due to the chemotactic factor
produced by the mononuclear cells after incubation
with the suspected drug solution. Furthermore, Murata
et al[105] reported a cytokine production test as a method
to analyze the immunological pathogenesis of DILI,
which also showed high sensitivity for diagnosis. In this
analysis, HepG2 cells, which reserve the activities of
metabolic enzyme such as CYT450, are first incubated
with the suspected drug diluents, and the mixtures of
the extract and culture medium of HepG2 are then
incubated with peripheral blood lymphocytes isolated
from the patients. Intracytoplasmic cytokine profiles of
the lymphocytes, such as interferon-γ, tumor necrosis
factor-α, or interleukin-2, are finally evaluated by flow
cytometry. Although these tests are useful methods for
the diagnosis or identification of a single causative drug,
they are not simple to perform, and may not be feasible
for routine examination. However, if a single causative
drug cannot be determined, patients may have to avoid
several drugs, mostly non-hepatotoxic drugs, for the
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Table 4 Diagnostic methods used for diagnosis of drug-induced liver injury during the last decade
Drug

Type
1

Acetoaminophen
Dexketoprofen trometamol
Anabolic-androgenic steroids
Quizalofop-p-ethyl
Amoxicillin/clavulanate
Fenofibrate
INH/RMP/PZA
Risperidone, Quetiapine
Clindamycin
Bupropion
Flutamide, Cyproterone
Levothyroxine
5-Fluorouracil1
Sairei-to
Terbinafine
Ezetimide
Terbinafine
Infliximab1
Methylenedioxymethamphetamine
Methylprednisolone
Shen-min
Nimesulide
Nevirapine
Sirolimus
Amiodarone
Proguanil, Chloroquine
Sulpyrine, Clarithromycin
Glimepiride
Flucloxacillin
Sulbactam/ampicillin
Hydrochlorothiazide
Ketoconazole
Nimesulide
Ramipril
Gemcitabine
Amoxicillin/clavulanate, Ciprofloxacin
Bupropion, Carbimazole
Ciprofloxacin
6-Thioguanine
Terfenadine, Oxatomide
Pioglitazone
Danazol
Levofloxacin
Captopril1
Pioglitazone
Celecoxib
Nimesulide
Flutamide1
Risperidone
Zafirlukast
Troglitazone
Stavudine1
Bentazepam1
Rosiglitazone
Nitrofurantoin
Nimesulide1
Omeprazole
Troglitazone
Acarbose1
Benzylpenicillin
Terbinafine

2

H
H
C
M
M
H
M
C
C
M
H
H
H, M
H
H
H
M
H, C
M
H
H
H
H
H
H
M
H
C
M
C
M
M
M
C
M
H
H
H
H
M
M
H
H
M
H
M
M
H
C
H
H
H
M
H
M
H, M
H
M
H
H
M

Criteria

Country

None
None
None
CIOMS/RUCAM
None
None
None
NADRPS
NADRPS
CIOMS/RUCAM, M&V
CIOMS/RUCAM
DDW-J
NADRPS
LMT3
NADRPS, CIOMS/RUCAM
None
None
None
None
NADRPS
CIOMS/RUCAM
None
None
None
None
CIOMS/RUCAM
None
None
None
NADRPS
NADRPS
Original criteria
None
None
None
Medline
NADRPS
CIOMS/RUCAM
None
None
None
None
None
None
None
None
WHO database
CIOMS/RUCAM, M&V
None
None
None
None
None
None
None
CIOMS/RUCAM
WHO database
None
None
CIOMS/RUCAM
None

Italy
Spain
Mexico
Greece
USA
Poland
USA
USA
Turkey
USA
Spain
Japan
New Zealand
Japan
USA
USA
USA
Colombia
Canada
Turkey
China
Italy
France
Poland
Japan
France
Japan
Greece
Australia
Turkey
Israel
Korea
Turkey
Canada
USA
USA
Singapole
Germany
USA
Japan
USA
Japan
USA
Israel
Japan
USA
Switzerlamd
Spain
Germany
USA
USA
USA
Spain
USA
Israel
Belgium
Switzerlamd
USA
Japan
Switzerland
France

Yr
2008
2008
2008
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
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Cases reported in multiple numbers, not in a single case, are summarized. 2Type of liver injury. H: hepatocellular; C: cholestatic; M: mixed. 3LMT,
Lymphocyte migration test.

rest of their lives, seriously limiting treatment of other
diseases. Therefore, these tests should be considered in
selected cases.

Role of histological examination of the liver for the
diagnosis of DILI
The features of liver histology in drug-induced hepatitis
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are as follows: (1) demarcated perivenular (acinar
zone 3) necrosis; (2) minimal hepatitis with canalicular
cholestasis; (3) poorly developed portal inflammatory
reaction; (4) abundant neutrophils; (5) abundant
eosinophils; and (6) epithelioid-cell granulomas [106].
However, liver histology in DILI may not be diagnostic
in most cases. Moreover, centrilobular necrosis with
minimal portal inflammation is relatively characteristic
of DILI, but similar histological features can be seen in
acute-onset autoimmune hepatitis. Plasma cell infiltration
in portal tracts, which is often prominent in autoimmune
hepatitis, may be helpful for differential diagnosis in
such cases. The major role of histological examination is
therefore to exclude other possible causes of liver injury
rather than to make a final diagnosis of DILI. Therefore,
it is not recommended as a routine or early examination
for the diagnosis of DILI.

EARLY MANAGEMENT FOR DILI
As described above, DILI has a wide spectrum of
manifestations, ranging from asymptomatic mild
biochemical abnormalities to severe hepatitis with
jaundice. In most cases of DILI, liver injury would
be expected to improve following discontinuation of
the drug suspected to be responsible. On the other
hand, some DILI patients may even show resolution
of liver injury without discontinuation of the drug.
Therefore, it should be carefully evaluated whether the
suspected drug should be discontinued with adequate
consideration of the importance of the medication.
However, once liver injury progresses to acute liver
failure, this has a high fatality rate without liver
transplantation [107]. Although there are no definitive
criteria for cessation of the suspected causative drug,
some textbooks suggest that ALT less than 5 × ULN
and no symptoms allow continuation of the suspected
drug with close observation, whereas ALT of more than
8 × ULN indicates the need to discontinue the suspected
drug[108,109]. Another textbook suggests that the suspected
drug should be stopped only when abnor malities
in serum bilirubin, albumin, or prothrombin timeinternational normalized ratio (PT-INR) are found in
addition to elevated serum ALT[20]. Zimmerman reported
that elevation of transaminase activities in combination
with jaundice suggests serious liver injury with fatalities.
These findings were discussed at the National Institutes
of Health in Bethesda, and are recognized as Hy’s
rule for monitoring DILI, which states that elevation
of liver enzymes (AST or ALT more than 3 × ULN
or ALP more than 1.5 × ULN) in combination with
elevated bilirubin (more than 3 × ULN) at any time after
starting a new drug may imply serious liver injury and
the suspected drug should be stopped[110]. Two recent
studies have shown that hepatocellular liver injury with
jaundice is sometimes fatal even if the suspected drug is
stopped[9,10]. On the other hand, a recent study showed
that cases fulfilling Hy’s rule did not always lead to death
from DILI[18]. As many drugs can induce asymptomatic
www.wjgnet.com
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elevation of liver enzyme levels without severe
hepatotoxicity, mild elevations in transaminases do not
always require withdrawal of the causative drug. Based
on these observations, the FDA recently proposed draft
guidelines (http://www.fda.gov/cder/guidance/7507dft.
htm) in which ALT greater than 8 × ULN, ALT greater
than 5 × ULN for two weeks, ALT greater than 3 ×
ULN in association with serum bilirubin greater than 2
× ULN, more than 1.5 × PT-INR, or symptoms of liver
injury should be used to predict severe hepatotoxicity
and recommend discontinuing the drug[2]. Hepatocellular
liver injury with severe jaundice should be treated
carefully, and requires prompt referral to a center with
hepatologists. As mentioned above, severe liver injury
and fatality occur in cases of hepatocellular injury with
jaundice. On the other hand, cholestatic DILI cases
could be observed with continuation of the suspected
causative drug, except if symptoms related to liver injury
occur, such as jaundice, elevation of serum bilirubin
(more than 3 × ULN), or prolongation of PT-INR
(more than 1.5 × ULN). There have been no reports of
beneficial therapies except the use of N-acetylcysteine
for acetaminophen hepatotoxicity. Corticosteroid therapy
may be used in DILI cases with evident hypersensitivity,
but it does not have proven benefits[107]. Management of
DILI involves prompt withdrawal of the drug suspected
to be responsible. A positive de-challenge is a 50%
decrease in serum ALT within 8 d of discontinuation
of the suspected drug in the hepatocellular type, which
is also included in the CIOMS/RUCAM criteria[5,21]. On
the other hand, improvement of biliary enzymes after
cessation of the suspected drug usually requires a longer
period in cholestatic type. However, the time course after
cessation of the suspected drug does not always help in
early diagnosis and management of DILI, because some
patients should be evaluated promptly and managed as
suspected DILI on first presentation.

PROPOSAL OF PRACTICAL GUIDELINES
FOR DIAGNOSIS AND EARLY
TREATMENT OF DILI
Many drugs can cause abnormalities in liver function
tests without any symptoms suggestive of liver disease.
Preplanned liver function tests should be performed
whenever treatment with a new drug is started. In
patients with abnor malities in liver function tests
without an obvious cause, a careful history, including
not only hospital medications but also herbal remedies
or supplements, should first be obtained. History
taking should also include drug dosage, administration
route, previous administration, any concomitant drugs,
alcohol consumption, and underlying chronic liver
disease and symptoms such as arthralgia. Moreover,
family history of adverse drug reactions may be useful
for the diagnosis of DILI. On physical examination,
patients should be checked for fever, rash, or jaundice.
In particular, jaundice should be evaluated carefully,
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When new drugs are started
Preplanned liver function tests
Evaluation of the drug whether it could be hepatotoxic in previous reports

A

When liver dysfunction is recognized
1

Careful history taking/Rule out other etiologies

Evaluation of the type of liver injury (hepatocellular, cholestatic, or mixed)

DILI is suspected

DILI is Unlikely

Apply diagnostic scale (e.g. CIOMS/RUCAM)
Diagnosis of DILI
Hepatocellular type or mixed type

Cholestatic type
B

ALT > 8 x ULN at any one time
or
ALT > 5 x ULN for more than 2 wk
or
ALT > 3 x ULN, and total bilirubin > 2 x ULN or PT-INR > 1.5 x UNL
Yes
Discontinue the suspected drug

Careful monitoring

Symptoms related to liver injury such as jaundice
or
Total bilirubin > 3 x ULN
or
PT-INR > 1.5 x ULN
No

Careful monitoring

If liver function worsens

Figure 2 Algorithm for management of DILI. A: When new drugs are started; B: When liver dysfunction is recognized. The type, severity, and causes of liver injury
should be assessed promptly. 1Imaging studies such as ultrasonography should be performed in cases with suspected bile duct disorders.

Table 5 Examinations that should be performed in a patient with suspected DILI
Test

Subjects that can be evaluated

Hematological test1
Blood count (including eosinophils)
Biochemical test1
Aspartate aminotransferase (AST)
Alanine aminotransferase (ALT)
Lactate dehydrogenase
γ-glutamyl transpeptidase (γ-GTP)
Alkaline phosphatase (ALP)
Total bilirubin (including direct and indirect bilirubin)
Albumin
Choline esterase (ChE)
Total cholesterol (Cho)
Coagulation test1
Prothrombin time international ratio (PT-INR)

Determination of the type of liver injury (the ratio of ALT and ALP)

IgG, IgA, IgM
Anti-nuclear antibody (ANA)
Anti-mitochondrial antibody (AMA or M2)
Viral serology
IgM anti-HA1
HBsAg1, IgM-HBc1, anti-HBc, HBV-DNA
HCV-Ab1, HCV-RNA
HDV-Ab, HDV-DNA
HEV-Ab, HEV-RNA
IgM-EBV
IgM-CMV
Imaging study
Ultrasonography (US)1

Severity (Marked increase or decrease in white blood cell count, decrease in
platelet count. Increase in bilirubin level, decrease in albumin, ChE or Cho levels.
Decrease in the ratio of direct/total bilirubin (< 0.67). Prolongation of PT-INR).

Possibility (e.g. Increase in eosinophil count, the existence of mixed type liver
injury without any biliary disorders on imaging studies, High IgG level (>
2 g/dL) is suspicious of autoimmune hepatitis. Antibodies against hepatitis
virus may be false-negative especially in the early phase of infection. Instead,
measurement of viral RNA or DNA may be useful for the diagnosis. HDV
(requires concomitant HBV infection) and HEV are relatively rare in advanced
countries. Although, liver injury caused by EBV or CMV is also relatively rare,
young patients with possible DILI should be checked for EBV or CMV).

1

Tests which should be carried out first. Ig: Immunoglobulin; HA: Hepatitis A; HBsAg: Hepatitis B surface antigen; HBc: Hepatitis B core; HBV: Hepatitis B
virus; HCV: Hepatitis C virus; Ab: Antibody; HDV: Hepatitis D virus; HEV: Hepatitis E virus; EBV: Epstein-Barr virus; CMV: Cytomegalovirus.
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because it is a sign of severe liver injury indicating the
necessity for prompt cessation of the suspected drug.
Liver function tests including serum transaminase,
ALP, γ-glutamyl transpeptidase, and bilirubin, as well
as hematological tests including eosinophil count and
coagulation tests should be performed. Classification
of the pattern of liver injury should be done as early
as possible because clinical course, possible etiologies,
and causative drugs are different for each pattern[111].
Other etiologies, such as viral infection, autoimmune
liver disease, or biliary disease, should be excluded by
serological tests or imaging studies if necessary. DILI
cases with severe hepatitis showing elevation of serum
bilirubin to more than 3 × ULN may lead to liver failure,
and should be treated carefully with referral to the
hepatologist after discontinuing all suspected drugs. The
list of recommended tests which should be performed
in the diagnosis of DILI in patients with liver injury are
shown in Table 5. Although accidental readministration
of the causative drug may be beneficial for diagnosis
of DILI, it may lead to severe liver injury and may even
be fatal, and so is not recommended. Moreover, the
probability of DILI should also be evaluated using a
diagnostic scoring system, such as the CIOMS/RUCAM
criteria. However, there is as yet no gold standard set of
diagnostic criteria. The initial treatment usually involves
withdrawal of the suspected drug. If the causative drug
cannot be discontinued because the patient is receiving
many dr ugs or the underlying disease is serious,
medications may be continued with careful monitoring.
Additional tests, such as the DLST, LMT, or cytokine
production test, may be beneficial to identify the
causative drug (Figure 2).

CONCLUSION
The spectrum of DILI is both diverse and complex.
Although liver injury is often mild and does not require
treatment in these patients, DILI may lead to severe
hepatitis with a risk of death. Therefore, adequate
initial management after achieving an accurate diagnosis
is important for physicians. Although the incidence
of DILI is reported to be increasing, the precise
frequency is difficult to estimate because of the lack of
a worldwide monitoring system and the lack of a gold
standard for diagnosis. Establishment of a worldwide
network for monitoring the adverse events of drugs and
a universal diagnostic system for DILI are important for
accurate diagnosis, and may lead to better management
of DILI.
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cholestatic liver disease are reviewed. In addition,
the causes explaining the pathological condition (e.g.
disorganization of actin or actin-transporter linkers) and
the mediators involved (e.g. activation of cholestatic
signaling transduction pathways) are also discussed.
Finally, several experimental therapeutic approaches
based upon the administration of compounds known to
stimulate exocytic insertion of canalicular transporters
(e.g. cAMP, tauroursodeoxycholate) are described.
© 2008 The WJG Press. All rights reserved.
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Abstract
Vesicle-based trafficking of hepatocellular transporters
involves delivery of the newly-synthesized carriers from
the rough endoplasmic reticulum to either the plasma
membrane domain or to an endosomal, submembrane
compartment, followed by exocytic targeting to the
plasma membrane. Once delivered to the plasma
membrane, the transporters usually undergo recycling
between the plasma membrane and the endosomal
compartment, which usually serves as a reservoir of
pre-existing transporters available on demand. The
balance between exocytic targeting and endocytic
internalization from/to this recycling compartment is
therefore a chief determinant of the overall capability
of the liver epithelium to secrete bile and to detoxify
endo and xenobiotics. Hence, it is a highly regulated
process. Impaired regulation of this balance may
lead to abnormal localization of these transporters,
which results in bile secretory failure due to endocytic
internalization of key transporters involved in bile
formation. This occurs in several experimental models
of hepatocellular cholestasis, and in most human
cholestatic liver diseases. This review describes the
molecular bases involved in the biology of the dynamic
localization of hepatocellular transporters and its
regulation, with a focus on the involvement of signaling
pathways in this process. Their alterations in different
experimental models of cholestasis and in human
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INTRODUCTION
Bile secretion is a highly-regulated process. Such
regulation is aimed at coping with the physiological
demand for hepatocellular transport of endo- and
xenobiotics. This is achieved by modulation of the
constitutive expression, dynamic localization or
intrinsic activity of relevant transport systems located
at the sinusoidal (basolateral) and canalicular (apical)
membranes of the hepatocyte.
Modulation of carrier transport activity may occur
at different time scales. Long-term regulations occur by
changes in carrier turnover, which leads to modification
of the synthesis-degradation balance. Altered synthesis
rate involves transcriptional or translational changes
in carrier expression. On the other hand, modification
of the carrier degradation rate is a post-translational
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process. This latter event may involve, as an initiating
step, sustained internalization of the carrier protein from
its plasma membrane domain, followed by lysosomal
breakdown.
In contrast to this irreversible fate, transitory, reversible
changes in transporter localization by vesicle-mediated
insertion/internalization from/to an endosomal recycling
compartment may occur as part of a short-ter m,
physiological mechanism aimed at quickly modulating
carrier density at the plasma membrane. This is a tightly
regulated process, and the signaling mediators involved
are being actively characterized.
Apart from its role in biliary physiology, changes in
the proper localization of hepatocellular carriers also
occur in a number of pathological conditions, and they
may partly explain the cholestatic manifestations in these
liver diseases. This has encouraged investigators to better
understand the mechanisms involved in this particular
pathomechanism at a molecular level, and to envisage
and test in experimental models of cholestasis new
therapeutic approaches based upon its prevention.
This article aims to give an overview of this subject,
by summarizing the current information available in
the literature on physiological regulation and cholestatic
changes in hepatocellular carrier dynamic localization, as
well as its beneficial modulation by therapeutic agents.

HEPATOCELLULAR TRANSPORT
SYSTEMS
The hepatocyte is a polarized cell that expresses
differential transport systems in its plasma membrane
domains. These transporters play a key role in the
vectorial transfer of solutes and water from sinusoidal
blood into bile, thus contributing to bile formation and
the biliary excretion of many xenobiotics. Most of these
transport proteins have been identified by molecular
cloning, and their transport properties characterized
by functional studies. Their localization and transport
function are shown in Figure 1.
Sinusoidal solute uptake transporters
Liver sinusoids possess a specific architecture that allows
passage of organic compounds bound to albumin
through endothelial fenestrae into the space of Disse,
from where they can be taken up by the sinusoidal
transport systems of the hepatocytes[1].
Basolateral uptake transporters can be divided into
Na +-dependent and Na +-independent systems. Na +dependent uptake involves co-transport of solutes with
Na+, and is driven by the electrochemical Na+ gradient
generated and maintained by the Na+/K+-ATPase, which
is strategically localized at the sinusoidal membrane. The
Na+-independent transport of organic anions is driven
primarily by anion exchange.
Bile salts are the predominant organic solutes in
bile, and the main determinants of bile flow [2]. Bile
salts are mainly taken up by the Na+/taurocholate cotransporting polypeptide (NTCP/Ntcp for humans
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and rodents, respectively; also known as SLC10A1/
Slc10a1)[3]. A remaining fraction is taken up by a Na+independent transport system mediated by the organic
anion-transporting polypeptide (OATP/Oatp) family
of transporters [4,5] . In addition to conjugated and
unconjugated bile salts, Oatps/OATPs accept other
cholephilic compounds, including glucuronidated (and
maybe unconjugated) bilirubin, exogenous organic
anions (e.g. sulphobromophthalein), leukotrienes,
estrogen-conjugates (e.g. estrone-3-sulfate or estradiol17- β -d-glucuronide), thyroid hormones, mycotoxins,
and numerous xenobiotics [3,6-8] . Four OATPs have
been cloned and characterized from human liver,
namely: OATP1A2 (SLCO1A2/SLC21A3; formerly,
OATP-A), OATP1B1 (SLC21A6; formerly, OATP-C or
LST-1), OATP1B3 (SLC21A8; formerly, OATP-8) and
OATP2B1 (SLC21A9; formerly, OATP-B). There are
three Oatps identified in rats, namely: Oatp1a1 (Slc21a1;
formerly, Oatp1), Oatp1a4 (Slc21a5; formerly, Oatp2)
and Oatp1b2 (Slc21a10; formerly, Oatp4 or Lst-1).
Oatp1b2 is the rodent ortholog of both OATP1B1 and
OATP1B3[9].
Hepatocellular uptake of organic cations is mediated
by two separate transport systems, which depends on the
substrate molecular size[10]. Thus, small (type Ⅰ) organic
cations are taken up by the organic cation transporter,
OCT1/Oct1 (SLC22A1/Slc22a1), which is electrogenic
in nature. On the other hand, human OATP-A (but not
the remaining members of the OATP family) and rat
Oatp2 mediate the uptake of bulky (type Ⅱ) organic
cations.
Canalicular solute export transporters
After traversing the cell by Fick’s diffusion, mostly
bound to high-affinity cytosolic proteins, cholephilic
compounds are excreted into bile mainly by ATPdependent pumps of the superfamily of ATP-binding
cassette (ABC) transporters, in particular those belonging
to the family of multidrug-resistance proteins, MDR/
Mdr, or to the family of multidrug-resistance-associated
proteins, MRP/Mrp.
MDRs/Mdrs are members of the ABC superfamily
that were originally described in cancer cell lines, where
they confer resistance to therapeutic agents. Three gene
products were identified in rodents, Mdr1a (Abcb1a),
Mdr1b (Abcb1b) and Mdr2 (Abcb4), and two in humans,
MDR1 (ABCB1) and MDR 3 (ABCB4). MDR1/Mdr1
functions as an efflux pump for a wide range of
amphiphilic, bulky type Ⅱ cationic drugs, together with
other hydrophobic compounds, such as endogenous
and exogenous metabolites or toxins, steroid hormones,
hydrophobic peptides and even glycolipids [8] . Two
closely related but functionally distinct Mdr1 isoforms,
mdr1a and mdr1b are present in the murine but not in
the human phenotype[11]. MDR3/Mdr2 functions as a
flippase, which translocates phosphatidylcholine (PC)
from the inner to the outer leaflet of the canalicular
membrane, followed by release of PC-containing vesicles
from the outer leaflet into bile, a process facilitated by
the detergent properties of luminal bile salts[12].
www.wjgnet.com
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Figure 1 Localization and function of sinusoidal and canalicular hepatocellular transporters. A: humans; B: rodents. The Na+-dependent sinusoidal uptake
of bile salts is mediated by NTCP (human)/Ntcp (rat). The Na+-independent hepatic uptake of organic anions (OA-), Bile salts and type Ⅱ organic cations (OC+) is
mediated by members of the OATP/Oatp family. Sinusoidal uptake of type Ⅰ OC+ is mediated by OCT1/Oct1. Transport across the canalicular membrane is driven
mainly by ATP-dependent export pumps (black circles). MDR1/Mdr1a, Mdr1b mediates canalicular excretion of amphiphilic type Ⅱ OC+ and other hydrophobic
compounds. MDR3/Mdr2 functions as a phosphatidylcholine (PC) flippase. BSEP/Bsep mediates apical excretion of BSs. MRP2/Mrp2 transports non-bile-salt organic
anions, such as bilirubin glucuronides, GSH, and sulfated/glucuronidated bile salts. Canalicular transport of HCO3- is mediated by the Cl-/HCO3- exchanger AE2/Ae2.
Aquaporins AQP9 and AQP8 are involved in the transport of water across the rat sinusoidal and the canalicular membrane, respectively. The nature of the water
channels in human liver has yet to be characterized.

Monoanionic bile salts are excreted in the canalicular
pole by the bile salt export pump (BSEP/Bsep; ABCB11/
abcb11), another member of the MDR family [13]. In
contrast, canalicular efflux of divalent, bipolar sulfated
or glucuronidated bile salts is mediated by the multidrugresistance-associated protein 2 (MRP2/Mrp2; ABCC2/
Abcc2)[4,14]. This carrier is also engaged in the biliary
excretion of many other organic anions, including
glutathione S-conjugates (e.g. of leukotriene C4 or
www.wjgnet.com

sulphobromophthalein, among others), glucuronides
(e.g. of bilirubin and estrogens), and reduced (GSH)
and oxidized glutathione (GSSG), the former with
low affinity [15,16] . Both GSSG and GSH are major
determinants of the so-called “canalicular bile-saltindependent bile flow”[17].
The canalicular membrane domain also contains the
electroneutral anion exchanger 2 (AE2/Ae2; SLC4A2/
slc4a2), which extrudes HCO3- by exchanging the anion
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for biliary Cl-[18]. It functions to regulate intracellular
pH when hepatocytes are exposed to an alkaline
load[18]. In addition, AE2/Ae2 plays a role in bile flow
generation, since HCO3- excretion is thought to be an
additional primary driving force of the canalicular bilesalt-independent bile flow [18,19]. Both in humans and
rats, three transcript variants of AE2/Ae2 have been
described, namely the full-length transcript AE2a/
Ae2a, expressed from the upstream promoter in most
tissues, and the alternative transcripts AE2b1/Ae2b 1
and AE2b2/Ae2b2, expressed in a more tissue-restricted
fashion (mainly in liver and kidney). AE2b1/2/Ae2b1/2
transcription is driven from overlapping promoter
sequences within intron 2, which result in AE2/Ae2
protein isoforms with short N-terminal differences[20,21].
Water transporters
For a solute to drive blood-to-bile vectorial water
transport primarily, resultant osmotic forces need to be
associated with aquaporin (AQP)-mediated transcellular
movement of water molecules from plasma to the
bile canaliculus. Both immunochemical and functional
studies have demonstrated the constitutive expression
of the water channel AQP9 at the basolateral membrane
of rat hepatocytes, and the regulated expression of the
water channel AQP8 at the hepatocellular canalicular
membrane domain[22-24]. As a result of it being inserted
in the canalicular membrane on demand, AQP8 is
suggested to play a role in bile formation, facilitating
the osmotic movement of water under a choleretic
stimulus [23,24]. AQP isoforms that mediate polarized
water transport in human hepatocytes, if any, remain to
be identified.

MECHANISMS OF NORMAL
TRAFFICKING OF HEPATOCELLULAR
TRANSPORTERS AND ITS REGULATION
BY SIGNALING PATHWAYS
Basolateral transporters
N TC P / N t c p : B a s o l a t e r a l t a r g e t i n g o f N T C P
is mediated by a sor ting pathway that involves
translocation of the protein from the endoplasmic
reticulum (ER) to the Golgi apparatus, and from there
to the plasma membrane, by a trans-Golgi-networkindependent pathway[25]. The process may also involve
microtubular and microfilamental motor proteins. A
role for the cytoskeleton in NTCP translocation has
been studied in detail using green fluorescent protein
(GFP)-tagged NTCP expressed in the HepG2 cell
line[26]. This study showed that targeting of NTCP to
the plasma membrane consists of two steps: (1) delivery
of NTCP to the region of the plasma membrane via
microtubules, and (2) insertion of NTCP into the plasma
membrane, by a microfilament-mediated mechanism;
this actin requirement was also observed in isolated
rat hepatocytes[27]. The latter step more likely involves
targeting of NTCP from an early (recycling) endosomal
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Figure 2 Signaling pathways that regulate the cAMP-induced exocytic
insertion of Ntcp into the basolateral membrane. cAMP stimulatory effect
involves elevations in cytosolic Ca2+ and activation of PI3K-dependent pathway,
probably via protein kinase A (PKA). CaM complex activates phosphatase 2B
(PP2B), which promotes insertion of Ntcp by dephosphorylation. This pathway
is counter-regulated by cPKC. cAMP also stimulates Ntcp targeting by PI3Kdependent activation of PDK1 and subsequent PKB activation. Alternatively,
PKB is activated by the concerted action of the atypical PKCζ and PDK2.
Finally, cAMP/PI3K signaling stimulatory pathway may involve PKCδ.

compartment[28]. These NTCP/Ntcp-containing vesicles
also express the microtubule-based motor proteins
dynein and kinesin, and the actin-based motor myosin
[28]
Ⅱa . This compartment may serve as a reservoir of
transporters for their rapid insertion into the sinusoidal
membrane under a physiological stimulus that requires
their function. It is therefore not surprising that recycling
of NTCP/Ntcp from this compartment is a highly
regulated process.
The cAMP-elevating hormone glucagon and the
permeant cAMP analog dibutyryl cAMP stimulate
hepatocyte Ntcp maximal transport in rats by insertional
exocytosis from intracellular vesicles that contain the
transporter[29]. The signaling pathways evoked by cAMP
that account for this stimulatory effect are depicted
in Figure 2. Protein kinase A (PKA) activation [30] ,
phosphatidylinositol 3-kinase (PI3K) activation[27,31] and
elevations of cytosolic Ca 2+[30] all mediate the cAMP
effect. Although the mechanism of PI3K activation by
cAMP has not been elucidated as yet, there is evidence
in other cell lines that the cAMP-dependent PKA
can activate PI3K by phosphorylation of the PI3K
regulatory subunit, p85[32]; if this applies to hepatocytes,
this would explain the dual mediation of PKA and
PI3K in the cAMP-stimulatory effect. The downstream
mediators of the cAMP-PI3K signaling pathway are
under debate, and may be multifactorial. The PI3K
downstream enzyme, protein kinase B (PKB, also
known as Akt), has been implicated[27,31]. Coincidently,
hepatocellular swelling, which also evokes the PI3K/
www.wjgnet.com
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PKB signaling pathway, favors Ntcp translocation to
the plasma membrane as well[31,33]. The effect of PI3K/
PKB on Ntcp translocation seems to be mediated by
the PI3K-dependent activation of atypical protein
kinase C zeta (PKCζ)[34]. PKCζ is downstream of PI3K,
since PI3K products activate this PKC isoform [35,36].
The requirement of PKCζ for the PKB effect can be
explained by PKCζ modulation of activators upstream
of PKB. Activation of PKB requires phosphorylation
by 3-phosphoinositide phosphate-dependent kinase
1 (PDK1), followed by phosphorylation by a second
kinase, PDK2; this latter kinase phosphor ylates
and activates PKB fully only when associated with
PKC ζ [36,37]. In addition, a direct, non-PKB-mediated
stimulatory role for PKCζ on Ntcp translocation has
been suggested[34]. Apart from PKCζ, cAMP-stimulated
PI3K phosphorylates the novel protein kinase C delta
(PKCδ) at Thr-505, and the resulting activation seems to
be involved in Ntcp membrane translocation as well[38].
The molecular target/s phosphorylated by PKB, PKCζ
and PKCδ that ultimately account for the translocation
of Ntcp are unknown. Ntcp itself seems not to be a
target, since cAMP may promote dephosphorylation
rather than phosphorylation of the carrier[39-41]. However,
studies in transfected COS-7 and Madin-Darby canine
kidney (MDCK) cells using GFP-fused Ntcp constructs
that lack the cytoplasmic Ntcp tail, which serves as a
signal for basolateral sorting, have demonstrated that
this moiety has regulatory phosphorylation sites that
are essential for cAMP-induced stimulation of Ntcp
translocation[42]. The relevance of this finding needs
to be tested in a more physiological context. Other
possible phosphorylation targets, at least of PKCζ, are
the microtubule motors that drive movement of Ntcpcontaining vesicles. A majority (75%) of intracellular
vesicles containing Ntcp were found to co-localize
with PKCζ in rat hepatocytes, and the motility of these
vesicles on microtubules, when assessed using an in vitro
motility assay, was impaired by both PI3K and PKCζ
inhibitors, and stimulated by PI3K products[28].
Apart from activating PKA and PI3K, cAMP
induces elevations of cytosolic Ca2+ in hepatocytes[43,44].
The subsequent formation of the Ca2+-calmodulin (CaM)
complex influences Ntcp localization by activating the
Ca 2+/CaM-dependent serine–threonine phosphatase
PP2B (also known as calcineurin)[39]. cAMP promotes
both serine and threonine dephosphorylation of Ntcp
via PP2B[39-41], and dephosphorylated Ntcp is located
preferentially in the plasma membrane[45]. Phosphorylated
Ser-226 in the third cytoplasmic loop of Ntcp may be
the target for cAMP-stimulated dephosphorylation[45].
This cAMP-dependent, Ca 2+-mediated pathway may
be counter-regulated by activation of “classical” (Ca2+dependent) PKC (cPKC), since pan-specific activation
of PKC with phorbol esters counteracts the cAMPstimulatory effect[30].
OATP/Oatp: Unlike Ntcp, this family of transporters
is not stored in intracellular vesicular compartments,
and therefore regulation by trafficking is limited to
www.wjgnet.com
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Figure 3 Routes involved in trafficking of canalicular transporters. The
trafficking of vesicles delivering Bsep (gray vesicles) or Mdr1/Mdr2 (white
vesicles) from the site of synthesis to the canalicular domain is distinct. Mdr1
and Mdr2 are directly targeted to the canalicular membrane, whereas Bsep
is indirectly targeted via a subapical, endosomal compartment, which allows
the recycling of transporters (exocytic insertion/endocytic internalization).
Once targeted, Mdr1 and Mdr2 are also able to recycle between the subapical
compartment and the canalicular membrane.

modulation of its transfer from synthesis sites. Sorting
of human OATP-C to the basolateral membrane is
mediated by both the Golgi complex- and the vacuolar
H + -ATPase vesicle-mediated membrane sor ting
pathways, and cAMP positively regulates the first sorting
mechanism via activation of PKA[46].
Canalicular transporters
ABC canalicular transporters: Vesicle-based trafficking
steps of canalicular export pumps are depicted in
Figure 3. Once synthesized by the rough ER, de novo
ABC canalicular transporters belonging to either the
MRP or the MDR family traffic via the Golgi complex
directly to the apical membrane[47-49]. Pulse-chase studies
using 35S-methionine followed by immunoprecipitation
of the ABC transporters from subcellular fractions have
revealed that these transporters are targeted directly to
the canalicular membrane, as at no time between passage
through Golgi and arrival at the canalicular membrane
are the ABC transporters localized at the sinusoidal
membrane [49] . However, the post-Golgi trafficking
differs among the ABC transporters studied. Mdr1 and
Mdr2 are fully delivered to the canalicular membrane
30 min after 35S-methionine administration [49]. This
finding was confirmed for Mdr1 in WIF-B cells, a hybrid
of rat hepatoma cells and human fibroblasts that has
functional bile canaliculi[50]. Contrarily, Bsep only reaches
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the canalicular membrane after 2 h, which suggests
that, unlike Mdr1/2, Bsep is retained in an intracellular
endosomal pool prior to delivery to the canalicular
membrane [48]. This intrahepatic, large vesicular pool
also serves as a reservoir of ABC transporters, which
can be quickly recruited to the canalicular membrane
on physiological demand that requires their function
(e.g. increased biliary excretion of bile salts for lipid
digestion/absorption during the post-prandial period).
The recycling process involves exocytic insertion,
followed by endocytic internalization once demand is
satisfied[47,48].
Compelling evidence in the literature further
supports the existence of this recycling compartment
for canalicular hepatocellular transporters. Immunogold
electron microscopy studies of rat hepatocytes have
revealed that distribution of Bsep is not restricted to the
canalicular membrane, but is also detected in electrontranslucent vacuolar structures close to the apical,
but not the basolateral membrane [51]. Pericanalicular
localization of Mrp2, Bsep and Mdr1 has also been
demonstrated by immunofluorescent staining in isolated
rat hepatocyte couplets[52]. Finally, direct visualization
of the recycling between the canalicular membrane
and subapical endosomes has been observed for BsepGDP chimeras in WIF-B cells stably transfected with
adenoviral Bsep-GFP constructs[53]. Chimeric Bsep colocalizes with the marker of recycling endosomes Rab11,
and its recycling was microtubule- and microfilamentdependent in both ways[53]. On the contrary, and unlike
the de novo transporter pathway, this recycling does not
involve the Golgi complex, since it is unaffected by
brefeldin A. This suggests that recycling represents an
independent step in the whole trafficking of de novo
ABC transporters to the canalicular membrane, and that
only replenishment of this recycling compartment with
newly-synthesized transporters is Golgi-dependent.
T his larg e-rang e, Golgi-de pendent vesicular
trafficking of ABC transporters has been characterized
by our group and others using the couplet model.
Sorting of Mrp2 to the apical membrane has been
analyzed by studying the spontaneous retargeting of the
transporter after Mrp2 internalization that occurs during
the isolation process[54,55]; this vesicle-based trafficking
shares the route of newly-synthesized, apicallydirected proteins, since it is sensitive to disruption
of the Golgi complex function with brefeldin A [55].
Inhibitors of microtubule polymerization diminish,
but do not completely block, the restoration of Mrp2
localization[54,55]. Re-establishment of hepatocyte couplet
secretory polarity is instead strikingly dependent on
microfilament organization [55]. A similar differential
cytoskeletal dependency has been suggested to occur for
Bsep, as inferred by functional studies upon restoration
of the hepatocyte couplet capability to secrete apically
the Bsep substrate, cholyl-lysylfluorescein (CLF),
and also for Ca 2+/Mg 2+-ATPase, another canalicular
transporter [56] . The vesicle motor protein myosinⅡ may be crucially involved in the actin-dependent
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targeting of Bsep. Co-immunoprecipitation studies
have identified myosin-Ⅱ regulatory light chain as a
binding partner of BSEP, and reduced expression of
this protein in dominant negative mutant MDCK cells
reduces apical membrane BSEP levels[57]. Furthermore,
pharmacological inhibition of myosin Ⅱ impedes
delivery of newly synthesized transporter to the apical
membrane in these cells[57]. These findings suggest that
myosin-Ⅱ is required for BSEP trafficking to the apical
membrane in polarized epithelial cells.
Trafficking of ABC transporters from their place of
synthesis to the canalicular membrane is under signaling
modulation. Studies using the re-polarization approach
in hepatocyte couplets described above have shown that
the spontaneous canalicular targeting of Mrp2 after
isolation and culture is Ca2+- but not PKA-dependent[55].
The Ca2+-elevating compound thapsigargin (an inhibitor
of the ER Ca 2+ -ATPase) accelerates, whereas the
intracellular Ca2+ chelator BAPTA/AM and the CaM
inhibitor W7 greatly inhibit this process, which suggests
Ca2+-CaM dependency. On the other hand, the PKCdependent signaling pathway is inhibitory in nature, since
the PKC activator phorbol 12,13-dibutyrate inhibits this
process, whereas both the pan-specific PKC inhibitor
staurosporine and the specific inhibitor cPKC Gö6976
accelerate this process. This indicates that, under basal
conditions, cPKC exerts an inhibitory effect on longrange trafficking of ABC transporters to the canalicular
pole and that the stimulation induced by Ca2+ elevations
may generate its own counter-regulatory mechanism,
by activating cPKC. In this connection, selective
activation of cPKC by administration of thymeleatoxin
is associated with retrieval of Bsep and loss of bile salt
secretory function in isolated rat perfused liver[58].
Both Roelofsen et al [54] and our g roup [55] have
analyzed the influence of cAMP on the time-dependent
re-targeting of Mrp2 after isolation-induced Mrp2
internalization. cAMP stimulates this process. This
phenomenon is partially inhibited by inhibitors of
microtubule polymerization. We have further examined
this phenomenon by analyzing the involvement of
signaling molecules downstream of cAMP, the cross
talk with other signaling pathways, and the dependency
of cAMP stimulus on cytoskeleton organization [55]
(Figure 4). The cAMP-sensitive stimulatory pathway
shares most downstream signaling constituents with
the basal, spontaneous pathway described above, i.e. it
is not PKA-dependent, but Ca2+-dependent, via Ca2+CaM complex for mation. This cAMP-dependent
pathway is also counter-regulated by activation of
cPKC[55]. Interestingly, a similar counter-regulatory crosstalk between cAMP- and PKC-dependent signaling
pathways applies to the trafficking of other transporters,
including Ae2 [59] and Ntcp [30]. Another candidate to
mediate cAMP-stimulatory effects is PI3K. Studies in
vivo have revealed that cAMP-mediated stimulation of
ABC transporter insertion is inhibited by the PI3K
inhibitor wortmannin, and restored by phosphoinositide
PI3K products[60]. PKCδ has been identified recently
www.wjgnet.com
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Figure 4 Signaling pathways involved in the exocytic insertion of
canalicular transporters promoted by cAMP and by TC and TUDC. cAMP
effect involves elevation in cytosolic Ca2+ and activation of the PI3K-dependent
pathway. Formation of the CaM complex promotes apical insertion of
transporters via unidentified mediators, and is counter-regulated by activation of
cPKC. PI3K promotes exocytic insertion of canalicular transporters by activation
of PKCδ and Erk-1 and Erk-2 of MAPK, via the Ras/Raf- MAPK kinase (MEK)Erk-1/2 pathway. TC and TUDC also evoke the PI3K-dependent signaling
pathway and promote insertion of canalicular transporters via the Ras/RafMEK-Erk-1/2 pathway. TUDC also stimulates canalicular carrier insertion by
activation of MAPKs of the p38MAPK type, by an unknown mechanism.

as a possible effector of the cAMP-dependent, PI3Kmediated pathways that leads to Mrp2 insertion[38]. The
endogenous bile salt taurocholate (TC), which, as does
cAMP, evokes the PI3K-dependent signaling pathway[61]
and activates PKCδ[62], also promotes insertion of ABC
transporters into the canalicular membrane in a PI3Ksensitive manner[61].
Another bile salt that stimulates exocytic insertion
of canalicular transporters is tauroursodeoxycholate
(TUDC)[63], but its action mechanism seems to involve
another set of signaling molecules (Figure 4). TUDC
activates within minutes mitogen-activated protein
kinases (MAPKs) of both the p38 MAPK type [63] and
of the extracellular signal-regulated kinase (Erk) type
(Erk-1 and Erk-2)[64]. These effects are causally linked to
increased biliary excretion of bile salts and canalicular
inser tion of Bse p; the latter event having been
demonstrated only for p38MAPK[63]. The stimulus induced
by TUDC on Erk-1/2, but not on p38MAPK, is dependent
on the sequential activation of PI3K and Ras/Raf[65].
The two MAPK-dependent pathways seem to act
in parallel, and dual activation is required [63]. Studies
in human hepatoblastoma HepG2 cells and in rat
hepatocytes have shown that TUDC-stimulated insertion
www.wjgnet.com

Figure 5 Signaling pathways involved in the co-stimulation of the
canalicular targeting of AE2 and AQP8 by cAMP. AE2 and AQP8 are colocalized in the same population of pericanalicular vesicles, thus explaining
common signaling modulation. cAMP stimulates AE2 and AQP8 targeting via
activation of PKA. The PI3K pathway mediates the cAMP-stimulated, PKAdependent targeting of AQP8, and probably that of AE2. cAMP effect on both
transporters is counteracted by activation of PKC.

of BSEP involves not only increased targeting from the
subapical compartment to the canalicular membrane,
but also enhanced trafficking from the Golgi complex to
the subapical compartment, and that p38MAPK may be a
key signaling molecule in mediating this latter effect[66].
Coincidently, hypo-osmotic cell swelling, which shares
with TUDC several downstream signaling effectors, also
stimulates bile salt excretion by activation of Erk-1/2
and p38MAPK[67], and both types of MAPKs are involved
in hypotonicity-stimulated, microtubule-sensitive bile salt
excretion[68,69].
AE2/Ae2:Apart from its functional localization in
the canalicular membrane, the canalicular Cl-/HCO3exchanger AE2/Ae2 is present in pericanalicular
vesicles[21,70], which migrate to the canalicular membrane
on demand (Figure 5). The sorting in polarized liver
cells of the three Ae2 variants, Ae2a, Ae2b1 and Ae2b2,
has been studied using collagen-sandwiched primary rat
hepatocytes[21]. After 72-96 h, GFP constructs from each
recombinant Ae2 isoform co-localize in the canalicular
membrane and in subapical, vesicular structures, and
no signal is detected at the basolateral pole. This shared
sorting of Ae2 isoforms is sensitive to the microtubuledisrupting agent colchicine, which suggests microtubuledependent vesicular transport and exocytotic insertion of
these transporter isoforms in the canalicular membrane.
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Microtubule-dependence of Ae2 trafficking has been
confirmed by functional studies. Ae2-mediated Cl -/
HCO3- exchange is increased in rat hepatocytes exposed
to a bicarbonate-containing medium or in response
to cAMP, and this increased activity is blocked with
colchicine[59]. The cAMP-elevating hormone glucagon
also stimulates this activity through a microtubule- and
a cAMP-dependent, PKA-mediated mechanism [71] .
The stimulation of Cl -/HCO 3- exchange activity by
cAMP or glucagon is inhibited by PKC agonists[59,71],
which suggests the existence of a counter-regulatory
mechanism similar to that occurring for the targeting of
Ntcp and ABC canalicular transporters (see above).
AQP8: This water canalicular channel is largely
localized in intracellular vesicles in hepatocytes, as
demonstrated by both subcellular fractionation [23] ,
confocal immunofluorescence[23] and immunoelectron
microscopy studies[72]. As a result of this property, it
can be quickly inserted in the canalicular membrane on
demand[24,73]. The cell-permeable cAMP analog dibutyryl
cAMP induces redistribution of AQP8 to the canalicular
membrane, and increases hepatocyte membrane water
permeability in a microtubule-dependent manner[22,23].
Further studies in isolated rat hepatocytes[74] have shown
that, as with AE2, AQP8 is inserted in the canalicular
membrane by the cAMP-elevating hormone glucagon,
by a process that involves both PKA and PI3K
activation[75]., Immunofluorescent co-staining studies in
WIF-B cells have shown intracellular co-localization of
AQP8 and AE2, which suggests that these transporters
are expressed in the same population of pericanalicular
vesicles[76] (Figure 5). This explains the similar behavior
of both transporters in response to a similar regulatory
stimulus. Thus, apart from modulating the biliary
secretion of osmotically-active solutes to the bile
canaliculus via exocytic insertion of relevant carriers (e.g.,
BSEP, MRP2, AE2), hepatocytes can also modulate their
canalicular membrane water permeability by inserting
AQP8, thus facilitating the osmotic movement of water
under choleretic stimulus.

ALTERATIONS OF THE DYNAMIC
LOCALIZATION OF TRANSPORTERS IN
LIVER DISEASE
Endocytic internalization of hepatocellular transporters
is a common feature in liver disease. This applies
mainly to those liver diseases that involve primary
impairment in the capability of hepatocytes to produce
bile (hepatocellular cholestasis). In these cases, changes
in transpor ter localization may become a major
pathomechanism that explains the secretory failure.
Alternatively, changes in carrier localization can occur as
a secondary consequence of a cholestatic manifestation
caused by mechanical impediments to deliver bile to
the duodenum (obstructive cholestasis). In this case,
transporter mis-localization may aggravate/perpetuate
the primary secretory halt. We summarize here the current
evidence in the literature that alterations in the dynamic
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localization of transporters occur in experimental and
human cholestatic liver disease.
Endocytic internalization of transporters in animal
models of cholestasis
Endocytic internalization of the main canalicular
transporters was first described in experimental
models of cholestasis in rodents. Internalization of
Mrp2 and Bsep into intracellular vesicles, mainly at
the pericanalicular domain, has been shown to occur
in experimental models of both obstr uctive and
hepatocellular cholestasis.
Bile duct ligation (BDL): Experimental ligation of
the common bile duct in the rat is an accepted model
of obstructive cholestasis. BDL leads to a marked
alteration in the pattern of staining of both Mrp2 and
Bsep, as detected by indirect immunofluorescence
microscopy. Paulusma et al[77] have found that, 48 h after
BDL in rats, immunostaining of these transporters at
the canalicular level becomes fuzzy, contrasting with
the well-delimited detection in sham-operated controls.
The authors have assumed that this represents mislocalization of the transporters to intracellular vesicles at
a subapical compartment, next to the canaliculus. These
alterations are accompanied by a severe impairment
of the biliary excretion of model solutes. For example,
Mrp2-mediated transport of the model substrate
dinitrophenyl glutathione is substantially impaired in
isolated hepatocytes from rats with BDL[77]. Endocytic
internalization seems not to be circumscribed to Mrp2
or Bsep, as a similar phenomenon was observed for
the canalicular enzymes dipeptidyl peptidase Ⅳ[78] and
Ca 2+/Mg 2+-ATPase [79]. Altered localization of Mrp2
and Bsep may represent aggravation of the secretory
dysfunction caused by the parallel decrease in the
hepatocellular content of the carriers that also occurs
in this disease[80,81], or even to be a causal factor of this
reduction[77,82-85]. Indeed, Paulusma et al[77] have also found
that, in contrast to that which is observed for Mrp2
protein content, mRNA levels are preserved after BDL,
which suggests post-transcriptional downregulation of
Mrp2 expression. They have postulated that endocytic
internalization may represent the primary step toward
enhanced breakdown of the endocytosed carriers. If
maintained with time in chronic cholestatic conditions,
this may cause redirection of the protein to the
lysosomal compartment, followed by degradation.
The events leading to endocytic internalization of
Mrp2 and Bsep in BDL rats remain uncertain. It is likely
that accumulation of bile salts or other endogenous,
potentially toxic compounds in the liver represents
a causal factor. Bile salts are able to trigger oxidative
stress [86,87], which in turn may explain the release of
pro-inflammatory cytokines in BDL rats [88] . Both
events have been involved in canalicular transporter
internalization, as described below. We have found that
the alteration in the normal pattern of localization of
Mrp2, and that of the tight-junctional protein occludin,
does not occur until 4 h after BDL in rats[78], in contrast
www.wjgnet.com
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to the immediate response observed in drug-induced
cholestasis (see next section). This suggests that BDL
alterations are secondary to intracellular accumulation of
deleterious endogenous compounds.
Dr ug-induced cholestasis: Administration to
laboratory animals of drugs known to induce functional,
hepatocellular cholestasis, or administration of
endogenous compounds thought to be the etiological
factors of human cholestatic liver diseases, has been
used as an experimental tool to study the mechanisms
of the disease. Administration of the cholestatic,
naturally-occurring estrogen estradiol-17β-d-glucuronide
(E 217G) [89,90], the cholestatic monohydroxylated bile
salt taurolithocholate (TLC) [91,92] and the cholestatic
immunosuppressor drug cyclosporine A[93] all induce
cholestasis in a short-term fashion, accompanied by
endocytic internalization of Mrp2 and Bsep.
We have characterized in detail the mechanisms
of transporter internalization in E 2 -17G-induced
cholestasis, an experimental model that reproduces in
part pregnancy-induced cholestasis. After a single, i.v.
administration of this compound, bile flow decreases
in a dose-dependent fashion with a nadir at 20 min,
and spontaneously recovers to normality by 2 h postinjection [94]. The cholestatic phase is associated with
endocytic internalization of Mrp2 and Bsep, whereas the
recovery phase occurs in parallel with the spontaneous
re-insertion of subapical vesicles into the canalicular
membrane [89,90]. While the internalization process is
microtubule-independent, re-insertion is microtubuledependent, and stimulated by cAMP [95] . We also
found that repeated administration of E2-17G to rats
leads to both a deeper internalization of Mrp2 and
an abnormal localization of a small fraction to the
lateral membrane [78] . The latter phenomenon likely
reflects loss of the fence between apical and basolateral
domains caused by the simultaneous alteration of
the tight-junctional structures [95,96]. Unlike Mrp2 and
Bsep, AQP8 has a preserved localization in E 2-17Ginduced cholestasis, and, like Mrp2 and Bsep, this water
channel has a dual (intracellular plus plasma membrane)
localization[97].
Lipopolysaccharide (LPS)-induced cholestasis:
LPS is an endotoxin localized in the outer membrane of
Gram-negative bacteria. The toxin induces cholestasis
mainly by the release of pro-inflammatory cytokines,
such as tumor necrosis factor-α and interleukin-1 by
monocytes/macrophages and, in the liver, Kupffer
cells[98]. Administration of LPS to laboratory animals
represents, therefore, a good experimental model of
inflammatory cholestatic diseases, not only of those
caused by endotoxemia, but also those related to
hepatitis caused by alcohol, autoimmune disease or drug
intake.
LPS administration leads to endocytic internalization
of Mrp2 and Bsep, which relocalizes in intracellular
vesicular structures [99-101] . The time-dependency of
the effect of LPS on Mrp2 internalization has been
www.wjgnet.com
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characterized by Kubitz et al [101] . T hese authors
have found that, 3 h after LPS treatment, Mrp2 is
found in intracellular vesicles in the vicinity of the
canalicular membrane, and that these vesicles are
deeply internalized after 6-12 h treatment. Endocytic
inter nalization of ABC canalicular transpor ters
seems to be specific, as localization of the canalicular
enzyme dipeptidyl peptidase IV is not affected by the
treatment. Mrp2 internalization is reversed by perfusing
the liver with a hypo-osmotic buffer, a maneuver
known to stimulate exocytic insertion of canalicular
transporters under normal conditions[99,102]. However,
this rescue of transporters occurs within 3 h of LPS
administration, but not later on. It is possible that
reversibility of the endocytic process depends on the
degree of internalization of Mrp2, and that sustained
internalization leads to delivery of the protein to the
lysosomal compartment, followed by degradation.
LPS effects can be prevented by administration of
glucocorticoids[101] or by heat stress[103,104], two maneuvers
that cause a decrease in synthesis and/or release of proinflammatory cytokines.
Oxidative-stress-induced cholestasis: Oxidative
stress is a common feature in most liver diseases [105].
Radical oxygen species induce biliary secretory failure
and cholestasis, even at low, pre-necrotic levels[106], and
endocytic internalization of canalicular transporters may
play a key role. We have shown that Bsep undergoes
endocytic internalization into intracellular vesicles
in isolated rat hepatocyte couplets when exposed
to low levels of the pro-oxidizing compound tertbuthylhydroperoxyde (tBOOH)[107]. This is accompanied
by a reduced capability to accumulate the fluorescent
bile salt analogue CLF in their canalicular vacuoles.
A similar phenomenon has been described for Mrp2
after exposure of isolated perfused rat livers to the prooxidant agents tBOOH[108], chloro-dinitrobenzene[108]
and ethacrynic acid [109,110], or after hepatic ischemiareperfusion[111].
Endocytic internalization of transporters in human
cholestatic liver disease
Changes in canalicular export pumps have been shown
to occur in many human cholestatic liver diseases.
Unlike the situation in rodents, downregulation of the
expression of these transporters in human cholestatic
disease is mostly post-transcriptional in nature,
therefore, internalization of these transporters followed
by degradation may represent a crucial mechanism to
explain the disease in humans.
Internalization of canalicular export pumps has been
observed in virtually all kinds of human cholestasis,
including: (1) obstructive extrahepatic cholestasis[112,113];
(2) inflammatory cholestasis associated with autoimmune
hepatitis[113]; (3) mixed (obstructive plus inflammatory)
cholestatic disease, such as primary biliary cirrhosis[114]
and primary sclerosing cholangitis [113]; and (4) acute
cholestasis induced by drugs, such as that triggered by
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antibiotics, tiopronin, chlorpromazine and non-steroidal
anti-inflammatory drugs[113,115]. Patients with obstructive
cholestasis that are subjected to percutaneous
transhepatic biliary drainage show different degrees of
transporter dyslocalization, depending on the efficacy
of the biliary drainage[112,113], which points to a central
role for retained endogenous compounds in this
pathomechanism.
Mechanisms of endocytic internalization in cholestasis:
role of signaling pathways
The mechanisms by which endocytosis of canalicular
transporters occurs in cholestasis remains poorly
understood. At least in part, this may be because they are
multifactorial.
Alterations of actin-cytoskeletal integ rity by
administration of the F-actin poison phalloidin [116],
or secondary to the administration of pro-oxidant
compounds, such as tBOOH[107] or the hydrophobic bile
salts taurochenodeoxycholate[117], triggers canalicular
transporter endocytosis. This may be related to the
fact that actin cytoskeleton is involved in transcytosis
processes by operating as a bridge between microtubules
and the apical membrane itself, in a coordinated action
of the microtubule- and the F-actin-based motor
proteins, kinesin and myosin, respectively[118]. However,
internalization of canalicular transporters also occurs
with preserved actin organization, e.g. in E2-17G-[89,90] or
TLC-[92]induced cholestasis. In these cases, components
of the microfilament network other than actin, but
associated with it, may be independently affected. Actin
can interact with, and possibly regulate, transmembrane
proteins via binding to plasma membrane actin crosslinking proteins, such as the ezrin-radixin-moesin
(ERM) family of proteins, or by binding to interactingpartner proteins, such as PDZK1 and HAX-1. These
cytoskeleton-associated proteins are required for the
biosynthetic targeting of transmembrane proteins
from the trans-Golgi network to the proper membrane
domain, and for their further cell-surface retention[119-121].
Mice that lack radixin, the main ERM protein in liver,
develop conjugated hyperbilirubinemia associated with
retrieval of Mrp2[122]. Furthermore, downregulation of
radixin using interfering RNA technology in collagensandwich-cultured rat hepatocytes disturbed the normal
development of canalicular structures, and dissociated
canalicular export pumps from their normal location at
the apical membrane. Inside the cell, the transporters are
found to be largely associated with Rab11-containing
endosomes[123]. Furthermore, a disturbed co-localization
of MRP2/Mrp2 and radixin associated with endocytic
internalization of the carrier is apparent in obstructive
and estrogen-induced cholestasis in rats [124], and in
several cholestatic liver diseases in humans, including
primar y biliar y cir rhosis stage Ⅲ, dr ug-induced
liver injury, obstructive jaundice, primary sclerosing
cholangitis and autoimmune hepatitis [113,114]. On the
contrary, alteration in cholestasis of the localization/
function of interacting-partner proteins, such as PDZK1
(for Mrp2) and HAX-1 (for Bsep, Mdr2 Mrp1) remains
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Figure 6 Endocytic internalization of canalicular transporters in E217G
and in TLC-induced cholestasis. Protection from these cholestatic agents
by the anticholestatic agents cAMP and TUDC is also shown. E217G and TLC
induce endocytic internalization of canalicular transporters into the subapical
compartment (SAC); this may lead to delivery to the lysosomal compartment,
followed by degradation. E217G-induced activation of PKCα and TLC-induced,
phosphatidylinositol 3-kinase (PI3K)-dependent activation of PKCε have
been proposed to mediate this retrieval. Elevation of intracellular cAMP levels
induced by administration of the permeant cAMP analogue DBcAMP, or by the
phosphodiesterase inhibitor silibinin, prevents internalization, and accelerates
re-insertion, via cytosolic Ca2+ elevations. On the other hand, TUDC prevents
transporter endocytosis probably via co-stimulation of PKCα- and PKAdependent pathways.

to be confirmed. This possibility however exists, since
retention of Mrp2 [122] and Oatp1a1 [125] in the apical
and the basolateral membranes, respectively, requires
interaction with the PDZ-domain protein, PDZ1. In
addition, there is evidence that HAX-1 participates in
clathrin-mediated Bsep endocytosis from the canalicular
plasma membrane[126].
Accumulating evidence indicates that changes
in canalicular transporter localization that occur
in cholestasis also depend on activation of critical
intracellular signaling pathways (Figure 6). Representative
examples are cPKC (mainly, PKC α in hepatocytes).
Selective activation of cPKC induces endocytic
internalization of Bsep from the canalicular membrane
and cholestasis in the isolated perfused rat liver [58].
Coincidently, pan-specific activation of PKC also
induces redistribution of MRP2 from the canalicular to
the basolateral membrane in HepG2 cells[127]. A critical
participation of cPKC in the endocytic internalization
of Bsep and the associated bile-salt secretory failure
has recently been demonstrated by our g roup in
E2-17G-induced cholestasis in rats[128]. A similar role for
cPKC has also been reported in cholestasis associated
with tBOOH-induced oxidative stress [107] (Figure 7).
However, under oxidative stress, the type of canalicular
protein that is internalized and the signaling molecule
involved seem to depend on the magnitude of the
oxidative challenge. Low concentrations of the oxidizing
www.wjgnet.com
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Figure 7 Endocytic internalization of canalicular transporters under oxidative stress. In normal cells, the pericanalicular arrangement of F-actin allows for the
appropriate insertion of the canalicular transporters in their membrane domain. Reactive oxygen species produced by the administration of oxidizing compounds, such
as tBOOH or ethacrynic acid, induces mobilization of Ca2+ across the plasma membrane and membranes of the calciosome (smooth ER and mitochondria), and the
subsequent activation of cPKC. cPKC activation induces blebbing and redistribution of F-actin from the pericanalicular region to the cell body. This rearrangement, in
turn, leads to canalicular transporter internalization. Moderate Ca2+ elevations may also activate iNOS, which induces NO-mediated guanylate cyclase activation and
further cGMP-mediated activation of nPKC, which may internalize selectively Mrp2.

compound, ethacr ynic acid, does not translocate
cPKC, but novel PKC isoforms (nPKC). Under these
conditions, the compound internalizes selectively Mrp2
without affecting Bsep, by a mechanism that probably
involves Ca 2+ -dependent activation of inducible
nitric oxide (NO) synthase (iNOS), followed by NOmediated cGMP increase, and further cGMP-activation
of nPKC [110] . However, higher doses of ethacrynic
acid, sufficient to activate cPKC isoforms, induce
internalization of Bsep and Mrp2[110].
The nPKC isofor m PKC ε is also activated in
TLC-induced cholestasis, and has been suggested to
be involved in the TLC cholestatic effect [129] . This
phenomenon occurs in a PI3K-dependent manner,
which is consistent with the finding that PI3K products
are potent activators of PKCε[130] (Figure 6). Since PI3K
has been also shown to have pro-insertion properties (see
above), this may be regarded as paradoxical. However,
pro-exocytic and pro-endocytic effects of PI3K have
been inferred by using pan-specific inhibitors of
PI3K, and different isoforms of this kinase may have
accounted for by these different effects.
Anticholestatic therapeutic approaches based upon
modulation of dynamic carrier localization
As illustrated above for E 217G-induced cholestasis,
internalization of hepatocellular transporters in
cholestasis is spontaneously reversed if the cholestatic
insult is transient. This spontaneous recovery occurs by a
microtubule-dependent re-targeting of the endocytosed
www.wjgnet.com

transporters to the canalicular membrane [95] . Some
experimental therapeutic approaches have been
designed to prevent transporter internalization and/or
to accelerate this re-insertion, so as to avoid irreversible
consequences of sustained internalization (Figure 6).
The therapeutic agents studied include the following.
cAMP: This second messenger partially prevents the
impairment of bile flow and internalization of ABC
transporters in experimental cholestasis, consistent with
its capability to stimulate vesicle-mediated targeting of
canalicular transporters[54,55,60]. The drop in bile flow and
transport activity of Bsep[90] and Mrp2[89] in the acute
phase of E 217G-induced cholestasis can be partially
prevented by cAMP. More significantly, cAMP shortens
spontaneous recovery to normality of bile flow, Mrp2
function and Mrp2 localization[89]. A similar acceleration
of the re-insertion of endocytosed transporters has
been described by our group for Bsep in TLC-induced
cholestasis [92] . In isolated rat hepatocyte couplets,
a preventive effect of cAMP has been obser ved
in E 2 17G- [90,131] and TLC [92,131] -induced Bsep mislocalization. In this case, however, prevention by cAMP
is complete. This protective effect is significantly blocked
by the Ca2+ chelator, BAPTA/AM, but not by the PKA
inhibitor, KT5720, which suggests involvement of Ca2+dependent signaling pathways. A similar anticholestatic
mechanism in ter ms of the signaling modulators
involved is afforded by silibinin, the active component
of the hepatoprotector silymarin[131]. This most likely
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results from the capability of silibinin to inhibit cAMP
phosphodiesterase, thus increasing endogenous cAMP
intracellular levels[131].
TUDC: This taurine-conjugate bile salt stimulates
exocytic insertion of canalicular export pumps as part
of its choleretic effect [63], and counteracts endocytic
internalization of Bsep[134] and Mrp2[91] in TLC-induced
cholestasis (Figure 6). The Ca2+-sensitive, PKC isoform,
PKCα, has been proposed to mediate its anticholestatic
effect [91] , via a cooperative PKC α /PKA-dependent
mechanism[133]. This is in apparent contradiction with
more recent findings that PKCα is cholestatic rather
than hepatoprotective [58] . However, the biological
response evoked by the interplay between different
protein kinases (PKCα/PKA) may be different from
that evoked by just one of them (PKCα). Furthermore,
TUDC activates Erk [64] and p38 MAPK[63] , and the
cholestatic effect of PKCα may be overridden by the
choleretic effects of these signal transduction pathways.
4-Phenylbutyrate (4-PBA): This compound has been
shown to restore the reduced cell surface expression of
cystic fibrosis transmembrane conductance regulator
in cystic fibrosis patients, who have mutated forms
of the protein, which suggests improved targeting of
the transporter to its membrane domain. When the
4PBA-proinserting property was tested for Bsep in
normal rats, it was observed that canalicular expression
and bile-salt transport function were improved by
this compound[134]. A possible mechanism that 4PBA
treatment increases the cell-surface-resident Bsep is the
interruption of the internalization process from the cell
surface to the intracellular compartment, or promotion
of recycling from the intracellular compartment
back to the cell surface [134]. Stabilization of Bsep in
the membrane by 4PBA has also been confirmed in
MDCK cells for wild-type Bsep and Bsep with E297G
and D482G mutations, which occurs in progressive
familiar intrahepatic cholestasis type 2 (PFIC2). Since
trafficking of these Bsep-mutated proteins is impaired in
PFIC2[135], this agent may be a potential candidate to halt
the progression of this genetic disease. Its efficacy in
acquired cholestatic diseases remains to be ascertained.
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Advances in the molecular field have promoted
a parallel prog ress in the understanding of the
consequences that the alterations in the mechanisms
of trafficking have in liver disease. It is becoming
increasingly evident that impairment in the dynamic
localization of hepatocellular transporters is a common
feature in hepatocellular cholestasis. However, the
characterization of the molecular mechanisms that
underlie this alteration is in its infancy. Many crucial
questions remain to be answered, for example: (1) which
are the signaling mediators that trigger endocytosis of
canalicular transporters in each kind of cholestasis; (2)
which are the molecular targets of these cholestatic
mediators that ultimately govern carrier internalization?;
and (3) can changes in localization of these transporters
be not only prevented but, what is more important from
the therapeutic point of view, reversed by factors that
counteract these dysfunctions? Satisfactory answers
to these questions would allow the design of new
therapeutic strategies in cholestatic liver diseases to
assure proper localization of transporters in an attempt
to prevent their accelerated degradation. We hope that
progress in experimental therapeutics based on this
current information encourages clinical researchers
to apply this knowledge to envisage better, innovative
therapeutic alternatives for the treatment of human
cholestatic liver disease.
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Abstract
AIM: To evaluate the effects of interferon-α-2b (IFNα-2b) on expression of cyclooxygenase-2 (COX-2) and
vascular endothelial growth factor (VEGF) in human
hepatocellular carcinoma (HCC) inoculated in nude
mice and to study the underlying mechanism of IFN-α2b against HCC growth.
METHODS: Thirty-two nude mice bearing human HCC
were randomly divided into four groups (n = 8). On
the 10th day after implantation of HCC cells, the mice
in test groups (groups A, B and C) received IFN-α2b at a serial dose (10 000 IU for group A, 20 000 IU
for group B, 40 000 IU for group C sc daily) for 35 d.
The mice in control group received normal saline (NS).
The growth conditions of transplanted tumors were
observed. Both genes and proteins of COX-2 and VEGF
were detected by RT-PCR and Western blot. Apoptosis
of tumor cells in nude mice was detected by TUNEL
assay after treatment with IFN-α-2b.
RESULTS: Tumors were significantly smaller and
had a lower weight in the IFN-α-2b treatment groups
than those in the control group (P < 0.01), and the
tumor growth inhibition rate in groups A, B and C
was 27.78%, 65.22% and 49.64%, respectively. The
expression levels of both genes and proteins of COX-2
and VEGF were much lower in the IFN-α-2b treatment
groups than in the control group (P < 0.01). The
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apoptosis index (AI) of tumor cells in the IFN-α-2b
treatment groups was markedly higher than that in
the control group (P < 0.01). Group B had a higher
inhibition rate of tumor growth, a lower expression
level of COX-2 and VEGF and a higher AI than groups
A and C (P < 0.05), but there was no significant
difference between groups A and C.
CONCLUSION: The inhibitory effects of IFN-α-2b
on implanted tumor growth and apoptosis may be
associated with the down-regulation of COX-2 and
VEGF expression. There is a dose-effect relationship.
The medium dose of IFN-α-2b for inhibiting tumor
growth is 20 000 IU/d.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In recent years, studies have proved the inhibitory
effects of interferon-α-2b (IFN-α-2b) on many kinds of
tumors[1-3], but the effects of IFN-α-2b on expression
of cyclooxygenase-2 (COX-2) and vascular endothelial
growth factor (VEGF) in hepatocellular carcinoma
(HCC) have not been extensively studied. This study
investigated the effects of IFN-α-2b on COX-2 and
VEGF expression in human HCC implanted in nude
mice and the underlying mechanism of its inhibitory
effect on the growth of HCC.
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MATERIALS AND METHODS
Reagents
HCC cell line HepG2 was stored in our laboratory.
Rabbit anti-human COX-2 polyclonal antibody (Santa
Cruz, US) was purchased from Beijing Zhongshan
Biotechnolog y Company, Ltd. Mouse anti-human
VEGF polyclonal antibody (Neomarkers, USA),
TRIzol and RT-PCR kits were from Jinmei Biotech
Company, Ltd. Primers of RT-PCR were synthesized
by Alpha Biotechnology Company (Wuhan, China). In
situ apoptosis detection kits (Boehringer Mannheim,
Germany) and ECL chemiluminescence detection
kits (Pierce, US) were from Beijing Zhongshan
Biotechnology Company, Ltd. IFN- α -2b injection
(trade name: Interlong) was from Shenzhen Neptunus
Interlong Bio-tech Holdings Company, Ltd (China).
Animal model
A transplantation tumor model of human HCC in nude
mice was established. In brief, thirty-two 4-6 wk old
female BALB/c nu/nu mice, weighing 18-20 g, bred
in SPF rooms, were obtained from the Experimental
Animal Center of Tongji Medical University, Huazhong
University of Science and Technology (Wuhan, China).
The concentration of single cell suspension of HepG2
cells was adjusted to 5 × 109/L at the exponential growth
phase. The cell viability was kept above 95% assessed
by Typan blue exclusion. Then, the cell suspension was
inoculated subcutaneouly in the back of nude mice
(0.2 mL/each mouse). The standard of tumor formation
was defined as its nodus diameter (up to 0.5 cm).
The rate of tumor formation was 100% 10 d after
inoculation. The mice meeting the standard of tumor
formation were randomly divided into 4 groups (n = 8).
Drugs and groups
Each nude mouse meeting the standard of tumor
formation in groups A, B and C received 10 000 IU
IFN- α -2b, 20 000 IU and 40 000 IU of IFN- α -2b,
respectively, once a day for 35 d. Each nude mouse
in control group received only 0.1 mL normal saline
(NS), once a day for 35 d. Then, the mice were killed.
The maximum and minimum diameters of tumor were
measured with a sliding caliper and the weight of tumor
was recorded. A certain number of samples were stored
at -70℃. The rest samples were fixed in 10% formalin,
imbedded in paraffin, and cut into serial sections for
assay of in situ apoptosis. Volume of tumor (V) = ab2/2,
inhibition ratio (%) = [(mean tumor weight of control
group-mean tumor weight of test group)/ mean tumor
weight of control group] × 100%.
RT-PCR assay
Total RNA was extracted with the TRIzol through onestep method, and its concentration and purity were
detected using a DNA/RNA detector (Pharmarcia
Company, British). cDNA was synthesized by a reverse
transcription reaction of 4 µg of total RNA with oligo-
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(dt)15 primers and retroviridase at 45℃ for 60 min, and
stored at -20℃.
The sequences of primers used for semiquantitative PCR are as follows: sense: 5'-CAAGT
CCCTGAGCATCTACG-3' and anti-sense: 5'-CA
TTCCTACCACCAGCAACC-3' for COX-2; sense:
5'-TTGCTGCTCTACCTCCAC-3' and anti-sense:
5'-AATGCTTTCTCCGCTCTG-3' for VEGF; sense:
5'-CAGAGCAAGAGAGGCAGCCT-3' and anti-sense:
5'-GGATAGCACAGCCTGGATAG-3' for β-actin. PCR
conditions were as follows: 30 cycles at 94℃ for 1 min,
at 54℃ for 30 s, and at 72℃ for 1 min for COX-2；27
cycles at 94℃ for 1 min, at 56℃ for 30 s, and at 72℃ for
1 min for VEGF；30 cycles at 94℃ for 1 min, at 59℃
for 30 s, and at 72℃ for 1 min for β-actin. The lengths
of PCR products of COX-2, VEGF and β-actin were
490 bp, 417 bp and 250 bp, respectively. After separated
by electrophoresis on 1.5% agarose gel, the bands of
PCR products were scanned and a densitometric analysis
was performed with a MUVB-20 gel analysis system
(Ultralum Company, USA). The relative expression levels
of COX-2 mRNA and VEGF mRNA were represented
as absorbance ratios (COX-2/ β -actin and VEGF/
β-actin).
Western blot assay
The protein was extracted from tumor tissue through
three-detergent methods. An equal quantity of protein
was separated from each sample by electrophoresis
on 10% SDS-PAGE gel, and then transferred to a
nitrocellulose filter (NC filter) with a semidry transfer
cell. The NC filter containing protein samples was
incubated in a blocking buffer containing 5% nonfat dry
milk for 2 h, then with the first antibody at a dilution
of 1:250 in a blocking buffer overnight at 4℃. After
washed with 0.1% TBS, the membrane was incubated at
room temperature for 1 h with the second antibodies at
a dilution of 1:5000 in a blocking buffer, then washed
three times with 0.1% TBS, visualized, photographed
and fixed through ECL according to its manufacturer’s
instructions. The absorbance value of protein bands was
assessed with an image analysis system.
TUNEL assay
Paraffin-embedded tumor samples were cut into serial
4-5 μm thick serial sections, heated overnight at 58℃,
and routinely deparaffinized and rehydrated. After
digested by protease K for 15 min, the sections were
incubated with TUNEL at 37℃ for 1 h. After digoxinmarked alkaline phosphatase antibody was added, the
sections were colored with BCIP/NBT, dehydrated with
alcoholic, air dried, and mounted. Positive cells were
defined as hyacinthine particles distributing in nuclei.
Five high power fields were randomly selected from
each section. Results were expressed as mean values.
Apoptosis index (AI) = [the number of apoptosis cells/
(the number of apoptosis cells+ the number of unapoptosis cells)] × 100%.

www.wjgnet.com

6804

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

November 28, 2008

Volume 14

Number 44

Table 1 Inhibitory effect of IFN α-2b on transplanted HCC in nude mice (mean ± SD, n = 8)
Groups

3

Dose (IU/d)

Tumor vol (mm )

Tumor Wt (mg)

0
10 000
20 000
40 000

3727.11 ± 745.53
2082.18 ± 416.43a
1521.43 ± 313.89a,d
1806.35 ± 363.71a

1362.32 ± 272.12
983.85 ± 193.76a
473.76 ± 92.57a,d
686.06 ± 138.21a

Control
Group A
Group B
Group C

Inhibition ratio (%)
27.78
65.22
49.64

a

P < 0.01 vs control group; dP < 0.05 vs groups A and C.

Table 2 Expression level of COX-2 and VEGF mRNA and protein in transplanted HCC of nude mice after treatment with IFN α-2b
(mean ± SD, n = 8)
mRNA
Groups

Dose (IU/d)

Control
Group A
Group B
Group C

0
10 000
20 000
40 000

Protein
COX-2

VEGF

0.59 ± 0.11
0.44 ± 0.09a
0.12 ± 0.02a,d
0.26 ± 0.06a

0.61 ± 0.15
0.52 ± 0.12a
0.17 ± 0.03a,d
0.31 ± 0.07a

Groups

Dose (IU/d)

COX-2

VEGF

Control
Group A
Group B
Group C

0
10 000
20 000
40 000

0.75 ± 0.16
0.52 ± 0.09a
0.23 ± 0.04a,d
0.38 ± 0.07a

0.82 ± 0.18
0.61 ± 0.13a
0.31 ± 0.05a,d
0.43 ± 0.08a

a

P < 0.01 vs control group; dP < 0.05 vs groups A and C.
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Figure 2 RT-PCR (A) and Western blot (B) showing expression levels of
COX-2 and VEGF protein. 1: Control group; 2-4: Groups A, B, and C.
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Figure 1 RT-PCR showing expression levels of COX-2 mRNA (A) and
VEGF mRNA (B). M: Marker.

Statistical analysis
Data were presented as mean ± SD. SPSS 11.5 was
employed to analyze the data. The total difference
among groups was analyzed by ANOVA. Q-test was
used for the comparison between two groups. P < 0.05
was considered statistically significant.

RESULTS
Inhibitory effect of IFN-α-2b on transplanted tumors of
nude mice
The tumor growth in three IFN-α-2b treatment groups
was inhibited at different degrees. The inhibition rate of
tumors in groups A, B and C was 27.78%, 65.22% and
www.wjgnet.com

49.64%, respectively. The weight and volume of tumors
were lower in three IFN-α-2b treatment groups than in
control group (P < 0.01). The inhibitory effect was the
greatest in group B, and significantly different from that
in groups A and C (P < 0.01), but the difference was not
statistically significant between groups A and C (Table 1).
Expression of COX-2 and VEGF mRNA in transplanted
tumors of nude mice
RT-PCR showed that the expression levels of COX-2
and VEGF mRNA were lower in three IFN- α -2b
treatment groups than in control group (P < 0.01).
Meanwhile, their expression levels were significantly
lower in group B than in groups A and C (P < 0.05), but
the difference was not statistically significant between
groups A and C (Table 2, Figure 1).
Expression of COX-2 and VEGF protein in transplanted
tumors of nude mice
Western blot assay showed that the expression levels of
COX-2 and VEGF protein were lower in three IFN-α2b treatment groups than in control group (P < 0.01).
Statistical analysis revealed similar results of COX-2
and VEGF mRNA in three IFN-α-2b treatment groups
(Table 2, Figure 2).
Apoptosis of transplanted tumors of nude mice
TUNEL assay showed that the AI of tumor cells in the
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Figure 3 Changes in AI of transplanted HCC cells of nude mice. aP < 0.05,
b
P < 0.01 vs groups A and C.

4 groups was 6.39% ± 1.33%, 15.39% ± 3.09%, 25.53%
± 4.98% and 19.28% ± 3.82%, respectively, and was
significantly higher in three IFN-α-2b treatment groups
than in control group (P < 0.01). However, the AI in
group B was higher than that in groups A and C (P < 0.05),
but the difference was not statistically significant between
groups A and C (Figures 3-4).

DISCUSSION
HCC is one of the malignant tumors that can lead
patients to death [1], but the molecular mechanism of
hepatocarcinogenesis has not been well understood.
COX can be divided into two subtypes: COX-1
and COX-2. COX-2 is a rate-limiting enzyme of
prostaglandin (PG) biosynthesis, encodes for 603 or 604
amino acids including 17 signal peptides of amino acid
residues, contains 4 oligoses and 2 bands (molecular
weight = 72 KDa and 74 KDa, respectively) in SDSPAGE. Oshima et al[2] showed that the expression of
COX-2 is up-regulated in colon tumors and its activity
plays an important role in the process of tumorigenesis.
Besides, the expression of COX-2 is also higher in liver,
breast, tongue, prostatic, cutaneous and mouth dermoid
cancers, etc[3-5].
It has been recently proved that COX-2 is also
expressed in HCC at different degrees and HCC patients
with a higher expression level of COX-2 have a higher
recurrence rate, early metastasis and worse prognosis[6,7],
suggesting that over-expression of COX-2 may be
related with a worse prognosis of HCC. The five-year
survival rate of HCC patients after operation is only
25%-39%. Some studies indicate that over-expression
of COX-2 may promote oncogenesis by regulating the
expression of some genes related to cell proliferation
and apoptosis[6,7]. The underlying mechanism of COX-2
against oncogenesis may be through influencing many
kinds of prostaglandin and thromboxan to bind to their
corresponding receptors.
Angiogenesis plays an important role in tumorigenesis
and tumor development. If no angiogenesis occurs, the
volume of tumor can hardly be larger than 1-2 mm3.
The degree of angiogenesis depends on the rate of
angiogenesis and anti-angiogenesis factors in tumor

cells and adjacent host cells. The angiogenesis factors
mainly include bFGF, VEGF, IL-8, MMP-2, MMP-9,
etc. Among them, VEGF is most important, and plays
a leading role in the growth, generation, recurrence and
metastasis of tumors[8-11]. As a dipolymer, glucoprotein
has a molecular weight of 34-46 kDa. VEGF exerts
its biological effect by binding specifically to Flt1 and
KDR/Flk1 exiting on the surface of vascular endothelial
cells which belong to RTKⅢ receptors. A recent study
showed that angiogenesis and VEGF play an important
role in the recurrence and metastasis of HCC[12]. It was
reported that the expression of VEGF is up-regulated in
HCC and positively correlated with the recurrence and
metastasis of HCC after operation[13].
Interferon (IFN) regulates the activity of cytokines
which control cell function and replication, and
inhibits the activity of tumor cells in many organs and
tissues[14-16]. It has been shown that IFN-α decreases the
sensitivity of vascular endothelial cells to VEGF and
bFGF, as well as the vascularization of tumors[17].
The results of this study indicate that IFN- α -2b
could significantly inhibit the growth of HCC in nude
mice. The volume and weight of transplanted tumors
decreased evidently in IFN-α-2b treatment groups. The
expression levels of COX-2 and VEGF mRNA and
protein as well as the AI increased significantly in IFNα-2b treatment groups, indicating that the expression
levels of COX-2 and VEGF are closely related with the
growth of tumor and apoptosis of tumor cells. IFN-α2b can down-regulate the expression levels of COX-2
and VEGF, but its mechanism remains unknown. Singer
et al[18] reported that IFN-α exerts its effects through the
NF-κB signal transduction pathway, and inhibitors of
NF-κB can decrease the expression level of COX-2. A
study about the effect of IFN-α on a signal transduction
pathway showed that IFN-α could reduce the activity
of NF-κB[19], suggesting that IFN-α-2b can decrease
the activity of the NF-κB signal transduction pathway,
inhibit the expression of COX-2 and the growth of
HCC, and induce apoptosis. It has been shown that
IFN- α can down-regulate the expression levels of
angiogenesis factors, such as bFGF, VEGF, MMP-9
and IL-8, in different tumors of humans, then inhibit
angiogenesis and the growth of tumors[20]. Tsujii et al[21]
investigated the correlation between COX-2 and
angiogenesis of colon carcinoma and found that colon
carcinoma cells could secrete angiogenesis factors,
such as VEGF, bFGF, TGF-β1 and PDGF, at a high
concentration. Inhibitors of COX-2 can significantly
depress the expression of angiogenesis factors, indicating
that COX-2 can promote the g rowth of tumors,
which is closely related with its effect on promoting
angiogenesis. We hold that IFN-α-2b can inhibit HCC
growth by inducing apoptosis of tumor cells through
down-regulation of COX-2 expression and by inhibiting
angiogenesis of tumors through down-regulation of
VEGF expression. COX-2 may influence the expression
of VEGF. The signal transduction between COX-2 and
VEGF still needs to be further studied.
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In this study, the inhibitory effect of IFN- α -2b
on HCC growth in nude mice showed a dose-effect
relationship. The effect of IFN- α -2b was greater in
group B than in groups A and C. However, there was
no significant difference between groups A and C.
Huang et al [22] have reported a similar result in nude
mice bearing carcinoma of prostate after treatment with
pegylated IFN-α-2b (PEG-IFN-α-2b). At present，no
common view is available on the dose of IFN α. Wang
et al[23] investigated the treatment of nude mice bearing
orthotopically transplanted HCC with large doses of
IFN-α (3 × 105 U/d and 6 × 105 U/d) and showed that
IFN- α could inhibit metastasis and angiogenesis of
HCC at a certain degree. Because the signal transduction
of IFN is mediated by the JAK/STAT pathway,
SOSC protein could down-regulate the signals of IFN
by blocking up the JAK/STAT pathway. Although
studies are available on the activity of STAT3 inhibited
by SOSC3 [24-26], further study is needed to show the
maximally tolerated dose of IFN-α and its correlation
with the signal transduction of STAT1.
It has been shown that nonsteroidal anti-inflammatory
drugs (NSAIDs) and INF-α have a synergistic effect
on the HCC cell line HepG2. NSAIDs up-regulate the
transcription of ISRE, increase the activity and inhibitory
effect of IFN- α on tumors, thus providing a new
treatment modality for HCC with IFN α[27].
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Abstract
AIM: To determine if blockade of P-selectin in the
isolated blood-perfused cold ex vivo rat liver model
protects the liver from ischemia-reperfusion injury.
METHODS: The effect of P-selectin blockade was
assessed by employing an isolated blood-perfused cold
ex vivo rat liver with or without P-selectin antibody
treatment before and after 6 h of cold storage in
University of Wisconsin solution.
RESULTS: In our isolated blood-perfused rat liver
model, pre-treatment with P-selectin antibody failed
to protect the liver from ischemia-reperfusion injury,
as judged by the elevated aspartate aminotransferase
activity. In addition, P-selectin antibody treatment did
not significantly reduced hepatic polymorphonuclear
leukocyte accumulation after 120 min of perfusion.
Histological evaluation of liver sections obtained at
120 min of perfusion showed significant oncotic
necrosis in liver sections of both ischemic control and
P-selectin antibody-treated groups. However, total bile
production after 120 min of perfusion was significantly
greater in P-selectin antibody-treated livers, compared
to control livers. No significant difference in P-selectin
and ICAM-1 mRNAs and proteins, GSH, GSSG, and
nuclear NF-kB was found between control and
P-selectin antibody-treated livers.
CONCLUSION: In conclusion, we have shown
that blockade of P-selectin alone failed to reduced
polymorphonuclear leukocyte accumulation in the liver
and protect hepatocytes from ischemia-reperfusion
www.wjgnet.com

injury in the isolated blood-perfused cold-ex vivo rat
liver model.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Ischemia-reperfusion (I/R)3 injury has been shown to
play a major role in clinical and experimental hemorrhagic
shock, organ resection, and transplantation [1-5]. The
inflammatory component of I/R injury is mediated
by pro-inflammatory cytokines such as TNF- α and
IL-1 β , and cellular adhesion molecules such as β 2integrins, ICAM-1, VCAM-1, and members of the
selectin family, P-, E-, and L-selectin[6-8]. The sequence
of events currently enjoying the most popularity as
the mechanism responsible for I/R injury of the liver
is: (1) KC are activated following I/R [9]; (2) During
early reperfusion (0-2 h), KC are further activated by
complement and produce significant vascular oxidative
stress [10] ; (3) KC also produce pro-inflammator y
cytokines and chemokines, which is dependent on the
activation of the redox-sensitive transcription factor
NF- κ B [11] . Activated hepatocytes and endothelial
cells also produce reactive oxygen species (ROS) and
contribute to the liver cytokine-chemokine milieu; (4)
Cytokine mediated induction of adhesion molecules
such as P- and E-selectins, ICAM-1, and VCAM-1 on
the liver endothelium occur during reperfusion; (5)
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PMNs accumulate in the liver as a result of P- and
E-selectin-mediated rolling and margination on the liver
endothelium, followed by ICAM-1-dependent firm
adhesion. Although PMNs accumulate in the liver during
early reperfusion, they do not contribute to liver injury
until the latter phase (6-24 h) of I/R injury[10,12,13]; and (6)
PMNs transmigrate to the liver parenchyma via ICAM-1
and VCAM-1, bind to hepatocytes via ICAM-1/ β 2integrins (CD11b/CD18), and engage in a sustained
production of ROS to produce intracellular oxidative
stress in hepatocytes and cell death[14-17].
Following I/R of several organs or tissues, a
general mechanism of selectin-dependent rolling of
PMNs followed by firmer adhesion to endothelial
cells by integrins and ICAM-1 is applicable to their
vasculature (heart, lung, intestine, and cremaster muscle).
Accordingly, numerous studies reported that anti-Pselectin therapy afforded protection to the liver from
I/R injury[18-21]. However, this general mechanism may
not be applicable to the liver[13,14]. Numerous reports
suggest that P-selectin attenuates I/R injury of the liver
by mediating the recruitment of PMNs[18-20], while other
reports minimize its role in liver I/R injury and its role
in recruiting PMNs in the inflamed liver vasculature[21-26].
Furthermore, hepatic PMNs accumulation, mediated
by P-selectin expressed on endothelial cells of
postsinusoidal venules, might not contribute significantly
to liver injury, because there is no experimental evidence
supporting extravasation of these neutrophils to the liver
parenchyma[23,26]. In addition, a recent report by Kubes et
al. suggest that the protective effect observed in the liver
with anti-P-selectin therapy may be mostly secondary to
the anti-P-selectin therapy of accompanying intestinal
I/R injury[27].
If the above scenario is to hold, then blockade of
P-selectin should prevent or attenuate I/R injury, at least
during the latter phase of I/R injury in the warm in
vivo liver model. Therefore, to investigate if P-selectin
blockade alone protects the liver from I/R injury, we
employed an antibody to P-selectin and a cold-ex vivo
I/R rat liver model. The present study demonstrates
that while anti-P-selectin treatment may increase total
bile flow in livers subjected to I/R, it failed to protect
hepatocytes in the isolated blood-perfused rat liver
model.

to access the liver for mobilization. Livers were carefully
isolated from male Sprague-Dawley rats under Nembutal
anesthesia after cannulation of the por tal vein,
common bile duct, and suprahepatic vena cava, while
constantly perfused with oxygenated Krebs-Hensleit
buffer (pH 7.4) via the portal vein[28]. Immediately after
isolation, control and treated livers were flushed with
10 mL of pristine UW solution, and stored at 4℃ for
6 h. Livers in the treated group received an additional
flush of 1 mL of UW solution containing 420 µg of
P-selectin Ab (CD62P, Cat.#553716, PharMingen,
San Diego, CA) via the portal vein before cold-ex vivo
ischemia (storage) and immediately before perfusion.
This antibody has been show to inhibit the binding of
neutrophils to rat P-selectin in both in vitro and in vivo
studies. Control livers were also flushed with 1 mL of
pristine UW solution immediately before perfusion.
At the end of cold storage, livers were perfused with
syngenic rat blood (diluted with Krebs-Hensleit buffer
(pH 7.4) to a hematocrit of 12%, total volume 100
mL) in a re-circulating perfusion system using a fullyjacketed isolated-perfusion-rat-liver apparatus (RGT
#130003, Radnoti Glass Technology, Inc., Monrovia,
CA) for 120 min, as previously described[10]. Prior to
perfusion, the perfusion apparatus was primed with
blood perfusate at 37℃. Oxygenation was done with a
membrane-oxygenating chamber (PO2 held > 250 mm
Hg) monitored with inline-digital pressure transducer.
Portal vein perfusate flow was continually adjusted to
maintain portal pressures between 18 and 23 mm Hg,
and monitored with inline-digital pressure transducer.
Temperature, pH, and oxygen level were maintained
throughout each experiment. Liver sections (snap-frozen
in liquid nitrogen), blood perfusate, and bile (collected
in pre-weighed eppendorf tubes) were collected every
30 min during perfusion. At the end of each experiment,
sections of the liver were snap-frozen or placed in
buffered-formalin, for blinded-histological evaluation of
hematoxylin and eosin (HE) stained liver sections by a
pathologist and determination of PMNs accumulation
in the liver.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats (250-350 g) were purchased
Charles Rivers, Houston, TX). All an imals used in
this study received a nutritionally balanced rodent diet,
water ad libitum, and were cared for according to NIH
guidelines.

Histological analysis of liver injury
HE sections from formalin-fixed liver tissues obtained
from sham-control and P-selectin Ab-treated livers were
randomly selected and blindly analyzed for the degree
of necrosis, hepatocellular vacuolization, glycogen
depletion, zonal variations, and sinusoidal congestion, as
measures of hepatic injury.

Isolated-Perfused-Rat-Liver (IPRL) model
In brief, animals were anaesthetized with Nembutal
(50-60 mg/kg bd. wt., ip, Sigma-Aldrich, St. Louis, MO),
and under aseptic conditions, a laparotomy performed

Polymorphonuclear leukocyte (PMNs) accumulation in
the liver
PMNs accumulation in rat livers during perfusion was
determined in formalin-fixed paraffin sections of the

Plasma aspartate aminotransferase activity
Plasma AST activity was determined with a commercially
available kit (#DG158K-U, Sigma Diagnostics, St. Louis,
MO).
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liver obtained at each perfusion-sampling time point
as previously described [29]. A commercially available
kit (91-C, Sigma-Aldrich, St. Louis, MO) was used to
stain for sinusoidal-sequestrated PMNs using the wellestablished Naphthol AS-D Chloroacetate esterase
procedure, according to the manufacturer’s directions.
At least four random sections from each group were
analyzed by viewing (blindly) fifty random high power
fields (HPF, × 40) on each section. Results were
expressed as number of PMNs/50HPF.
RT-PCR analysis of Liver P-selectin and ICAM-1 mRNAs
Total RNA was extracted from liver tissue using an
UltraSpec Total RNA Isolation Kit (#BL-10050, Biotecx
Laboratories Inc., Houston, TX). Complementary
DNA (cDNA) was transcribed with 4 µg of total RNA,
random hexamers, and a SuperScript Ⅱ Preamplification
System (#18089-011, GIBCO BRL, Life Technologies,
Grand Island, New York) according to the manufacturer’s
protocol. Using specific primers for p-selectin ICAM-1,
a n d G A P D H , t h e i r c D N A s we r e a m p l i f i e d by
polymerase chain reaction (PCR) under the following
conditions: P-selectin and ICAM-1 (35 cycles, 94℃ for
60 s, 56℃ for 60 s, and 72℃ for 120 s), and GAPDH, (28
cycles, 94℃ for 60 s, 52℃ for 60 s, and 72℃ for 60 s).
PCR reaction primers (Sigma-Genosys, Woodlands,
TX) used were as follows: P-selectin forward primer
(5'-TGTATCCAGCCTCTTGGGCATTCC-3') and
P-selectin reverse primer (5'-TGGGACAGGAAGTGA
TGTTACACC-3') to give an 350-bp product; ICAM-1
forward primer (5'-AGGTGTGATATCCGGTAG-3')
and ICAM-1 reverse primer (5'-TGGGACAGGAA
GTGATGTTACACC-3') to give an 595-bp product;
GAPDH forward primer (5'-GCCAAGTATGACAT
CAA-3') and GAPDH reverse primer (5'-CCATATT
CATTGTCATACCA-3') to give a 203-bp product. All
PCR products were electrophoresed on a 2% agarose
gel (Fisher Scientific, Fair Lawn, NJ). Bands were
visualized by post staining for 30 min with GelStar
Nucleic Acid Gel Stain (FMC Bioproducts, Rockland,
MA), and photographed. Photographs were digitized
and evaluated as stated above. The relative expression of
P-selectin and ICAM-1 messenger RNAs (mRNA) were
assessed by taking the ratio of the intensity of the DNA
bands of P-selectin and ICAM-1 to GAPDH band, and
expressed as arbitrary units. To ensure an equal amount
of RNA was used for all samples, RNA concentration
was determined spectrophotometrically, and its integrity
evaluate on agarose gel. DNA bands were digitized (Corel
Photohouse 2.0, Ontario, Canada) and evaluated using
an image analysis software (Scion Image Beta 3b, NIH
Image modified for Windows by Scion Corporation,
Frederick MD).
Western blot analysis of liver P-selectin and ICAM-1
proteins
Homogenates and supernatants of liver samples were
prepared as described by Vural et al[30]. Proteins (P-selectin
(14 µ g) and ICAM-1 (27 µ g)) in liver supernatants
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were separated on 6% NuPAGE gels (Invitrogen,
Carlsbad, CA) and transfer red to nitrocellulose
membranes (Schleicher and Schuel, Dassel). Equal
transfer to membranes was confirmed by staining the
membranes with Ponceau S (Aldrich-Sigma, St. Louis,
MO). P-selectin bands were detected on membranes by
incubating with an anti-P-selectin-specific rabbit primary
antibody diluted 1:100 (CD62P, PharMingen, San Diego,
CA). A horseradish peroxidase-conjugated anti-rabbit
secondary antibody (sc-2350, Santa Cruz Biotechnology,
Inc., Santa Cruz, CA) diluted 1:1000 and an enhanced
chemiluminescence (ECL) kit (Amersham Life Sciences,
Piscataway, NJ) were used to visualize bands. ICAM-1
was detected on membranes by incubating with an antiICAM-1-specific mouse primary antibody (MCA1333R,
Serotec, Raleigh, NC) diluted 1:50. A horseradish
peroxidase-conjugated anti-mouse secondary antibody
(Amersham Life Sciences, Piscataway, NJ) diluted 1:1000
was used to reveal ICAM-1 as described above. To
ensure equal loading and normalize Western-blot bands
of P-selectin and ICAM-1, membranes were also probed
for β-actin. Membranes were immunoblotted for β-actin
with an affinity purified goat polyclonal antibody diluted
1:500 (sc-1616, Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) and a horseradish peroxidase-conjugated
anti-goat secondary antibody (sc-2350, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA) (diluted 1:1000).
Actin bands were visualized with a commercially
available ECL kit, as stated above.
Liver total (GSH + GSSG) and oxidized (GSSG)
glutathione levels
Liver GSH + GSSG and GSSG levels were determined
by the method of Tietze[31], as previously described by
Jaeschke et al[14].
Liver nuclear factor-kappa B (NF-κB) activation
Activation of the redox-sensitive transcription factor
NF- κ B in control and P-selectin Ab-treated livers
was measured using a commercially available ELISA
kit (Trans-AM TM NF- κ B p65 Transcription Factor
Assay Kit, Active Motif, Carlsbad, CA). The assay
was perfor med according to the manufacturer’s
procedure and as described by Renard et al[32]. Nuclear
proteins were extracted according to the procedure of
Osarogiagbon et al[33]. Approximately 100 mg of snapfrozen liver tissue was homogenized in 0.4 mL of cold
TM buffer (10 mmol/L Tris-HCl, 1 mmol/L MgCl2 (pH
7.0), containing completeTM protease inhibitors (Roche
Diagnostics Corp., IN). Homogenates were centrifuged
at 2000 r/min for 30 s, and the supernatant mixed with
200 µl of lysis buffer, incubated at 4℃ for 5 min, and
centrifuged at 5000 r/min for 10 min. The nuclear pellets
were reconstituted with lysis buffer, and centrifuged at
14 000 r/min for 20 s at 4℃. Nuclear protein extract
(15 µg) of each sample was used to assay for NF-κB
activation. To ensure the specificity of the assay, the
wild-type consensus oligonucleotide provided by the
manufacturer served as a competitor to NF-κB binding.
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Figure 1 Perfusate aspartate aminotransferase (AST) activity in isolatedblood-perfused control and P-selectin-Ab treated rat livers after 6 h of
cold ischemia.

Protein concentration
All protein concentrations were determined according to
the method of Lowry et al[34].
Statistical analysis
Data were analyzed by unpaired Student’s t-test or
ANOVA. After ANOVA, results were subsequently
subjected to Tukey’s or Student-Newman Keuls nonparametric test to determined significant differences
between groups.

RESULTS
Plasma AST activity, histologic analysis, and PMNs
accumulation in the cold ex vivo -perfused liver
No significant difference in AST activity was found
between control and P-selectin Ab-treated livers
throughout the perfusion period (Figure 1). In addition,
after 120 min of perfusion, similar degrees of point
necrosis (solid arrows, Figure 2A, B) and inflammation
(arrow heads, Figure 2C, D) were found in both cold ex
vivo-perfused control and P-selectin Ab-treated livers.
Similarly, no significant difference in hepatic PMNs
accumulation was found between control and P-selectin
Ab-treated livers after 120 min of perfusion (Figure 3).
Bile production in cold ex vivo-perfused liver
No significant difference in bile flow was found between
control and P-selectin Ab-treated livers at individual
sampling time-points throughout the perfusion period
(data not shown). However, total bile production after
120 min of perfusion was significantly greater in P-selectin
Ab-treated livers, compared to control (Figure 4).
RT-PCR analysis of P-selectin and ICAM-1 mRNAs in the
cold-ex vivo perfused liver
No significant difference in P-selectin mRNA and
protein was found between cold-ex-vivo perfused control
and P-selectin Ab-treated livers throughout the entire
perfusion period (Figure 5A, B). In contrast, a significant
reduction in ICAM-1 mRNA was found between coldex-vivo perfused control and P-selectin Ab-treated livers
at 60 min of perfusion (Figure 5A). However, although a
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corresponding reduction in ICAM-1 protein was found,
it did not reach statistical significance (Figure 5B). No
significant difference in ICAM-1 mRNA and protein
was found between cold ex-vivo-perfused control and
P-selectin Ab-treated livers at all other time points of
the perfusion period (Figure 5).
Western blot analysis of P-selectin and ICAM-1 proteins
in the cold-ex-vivo perfused liver
No significant difference in P-selectin and ICAM-1
proteins was found between cold ex-vivo-perfused control
and P-selectin Ab-treated livers throughout the entire
perfusion period (Figure 6A, B). Although P-selectin
expression at 90 min of perfusion is clearly greater in
control livers compared to Ab-treated livers, the intragroup variance precluded statistical significance.
GSH + GSSG and GSSG levels in the cold-ex vivoperfused liver
No significant difference in GSH + GSSG and GSSG
levels was found between cold ex-vivo-perfused control
and P-selectin Ab-treated livers throughout the entire
perfusion period (Figure 7).
NF-κB activation in cold ex vivo-perfused liver
No significant difference in NF-κB activation was found
between cold ex-vivo-perfused control and P-selectin Abtreated livers throughout the entire perfusion period
(Figure 8).

DISCUSSION
Our study demonstrates that antibody-blockade of
P-selectin alone failed to protect the rat liver from I/R
injury in the IPRL model. However, as stated earlier,
considerable evidence exist that suggests that P-selectin
plays a major role in I/R injury[18-21]. Existing reports
also suggest that P-selectin mediates I/R injury of
the liver by mediating initial rolling and margination
of PMNs in the liver vasculature[18-20]. However, other
reports minimize its role in liver I/R injury, and its role
in recruiting PMNs in the inflamed liver vasculature[21-26].
At present, no convincing evidence exist for
P-selectin expression on the mouse, human, and rat
sinusoidal endothelia under normal and inflammatory
conditions[22,35,36], although a more recent study reported
immunohistochemical evidence of P-selectin protein
expression on the rat liver sinusoid endothelium after
cold storage and orthotopic liver transplantation [37].
In the present study, the accumulation of PMNs
in livers after P-selectin blockade is probably due
to physical trapping, resulting from the swelling of
sinusoidal cells (e.g. endothelial and Kupffer cells),
direct vasoconstriction, reduced deformability of PMNs
exposed to activated complement factors, and the preexisting intimacy (endothelium massaging) PMNs share
with the sinusoidal endothelium, compared to the
postsinusoidal endothelium. Once PMNs are slowed in
the sinusoids, firm adhesion and transmigration may be
www.wjgnet.com
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Figure 2 Histological analysis of isolated-blood-perfused control and P-selectin Ab-treated rat liver sections at 120 min perfusion after 6 h of cold
ischemia (HE × 400). A, B: Point necroses in livers of control and P-selectin Ab-treated livers at 120 min perfusion (solid arrows); C, D: Inflammation in both control
and P-selectin Ab-treated livers at 120 min of perfusion (arrow heads).
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Figure 3 Accumulation of polymorphonuclear leukocytes (PMNs) in
isolated-blood-perfused control and P-selectin Ab-treated rat livers at
120 min perfusion after 6 h of cold ischemia.

mediated by ICAM-1/ β 2-integrins and VCAM-1/ β 1integrins[23,38]. Alternatively, other, as yet unidentified,
adhesion molecules may play a major role in the
sequestration and transmigration of PMNs in liver
sinusoids.
P-selectin blockade failed to protect the liver from I/R
injury in our cold ex vivo model, as judged by the time
dependent increase in AST activity, PMNs accumulation,
and the similar histological-injury pattern found in
control and P-selectin Ab-treated livers. Our findings
are not in agreement with results of other studies that
reported protection of the liver in cold ex vivo model
with P-selectin blockade alone using the P-selectin
ligands sPSGL-1and rPSGL-Ig[19,39] or an antibody to
www.wjgnet.com
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Figure 4 Bile production by isolated-blood-perfused control and P-selectin
Ab-treated rat livers after 6 h of cold ischemia. bP = 0.009 vs control liver.

PSGL-1[40]. However, P-selectin blockade did enhance
total bile production by 120 min of perfusion, which
agrees with earlier reports[39,40]. Exactly how P-selectin
blockade enhanced total bile production remains unclear.
P-selectin and ICAM-1 have been reported to
be primary mediators of PMNs sequestration in the
liver following I/R [19,20,38,41]. However, in this study,
P-selectin blockade had little or no effect on P-selectin
and ICAM-1 mRNA and protein levels except for the
significant decrease in ICAM-1 mRNA found at 60 min
perfusion, which had a concomitant decrease in ICAM-1
protein that did not reach statistical significance. These
results support our finding that P-selectin blockade did
not significantly alter PMNs accumulation in the liver at
120 min perfusion. In fact, P-selectin blockade caused
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Figure 5 Semi-quantitative RT-PCR analysis of P-selectin and ICAM-1 mRNA levels in isolated-blood-perfused control and P-selectin Ab-treated rat livers
after 6 h of cold ischemia. aP < 0.05 vs control liver.
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Figure 6 Western blot analysis of P-selectin and ICAM-1 protein levels in isolated-blood-perfused control and P-selectin Ab-treated rat livers after 6 h of
cold ischemia.
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Figure 7 Reduced (GSH + GSSG) and oxidized (GSSG) glutathione levels in isolated-blood-perfused control and P-selectin Ab-treated rat livers after 6 h of
cold ischemia.

an increase in PMNs accumulation in the liver, but not
to a significant level. In addition, numerous studies
have reported that ICAM-1 mediates firm adhesion
and transmigration of PMNs in the liver following an
inflammatory stimulus [42-47]. However, some studies
have questioned the absolute role of ICAM-1 in PMNs
sequestration in hepatic vasculature[21,48-52]. Furthermore,
although the adhesion molecules ICAM-1 and VCAM-1
are expressed on cells lining the sinusoids, antibodies to
selectins, integrins, and CAMs have all failed to prevent
accumulation of PMNs in the liver sinusoids.

It is well documented that GSH plays a protective
role in liver I/R injury [1,53-57] . GSH can react with
ROS such as hydrogen peroxide, peroxynitrite, and
hypochlorous acid generated by KC and PMNs. We
measured liver GSH and GSSG levels in our cold ex
vivo model and found no significant difference with
P-selectin-blockade treatment. If significant oxidative
stress occurred during reperfusion, an increase in liver
GSSG should have occurred[1,53]. Although the major
oxidative stress observed during perfusion is in the liver
vasculature[1,53], we did not measure GSSG levels in the
www.wjgnet.com
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Figure 8 ELISA analysis of nuclear p65 as a measure of liver NF-κB
activation in isolated-blood-perfused control and P-selectin Ab-treated rat
livers after 6 h of cold ischemia.

perfusate. Nevertheless, recent evidence from livers
reperfused after cold storage has shown that hepatocytes
may also be a source oxidative changes capable of
impairing liver function during reperfusion[58]. Therefore,
in this study we should have detected any significant
change in GSH or GSSG as an intracellular oxidative
stress that occurred during reperfusion. The lack of
significant change in liver total GSH and GSSG in our
IPRL model may be taken as the absence/attenuation of
oxidative stress in the liver[53]. An alternate explanation
for our failure to detect liver oxidative stress is that the
above study used a more sensitive fluorescence detection
compared to the colorimetric method employed in this
study.
NF-κB activation in the liver following I/R has been
reported [42,43,59]. Its activation has been reported as a
requirement for I/R-dependent TNF-α induction in the
liver[59]. The inflammatory response following I/R of
the liver is primarily mediated by cytokines (e.g. TNF-α,
IL-1β) and adhesion molecules P-selectin and ICAM-1,
and VCAM-1. Induction of all the above inflammatory
mediators requires activation of the transcription factor
NF-κB. In addition, existing evidence suggest that redoxsensitive transcription factors NF-κB activation mediates
the gene expression of pro-inflammatory cytokines such
as TNF-α and IL-1β[11]. Therefore, this study addressed
the activation of liver NF-κB in our cold ex vivo model,
and failed to detect any significant reduction in liver NFκB activation with P-selectin blockade throughout the
perfusion period. This finding supports our results for
P-selectin and ICAM-1 expression, with the exception
of ICAM-1 mRNA levels at 60 min perfusion. A
corresponding decrease in NF-κB activation was found
at 60 min perfusion with P-selectin blockade, but did not
achieve statistical significance.
Although most studies that characterized the
benefit of P-selectin blockade in liver I/R injury used
monoclonal antibodies or recombinant P-selectin
ligands, in the present study we used a polyclonal
antibody. Our use of a polyclonal antibody is not
unusual, since other investigators have employed
polyclonal antibodies to investigate blockade of
mediators involved in I/R injury[60]. It is likely that our
www.wjgnet.com
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results are not in agreement with earlier studies because
we employed a polyclonal antibody and at a different
dose. Alternately, the antibody may have reacted with
activated platelets and complement factors, as was later
found for the monoclonal antibody PB1.3 used in the
initial report that reported that P-selectin blockade alone
protected the liver form I/R injury[20]. Nonetheless, while
the general mechanism of selectin-dependent rolling of
PMNs followed by firmer adhesion to endothelial cells
by integrins and ICAM-1 is applicable to the vasculature
of some organs and tissues (heart, lung, intestine, and
cremaster muscle), this might not be the case for the
entire vasculature of the liver[23,24].
In summary, this study demonstrates that while
P-selectin blockade alone increased total bile flow in
the IPRL model, it failed to protect the liver from I/R
injury.
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Abstract
AIM: To investigate the most important aspects of
hyperthermic intraperitoneal chemotherapy (HIPEC)
that has been accepted as the standard treatment for
pseudomyxoma peritonei (PMP), with special regard
to morbidity, overall survival (OS) and disease free
survival (DFS) over 10 years.
METHODS: Fifty-three patients affected by PMP
underwent cytoreduction (CCR) and HIPEC with a
“semi-closed” abdomen technique in our institution.
The peritonectomy procedure and completeness of
CCR were classified according to Sugarbaker criteria.
Preoperative evaluation always included thoracic
and abdominal CT scan to stage peritoneal disease
and exclude distant metastases. Fifty-one patients
in our series were treated with a protocol based
2
on administration of cisplatinum 100 mg/m plus
2
mitomycin C 16 mg/m , at a temperature of 41.5℃ for
60 min. Anastomoses were always performed at the
end of HIPEC. The mean duration of surgery was 12 h
including HIPEC. Continuous monitoring of hepatic
and renal functions and hydroelectrolytic balance was
performed in the postoperative period.
RESULTS: Twenty-four patients presented with
postoperative complications: surgical morbidity was
observed in 16 patients and 6 patients were reoperated. All complications were successfully treated
and no postoperative deaths were observed. Risk
factors for postoperative morbidity were considered
to be gender, age, body surface, duration of surgery,

Peritoneal Cancer Index (PCI) and tumor residual
value (CC score). No statistically significant correlation
was found during the multivariate analysis: only the
CC score was statistically significant. The OS in our
experience was 81.8%, with a DFS of 80% at 5 years
and of 70% at 10 years.
CONCLUSION: In our experience, even if HIPEC
combined with cytoreductive surgery involves a high
risk of morbidity, postoperative complications can be
resolved favorably in most cases with correct patient
selection and adequate postoperative care, thus
minimizing mortality. The association of CCR and
HIPEC can be considered as the standard treatment
for PMP. The OS and DFS results confirm the validity of
this combined approach for the treatment of this rare
neoplasm. The impact of preoperative chemotherapy
on OS, in our opinion, is due to a major aggressiveness
of tumors in treated patients.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Peritoneal carcinomatosis (PC) is one of the most
common routes of dissemination of abdominal
neoplasms; it may be present at the time of diagnosis of
a primary tumor, but more frequently it arises as tumor
recurrence after surgical treatment[1].
PC is frequently associated with colorectal cancer,
gastric cancer, ovarian carcinoma, and appendiceal
cancer. Neoplasms with positive peritoneal cytology
www.wjgnet.com
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show high rates of peritoneal dissemination[2-6].
Pseudomyxoma peritonei (PMP) is a rare condition,
with an incidence of 1/1 000 000 per year, characterized
by copious mucus (so-called “jelly belly”) containing
rare epithelial cells. According to Ronnet, PMP was
histologically classified into disseminated peritoneal
a d e n o mu c i n o s i ( D PA M ) , p e r i t o n e a l mu c i n o u s
carcinomatosis (PMCA) and an inter mediate or
discordant feature group (ID)[7]. Recent studies show that
most cases of PMP originate from ruptured appendiceal
tumors with progressive dissemination in the peritoneal
cavity of mucin-producing epithelial-cells[8,9]. Lymphnodal or hematogenous metastases are rare in PMP and
evidence suggests it has a poor prognosis.
PC from PMP is generally considered a lethal disease,
with a limited response to conventional chemotherapeutic
treatments[10]. While systemic chemotherapy has little
impact on the treatment of peritoneal disease, some centers
have reported encouraging results with intraperitoneal
hyperthermic chemoperfusion (HIPEC)[11,12].
This technique is based on surgical cytoreduction
(CCR) of the primitive cancer, peritonectomy and
HIPEC. The principle of locoregional treatments is to
obtain an elevated and persistent drug concentration for
the tumor, with a limited systemic concentration. Many
studies reported an impact on overall survival (OS)
and disease-free survival (DFS) in patients affected by
carcinomatosis of mucinous cancers such as PMP[13,14]
and in recent trials this combined approach has been
proposed as standard treatment for PMP.
In this study we report the results of a 10-year
experience with this type of treatment in our institution,
where 53 patients with PMP were treated with CCR and
HIPEC, with special reference to follow-up and risk
factors for postoperative complications.

MATERIALS AND METHODS
For the present study, 53 patients (23 male and 30 female,
mean age 58 years, range 32-72) with PMP who underwent
surgical treatment and HIPEC between October 1998
and June 2008 at the Department of General Surgery
and Surgical Oncology, San Giuseppe Hospital, were
considered. Preoperative evaluation always included
thoracic and abdominal CT scan to stage peritoneal disease
and exclude distant metastases; upper digestive endoscopy
and colonoscopy generally completed tumor staging. A
careful preoperative evaluation of the patient’s general
condition was always performed, and included complete
blood tests, electrocardiogram, cardiac ultrasound, and
spirometry. The presence of hepatic or extra-abdominal
metastases, poor general condition or performance status
> 2 according to the Eastern Cooperative Oncology
Group (ECOG) and an age of > 72 years were generally
considered contraindications to the treatment. Informed
consent was obtained from all patients[15].
Just after laparotomy, a complete intraoperative
staging of peritoneal disease was performed using the
peritoneal cancer index (PCI)[16]; the mean PCI was 22.
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Surgical technique
The peritonectomy procedure was classified and
performed according to Sugarbaker’s criteria: (1) Central
peritonectomy consists of the removal of previous
scars, greater omentectomy (performed by stripping the
superficial peritoneal layer of the transverse mesocolon)
and a close dissection to the greater curvature of the
stomach. Sometimes splenectomy could be necessary en
bloc with the greater omentum and the left diaphragmatic
peritoneum; (2) Left upper quadrant peritonectomy
consists of the stripping of the peritoneal tumor tissue
from beneath the left hemidiaphragm, left adrenal gland,
distal portion of the pancreas, and the cephalad half of
Gerota’s fascia; (3) Right upper quadrant peritonectomy
consists of right hemidiaphragmatic peritoneal stripping,
removal of tumor from the right subhepatic space
and from the surface of the liver by the stripping of
the Glisson’s capsule. Peritonectomy is concluded
with the removal of the peritoneum covering the right
kidney and Morrison’s pouch; (4) Lesser omentum
peritonectomy is performed after the cholecystectomy,
and in this procedure the cancerous tissue which covers
the common duct and hepatic artery is stripped from
the base of gall bladder bed towards the duodenum.
This phase is concluded by the stripping of omental
bursa; (5) Pelvic peritonectomy with en bloc removal
of pelvic peritoneum, sigmoid colon, rectum, uterus
and salpingo-oophorectomy; (6) Peritonectomy of the
lateral abdominal wall. Implants on the visceral serosa
are removed by electrosurgical local dissection and the
peritonectomies are variously combined with resections
of viscera involved in tumor (total gastrectomy or total
colectomy).
The completeness of CCR was also classified
according to Sugarbaker’s criteria[17] as: CCR-0 (no residual
tumor) in 35 cases, CCR-1 (no residual nodule greater
than 2.5 mm in diameter) in 18 cases, CCR-2 (no residual
nodules greater than 25 mm) in none of the cases and
CCR-3 (residual nodules greater than 25 mm) in none of
the cases.
HIPEC was performed according to the “semiclosed” abdomen technique [18]. Five drain tubes are
placed in the abdominal cavity. There are 2 inflow tubes,
and they have multiple holes. They present 2 diffusion
lines for the homogeneous distribution of drugs into the
abdominal cavity (1 in the sovramesocolic branch, 1 in
the pelvis). Three outflow tubes are placed respectively
in the pelvis and in the subdiaphragmatic spaces.
Backhaus forceps are used to close the cranial and
caudal portion of abdominal wound. The skin is then
suspended by a self-retaining retractor, placed at more
or less 15 cm from the abdomen, by plastic self-blocking
strings. This kind of placement creates the virtual cavity
needed to perform HIPEC. The central portion of the
wound is suspended by the retractor too and covered
with a laparoscopic device with sterile drapes on it, with
a hole in the middle. The drain tubes are connected
to a perfusion system formed by 2 pumps and a heat
exchanger to heat the perfusion liquid. The inflow and
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outflow pumps are connected through a reservoir, so
it is possible to achieve continuous circulation of the
perfusate at the speed of more or less 1 L/min. The
pumps are controlled by a computerized system that
allows the checking of the flow rate and the temperature
of the heat exchanger. Three intraperitoneal temperatures
are checked by probes; the inflow temperature, outflow
temperature, and the patient esophageal temperature.
The amount of circulating perfusate required (solution
for peritoneal dialysis) is calculated according to the
patient’s body surface. During perfusion, the surgeon
mixes the perfusate by hand through the hole in the
sterile drapes. When the ideal intraperitoneal temperature
is reached, the drugs are added to the circuit and HIPEC
is performed for 60 min. Fifty-one patients in our series
were treated with a protocol based on administration of
cisplatinum 100 mg/m2 plus mitomycin C 16 mg/m2, at
a temperature of 41.5℃. Two patients were treated with
mitomycin C 35 mg/m2 for 60 min at a temperature of
40.5℃, according to the Netherland protocol, because
of significant side effects from preoperative systemic
chemotherapy with platinum. Anastomoses were always
performed at the end of HIPEC. The mean duration
of surgery was 12 h including HIPEC (range 8-16 h).
At the end of the operation, the patient was admitted
to the intensive care unit, and then returned to the
surgical department when cardiovascular and pulmonary
functions became stable. Continuous monitoring of
hepatic and renal functions and hydroelectrolytic balance
were performed afterwards. The primitive neoplasm was
an appendicular adenocarcinoma in 37 patients (69.8%)
and an appendicular adenoma in 16 patients (30.2%).
Twenty-one patients (39.6%) with histological diagnosis
of appendicular adenocarcinoma had been treated
with systemic chemotherapy before our operation.
Because of the massive involvement of viscera and
peritoneum, in some selected patients we performed
the treatment in steps. Three patients were treated in
2 steps, and 1 patient was treated in 3 steps. In these
cases, we performed the upper abdominal CCR in the
first step, then the patient was submitted to systemic
chemotherapy for 2 or 3 mo. The second step consisted
of lower abdominal CCR and peritoneal perfusion of
the entire peritoneal cavity. The details of the CCR
procedures are displayed in Table 1.
Statistical analysis
In this study the statistical analyses focused on
postoperative complications: the histopathological,
clinical and follow-up data were stored in a database.
The presence of postoperative complications was
considered as the dependent variable whereas gender,
age, body mass index, primary tumor, previous systemic
chemotherapy, operative time, stage of PCI, and CCR
were covariates.
Multivariate analysis of factors was performed by the
Cox proportional hazard model. OS was dated from the
day of surgery to the time of death due to any causes;
progression-free survival (PFS) was dated from the
day of the surgery to the time of postoperative disease
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Table 1 Extent of CCR and HIPEC in 53 patients affected
by PMP
Procedures
Greater omentectomy
Left colectomy
Right colectomy
Total abdominal hysterectomy
Bilateral salpingo-oophorectomy
Splenectomy
Cholecystectomy
Small bowel partial resection
Total gastrectomy
Sub-total gastrectomy
Distal pancreatectomy
Rigth upper quadrant peritonectomy
Left upper quadrant peritonectomy
Pelvic peritonectomy

No.
48
30
34
16
20
40
34
27
5
3
6
47
38
43

progression. The survival curves for both OS and PFS
were calculated according to the Kaplan-Meier method.
The log-rank test was used to assess the significance of
the comparison between survival curves.
The Statistical Package for the Social Sciences
software (version 11.0) (SPSS, Chicago, IL, USA) was
used for statistical analysis: P < 0.05 was considered
significant.

RESULTS
At the end of follow-up of the 53 patients, 5 and 10
year OS was 94% and 84.6%, respectively (Figure 1A).
DFS was 80% and 70% at 5 and 10 years, respectively
(Figure 1B).
OS according to the PCI, completeness of CCR (CCscore), histological type, and pre-operative chemotherapy
( d o n e v s n o t d o n e ) a r e s h ow n i n F i g u r e 2A -D.
At the time of the present analysis 48 patients are alive
without disease. Two patients died due to systemic
disease progression at 16 and 63 mo, respectively,
after the operation; 3 patients are alive with disease
and intraperitoneal relapse but are not undergoing a
further operation, with follow-up of 57, 28, 24, 19,
10 mo, respectively. Three patients had intraperitoneal
relapse and were treated with tumor resection followed
by HIPEC: 1 of those patients is alive without disease
17 mo after the second surgical procedure; the other 2
patients were treated only with CCR and they are alive
without disease after 24 mo of follow-up.
For calculation of the morbidity rate, we considered
postoperative complications occurring during the
hospital stay or within 30 d of surgery. In 24 patients
(45%) we obser ved postoperative complications:
surgical morbidity was obser ved in 16 patients (3
intestinal fistulas, 2 urinar y tract perforations, 2
abdominal abscesses, 4 wound infections, 1 prolonged
ileus, 2 postoperative haemorrhages, 1 abdominal wall
dehiscence, 1 bleeding from a gastric ulcer) and medical
complications were observed in 8 cases (1 arrhythmia,
3 grade 2 hematological toxicities, 1 acute renal failure,
1 cutaneous rash, 2 cases of sepsis). Six patients were
www.wjgnet.com
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Table 2 Association between morbidity and clinical variables n (%)
Variable
Gender
Male
Female
Age (yr)
Body mass index (Kg/m2)
Previous systemic chemotherapy
Performed
Not performed
PCI
> 16
< 16
Operative time (h)
Completeness of cancer resection
CCR-0
CCR-1

A

No. of cases

With complications

Without complications

23
30

11 (46)
13 (54)
59 ± 10
25.4 ± 5.3

12 (41)
17 (59)
56 ± 9
26.8 ± 4.7

21
32

10 (42)
14 (58)

11 (38)
18 (62)

36
17

18 (75)
6 (25)
8.5 ± 3.0

18 (62)
11 (38)
7.1 ± 2.1

12 (50)
12 (50)

23 (79)
6 (21)

P-value
NS

NS
NS
NS

NS

35
18

1.0

NS
0.017

Table 3 Postoperative complications observed in 24 patients.
Multiple complications are included

Cumulative survival

0.8
Complication
0.6
0.4

Survival probability (%)

Intestinal fistula
Abdominal abscess

0.2
0.0

B

Surgical
Wound infection
Urinary tract perforation

0

20

40
60
80
Months from surgery

100

120

1.0
0.8
0.6
0.4
0.2
0.0

0

20

40
60
80
Months from surgery

100

Figure 1 53 cases of PMP. A: Overall survival (Kaplan-Meyer); B: Disease free
survival (DFS).

re-operated and 1 patient underwent ureteric stenting.
One patient with abdominal abscess was submitted
to ultrasound-guided drainage and 1 patient with
bleeding from a gastric ulcer was treated by endoscopic
haemostasis. All other complications were successfully
treated by medical therapy (Table 2). No postoperative
deaths were observed. An analysis of risk factors for
postoperative morbidity rate was performed. Gender,
age, body surface, duration of surgery, PCI and tumor
residual value were considered to be risk factors.
No statistically significant correlation between the
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Prolonged ileous
Bleeding from gastric ulcer
Intraabdominal bleeding
abdominal wall dehiscence
Medical
Grade ≥ 2 hematological
toxicity
Acute renal failure
Arrhythmias
Cutaneous rush
Sepsis

No. of cases

Treatment (No. of cases)

4
2

1
1
2
1

Drainage
Reoperation (1);
Urinary stenting (1)
Reoperation
US-guided drainage (1);
medical (1)
Medical
Endoscopic haemostasis
Reoperation
Conservative

3

Medical

1
1
1
2

Medical
Medical
Medical
Medical

3
2

analyzed variables and the incidence of postoperative
complications was found except for CC-score (P < 0.017)
(Table 3).
Final follow-up data from our experience indicated
that sur vival probability may be good in patients
with histological type appendicular adenoma who are
optimally cytoreduced (CC-0). An interesting relief
was related to whether preoperative chemotherapy was
performed or not.

DISCUSSION
HIPEC associated with cytoreductive surger y is
becoming a widely accepted procedure for the treatment
of PMP.
Like reports in several studies, the results of our
experience indicate that, even when combined with
an aggressive surgical procedure, HIPEC is associated
with an acceptable risk of postoperative complications
and mortality [19-24] . The incidence of postoperative
complications was similar to that of other reports[25-29]
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1.0

0.6
0.4
0.2

Survival probability (%)

0

20

40
60
Months from surgery

1.0

80

D

DPAM
PMCA

0.6
0.4
0.2

0

20

40
60
Months from surgery

80

100

1.0

CC0
CC1

0.8
0.6
0.4
0.2
0.0

100

0.8

0.0

B
Survival probability (%)

0.8

0.0

C

PCI > 16
PCI < 16

Survival probability (%)

Survival probability (%)

A
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0

20

1.0

40
60
Months from surgery

80

100

CT not done
CT done

0.8
0.6
0.4
0.2
0.0

0

20

40
60
Months from surgery

80

100

Figure 2 Overall survival (OS) in 53 cases of PMP. A: According to PCI status (P N.S.); B: According to the completeness of CCR (P < 0.003); C: According to the
histological tumor type (P < 0.014); D: According to previous systemic chemotherapy (P < 0.034).

and major morbidity occurred in 45% of patients, which
is also similar to other recent experiences[27,29,30]. All the
complications were successfully treated with surgical or
medical therapy. We believe that careful preoperative
selection of patients, and adequate postoperative
monitoring and care are crucial in order to minimize
the incidence of postoperative complications in these
patients.
The advanced stage of neoplastic disease and
immunodeficiency status of patients previously subjected
to chemotherapy were important factors that probably
contributed to the occurrence of septic complications
after an extended surgical procedure. In our series 1
patient underwent ultrasound-guided drainage of an
abdominal abscess and in the others septic complications
were successfully treated with medical therapy.
Intestinal fistula has been repor ted to be an
important cause of morbidity and mortality in patients
submitted to HIPEC, with an incidence rate ranging
from 6% to 27%[21-23, 31-33]. Younan et al[32] reported that
male gender, duration of surgery, and no previous
systemic chemotherapy were independent predictors
of bowel complications. The direct effect of HIPEC
even in non-resective procedures can be associated with
intestinal fistulas in the postoperative period[33,34]. We
always performed anastomotic suture following HIPEC
but in our series the 3 cases of intestinal fistula were due
to intestinal perforation not involving anastomosis.
Recent studies have reported the duration and extent

of surgery, visceral resections, PCI and incomplete
CCR to be important risk factors for postoperative
complications[21,26,31]. In our patients, we did not find this
correlation, probably because of the limited number
of cases. PCI > 16 was an independent predictor of
postoperative morbidity only at univariate analysis and
seemed to have an impact on the complication rate, but
not on OS.
The largest series of PMP undergoing combined
treatment was reported by Sugarbaker[35]: in this series
completeness of CCR and Ronnet’s criteria were the
most important factors correlated with survival and
morbidity[36].
Complete CCR was obtained in most of our patients.
In our series, we didn’t have patients with an elevated CC
score (CC-2 or CC-3): as a consequence, even though
the morbidity rate was high we did not find a correlation
between cytoreductive status and complication rate.
However, the CC-score in our experience was strictly
correlated to DFS with an evident result between CC-0
and CC-1 patients (P < 0.003).
The limited number of patients in our series did not
allow further stratifications and for these reasons, the
potential impact of other factors on morbidity cannot
be excluded.
Survival data indicate that high long-term survival
could be achieved in patients with histological type DPAM
vs PMCA (P < 0.014). Furthermore in the present series
the adverse prognostic value of preoperative systemic
www.wjgnet.com
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chemotherapy was a unexpected finding that may be not
easy to explain: the patient that received chemotherapy
had a poor prognosis compared to those that did not
undergo chemotherapy (P < 0.034). The same evidence
was observed in the series of Baratti et al[37].
The hypothesis was that after chemotherapy,
mucinous appendiceal tumors change to a more
invasive process: it is quite possible that differences
in chemotherapy penetration of mucinous and solid
tumours may result in persistence and progression of
the more solid components of a non uniform tumor.
Appendiceal tumors are described as having large areas
of adenomucinosis with small, even minute, areas of
more aggressive tissue: the penetration of chemotherapy
dr ugs into the mucin that contains adenomatous
epithelial cells may eradicate these cells but the small
foci of solid tumor may not be completely penetrated
by chemotherapy. It is possible that this process selected
resistant and more aggressive tumor cell clones but the
explanation for the poor results of the treatment in
these patients requires further investigation.
In conclusion the present study confirms that an
aggressive approach can improve survival in selected
patients with PMP. Although HIPEC combined with
CCR has a high risk of morbidity, postoperative
complications could be resolved favorably in most cases
with correct patient selection and adequate postoperative
care, thus minimizing mortality. Residual tumor (CC),
preoperative chemotherapy and histological type
PCMA significantly influence the prognosis of these
patients[20,37].
To improve this encouraging survival outcome, it
is very important to unify the surgical experience of
expertise centers and adequate patient selection. Our
results suggest also the need of an integrated approach
to this rare neoplasm to identify the biological aspect of
PMP that influences the prognosis and the evolution of
the disease.

Peritoneal carcinomatosis is generally considered a lethal disease, with a mean
survival time of 6 mo after conventional chemotherapeutic treatments. Systemic
chemotherapy has little impact on treatment of peritoneal disease, but some
centres have reported encouraging results with intraperitoneal hyperthermic
chemoperfusion (HIPEC). Locoregional treatments are considered a new
frontier in the management of this condition: it is possible to achieve an
elevated and persistent drug concentration in the tumor, with limited systemic
effects. Many studies reported an impact on overall survival and disease-free
interval in patients affected by carcinomatosis, of mucinous cancers such as
pseudomyxoma peritonei (PMP) and in recent trials this combined approach
has been proposed as standard treatment for PMP.
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In this paper we report a very important proof on the integrated approach to
PMP. This lethal disease can be treated with good results: in fact 5 and 10
year overall survival was, respectively, 94% and 84.6% in our experience and
disease free survival was 80% and 70% at 5 and 10 years, respectively.

Application

On future application, the end point of this approach would be to improve a
standard treatment for this particular disease to reduce the surgical risk of
major complications. Correct patient selection and adequate postoperative care
may minimize the considerable complication rate that is very high (45%).

Peer review

This is a very interesting study on pseudomyxoma peritonei and its treatment
with intraperitoneal hyperthermic chemoperfusion.
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Abstract
AIM: To evaluate the effect of β-blockade on
angiotensins in the splanchnic and peripheral
circulation of cirrhotic patients and also to compare
hemodynamic parameters during liver transplantation
according to propranolol pre-treatment or not.
METHODS: Patients were al located into two
groups: outpatients with advanced liver disease(LD)
and during liver transplantation(LT). Both groups
were subdivided according to treatment with
propranolol or not. Plasma was collected through
peripheral venipuncture to determine plasma
renin activity(PRA), Angiotensin(Ang) Ⅰ, Ang Ⅱ,
and Ang-(1-7) levels by radioimmunoassay in LD
group. During liver transplantation, hemodynamic
parameters were determined and blood samples
were obtained from the portal vein to measure renin
angiotensin system(RAS) components.
www.wjgnet.com

RESULTS: PRA, Ang Ⅰ, Ang Ⅱ and Ang-(1-7) were
significantly lower in the portal vein and periphery in
all subgroups treated with propranolol as compared
to non-treated. The relationships between Ang-(1-7)
and Ang Ⅰ levels and between Ang Ⅱ and Ang Ⅰ were
s igni f ic a nt ly inc re a s e d in LD gro up re c e i v i n g
propranolol. The ratio between Ang-(1-7) and Ang
Ⅱ remained unchanged in splanchnic and peripheral
circulation in patients under β-blockade, whereas
the relationship between Ang Ⅱ and Ang Ⅰ was
significantly increased in splanchnic circulation of
LT patients treated with propranolol. During liver
transplantation, cardiac output and index as well
systemic vascular resistance and index were reduced
in propranolol-treated subgroup.
CONCLUSION: In LD group, propranolol treatment
reduced RAS mediators, but did not change the ratio
between Ang-(1-7) and Ang Ⅱ in splanchnic and
peripheral circulation. Furthermore, the modification
of hemodynamic parameters in propranolol treated
patients was not associated with changes in the
angiotensin ratio.
© 2008 The WJG Press. All rights reserved.

Key words: β-blockade; Cirrhosis; Renin angiotensin
system; Angiotensin-(1-7)
Peer reviewer: Mercedes Susan Mandell, MD, PhD,
Department of Anesthesiology, University of Colorado Health
Sciences Ctr., 12401 E. 17th Ave, B113 Aurora, CO 80045,
United States

Vilas-Boas WW, Ribeiro-Oliveira Jr A, Cunha Ribeiro R, Vieira
RLP, Almeida J, Nadu AP, Simões e Silva AC, Santos RAS.
Effect of propranolol on the splanchnic and peripheral renin
angiotensin system in cirrhotic patients. World J Gastroenterol
2008; 14(44): 6824-6830 Available from: URL: http://www.
wjgnet.com/1007-9327/14/6824.asp DOI: http://dx.doi.
org/10.3748/wjg.14.6824

INTRODUCTION
The Renin-Angiotensin System(RAS) is a multilayered
complex system. Previously, Angiotensin (Ang) Ⅱ was
thought to be the principle active peptide, exerting its
action through type Ⅰ and type Ⅱ receptors[1]. However,
our understanding of the RAS has significantly
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grown[1,2]. Additional active RAS peptides have been
identified such as Ang Ⅲ, with actions similar to Ang Ⅱ
and Ang Ⅳ, which exerts its activity at insulin-regulated
amino peptidase receptors, and Ang-(1-7), which acts
mainly through Mas receptors[1,2]. There is evidence that
the RAS acts at the local tissue and even intracellular
level through specific receptors by exerting paracrine,
endocrine and intracrine functions [1,2]. Further, the
system mediates a variety of opposing physiological
actions including vasoconstriction/vasodilation, fibrosis/
antifibrosis and inflammation/anti-inflammatory [1,2].
Therefore, the RAS is now viewed as a dual system
composed of two arms: a vasoconstrictor arm formed
by angiotensin converting enzyme(ACE)-Angiotensin
(Ang) Ⅱ -AT1 receptor and a vasodilator arm with
ACE2-Ang-(1-7)-Mas receptor. The ACE2-Ang-(1-7)Mas arm mainly acts as a counter-regulatory mechanism
for the vasoconstrictor arm[1]. According to this novel
concept, the final functional effect of the RAS may
reflect a balance between these two arms[2-5].
This novel view of the RAS makes the evaluation of
this system in cirrhosis particularly challenging. In this
regard, recent studies have suggested that the RAS seems
to be involved in cirrhosis through its two main arms:
the first (ACE-Ang Ⅱ-AT1) by inducing liver fibrosis[6]
and maintaining the basal vascular tonus in cirrhosis[7]
and the second [ACE2-Ang-(1-7)-Mas] by exerting an
anti-fibrotic role[8,9] and probably by participating in the
vasodilation of cirrhosis[10].
Non-selective β-adrenergic blockers have been
widely used in treatment of portal hypertension in
cirrhosis. β-blockers lower portal pressure by reducing
portal blood flow as a consequence of a decreased
cardiac output (β 1-receptor blockade) and arteriolar
splanchnic vasoconstriction (β2-receptor blockade)[11].
β-blockers also inhibit renin secretion[12]. However, the
effect of propranolol on RAS mediators has still not
been quantified, and neither have the hemodynamic
changes that might occur during liver transplantation
in cirrhotic patients pre-treated with propranolol. Since
non-specific β blockade has been a standard approach
to controlling the symptoms of portal hypertension and
because the RAS seems to influence the outcome of
portal hypertension and cirrhosis, it is reasonable to ask
if there is a functional relationship between the RAS
and beta-receptor system. For this purpose, we have
taken in this study the first steps to understand how β1
and β2 blockade affects the RAS in cirrhotic patients.
Thus, the aim of the present study was to compare the
levels of plasma renin activity (PRA), Ang Ⅰ, Ang Ⅱ
and Ang-(1-7), measured in the splanchnic and
peripheral circulations of cirrhotic patients receiving or
not propranolol and to evaluate the effect of previous
administration of propranolol on hemodynamic
parameters during liver transplantation.

MATERIALS AND METHODS
Patients
This cross-sectional study used a convenience sample
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Table 1 Clinical characteristics and casual measurements
of advanced liver disease outpatients (LD) treated with
propranolol or not
Characteristics and
measurements

LD with propranolol
(n = 9)

LD without
propranolol (n = 7)

Age (yrs)
Sex male/female
Child Pugh Score
MELD Score
Albumin (g/dL)
Bilirubin (mg/dL)
Creatinine (mg/dL)
INR (International
Normalized Ratio)
Serum Na+ (mEq/L)

45 ± 2
5 (55.6%)/4 (44.4%)
9.8 ± 0.5
27.1 ± 1.3
2.7 ± 0.2
2.5 (1.3-5.1)
1.2 (0.8-2.3)
1.62 (1.01-6.15)

54 ± 5
4 (57%)/3 (43%)
11.0 ± 0.8
29.3 ± 2.1
2.4 ± 0.3
2.5 (1.2-7.1)
1.0 (1.0-1.45)
1.55 (1.20-2.20)

133.0 ± 1.6

126.0 ± 2.7a

Data are expressed as mean ± SE or median (25 and 75 percentile), except
for sex where number of patients and percentages are shown. aP < 0.05
for the comparison of LD with propranolol and LD without propranolol
(unpaired t test for mean comparisons and Mann-Whitney test for median
comparisons).

Table 2 Clinical characteristics and casual measurements of
patients undergoing liver transplantation (LT) pre-treated
with propranolol or not
Characteristics and
measurements
Age (yr)
Sex male/female
Child Pugh Score
MELD Score
Albumin (g/dL)
Bilirubin (mg/dL)
Creatinine (mg/dL)
INR (International
Normalized Ratio)
Serum Na+ (mEq/L)

LT with propranolol
(n = 10)

LT without
propranolol (n = 11)

50.6 ± 3.4
3 (30%)/7 (70%)
10.5 ± 0.4
28.0 ± 1.1
2.81 ± 0.09
3.38 ± 1.20
1.0 (1.0-1.45)
1.36 (1.32-1.95)

50.0 ± 2.6
7 (63.6%)/4 (36.4%)
11.2 ± 0.6
29.8 ± 1.6
2.61 ± 0.15
3.70 ± 0.87
1.05 (0.75-1.50)
1.69 (1.24-2.11)

135.2 ± 1.0

130.1 ± 1.8a

Data are expressed as mean ± SE or median (25 and 75 percentile), except
for sex where number of patients and percentages are shown. aP < 0.05
for the comparison of LT with propranolol and LT without propranolol
(unpaired t test for mean comparisons and Mann-Whitney test for median
comparisons).

recruited from either the Alfa Institute of Hepatology/
Liver Transplantation or the Clinical Primary Care
Center of our institution.
Inclusion criteria
Patients diagnosed with hepatic cirrhosis defined through
liver histopathology and/or ultrasonography findings
were included in this study. Tables 1 and 2 display the
Child-Pugh[13] and MELD[14] scores of our patients (all
patients were on the waiting list for liver transplantation).
The etiology of the liver disease was established in
the majority of the subjects (69%), and included
alcoholism, virus C, virus B and bile cirrhosis. The
cirrhotic patients were allocated to two study groups:
one group was composed of patients who had advanced
liver disease and were seen in an outpatient clinic (LD,
n = 16) and the second group was composed of liver
transplant recipients during surgery (LT, n = 21). Each
www.wjgnet.com
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of these two groups was further divided into patients
who received propranolol and those who did not. The
assistant physician was the only person responsible for
the prescription and indication of propranolol treatment
and the study protocol did not interfere with any medical
prescriptions and recommendations. Thus, patients who
were already on treatment with propranolol were then
compared to those that did not receive treatment. As
shown in Tables 1 and 2, the two subgroups of patients
(treated vs non-treated) are comparable in the major
demographic characteristics.
The LD group comprised outpatients with ascites
and extra-hepatic complications such as encephalopathy
and moderate to large esophageal varices (> 5 mm) with
risk of bleeding. These patients were using diuretics
(furosemide: 40-80 mg/d associated with spironolactone:
25-100 mg/d). Nine of these patients were also receiving
propranolol for a mean period of 60 d (40-80 mg/d).
The doses of propranolol were titrated to achieve a
20%-25% change in baseline heart rate.
The LT group included hospitalized cirrhotic patients
with the same severity of liver disease as compared
to LD group based on Child Pugh and MELD scores
(Child Pugh: 11.0 ± 0.8 in LD vs 11.2 ± 1.2 in LT and
MELD: 29.3 ± 2.1 in LD vs 29.8 ± 3.2 in LT, P > 0.05
for both comparisons). These patients also presented
the same clinical and laboratorial features as the LD
group and received the same diuretic treatment. The
only difference between both groups is the fact that LT
patients have been submitted to liver transplantation.
Ten of the LT patients were using propranolol
(40-80 mg/d) until the time of liver transplantation and
their doses were also titrated to achieve a 20%-25%
change in baseline heart rate.
Exclusion criteria
Co-morbidities such as diabetes, heart, pulmonary,
autoimmune and neurological diseases automatically
excluded subjects from the study. Patients receiving
chronic treatment with angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, renin inhibitors
and corticosteroids were also excluded from the
study. During liver transplantation, blood collection
was suspended whenever the subject presented acute
hemodynamic disarrangements and needed to use a
vasoconstrictor.
Ethical aspects
The Ethics Committee of the Federal University of
Minas Gerais approved the study. Informed consent was
obtained from all included subjects. The research protocol did not interfere with any medical recommendations
or prescriptions. Subject follow-up was guaranteed even
in cases of refusal to participate in the study.
Study protocol
Protocol 1 - Evaluation of circulating RAS in
outpatients using or not using propranolol: Blood
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samples for PRA and angiotensin measurements were
obtained from LD patients on a single occasion taking
into account the inclusion and exclusion criteria for each
group. Due to ethical reasons, no changes to the clinical
approach were made for study purposes. Blood samples
(10 mL) were collected through peripheral venipuncture
in the morning after a fasting period of 8 h. All subjects
rested in supine position for at least 30 min before blood
sampling.
Protocol 2 - Evaluation of RAS and hemodynamic
parameters during pre-anhepatic stage of liver
transplantation in patients pre-treated with
propranolol or not: In the LT group, blood sampling
was performed during the pre-anhepatic stage of
liver transplantation and samples were obtained from
the portal vein (10 mL) to evaluate RAS mediators.
Hemodynamic parameters (cardiac output, cardiac
index, systemic vascular resistance and systemic vascular
resistance index) were determined simultaneously
with the blood sampling. These measurements were
obtained through invasive continuous monitoring via a
Swan-Ganz catheter (CCOMBO/SvO2, 110 cm/7.5 F,
Edwards Lifesciences, Irvine, CA, USA), using Dixtal
(DX 2020, Dixtal Biomedical, São Paulo, Brazil) and
Vigilance (CEDV, Edwards Lifesciences, Irvine, CA,
USA) monitors. Anesthesia for liver transplantation was
induced by a rapid sequence of etomidate, fentanyl and
succinylcholine and maintained by isoflurane (CAM~1.0)
and atracurium until the blood sampling.
Blood collection: For all blood collections, samples
were drawn into two sets of ice-cooled tubes-one
containing 7.5% EDTA for PRA determinations and
the other containing a cocktail of protease inhibitors for
angiotensin measurements, as previously described[14].
Blood samples were centrifuged at × 2000 g for 20 min
at 4℃ and plasma stored at -20℃[14].
Plasma extraction and radioimmunoassays: Plasma
samples were extracted using Bond-Elut cartridges
(Analytichem International, Harbor City, CA), as
described elsewhere[15]. PRA as well as Ang Ⅰ, Ang Ⅱ
and Ang-(1-7) concentrations were determined through
radioimmunoassays, as detailed elsewhere [15] . The
recovery of 125I-labeled Ang Ⅰ, Ang Ⅱ, and Ang-(1-7)
was 79.2% ± 2.3%, 86.9% ± 0.8% and 83.5% ± 0.9%,
respectively. Results were expressed as nanograms of
Ang Ⅰ generated per mL of plasma per hour (ng Ang Ⅰ
/mL per hour) for PRA and pg/mL of plasma for Ang
measurements.
Statistical analysis
Gaussian distribution of variables was evaluated by the
Shapiro normality test. Results were reported as mean
± SE or median, when appropriate. Unpaired t test was
used for the comparison of means between groups.
Mann-Whitney was used to compare non-parametric
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Figure 1 Peripheral circulating RAS profile in advanced liver disease
outpatients (LD) receiving propranolol or not. Data are expressed as
means ± SE. aP < 0.05 for the comparison of LD with propranolol and LD
without propranolol (unpaired t test).

Figure 2 RAS profile of the splanchnic circulation in patients undergoing
liver transplantation (LT), pre-treated with propranolol or not. Data are
expressed as means ± SE. aP < 0.05 for the comparison of LT with propranolol
and LT without propranolol (unpaired t test).

data. The level of significance was set at P < 0.05.
Graphpad PRISM was used for the statistical analyses.

per hour vs 0.77 ± 0.28 ng Ang Ⅰ/mL per hour; Ang Ⅰ:
717.2 ± 39.0 pg/mL vs 79.8 ± 24.8 pg/mL, P < 0.05
for both comparisons). As shown in Figure 2, the same
profile was observed for the LT group pre-treated with
propranolol, which also presented a significant reduction
of the PRA and Ang Ⅰ plasma levels in the portal vein
when compared to the LT group that was not treated
with propranolol (PRA: 2.20 ± 0.51 ng Ang Ⅰ/mL per
hour vs 0.74 ± 0.30 ng Ang Ⅰ/mL per hour; Ang Ⅰ:
764.2 ± 117.0 pg/mL vs 235.0 ± 75.6 pg/mL, P < 0.05
for both comparisons).
LD patients receiving propranolol also exhibited a
significant reduction in the levels of Ang Ⅱ in peripheral
circulation when compared to LD patients not using
propranolol (Ang Ⅱ: 117.2 ± 33.5 pg/mL vs 53.9 ±
6.5 pg/mL, P < 0.05, Figure 1). The same reduction of
Ang Ⅱ levels was observed in splanchnic circulation
(portal vein) of the LT group under β-blockade in
comparison to LT group not treated with propranolol
(Ang Ⅱ: 143.4 ± 13.3 pg/mL vs 96.9 ± 12.6 pg/mL,
P < 0.05, Figure 2). Plasma levels of Ang-(1-7) were also
reduced in splanchnic circulation of the LT group that
was previously treated with propranolol in comparison
to non-treated LT group (62.3 ± 10.9 pg/mL vs 35.5
± 3.8 pg/mL, P < 0.05, Figure 2), whereas plasma
Ang-(1-7) in peripheral circulation of the LD group did
not differ significantly despite treatment or not with
propranolol (Figure 1).
Ratios between Ang-(1-7) and Ang Ⅰ levels, between
Ang Ⅱ and Ang Ⅰ, and between Ang-(1-7) and Ang
Ⅱ in LD and LT groups are displayed in Tables 3
and 4, respectively. The ratio between Ang-(1-7) and
Ang Ⅰ indirectly reflects ACE2 activity, whereas the

RESULTS
Subject characteristics and casual measurements
The outpatients with liver cirrhosis (LD, n = 16)
consisted of 9 males and 7 females from 44 to 66 years.
The etiologies of liver failure in these subjects were:
alcoholism in 4, bile cirrhosis in 1, virus C in 5, virus
B in 1 and idiopathic causes in 5 patients. Clinical and
laboratorial data revealed high Child Pugh and MELD
scores that were very similar between the groups of
patients using or not using propranolol (Table 1). Only
serum sodium levels were significantly reduced in LD
patients not receiving propranolol as compared to those
treated with propanolol (Table 1).
Cirrhotic patients during liver transplantation (LT,
n = 21) comprised 10 males and 11 females from 36 to
67 years. The etiologies for primary hepatic diseases in
this group included virus C in 9, alcoholism in 4, bile
cirrhosis in 2, virus B in 1 and idiopathic in 5 patients.
The LT group without propranolol revealed reduced
serum sodium levels compared to the LT group receiving
propranolol. Other demographic characteristics and liver
function scores were similar in both subgroups (Table 2).
Peripheral and splanchnic circulating RAS profile in LD
and LT patients pre-treated with propranolol or not
As displayed in Figure 1, PRA and angiotensin Ⅰ (Ang Ⅰ)
were lower in peripheral circulation of the LD group
treated with propranolol in comparison to LD group not
receiving propranolol (PRA: 3.54 ± 1.35 ng Ang Ⅰ/mL
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Table 3 Ratios between angiotensins in peripheral circulation
of advanced liver disease outpatients (LD) treated with
propranolol or not
LD with propranolol
(n = 9)

LD without
propranolol (n = 7)

Ang Ⅱ/Ang Ⅰ
Ang-(1-7)/Ang Ⅰ
Ang-(1-7)/Ang Ⅱ

1.24 ± 0.30
0.74 ± 0.19
0.62 ± 0.06

0.21 ± 0.05a
0.09 ± 0.03a
0.42 ± 0.09

0.46 (0.26-2.64)
0.27 (0.06-0.91)
0.43 ± 0.08

LT without propranolol
(n = 11)
a

0.19 (0.13-0.24)
0.05 (0.04-0.11)
0.52 ± 0.12

Data are expressed as mean ± SE or median (25 and 75 percentile). aP < 0.05
for the comparison of LT with propranolol and LT without propranolol
(unpaired t test for mean comparisons and Mann-Whitney test for median
comparisons).

ratio between Ang Ⅱ and Ang Ⅰ indirectly estimates
ACE activity. Both ratios were significantly increased in
peripheral circulation of the LD group using propranolol
in comparison to LD patients not receiving the
β-blocker (P < 0.01, Table 3). Only Ang Ⅱ/Ang Ⅰ ratio
was increased in splanchnic circulation of the LT group
pre-treated with propranolol in comparison to LT
patients that had not received propranolol (P < 0.01,
Table 4), whereas Ang-(1-7)/Ang Ⅰ did not significantly
differ in splanchnic circulation of LT patients despite
the previous treatment or not with propranolol. More
importantly, the ratio between Ang-(1-7) and Ang Ⅱ,
which could represent the final functional relationship
between RAS mediators, did not differ in either
peripheral circulation of the LD group or in splanchnic
circulation of the LT group, independently of the
previous use or not of the β-blocker.
Hemodynamic parameters during pre-anhepatic stage of
liver transplantation in LT pre-treated with propranolol
or not
In order to demonstrate that our LT patients pretreated with propranolol were adequately β blocked, we
measured hemodynamic parameters during pre-anhepatic
stage of liver transplantation. Accordingly, in LT patients
pre-treated with propranolol, the cardiac output (8.9 ±
0.9 L/min vs 5.6 ± 0.6 L/min) and cardiac index (4.7
± 0.4 L/min per m2 vs 3.2 ± 0.3 L/min per m2) were
reduced and the systemic vascular resistance (604.2 ±
65.0 × 877.5 ± 106.1 dyn.s/cm5) and its index [(1036 ±
86) × (1399 ± 147)] dyn.s/cm5 per m2) were increased in
comparison to patients that had not previously received
propranolol (P < 0.05 for all comparisons, Figure 3).
www.wjgnet.com
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Figure 3 Hemodynamic parameters from cirrhotic patients during liver
transplantation (LT) pre-treated with propranolol or not. Data are expressed
as means ± SE. aP < 0.05 for the comparison of LT with propranolol and LT
without propranolol (unpaired t test).

DISCUSSION
In general, our data showed that chronic treatment with
propranolol in cirrhotic patients is characterized by
marked changes in the precursors of RAS cascade (Renin
and Ang Ⅰ) with repercussion in RAS two main arms at
the splanchnic and peripheral circulation. On the other
hand, no changes were detected in the ratio between the
two main RAS mediators [Ang-(1-7)/Ang Ⅱ], which
has been used to evaluate the final functional effect of
the RAS. In parallel, the chronic use of propranolol
produced hemodynamic changes, which were probably
able to control the hyperdynamic circulation of cirrhotic
patients. Taken together, these findings suggest that the
reduction of hyperdynamic circulation produced by
chronic treatment with propranolol in cirrhotic patients
was associated with an overall RAS inhibition, but it was
not due to changes in the balance between the two RAS
arms: ACE-Ang-AT1 (vasoconstrictor) versus ACE2Ang-(1-7)-Mas (vasodilator).
In splanchnic and peripheral circulation, the
β-blockade in cirrhotic patients was characterized
by reduced PRA and Ang Ⅰ levels. T hese RAS
components can lead to the synthesis of both Ang
Ⅱ and Ang-(1-7)[5,16]. The cirrhotic patients receiving
propranolol have reduced Ang Ⅱ levels in the
splanchnic and in the peripheral circulation as well as
reduced Ang-(1-7) levels in the splanchnic circulation.
In this regard, Blumenfeld et al[12] previously suggested
that β-blockade reduced Ang Ⅱ levels and PRA in
normotensive and hypertensive subjects by inhibiting
prorenin processing to renin.

Vilas-Boas WW et al . Propranolol and angiotensins in cirrhosis

Ratios between angiotensins, especially the
relationship between Ang-(1-7) and Ang Ⅱ, have been
used to estimate the final functional RAS effect[2,3,4]. In
this study, propranolol use was not able to change the
ratio between Ang-(1-7) and Ang Ⅱ in splanchnic and
peripheral circulation of non-compensated cirrhotic
patients, although there was an absolute decrease in both
angiotensins. In parallel, systemic vascular resistance
(SVR) and its index increased and cardiac output (CO)
and its index decreased in non-compensated cirrhotic
patients treated with propranolol. Similar hemodynamic
changes in cirrhotic patients receiving propranolol have
already been reported[17-19] and attributed to β-adrenergic
blockade[20]. Since the relationship between Ang-(1-7)
and Ang Ⅱ remained unchanged in splanchnic and
peripheral circulation of our cirrhotic patients, we could
hypothesize that propranolol was not able to interfere
with the final functional RAS effect upon vascular tone.
Our data also suggest that the activity of the two main
RAS enzymes, ACE and ACE2, were probably not
reduced by propranolol use in cirrhotic patients, since
the ratios between Ang Ⅱ and Ang Ⅰ and between
Ang-(1-7) and Ang Ⅰ were increased in peripheral
circulation and the ratio between Ang Ⅱ and Ang Ⅰ was
also elevated in splanchnic circulation. However, we can
not exclude the possibility that other factors such as
changes in the catabolism of Ang Ⅱ or Ang-(1-7) could
have contributed to the reduction in absolute levels of
each peptide.
In cirrhotic patients, arteriolar vasodilation and
diuretic administration cause a decreased effective
arterial blood volume that stimulates vasopressor
systems leading to high levels of PRA, circulating
norepinephrine, and vasopressin[21-23]. In this context,
propranolol inhibits renin secretion and reduces
vasodilation (SVR increase) in cirrhosis[17], leading to a
reduction of the relative arterial hypovolemia. These
actions could oppose the activated vasopressor systems
(RAS, sympathetic nervous system and vasopressin) and
may be involved in the amelioration of the hyperdynamic
circulation observed in our cirrhotic patients.
It should also be pointed out that we are aware
of the limitations of our study design. For example,
peripheral blood samples generally represent the
cumulative expression of RAS in multiple tissues
and may not reliably reflect molecular activity in the
splanchnic circulation. For this reason, we did manage
to collect samples from the portal vein during liver
transplantation. However, it is still difficult to compare
these findings to the samples collected in peripheral
blood from outpatients. Nevertheless, some aspects of
this study may increase the strength of our findings,
such as the utilization of strictly defined inclusion and
exclusion criteria and the well-established protocol for
the measurements of PRA and angiotensins[15].
In conclusion, results obtained with propranolol
treatment in cirrhotic patients have been controversial[20,24].
While in advanced liver disease with significant reduction
of the hepatic venous pressure gradient propanolol
treatment decreased the risk of ascites, spontaneous
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bacterial peritonitis, hepatorenal syndrome and death[24],
in unselected cirrhotic patients the same β-blocker was
not able to prevent varices and was associated with an
increased number of adverse events[20]. We believe that
the use of propranolol in cirrhosis could change the
prognosis of patients with hyperdynamic circulation
and relative hypovolemia, but it is probably not able
to interfere with potentially reversible liver fibrosis.
Indeed, the use of propranolol did not alter the balance
between the activity of the anti-fibrotic arm of the RAS,
ACE2-Ang-(1-7)-Mas[8], and of the pro-fibrotic arm,
ACE-Ang Ⅱ-AT1 [6]. For this purpose, many studies
have suggested that ACE inhibitors and AT1 receptor
blockers seemed to be effective[25-29]. Their mechanisms
of action probably involve not only the inhibition of
Ang Ⅱ formation or action but also the augmentation
of Ang-(1-7) levels or effects[5,29]. On the other hand,
it should be mentioned that, mostly in advanced stages
of cirrhosis, the ACE-Ang Ⅱ-AT1 arm contributes to
the maintenance of basal vascular tonus[7] and therefore
the use of AT1 receptor blockers or ACE inhibitors as
antifibrotic therapies could not be well tolerated. Since
propranolol administration seems to improve only the
extrahepatic complications of the advanced cirrhotic
patients, a possible therapeutic approach for human
cirrhosis at this stage could be the combination of AT1
receptor blockers or ACE inhibitors with propranolol.
Future studies with more powerful designs are obviously
necessary to evaluate whether the use of propranolol at
this stage of cirrhosis would enable the administration
of AT1 receptor blockers or ACE inhibitors or even
receptor Mas agonists to reduce liver fibrosis.
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with propranolol. Future studies with more powerful designs are obviously
necessary to evaluate whether the use of propranolol at this stage of cirrhosis
would enable the administration of AT1 receptor blockers or ACE inhibitors or
even receptor Mas agonists to reduce liver fibrosis.
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In the current study, the investigators have taken the first steps to understand
how β1 and β2 blockade affects RAS in patients. This is important because
non-specific β blockade has been a standard approach to controlling the
symptoms of portal hypertension.
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Abstract
AIM: To determine the clinical data that might be
useful for differentiating benign from malignant
gallbladder (GB) polyps by comparing radiological
methods, including abdominal ultrasonography (US)
and computed tomography (CT) scanning, with
postoperative pathology findings.
METHODS: Fifty-nine patients underwent laparoscopic
cholecystectomy for a GB polyp of around 10 mm. They
were divided into two groups, one with cholesterol
polyps and the other with non-cholesterol polyps.
Clinical features such as gender, age, symptoms, size
and number of polyps, the presence of a GB stone,
the radiologically measured maximum diameter of the
polyp by US and CT scanning, and the measurements
of diameter from postoperative pathology were
recorded for comparative analysis.
RESULTS: Fifteen of the 41 cases with cholesterol
polyps (36.6%) were detected with US but not CT
scanning, whereas all 18 non-cholesterol polyps were
observed using both methods. In the cholesterol
polyp group, the maximum measured diameter
of the polyp was smaller by CT scan than by US.

Consequently, the discrepancy between those two
scanning measurements was greater than for the noncholesterol polyp group.
CONCLUSION: The clinical signs indicative of a
cholesterol polyp include: (1) a polyp observed by
US but not observable by CT scanning, (2) a smaller
diameter on the CT scan compared to US, and (3) a
discrepancy in its maximum diameter between US and
CT measurements. In addition, US and the CT scan
had low accuracy in predicting the polyp diameter
compared to that determined by postoperative
pathology.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The development of radiological diagnostic tools such
as ultrasonography (US) and computed tomography
(CT) scanning has led to an increased frequency of
the diagnosis of gallbladder (GB) lesions, such as
GB polyps[1-3]. Because of the poor prognosis of GB
malignancies, it is very important to distinguish between
benign and malignant GB polyps so that malignant
disease can be treated as soon as possible. Currently,
clinical data such as the size and number of GB polyps
and the age of the patient are used to help distinguish
benign from malignant disease. Improved diagnostic
methods are needed to differentiate between benign and
malignant disease, and to determine which GB polyps
www.wjgnet.com
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require surgical intervention[4-6].
Therefore, we evaluated clinical data to determine
which factors would help distinguish benign from
malignant GB polyps. We retrospectively analyzed the
preoperative US and CT findings in patients with GB
polyps and compared the results with their postoperative
gross and microscopic findings.

MATERIALS AND METHODS
Fifty-nine patients who underwent laparoscopic
cholecystectomy for a GB polyp of around 10 mm
between January 2006 and August 2007 were enrolled
in this study. We divided these patients into two groups,
a cholesterol polyp group and a non-cholesterol polyp
group. Data were collected for clinical features such
as gender, age, symptoms, size and number of polyps,
presence of a GB stone, radiological data from the
preoperative US and CT scanning, and postoperative
pathology data.
We c o m p a r e d t h e r a d i o l o g i c a l l y m e a s u r e d
maximum diameters of the GB polyps obtained by one
radiologist with the postoperatively obtained pathologic
measurements of maximum diameters obtained by one
pathologist. Results are reported as the mean ± standard
deviation. For statistical analysis, a Chi-square, t-test
and Fisher’s Exact Test were used (SPSS version 15.0
software). A P-value < 0.05 was considered statistically
significant.

RESULTS
Pathologic findings of the GB polyps
Of the 59 cases, 46 (78%) were pseudo-polyps such as
a cholesterol polyp, inflammatory or hyperplastic polyp.
Of these 46 pseudo-polyps, 41 (69.5%) were cholesterol
polyps. True polyps were observed in 13 cases. Among
the true polyps, 10 cases (17%) were adenomatous
polyps and three cases (5.0%) were malignant.
Clinical findings of the GB polyps
Of the 59 patients, 37 patients were male and 22 were
female. No difference was observed in gender ratios
for the cholesterol polyp group (M:F = 25:16) and the
non-cholesterol polyp group (M:F = 12:6 P > 0.05).
The mean ages for each group were 40.98 ± 9.41 for
the cholesterol polyp group and 48.39 ± 16.87 for the
non-cholesterol polyp group. The former group had a
significantly lower mean age (P = 0.044).
Five patients had presenting symptoms, which
included three cases of indigestion, one case of right
upper quadrant pain and discomfort and one case with
fever suggesting cholecystitis. Three cases of cholesterol
polyps (7.3%) and two cases of non-cholesterol polyps
(11.1%) were associated with a GB stone. The factors
associated with the metabolic syndrome were analyzed
in the two groups. The mean body mass index (BMI)
was 24.83 ± 2.92 kg/m2 in the cholesterol polyp group
and 23.80 ± 3.23 in the non-cholesterol polyp group;
the mean homeostasis model assessment of insulin
www.wjgnet.com
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Table 1 Clinical and laboratory characteristics of patients
with gallbladder polyps (mean ± SD)
Histologic finding
Age (yr)
Sex (male/female)
Height (m)
Weight (kg)
Cholelithiasis(case)
BMI (kg/m2)
Fasting glucose (mg/dL)
Insulin (µIU/mL)
Homa-IR
HbA1c (%)
US size (mm)
CT size (mm)
Pathology size (mm)

Cholesterol polyp Non cholesterol
polyp
P -value
40.98 ± 9.41
25/16
1.6703 ± 0.09
69.39 ± 13.26
3
24.83 ± 2.92
97.05 ± 21.76
10.54 ± 3.63
1.49 ± 1.85
5.58 ± 0.74
9.95 ± 2.31
6.77 ± 2.65
4.83 ± 2.97

48.39 ±16.87
12/6
1.65 ± 0.07
64.85 ± 10.73
2
23.80 ± 3.23
96.94 ± 15.0
9.47 ± 2.71
1.26 ± 1.35
5.41 ± 0.23
11.94 ± 4.02
9.78 ± 5.19
11.06 ± 5.11

< 0.05
0.677
0.595
0.207
0.63
0.245
0.985
0.412
0.64
0.553
< 0.05
< 0.05
< 0.01

Table 2 The number of polyps in cases with cholesterol and
non-cholesterol polyps n (%)
Cholesterol Non-cholesterol
polyp
polyp
Ultrasonographic findings (P < 0.01)
Polyp number Solitary
19 (46.3)
Multiple
22 (53.7)
Total
41 (69.5)
Pathologic finding (P < 0.01)
Polyp number Solitary
11 (26.8)
Multiple
30 (73.2)
Total
41 (69.5)

Total

16 (88.8)
2 (11.1)
18 (30.5)

35 (59.3)
24 (40.7)
59 (100.0)

15 (83.3)
3 (16.7)
18 (30.5)

26 (44.1)
33 (55.9)
59 (100.0)

resistance (HOMA-IR) was 1.49 ± 1.85 and 1.26 ± 1.35
respectively, the mean HbA1c was 5.58 ± 0.74 (%) and
5.41 ± 0.23, respectively. The mean values for all these
factors were slightly higher in the cholesterol polyp
group but they were not statistically significant (P > 0.05)
(Table 1).
The number of GB polyps
In US, a single GB polyp was observed in 35 cases
(59.3%) and multiple GB polyps were observed in 24
cases (40.7%). The proportion of multiple polyps in the
cholesterol polyp group was 53.7% (22 out of 41 cases),
which was higher than in the non-cholesterol polyp
group (11.1%: 2 out of 18 cases, P = 0.002). For the
postoperative pathology examinations, these proportions
increased; 73.2% (30 out of 41 cases) and 16.7% (3 out
of 18 cases), respectively (P < 0.001) (Table 2).
The discrepancy in maximum diameter between US
and CT scanning
The preoperative mean maximum diameters measured
by US in the cholesterol polyp group and the noncholesterol polyp group were 9.95 ± 2.31 mm and
11.94 ± 4.02 mm, respectively, whereas for the CT
scan they were 6.77 ± 2.65 mm and 9.78 ± 5.19 mm,
respectively. The mean values for CT scanning tended to
be smaller than for US.
The discrepancies in maximum diameters between
US and CT scanning were 5.66 ± 3.87 mm in the
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Table 3 The difference in the maximum polyp size between
cholesterol and non-cholesterol polyps (mean ± SD)

US-CT size difference (mm)
US size > CT size1
CT undetectable rate(%)
US-pathologic size
difference (mm)

Cholesterol
polyp

Non-cholesterol P -value
polyp

5.66 ± 3.87
40/41
15/41 (36.6)
5.12 ± 3.42

2.17 ± 2.12
12/18
0/18 (0)
0.89 ± 3.69

Table 4 The correlation of size between cholesterol and noncholesterol polyps
Correlation
coefficients
Pathologic size

0
0.002
0.001
0

US size
CT size

Non-cholesterol polyp
Cholesterol polyp
Non-cholesterol polyp
Cholesterol polyp
Non-cholesterol polyp
Cholesterol polyp

Pathologic
size
1
1
0.698b
0.181
0.746b
0.324

US size CT size
0.698b
0.181
1
1
0.925d
0.427c

0.746b
0.324
0.925d
0.427c
1
1

1

Indicates number of patients having a larger size with US than CT.

cholesterol polyp group and 2.17 ± 2.12 mm in the
non-cholesterol polyp group and this difference was
statistically significant (P < 0.01). In 40 out of 41
cholesterol polyps (97.6%) and 12 out of 18 noncholesterol polyps (66.6%) the diameters were smaller
with CT scanning than with US (P < 0.01).
All 18 cases in the non-cholesterol polyp group were
detected both by US and CT whereas 15 cases in the
cholesterol polyp group among 41 (36.6%) were detected
by US but not by CT scanning (P < 0.01, Table 3).
The discrepancy between preoperatively and
postoperatively measured maximum polyp
diameters
The pathologically measured mean maximum diameters
were 4.83 ± 2.97 mm in the cholesterol polyp group
and 11.06 ± 5.11 mm in the non-cholesterol polyp
group (P < 0.01). When we compared these values with
the preoperatively US measurements the discrepancies
between preoperative and postoperative measurements
were 5.12 ± 3.42 mm in the cholesterol polyps and 0.89 ±
3.69 mm in the non-cholesterol polyps (P < 0.01, Table 3).
The correlation between radiologically measured and
pathologically measured polyp diameters
The non-cholesterol polyps showed statistically
significant linear correlations between the actual
maximum diameter from the pathology examination
and the preoperative US measured diameter (correlation
coefficient 0.698) and the CT measured diameter
(correlation coefficient 0.746, P < 0.01). The cholesterol
polyps, however, did not show this correlation (P > 0.05,
Table 4).

DISCUSSION
The correct diagnosis of cholesterol polyps, which
account for most of the pseudo-polyps of the GB,
will help prevent unnecessary surgery and follow-up
examinations. In this study, we attempted to characterize
the features of the cholesterol polyp and determine
accurate radiological predictive factors. Age is known to
have a significant association with malignant polyps and
is considered an independent risk factor[5-7]. This study
also found that patients with non-cholesterol polyps had
a higher mean age than did the patients in the cholesterol
polyp group. Metabolic syndrome is also known to have
a close relationship with the development of cholesterol

b

P < 0.01 vs Pathologic size, bP < 0.05 vs US size.

polyps[2,8,9]. Although the patients with cholesterol polyps
had higher levels of the BMI, HOMA-IR, and HbA1c,
the differences did not reach statistical significance. The
sample size might have been too small to detect any
differences.
Regarding the number of polyps in the GB, it is
also known that a single polyp is more likely to be a
malignant polyp, which prompts the need for more
aggressive interventions when a single polyp is identified
compared to multiple polyps [5,10]. We found a similar
tendency among our study population. The patients with
cholesterol polyps more frequently had multiple polyps
than did the patients with non-cholesterol polyps. It
is well known that the size of a GB polyp is related to
malignancy. Many studies have reported that a GB polyp
≥ 10 mm has a high risk of being a malignancy and this
size is one of the criteria for surgical intervention[4,11-13].
However, we also have observed that a benign polyp,
such as a cholesterol polyp, can be as large as 10 mm.
Therefore, size may not afford an accurate distinction
between benign and malignant polyps[14,15].
In cases with a cholesterol polyp, we obser ved
discrepancies in the size and number of polyps
between the preoperative radiological measurements
and the postoperative pathology measurements. The
postoperative pathology of cholesterol polyps had
a smaller size and higher multiplicity than did the
preoperative radiological studies. A possible explanation
for this finding is that the cholesterol polyp might be
damaged during the laparoscopic cholecystectomy
or during handling of the GB tissue considering its
histological fragility and weakness. The cholesterol polyp
had low correlation coefficients in the comparisons
between the pathologically measured size after surgery
and the radiologically measured sizes prior to surgery.
Therefore, the radiological studies are limited in
obtaining the correct measurements for cholesterol
polyps.
In conclusion, the cholesterol polyp has a tendency to
be observed more frequently in younger patients and has
higher multiplicity. The predictive signs for a cholesterol
polyp, a benign tumor, include: a polyp observable by
US but not CT scanning, a discrepancy ≥ 5 mm in the
maximum diameter of the polyp between the US and
CT measurements, a smaller diameter of the polyp by
CT compared to US, and a low correlation between the
diameter of the polyp from postoperative pathology and
www.wjgnet.com
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the preoperative radiological measurements.
We suggest that it would be more efficient to make
a flexible and tailored follow up plan or treatment plan
for GB polyps based on the above mentioned signs
rather than fixed or inflexible guidelines. In addition, the
preoperative radiological measurement of diameter is of
predictive value for the postoperatively measured actual
diameter only for non-cholesterol polyps. For cholesterol
polyps, the preoperative radiological measurements are
limited in their prediction of postoperative pathology
diameter. Therefore, methods that are more accurate
for the preoperative diagnosis of cholesterol polyps are
needed.
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Abstract
AIM: To determine, by counting micronucleus (MN)
frequencies, whether chromosomal or DNA damage
have an effect on the pathogenesis of early colorectal
adenocarcinoma (CRC).
METHODS: We analyzed MN frequencies in 21
patients with CRC, 24 patients with colon polyps [10
neoplastic polyps (NP) and 14 non-neoplastic polyps
(NNP)] and 20 normal controls.
RESULTS: MN frequency was significantly increased
in CRC patients and in NP patients compared with
controls (3.72 ± 1.34, 3.58 ± 1.21 vs 1.97 ± 0.81,
P < 0.001). However, there was no difference in the
MN frequency between CRC patients and NP patients
(P > 0.05). Similarly, there was no difference in the
MN frequency between NNP patients (2.06 ± 0.85)
and controls (P > 0.05).
CONCLUSION: Our results suggest increased
chromosome/DNA instabilities may be associated with
the pathogenesis of early CRC.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Genomic instability plays an essential role in the
development and progression of human colorectal
cancer (CRC)[1]. Two major types of genetic instability
have been described in CRC: chromosomal instability
and microsatellite instability [1] . About 60% of
CRCs develop through the chromosomal instability
pathway, which is characterized by losses and gains
of chromosomes (aneuploidy), as well as losses of
heterozygosity[1].
CRC progresses through four distinct clinical
stages that are described as dysplastic crypts, small
benign tumors, malignant tumors invading surrounding
tissues, and finally metastatic cancer. This progression
involves several genetic changes such as inactivation of
tumor suppressor genes and activation of oncogenes[2].
Mutations of the adenomatous polyposis coli (APC)
gene are considered the earliest[3] and most prevalent
genetic changes in colorectal tumorigenesis. More than
85% of colon cancers are estimated to have a somatic
mutation of APC [4] . Furthermore, a large number
of genes that trigger chromosomal instability have
been identified in yeast in the past[5]. The underlying
mechanisms leading to chromosomal instability in
colorectal cancer remain to be characterized. The DNA
double-strand break (DSB) is regarded as the most
critical of all DNA lesions[6,7], and it has been shown
that defects in the cellular response to DSBs can lead
to genetic alteration, chromosomal instability, and
ultimately malignant transformation[8].
The genome damage to the lymphocytes of
peripheral blood has been widely used as a biomarker
of genotoxic environmental factors, and long-term
studies have demonstrated its validity and high clinical
productivity [9] . Micronucleus (MN) is an acentric
chromosome fragment or whole chromosome that
is left behind during mitotic cellular division and
appears in the cytoplasm of interphasic cells as a
www.wjgnet.com
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small additional nucleus[10]. The formation of MN in
dividing cells is the result of chromosome breakage
due to unrepaired or mis-repaired DNA lesions, or
chromosome malsegregation due to mitotic malfunction.
These events may be induced by oxidative stress,
exposure to clastogens or aneugens, genetic defects
in cell cycle checkpoint and/or DNA repair genes, as
well as deficiencies in nutrients required as co-factors
in DNA metabolism and chromosome segregation
machinery[11-14]. All these events can cause the formation
of MN through chromosomal rearrangements, altered
gene expression or aneuploidy, effects associated with
the chromosome instability phenotype often seen in
cancer[15,16].
The MN frequency test, widely accepted for in vitro
and in vivo genotoxicity investigations, is a sensitive
marker of genomic damage [17,18] . The presence of
an association between MN induction and cancer
development is supported by a number of observations.
The most substantiated include: the high frequency
of MN in untreated cancer patients and in subjects
affected by cancer-prone congenital diseases, e.g. Bloom
syndrome or ataxia telangiectasia [15,19], the presence
of elevated MN frequencies in oral mucosa, used as
a surrogate biomarker of cancer in clinical chemoprevention trials [20], the correlation existing between
genotoxic MN-inducing agents and carcinogenicity, e.g.
ionizing and ultraviolet radiation[21,22].
A major question in cancer genetics is to what extent
chromosome or genetic instability is an early event
and thus a driving force of tumorigenesis?[23,24]. The
aim of this study was to determine, by counting MN
frequencies, whether chromosomal or DNA damage has
an effect on the pathogenesis of early CRC.

MATERIALS AND METHODS
Patients
This study was conducted between May 2008 and
Se ptember 2008 in the Erzur um Training and
Research Hospital. Twenty-one patients with colorectal
adenocarcinoma and 24 patients with colorectal
polyps were studied. The study was conducted using
colonoscopic specimens from subjects with the
established diagnosis of colorectal polyps or colorectal
adenocarcinoma in histologic analysis. Specimens were
separated for each level and placed in 10% formalin
solution. The pathologic specimens were reviewed
independently by two pathologists.
Pathologists were blinded to the subject’s clinical
history, the colonoscopic findings, and the results of the
Hematoxylin-Eosin staining assay. Pathologic reading
was determined for each biopsy slide with an overall
pathologic diagnosis determined for each subject.
We performed MN analysis in 21 (12 females and
9 males; mean age: 57.62 ± 10.84 years) patients with
CRC, in 10 (4 females and 6 males; mean age: 52.44 ±
8.36 years) patients with NP, in 14 (6 females, 8 males;
mean age: 52.92 ± 9.14 years) patients with NNP and
in 20 (8 females and 12 males; mean age: 50.25 ± 9.38
years) healthy controls. The patients were selected
www.wjgnet.com
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from non-smoking and nonalcoholic subjects. None of
the subjects had a history of viral infection, bacterial
infection or any metabolic diseases. The patients had
not been treated with chemotherapy or radiotherapy
during the last 4 mo. The patient and control groups
were chosen for their similar habits. The hospital Ethical
Committee approved the human study. All patients were
analyzed prior to treatment.
Micronucleus analysis
For MN analysis, 2 mL of heparinized blood was
drawn from each individual. Lymphocyte cultures
were established by adding 0.5 mL of whole blood to
5 mL karyotyping medium (Biological Industries, Beit
Haemek, Israel) with 2% phytohaemagglutinin M (PHA;
Biological Industries) according to standard techniques.
The culture was kept at 37℃ for 72 h. Cytochalasin B
(6 µg/mL, Sigma, USA) was added after 44 h of culture
to block cytokinesis, allowing the identification of
lymphocytes dividing in culture. Cells that had undergone
the first mitosis were thus recognized as binucleated
cells and were selectively screened for the presence of
MN. The cells were then treated hypotonically with
0.075 mol/L KCl for 5 min at room temperature, and
fixed in methanol/acetic acid (3:1). Cells were dropped
onto slides and stained with 5% Giemsa in phosphate
buffer (pH 6.8) for 5 min A thousand binucleated
cells from each case were examined for MN by an
experienced observer[25].
Statistical analysis
The MN rates were analyzed statistically by student’s
t-test. To evaluate the correlations between the age,
sex, and MN rates, the coefficients of Spearman ρ
correlation were calculated. A P value less than 0.05 was
considered to be significant.

RESULTS
MN frequencies and clinical data obtained from the
patient and control groups are shown in Table 1.
According to these results, the mean MN frequency was
significantly increased in CRC patients compared with
controls (3.72 ± 1.34 vs 1.97 ± 0.81, P < 0.001). Similarly,
the mean MN frequency was significantly increased in
NP patients compared with controls (3.58 ± 1.21 vs 1.97
± 0.81, P < 0.001). However, there was no difference
in the mean MN frequency between CRC patients, and
NP patients (P > 0.05). Similarly, there was no difference
in mean MN frequency between NNP patients and
controls (2.06 ± 0.85 vs 1.97 ± 0.81, P > 0.05). On the
other hand, the mean MN frequencies did not correlate
with patients’ age or sex in the CRC patients (for each,
P > 0.05). Similarly, the mean MN frequencies did not
correlate with patients’ age or sex in the colon polyp
patients (for each, P > 0.05).

DISCUSSION
CRCs progress through a series of clinical and his-
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Table 1 Micronucleus (MN) results of the patients with colorectal cancer and colon polyps and
healthy controls (mean ± SE)

CRC patients (n = 21)
NP patients (n = 10)
NNP patients (n = 14)
Controls (n = 20)

Sex (F/M)

Age (yr)

12/9
4/6
6/8
8/12

57.62 ± 10.84
52.44 ± 8.36
52.92 ± 9.14
50.25 ± 9.38

Age at diagnosis (yr)
56.98 ± 9.45
51.68 ± 8.54
50.48 ± 8.29

MN/1000 BN
3.72 ± 1.34
3.58 ± 1.21
2.06 ± 0.85
1.97 ± 0.81

CRC: Colorectal adenocarcinoma; NP: Neoplastic polyp; NNP: Non-neoplastic polyp.

topathological stages ranging from dysplastic crypts
through small benign tumors to malignant cancers. This
progression is the result of a series of genetic changes
that involve activation of oncogenes and inactivations
of tumor suppressor genes [26]. In colorectal cancer,
chromosomal instability is the major form of genetic
instability[27]. It is generally agreed that colorectal cancers
develop as a consequence of accumulation of mutations
in key genes such as K-Ras, Apc, and p53 that are critical
for regulating cell proliferation or cell cycle checkpoint
control. In humans, the development from early adenomas to metastatic carcinomas takes somewhere from 20
to 40 years; it is believed that genetic instability plays a
key role in accelerating the rate of mutation in cancerous
cells[28].
CRCs exhibit a defect in chromosome segregation,
leading to frequent gains or losses of chromosomes
(> 102 per chromosome per generation)[28]. Chromosome
instability has been detected in the smallest adenoma,
suggesting that chromosome instability may occur at very
early stages of colorectal carcinogenesis[29]. Extensive
research during the past has led to the identification
of genes that play a major role in the development of
colorectal cancer. For example, mutations or deletions of
the adenomatous polyposis coli (APC) gene, encoding
a 310-kDa cytoplasmic protein [30,31], are commonly
found in inherited familial adenomatous polyposis
patients and in sporadic colorectal cancers [32,33]. Such
mutations appear to be an early event during colorectal
tumorigenesis[4].
The most commonly affected gene in sporadic
colon cancer with defective DNA mismatch repair
(MMR) is hMLH1, with the primary mechanism of gene
inactivation being hypermethylation of the promoter[34].
These tumors account for approximately 15% of
sporadic colon cancers. The majority of sporadic
colon cancers (85%), however, are proficient in DNA
MMR but show another form of genomic instability
at the gross chromosomal level, which has been called
chromosomal instability. Such chromosomal instability
represents the end result of a number of processes,
including mutations in mitotic checkpoint genes,
microtubule spindle defects, and telomere dysfunction[35].
Two types of genetic instability have been identified,
with chromosomal instability predominating[1,36]. The
molecular basis for chromosomal instability is just
beginning to be explored[37]. A large number of gene
alterations can give rise to chromosomal instability
in Saccharomyces cerevisiae [5,38] . These genes include

those involved in chromosome condensation, sisterchromatid cohesion, kinetochore str ucture and
function, and microtubule formation and dynamics
as well as checkpoints that monitor the progress of
the cell cycle. To date, the only genes implicated in
aneuploidy in human tumor cells are those of the latter
class. Heterozygous mutations in the mitotic spindle
checkpoint gene hBUB1 were detected in a small portion
of colorectal tumors with the chromosomal instability[39].
The identification of aneuploidy at early stages of
tumor formation in MYH- and APC-mutant polyps is
interesting also in view of previous reports showing
that loss of APC function in primary mouse cell lines
results in chromosomal instability due to a kinetochore
attachment defect at mitosis[36]. It is generally accepted
that APC’s main tumor suppressing activity resides in
its capacity to bind and regulate Wnt/β-catenin signal
transduction[40]. However, additional APC functions in
cytoskeletal organization, mitotic spindle assembly, cell
migration, and apoptosis may play important roles in tumor progression and malignant transformation[40,41].
It has been demonstrated that chromosomes display
nonrandom changes in cancer cells. These include
structural rearrangements, e.g. deletions, amplifications
or translocations that arise from breaks in DNA, as well
as alterations in the number of intact chromosomes,
known as whole-chromosome misseg reg ations,
originating from errors in cell division (mitosis).
As a result of the accumulation of such processes,
chromosomal instability is thought to play a key role in
tumor development[40].
In the present study, we investigated whether
cytogenetic abnormalities participate in the pathogenesis
of early CRC. Cytogenetic endpoints are sensitive
biomarkers that are widely accepted to evaluate
chromosome damage[42,43]. MN assay provides a measure
of both chromosome breakage and chromosome loss
or nondisjunction in clastogenic and aneugenic events,
respectively[11,13].
MN assay is a sensitive indicator of exogenously
or endogenously caused genetic damage and MN
frequency has become an important end point in
genotoxicity testing both in vivo and in vitro[17,18]. Elevated
levels of MN are indicative of defects in DNA repair
and chromosome segregation which could result in
generation of daughter cells with altered gene dosage,
or deregulation of gene expression that could lead to
the evolution of the chromosome instability phenotype
often seen in cancer[10,11,15,21]. These considerations give
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mechanistic support to a possible causal association
between MN frequency and the risk of cancer. A
recently published cohort study linking the frequency
of micronuclei in lymphocytes of healthy subjects to
the risk of cancer reported stomach cancer among
the sites most specifically associated with micronuclei
frequency[44]. Similar findings have also been reported
for preneoplastic lesions of colon [45], esophagus [46]
and cervix[47]. In particular, the higher risks noted for
stomach and intestinal cancers, are in agreement with the
literature, which emphasizes the role of chromosome
rearrangements in the early stages of these tumours[47,48].
Our study, which showed increased MN frequencies
in the lymphocytes of CRC and colon polyp patients,
could support these observations, as the induction of
changes in DNA that lead to mutations plays a role in
carcinogenicity. Establishment of inherited susceptibility
factors is important in recognizing individuals at a
higher risk of developing CRC, so that they may
benefit from early detection and prevention programs.
Many investigators have demonstrated genomic
instability and abnormalities in patients with CRC[49-51].
Further, experimental evidence shows that early
colorectal adenomas have allelic imbalance[52]. hCDC4
mutations have been shown to occur early in colorectal
tumorigenesis[53].
An association between MN and cancer has been
reported [19]. The causes of this association may be
structural chromosomal aberrations and aneuploidy[19].
The presence of an association between the frequency
of micronuclei in lymphocytes and cancer risk has been
suggested [13,44]. Our findings of a high level of MN
frequency in patients with CRC or NP seem to support
this association. Thus, MN assay may be performed
in lymphocytes as an indicator of genomic instability
relevant to colorectal tumorigenesis.
In conclusion, our results indicate that the increased
MN frequency in lymphocytes of patients with CRC
and NP may reflect genomic instability or deficiency
of DNA repair capacity. Further, these results suggest
increased chromosome/DNA instabilities may be
associated with the pathogenesis of early CRC.

Terminology

Micronucleus (MN): MN is an acentric chromosome fragment or whole chromosome that is left behind during mitotic cellular division and appears in the cytoplasm of interphasic cells as a small additional nucleus.
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This study indicated genetic impairment and genetic instability may play an
important role in CRC. Further, MN frequency is a promising biomarker for assessing the risk of neoplastic progression in colorectal adenocarcinoma.
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Abstract

INTRODUCTION

AIM: To evaluate serum neopterin levels and their
correlations with liver function tests and histological
grade in children with hepatitis-B-related chronic liver
disease.
METHODS: The study population comprised 48
patients with chronic active hepatitis B, 32 patients
with hepatitis-B-related active liver cirrhosis and 40
normal controls. Serum neopterin was measured using
an enzyme-linked immunosorbent assay.
RESULTS: The mean ± SD serum neopterin levels were
14.2 ± 5.6 nmol/L in patients with chronic hepatitis,
20.3 ± 7.9 nmol/L in patients with liver cirrhosis and
5.2 ± 1.4 nmol/L in control group. Serum neopterin
levels were significantly higher in patients with chronic
hepatitis (P = 0.005) and cirrhosis patients (P =
0.008), than in control subjects. Cirrhotic patients had
significantly higher serum neopterin levels than patients
with chronic hepatitis (P = 0.004). There was a positive
correlation between serum neopterin levels and alanine
aminotransferase levels in patients with chronic hepatitis
(r = 0.41, P = 0.004) and cirrhotic patients (r = 0.39, P
= 0.005). Positive correlations were detected between
serum neopterin levels and inflammatory score in
patients with chronic hepatitis (r = 0.51, P = 0.003) and
cirrhotic patients (r = 0.49, P = 0.001).
CONCLUSION: Our results suggest that serum
neopterin levels can be considered as a marker of
inflammatory activity and severity of disease in children
with hepatitis-B-related chronic liver disease.

Neopterin is a pteridine derivative produced by
macrophages activated under the control of gammainterferon and released from T-cells by the activation of
the cellular immune system[1]. It has been demonstrated
that there is a relation between neopterin levels in
biological materials, the changes in their elimination
rates and various pathological conditions. In addition to
its association with activation of cell-mediated immunity
and with cell expansion, significant changes were seen in
neopterin levels and elimination rates in viral diseases (for
example viral hepatitis)[2,3], atypical phenylketonuria[4],
organ and tissue rejection [5] , autoimmune diseases
(such as rheumatoid arthritis and systemic lupus
erythematosus [6] ), genital cancer and hematologic
neoplastic disorders [7,8]. In all these cases, enhanced
concentrations of neopterin have been shown to have
prognostic significance[9].
In chronic active hepatitis, necrosis is observed as
disseminated to the parenchyma and the perilobular
consisting of lymphocytes and plasma cells. The
gamma-interferon released from T-lymphocytes in
the area stimulates and activates macrophages [10] .
Lymphocytic cell infiltration was shown, in addition
to the macrophages within the fibrous bands in the
liver of patients with cirrhosis resulting from various
etiologies[11]. Thus, it is suggested that neopterin secreted
from the inflammation-activated macrophages can be
an indication of the inflammation in the liver in chronic
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MATERIALS AND METHODS
The study population comprised 48 patients with
chronic active hepatitis B, 32 patients with hepatititisB-related active liver cirrhosis and 40 normal controls.
The control group consisted of otherwise healthy, ageand sex-matched children whose biochemical tests were
also within normal limits. The study was performed
according to the Declaration of Helsinki, and all parents
gave informed consent for the participation of their
children in the study.
Chronic active hepatitis B was diagnosed on the basis
of Hepatitis B surface antigen (HbsAg) and Hepatitis B e
antigen (HbeAg) positivity in serum for a period over 6 mo,
positive HBV-DNA determined at least twice in onemonth intervals (> 5 pg/mL), and evidence of chronic
active hepatitis B in a liver biopsy carried out within
the last 6 mo. None of the patients in this group had
Hepatitis C or Hepatitis D infections, decompensated liver
disorder, autoimmune hepatitis, α1-antitrypsin deficiency,
Wilson disease or any other liver disease. The patients
were evaluated before no treatment was initiated.
Hepatitis-B-related active liver cir rhosis was
diagnosed by clinical, serological, and biochemical tests
as well as histopathological investigation of liver biopsy.
The cirrhotic patients were classified by the Child-Pugh
classification defined by Pugh et al[13].
Liver function tests (serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gammaglutamyl transpeptidase (GGT), alkaline phosphase (AP)
and albumin) were also performed in all subjects using
an autoanalyzer.
Serum neopterin levels were examined using an
enzyme-linked immunosorbent assay (ELISA) kit
(Neopterin ELISA, IBL Immuno-Biological-Laboratories,
Hamburg).
All patients with chronic hepatitis and liver cirrhosis
underwent liver biopsy. Liver biopsy was performed
according to the Menghini technique. The biopsy
material was kept in 10% formaldehyde solution and
evaluated by a pathologist experienced in liver pathology.
In the samples obtained from the patients with chronic
hepatitis and liver cirrhosis, histological activity index
(HAI) score was defined as suggested by Knodell et al[14]
and modified by Desmet et al[15]. It was graded 0-18 by
adding the scores for periportal ± bridging necrosis

P = 0.008
P = 0.004

30
Serum neopterin levels (nmol/L)

liver diseases[10-12].
Studies in adult patients with acute hepatitis, chronic
hepatitis and cirrhosis have shown that serum neopterin
levels are elevated and this elevation is correlated with
the severity of disease. However, there is no data about
serum neopterin concentrations in children with chronic
hepatitis B and liver cirrhosis. Therefore, we investigated
ser um neopterin concentrations in children with
hepatitis-B-related chronic liver disease and correlated
these concentrations with liver function tests and
inflammatory activity of the liver. The aim of this study
was to demonstrate a possible relationship between
serum neopterin levels and severity of the disease.
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P = 0.005
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Figure 1 Serum neopterin levels in normal controls and patients with
chronic hepatitis B and liver cirrhosis.

(0-10), intralobular degeneration and focal necrosis (0-4)
and portal inflammation (0-4).
All data was shown in mean ± SD values. A Chi
square test was used to analyze the categorical data,
whereas an ANOVA test was used to compare the
numerical data of the groups. The homogeneity of the
intergroup variance was tested by the Levene method. If
the variance was homogenous (P > 0.05), then the Tukey
test was used, and if not (P > 0.05), then the Tamhane
test was used to evaluate the significance of the
difference between the groups. The correlations between
serum neopterin levels and biochemical and histological
parameters were determined by the Pearson correlation
test. The differences between the groups were taken
statistically significant if it is P < 0.05.

RESULTS
The characteristics of all the subjects are shown in Table 1.
There were no significant differences between the three
groups in terms of sex and age. Serum neopterin levels
(mean ± SD) were found to be 14.2 ± 5.6 nmol/L (range
2.7-32) in patients with chronic active hepatitis B, 20.3 ±
7.9 nmol/L (range 12-41) in patients with hepatitisB-related active liver cirrhosis and 5.2 ± 1.4 nmol/L
(range 2.2-6.8) in controls. Serum neopterin levels were
significantly elevated in patients with chronic hepatitis
B (P = 0.005) and liver cirrhosis (P = 0.008) than in
healthy controls. Patients with liver cirrhosis had higher
serum neopterin levels compared to patients with chronic
hepatitis B (P = 0.008) (Figure 1).
There was a positive significant correlation between
serum neopterin levels and ALT levels (r = 0.41, P =
0.004). No significant correlations were found between
serum neopterin levels and AST (r = 0.18, P = 0.22),
GGT (r = 0.33, P = 0.07), AP (r = 0.09, P = 0.64), and
albumin (r = -0.34, P = 0.06) levels in patients with
chronic hepatitis B. A positive significant correlation was
observed between neopterin levels and HAI (r = 0.52, P
= 0.001) (Figure 2A).
According to the Child-Pugh classification, all of the
32 patients with liver cirrhosis were in stage A. In the liver
www.wjgnet.com
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Table 1 Demographic, biochemical and histological characteristics of all subjects (mean ± SD)
Chronic hepatitis B
n
Sex (M/F)
Age (yr)
ALT (IU/L)
AST (IU/L)
GGT (IU/L)
AP (IU/L)
Albumin (mg/dL)
Neopterin (nmol/L)
HAI

Histological activity indexchronic hepatitis B

A

14

Histological activity indexliver cirrhosis

Liver cirrhosis

10
8
6
4
2
0

7

10
20
Serum neopterin levels (nmol/L)

30

r = 0.49
P = 0.001

6
5
4
3
2
1
0
-1

0

10
20
Serum neopterin levels (nmol/L)

30

Figure 2 Correlation between serum nopterin levels and histological
activity index. A: Chronic hepatitis B; B: Hepatitis-B-related liver cirrhosis.

cirrhosis group, serum neopterin levels were significantly
related to ALT values (r = 0.39, P = 0.005) and HAI (r =
0.49, P = 0.001) (Figure 2B). There were no correlations
between serum neopterin levels and AST (r = 0.20, P =
0.517), GGT (r = 0.35, P = 0.263), AP (r = 0.09, P = 0.772),
and albumin (r = -0.11, P = 0.731) levels.

DISCUSSION
It has been reported that neopterin levels increase in
body fluids and change in parallel to the activity of the
disease in many infectious diseases and various malign
disorders in which activation of the cellular immune
system plays an important role in the pathogenesis[7,16,17].
It has been shown that the activation of cellular immune
system stimulates the secretion of γ-interferon from the
T lymphocytes, and γ-interferon is an effective inducer
of neopterin release by monocytes/macrophages [10].
www.wjgnet.com

Control

32
15/17
7.4 ± 5.3 (1-16)
108.9 ± 76.8 (24-240)
153.4 ± 147.6 (39-580)
115.4 ± 30.3 (88-439)
705.7 ± 487.4 (228-1851)
3.2 ± 1 (2-5.1)
20.5 ± 8.6 (13-38)
9.1 ± 2.2 (5-12)

r = 0.52
P = 0.005

12

0

B

48
22/26
8.2 ± 3.4 (2-17)
68.8 ± 52.6 (14-280)
64.6 ± 51.4 (21-276)
23.4 ± 21.6 (14-162)
528 ± 193.5 (199-1055)
3.6 ± 0.7 (2.5-4.7)
14.2 ± 5.6 (2.7-32)
6.2 ± 2.9 (1-12)

40
19/21
  7.1 ± 2.2 (2-16)
26.1 ± 7 (14-36)
27.5 ± 6.7 (18-38)
36.8 ± 8.8 (18-48)
167.1 ± 50.7 (98-240)
4.4 ± 0.6 (3.7-5.4)
5.2 ± 1.4 (2.2-6.8)
-

Gamma-interferon is produced by the stimulation of
T-lymphocytes by several specific antigens, primarily
viral antigens, thus it was found that the neopterin levels
were especially elevated in viral infections.[3,17].
Evidence of elevation in neopterin levels in body
fluids due to the activation of immune system, which
was also supported by several studies involved in diseases
leading to activation of the immune system, suggests
that elevated neopterin can also be a marker for the
follow-up of chronic liver disorders, especially of viral
liver disorders[9]. However, since no such data is available
related to children, our results can only be compared to
results obtained from the studies carried out with adult
patients.
It is sug gested that serum neopterin levels can
be used as a significant parameter for the differential
diagnosis of non-infectious hepatitis and viral hepatitis[18].
Serum neopterin levels of the patients with acute and
chronic hepatitis B were found to be significantly higher
than the donors’ serum. The relation between neopterin
levels and severity of the disease has been proved, and
it can be used in combination with clinical data as a
prognostic evidence for the progress of the disease[19]. In
asymptomatic HbsAg carriage, acute hepatitis, chronic
inactive hepatitis, chronic active hepatitis, liver cirrhosis,
hepatocellular carcinoma and alcoholic liver disease,
serum and urine neopterin levels were found to be higher
than in controls. The most elevated neopterin levels were
seen in patients with acute hepatitis[20].
In adult patients with liver cirrhosis, serum neopterin
levels were more elevated than non-cirrhotic patients
and control groups[9,21] whereas out of non-cirrhotic
patients, patients with chronic hepatitis B had also
elevated neopterin levels[9].
Serum neopterin levels were elevated in patients
with alcoholic cirrhosis[22]. Neopterin measurement was
reported to be beneficial for the differential diagnosis of
viral and alcoholic liver diseases, and it has been shown
that patients with viral hepatitis had higher neopterin
concentrations compared to patients with alcoholic liver
diseases[20].
Serum and urine neopterin levels were elevated
from baseline after the initiation of interferon therapy
in HbeAg positive patients with chronic hepatitis B, and
they remained markedly elevated during the treatment.
However, the neopterin levels were restored rapidly to
baseline values after the end of the therapy. Therefore
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it was suggested that serum and urine neopterin levels
could be a good marker of the cellular immunity during
interferon treatment in the chronic hepatitis B infection[23].
In our study, serum neopterin levels was found
to be markedly higher in the pediatric patients with
chronic hepatitis B and liver cirrhosis than in healthy
controls, which is in agreement with the data obtained
from the adult patients. It was also higher in patients
with cirrhosis when compared with chronic hepatitis B
patients. The patients in the cirrhotic stage, independent
of their etiology, have elevated concentrations of
serum neopterin levels released from the activated
macrophages. In those patients, substances that are
considered to stimulate the macrophages such as
immune complexes or endotoxins, increase in blood due
to the lack of peptide clearance by the liver[24]. These
mechanisms explain the highest concentrations of serum
neopterin in patients with cirrhosis.
Although no correlation was found between serum
neopterin levels and ALT, AST and AP levels in adults
with various chronic liver diseases of various etiologies,
a negative correlation was found with albumin [9] .
While neopterin levels were found correlated with
liver function tests in patients with acute hepatitis, this
correlation was not verified in patients with chronic liver
diseases[20]. However, in other studies, a correlation was
found between serum neopterin levels and biochemical
tests or liver inflammatory grading in patients with
chronic hepatitis C and B[9,25]. We found a significant
correlation between serum neopterin levels and ALT
or HAI in children with hepatitis-B-related chronic
hepatitis B and liver cirrhosis. This data agrees with the
data obtained from the adult patients.
In conclusion, these results suggest that measurement
of serum neopterin levels can be considered as a marker
of inflammatory activity and severity of disease in
children with hepatitis-B-related chronic liver disease.
However, this needs to be further studied in children.
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Abstract
AIM: In the present study, antibody and peripheral
b l o o d m o n o n u c l e a r c e l l s ( P B M C ) p r o l i fe ra t i ve
responses against hepatitis C virus (HCV) antigens
were evaluated in HCV chronically infected patients.
ME THOD S : Pa i r e d s e r u m a n d P B M C s a m p l e s
were taken six months apart from 34 individuals,
either treated or not, and tested by enzyme-linked
immunosorbent assay (ELISA) and carboxyfluorescein
succinimidyl ester staining.
RESULTS: Over 70% of the patients showed specific
IgG and IgM against capsid, E1 and NS3, while HVR-1
was recognized by half of the patients. An increase
in the levels of the anti-capsid IgM (P = 0.027) and
IgG (P = 0.0006) was observed in six-month samples,
compared to baseline. Similarly, a significantly higher
percent of patients had detectable IgA reactivity to
capsid (P = 0.017) and NS3 (P = 0.005) after six
months, compared to baseline. Particularly, IgA against
structural antigens positively correlated with hepatic
damage (P = 0.036). IgG subclasses evaluation
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against capsid and NS3 revealed a positive recognition
mediated by IgG1 in more than 80% of the individuals.
On the contrary, less than 30% of the patients showed
a positive proliferative response either of CD4+ or
CD8+ T cells, being the capsid poorly recognized.
CONCLUSION: These results confirm that while the
cellular immune response is narrow and weak, a broad
and vigorous humoral response occurs in HCV chronic
infection. The observed correlation between IgA and
hepatic damage may have diagnostic significance,
although it warrants further confirmation.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) constitutes a major health
problem, since it is infecting an estimated 170 million
people worldwide. Probably, the most characteristic
feature of this virus is its propensity to cause chronic
infection, which is established in the majority of
cases and has become a leading indication to liver
transplantation in Western countries[1]. The burden of
HCV infection is even more dramatic due to the absence
of preventive or therapeutic vaccines. Additionally, the
best available treatments, based on pegylated interferon
plus ribavirin, are generally effective only in 50% of
cases[2]. Thus, the development of new treatments and
prophylactic interventions is currently a priority.
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Despite almost two decades of intense research,
since its description by Choo and coworkers[3], correlates
of protection have not been entirely established for
HCV infection. The specific humoral response to acute
infection is considered of relatively low titer and delayed
in time from the moment of infection[4,5]. Antibodies
directed to the capsid protein are the first ones to be
detected[4], and have been determined to be principally
of IgG and, secondly, of IgM classes in chronic
infection[6]. Particularly, the significance of IgM antiHCV capsid in chronic infection has been studied[7,8].
Results indicate that IgM anti-HCV capsid occurrence
is directly related to viremia levels[8] and these antibodies
have been found to decrease or disappear in patients
in disease remission and increase when the disease
reactivates after therapy[6]. Another feature reported as
characteristic of HCV-specific antibody response is its
restriction, except for the capsid, to the IgG1 isotype,
the rest of the subclasses being poorly prevalent[4].
Evidence for a significant role of antibody responses
in viral clearance seems conflicting, since it has been
observed that subjects with antibody deficiencies may
spontaneously clear HCV infection[9]. Several epitopes
of the envelope glycoproteins have been identified as
targets of neutralizing antibodies[10]. However, in the
majority of the patients, chronic infection is established
in spite of their presence [11] , probably due to their
absence or low titers in early phases of the infection[12].
On the other hand, the importance of a sustained,
multispecific CD4+, as well as CD8+, T cell responses,
targeting numerous epitopes early in infection, has
been highlighted[13-16]. In persistently infected patients,
CD4+ and CD8+ T cells are found at low frequencies
in peripheral blood, but seem to be compartmentalized
in the liver[17]. It has been demonstrated that, in most
subjects, a detectable cell-mediated immune response
is generated at the onset of acute infection, but this
response progressively disappears in those where HCV
infection becomes persistent[18]. Impaired production
of interferon-gamma (IFN-γ) and interleukin- (IL-) 2,
as well as incapability to proliferate in vitro, have been
demonstrated for CD4+ T cells of chronically infected
patients [18-20]. Similarly, CD8+ T cells of persistently
infected subjects fail to produce IFN- γ and tumor
necrosis factor-alpha (TNF-α) in functional assays[21,22].
In this work, we aimed at evaluating HCV-specific
immune response in chronically infected patients,
treated or untreated, using paired blood samples taken
6 months apart. IgG, IgM and IgA levels, as well as
IgG1-4 subclasses and peripheral blood mononuclear
cells proliferative responses against HCV core, envelope
and NS3 antigens were measured. Additionally, we
studied the relationship between immune parameters
and patients’ demographic characteristics.

MATERIALS AND METHODS
Study population
The study cohort included 34 patients with chronic HCV
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Table 1 Demographic characteristics of patients with chronic
hepatitis C
Characteristic
Age (yr)
Mean ± SD
Median (Interquartile range)
Race (n/%)
Caucasian
Black
Mixed
Body Mass Index (kg/m2)
Mean ± SD
Median (Interquartile range)
Gender (n/%)
Female
Male
Possible source of infection (n/%)
Transfusion/surgery
Unknown
Treatment (n/%)
IFN-α + ribavirin
IFN-α
Untreated
Hepatic damage1 (n/%)
Undetermined
Mild
Moderate
Severe
Alcohol consumption (n/%)
Yes
No

Value
48 ± 11
49 (39-54)
31/91.2
2/5.8
1/2.9
26.4 ± 4.5
26.4 (23.3-28.9)
22/64.7
12/35.3
27/79.4
7/20.6
23/67.6
1/2.9
10/29.4
9/26.5
15/44.1
7/20.6
3/8.8
4/11.7
30/88.2

1

Necro-inflammatory activity.

genotype 1 infection. The enrolment of patients was
conducted at the National Institute of Gastroenterology
(Havana, Cuba). Written infor med consent was
obtained from every patient prior to start of the study.
All procedures were conducted in accordance with
the national ethics guidelines and the Declaration of
Helsinki, as revised in 1996. A patient with chronic HCV
infection was defined as an individual with detectable
HCV RNA and sustained liver injury for more than
6 mo, as monitored by liver function tests [alanine
aminotransferase (ALT)/aspartate aminotransferase
(AST)] and/or liver biopsy, scored according to the
Ishak system. Patients were either treatment naïve or had
been treated with the interferon-α (IFN-α) and ribavirin
combination during the study period, except one subject
who had received IFN-α monotherapy. Blood samples
were taken at baseline (T = 0) and 6 mo later (T = 6).
Demographic data of patients involved in the study are
shown in Table 1.
Antigens
The recombinant proteins Co.120 [23], E1.340 [24] and
NS3 [25] are expressed in modified Escherichia coli and
purified to 90%, except E1.340 which is purified to
85%. E2.680 recombinant protein is expressed in
modified Picchia pastoris yeast and purified to 85%[26].
The HVR-1 peptide comprises amino acids 384-414
(TGTYVTGGTAARGVSQFTGLFTSGPSQKIQL) of
the E2 protein[27]. All the recombinant proteins and the
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HVR-1 synthetic peptide correspond to a genotype 1b
strain. Peptide pools individually comprising the whole
sequence of the capsid, E1 and E2 proteins of HCV-1a
strain were also used for Peripheral blood mononuclear
cells (PBMC) proliferation assays. These peptides were
18 amino acids in length, overlapping adjacent peptides
by 10 amino acids. Peptide pools were kindly donated by
Dr Naglaa Shoukry (Centre de Recherche du CHUM,
Montreal, Canada).
Evaluation of antibody response against HCV antigens
To detect human antibodies to HCV structural antigens,
96-well microtiter plates (Costar, Cambridge, MA, USA)
were coated with 100 μL of Co.120 (10 μg/mL), E1.340
(10 μg/mL), HVR-1 synthetic peptide (2 μg/mL) or
NS3 (5 μg/mL) diluted in coating buffer (50 mmol/L
carbonate buffer, pH 9.6) followed by 16-h incubation at
4℃. The wells were washed four times with 0.1% Tween
20 in phosphate buffered saline (0.14 mol/L NaCl,
0.003 mol/L KCl, 0.01 mol/L Na2HPO4, 0.001 mol/L
KH2PO4, pH 7.5) (PBST) and blocked with 200 μL of
PBST containing 2% skim milk (Oxoid Ltd, England) and
5% goat normal serum (blocking solution) for 1 h at 25℃.
After four washes with PBST, each well received 100 μL
of a 1:10 dilution of human sera in blocking solution
and the plates were incubated at 37℃ for 1 h. Sera were
diluted 1:80 in blocking solution for the evaluation of the
specific response against E1.340. The plates were washed
four times with PBST. Then, 100 μ L of horseradish
peroxidase-conjugated goat anti-human IgM, IgA or IgG
secondary antibodies (Sigma, St Louis, USA), 1:10 000,
1:25 000 and 1:30 000 diluted, respectively, in PBST
plus 2% skim milk, were added and the plates were
incubated at 37℃ for 1 h, followed by four washes with
PBST. IgG subclasses were evaluated with the secondary
biotinylated antibodies against human IgG1, IgG2, IgG3
and IgG4 (Sigma-Aldrich, St Louis, USA) respectively
diluted 1:24 000, 1:5000, 1:5000 and 1:1000 in blocking
solution. After four washes with PBST, an additional
1 h incubation step at 37℃ with extravidin-peroxidase
conjugate (Sigma, St Louis, USA), 1:1000 diluted in PBST
plus 2% skim milk, was carried out followed by four
washes with PBST. In every case, positive reactions were
visualized with o-phenylenediamine (Sigma-Aldrich, St
Louis, USA) 0.05% in substrate buffer (0.1 mol/L citric
acid, 0.2 mol/L NaH2PO4, pH 5.0) with 0.015% H2O2
(Merck, Germany) as substrate. Reactions were stopped
with 50 μ L of 2.5 mol/L H 2 SO 4 . Measurement of
absorbance (A) at 492 nm was made in a SensIdent Scan
reader plate (Merck, Darmstadt, Germany). At least two
human sera, anti-HCV negative by UMELISA (Center
for Immunoassay, Cuba), were used as negative controls
in each experiment. Anti-HCV positive human sera (as
tested by UMELISA, Center for Immunoassay, Cuba),
having a known antibody titre of at least 1:150 against
the corresponding antigen, served as positive controls.
The cut-off value to consider a positive antibody (Ab)
response was established as twice the mean A492nm of the
negative control sera.
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PBMC preparation
Blood anticoagulated with acid citrate dextrose (1:9)
was processed within 2 h after sample collection.
PBMC from HCV patients and a healthy individual
were isolated using Ficoll-Paque PLUS density gradients
(Amersham, Oslo, Norway), and adjusted to 5-10 × 106
cells/mL in freezing medium consisting of nine parts
of foetal bovine serum (FBS; Hyclone) and one part of
DMSO (Sigma, Deisenhofen, Germany). PBMC were
stored for 16 h in 1℃ freezing containers (Nalgene
Nunc International, Rochester, New York, USA) at 80℃
and then transferred into liquid nitrogen until use.
Evaluation of CD4+ and CD8+ T cell proliferative
response against HCV antigens
T cell proliferation assays were used to analyze HCV
specific T cell responses against proteins Co.120,
E1.340, E2.680 and NS3 or peptide pools covering
core, E1 and E2 HCV proteins, depending on patients’
PBMC availability. Cryopreserved PBMC were thawed
quickly in a 37℃ water bath, and washed twice with
R10 medium. After a 16-h resting period at 37℃
and 50 mL/L of CO 2, cells were washed twice with
PBS, adjusted to 20 × 106 cells/mL and labeled with
4 μ mol/L of carboxyfluorescein succinimidyl ester
(CFSE) for 8 min at room temperature in the dark. The
reaction was stopped by adding 1 volume of human AB
serum (Sigma-Aldrich, St. Louis, USA). Next, PBMC
were washed twice with PBS and once with RPMI 1640
medium (Sigma-Aldrich, St. Louis, USA). Cells were
finally adjusted to 2 × 106 cells/mL and stimulated or
not with the peptide pools (1 μ g/mL) and proteins
(2 μg/mL, except for NS3, of which a concentration
of 5 μg/mL was used) for 6 days at 37℃ and 50 mL/L
of CO 2 . Cells incubated with media alone were
considered as negative control. Concanavalin A (ConA,
Sigma-Aldrich, St. Louis, USA, 5 μ g/mL) was used
as positive control. Cells were harvested, stained with
surface antibodies and analyzed by flow cytometry. AntiCD4 allophycocyanin (APC) (clone # 11 830), antiCD8 phycoerythrin (PE) (clone # 37 006) and anti-CD8
APC (clone # 37 006) monoclonal antibodies, 4 µg/mL,
2.5 µg/mL and 5 µg/mL respectively, were from R&D
Systems (R&D Systems, Minneapolis, USA). The
stimulation index (SI) was calculated by dividing the
proliferative frequency (%) in the presence of antigen
by the proliferative frequency (%) without antigen. The
stimulation index was considered positive if ≥ 2.5 after
peptide stimulation and ≥ 3 after protein stimulation.
Statistical analysis
GraphPad Prism version 4.00 statistical software
(GraphPad Software, San Diego, CA) was generally used
to carry out statistical analysis. Unpaired t test (for data
sets with a Gaussian distribution and equal variances)
and Mann Whitney test (for data sets with non-Gaussian
distribution or different variances) were used to compare
the magnitude of a given response between the two
evaluated time points. For comparison of the number of
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Table 2 Reactivity of the main antibody classes against core,
E1, HVR-1 and NS3 antigens in sera taken at baseline
Isotypes

Table 4 Correlation between demographic variables and
aspects of humoral response

Percentage of patients with a positive response against the
indicated antigen
Core
E1
HVR-1
NS3

IgG
IgM
IgA

91.1
76.4
52.9

70.8
78.7
39.3

51.5
5.8
12.1

Alcohol consumption
2

IgM

88.2
79.4
50

IgA
IgG3
IgG4

Table 3 Reactivity of IgG subclasses against core and NS3
antigens in sera taken at baseline
IgG Subclasses

IgG1
IgG2
IgG3
IgG4

Percentage of patients with a positive response
against the indicated antigen
Core
NS3
85.2
17.6
11.7
48.4

82.3
39.3
12.1
78.7

positive samples at the two evaluated moments, Fisher’s
exact test was used. Correlations between variables were
analyzed by Spearman’s rank correlation coefficient,
using SPSS 11.5.1 Software for Windows. Significant
differences were considered when P < 0.05.

RESULTS
Study subjects
The present study was designed to evaluate the specific
immune response against HCV in genotype 1 chronically
infected patients, in a 6-mo follow-up period. Of the 34
patients initially enrolled in the study, only 31 could be
contacted for a second blood extraction 6 mo later. In
this cohort, 73.5% of the patients were over 40 years of
age, 67.6% had been treated with the standard combined
therapy with IFN-α and ribavirin and only 11.7% of the
individuals reported to consume alcohol. Over 73% of
the patients had undergone a liver biopsy and of them,
64.7% showed a mild to moderate necro-inflammatory
activity, as measured by Ishak scores. Table 1 summarizes
the principal demographic characteristics.
Humoral immune response to HCV antigens
The reactivity to HCV antigens was assessed in serum
samples from 34 patients chronically infected with
HCV. All the patients displayed a positive antibody
response against several of the evaluated antigens. At
baseline, IgG and IgM reactivities were present in more
than 70% of the individuals against Co.120, E1.340
and NS3 proteins (Table 2). Regarding the reactivity
towards HVR-1, IgG could only be detected in half of
the individuals; still, it was dominant over the rest of
the evaluated classes. IgA was generally less frequently
detected than IgG and IgM against all antigens.
T he assessment of the reactivity of the IgG
subclasses, at baseline, against the highly conserved
capsid and NS3 antigens, revealed that their recognition
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b

R = -0.53
P = 0.01
R = -0.402a
P = 0.019
R = -0.383a
P = 0.028
R = -0.717b
P = 0.000

Specific treatment
R = 0.313
P = 0.071
R = 0.238
P = 0.176
R = 0.257
P = 0.149
R = 0.418a
P = 0.014

Hepatic damage

1

R = 0.107
P = 0.609
R = 0.422a
P = 0.036
R = 0.100
P = 0.635
R = 0.401a
P = 0.047

Necro-inflammatory activity; 2IgM positive response to HCV structural
antigens; 3IgG positive response to HCV HVR-1 peptide; R = Spearman’s
correlation coefficient; aSignificant correlation at 0.05 level; bSignificant
correlation at 0.01 level.
1

was mediated by IgG1 in more than 80% of the patients
(Table 3). At the same time, in 78.7% of the individuals
a positive IgG4 response could be detected against
NS3, while it was detectable only in nearly half of the
samples against Co.120. IgG2 and IgG3 were detected
in a small percent of the tested samples against both
antigens (Table 3).
The reactivity of the main classes IgM, IgA and IgG
against Co.120 and NS3 was not only assessed at baseline
(T = 0), but also 6 months later (T = 6) (Figure 1). The
comparison of these two time points revealed that there
was a significantly higher percentage of individuals with
a positive IgA response against both antigens at T = 6
(Co.120 52.9% vs 88.4%, P = 0.017; NS3 50.5% vs 88.4%,
P = 0.005). Interestingly, none of the patients lost the
specific IgA reactivity from baseline to the end of the
study: instead, the observed increase was totally due to
de novo responses at T = 6. Regarding the magnitude of
the response, a statistically significant difference was
observed in the IgG and IgM classes against Co.120
(Figure 1A). The mean reactivity was higher at T = 6
when compared to baseline (IgM 0.6419 vs 0.9099,
P = 0.027; IgG 0.7802 vs 0.9532, P = 0.0006).
Correlation analyses between demographic variables
and humoral responses revealed that alcohol consumption
was negatively correlated with the responses of the
main classes IgM (P = 0.01), IgA (P = 0.019) and IgG
(P = 0.028), as well as IgG4 (P = 0.00000182) (Table 4).
On the other hand, positive IgG4 positively correlated
with the fact of being treated (P = 0.014) and the grade
of hepatic damage (P = 0.047). Additionally, the hepatic
damage, expressed as necro-inflammatory activity, also
correlated with IgA (P = 0.036), while fibrosis did not
(P = 0.487).
T cell proliferative response to HCV antigens
PBMC were analyzed in a proliferation assay for their
capacity to expand in response to stimulation with HCV
antigens. Samples from both T = 0 and T = 6 were
evaluated. Depending on patients PBMC availability,
the response to the structural antigens was evaluated by
stimulation with the corresponding recombinant protein
and a peptide pool. Cells were surface-stained with anti-
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Figure 1 Comparison of antibody reactivity to HCV recombinant Co.120 (A) and NS3 (B) proteins in serum samples from baseline (T = 0) and 6 mo (T =
6) of follow-up. Symbols represent individual values. Only samples showing a positive reactivity are displayed. The horizontal lines represent mean values. Letters
over brackets indicate statistical significance (a denotes differences in response magnitude, aP = 0.027, a'P = 0.0006; b denotes differences in the number of positive
samples, bP = 0.017, b'P = 0.005).
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Figure 2 Comparison of CD8+ T cell proliferative response to HCV structural and non-structural antigens in baseline and six months follow up samples.
Bars represent mean stimulation index of positive samples only. Error bars represent standard deviation of the mean. Numbers above bars indicate percent of positive
samples.

CD4 to evaluate whether the CD4+ cell subpopulation
proliferated when stimulated with specific HCV antigens.
Particularly, a specific proliferative response was neither
detected against the capsid and NS3 proteins at T = 0
nor to E2 at T = 6 (data not shown). Only 10% of the
evaluated samples showed a positive response to the
capsid at the end of the study, being this antigen the less
frequently recognized. The highest percent of positive
samples (25%) was detected towards E2 at baseline,
www.wjgnet.com

followed by NS3 at T = 6 (20%), while E1 protein was
always recognized by 14% of the individuals. None of
the patients showed a positive proliferative response
against more than one antigen.
On the other hand, the analysis of CD8+ cells
allowed the identification of specific responses to all
the tested antigens, except to E1 at T = 6 (Figure 2).
However, these responses were present in less than
15% of the patients against each antigen. Two patients
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showed a positive proliferative response simultaneously
against the capsid and E1 proteins at T = 0, while
another individual recognized E1 at baseline and also
E2, 6 months later. CD8+ cells of only one individual
proliferated against all tested antigens (capsid, envelope
and NS3 proteins) at T = 0; unfortunately, this patient
could not be contacted for a second blood sample, and
therefore, the persistence of this peculiar response could
not be assessed. Taking into account the results of both
CD4+ and CD8+ cell proliferation, we did not detect
any patient in which the two time-point samples were
consistently positive throughout the study.

DISCUSSION
In this study, we assessed HCV-specific immune
responses in a group of HCV chronically infected
patients at two different time-points six months apart.
The evaluation of the antibody response against viral
antigens revealed that all the patients displayed a positive
antibody response against several of the evaluated
antigens. Specifically, in the majority of patients the
reactivity was dominated by IgG and IgM, both in terms
of number of positive patients and the magnitude of
the response. Particularly, the presence of IgM antiHCV-capsid antibodies have been regarded as a negative
prognostic marker of response to treatment [28] and
a factor associated to recurrence of hepatitis and its
severity in HCV-infected liver transplant recipients[29].
Therefore, their presence in our cohort of chronic
patients reinforces the notion of their inefficacy in this
phase of the infection. Our results are in agreement
with previous works reporting elevated prevalence of
both immunoglobulin classes in chronically infected
patients [7,30]. These studies only refer to the specific
response to the capsid protein; our results extend this
notion to other antigens such as E1 and NS3.
Among the IgG subtypes, IgG1 has been, by far, the
most frequently found against all tested viral antigens[5,30].
Moreover, it has been reported that the antibody
response to most HCV antigens is highly restricted to
this subclass[31], the rest of the subclasses being rarely
detected. This response restriction to IgG1 has lead
studies aiming to find relations of antibody production
to long-term outcome after therapy. In fact, it has been
observed that IgG1 specific to an N-terminal epitope
of the capsid protein decrease in complete responders,
while remain unchanged in non-responders. Therefore,
these antibodies have been proposed as markers of the
efficacy of IFN-α therapy[30]. Our results showed a high
prevalence of IgG1 against the capsid, and also against
NS3, HCV’s most conserved antigens. Nevertheless,
78.7% of the patients also showed a positive IgG4
response against NS3. It is of general knowledge that
in chronic viral infections in humans, viral proteins
generally elicit the IgG1 and IgG3 subtypes and
to a lesser extent, IgG2 and IgG4. IgG4 has been
frequently found dominating in responses to prolonged
antigenic stimulation [32] and has been identified as a
major component of circulating immune-complexes in
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chronic hepatitis B virus-infected individuals[33]. Given
that antibodies of IgG4 subclass do not activate the
complement system through the classic pathway and
have a low affinity to Fc-γ receptors, their presence is
considered a factor that may contribute to chronicity.
The assessment of correlations between immunological
and demographic variables in our study revealed that
IgM to structural antigens, IgG to the HVR-1, IgA
and IgG4 responses negatively correlated with alcohol
consumption, indicating that this habit may dampen the
potentiality for generating a diverse immune response.
In contrast, the fact of having been treated with the
standard therapy positively correlated with the presence
of IgG4 responses. Regarding the involvement of IgG4,
it has been observed that the nonselective modulatory
effect of IFN-α treatment may contribute to widen the
diversity of specific IgG subclasses profiles in hepatitis
B virus infection, contributing to the high participation
of IgG4[34]. To our knowledge, this effect of antiviral
therapy has not been assessed specifically in HCV
infection, but seems a plausible hypothesis supporting
our findings.
Another positive correlation that could be detected
was that between hepatic damage, expressed as necroinflammatory activity, and IgA response. It has been
observed that TGF-β1, which is produced by hepatic
stellate cells and Kupffer’s cells, induces the isotype
switching to IgA in B lymphocytes proliferating in
vitro [35]. This cytokine is a prominent profibrogenic
factor during inf lammation, tissue regeneration
and fibrogenesis [36] and in line with this, it has been
demonstrated that HCV patients have elevated levels of
circulating TGF-β1 versus controls[37]. To our knowledge,
whether there is a direct relation between serum IgA
and TGF-β1 circulating levels in HCV chronic patients
has not been explored so far. Nevertheless, our results
warrant further studies, although they do not point out
to a direct correlation with fibrosis, but rather with the
necro-inflammatory activity. On the other hand, the
liver plays an important role in IgA clearance, and the
loss of hepatic function due to chronic inflammation
and damage may reduce normal IgA catabolism, and
contribute to its accumulation in serum[38]. Therefore,
the observed correlation might be probably indicating
that IgA increase is a consequence, rather than a cause,
of hepatic damage.
Additionally, IgG4 responses positively correlated
with hepatic damage. As previously discussed, IgG4
has not been usually found as a dominant component
of HCV specific immune response. Therefore, the
implications of the presence of this subclass have not
been explored so far in patients chronically infected
with HCV. Nevertheless, a series of inflammatory and
autoimmune diseases, in which IgG4 have a strong
participation, have been described: these are known as
IgG4-related sclerosing diseases [39]. In general, these
disorders are characterized by high serum IgG4 levels,
which are closely associated with disease activity,
in a context of chronic lymphocyte infiltration and
fibrosis of the affected organs[39]. Although the role of
www.wjgnet.com
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IgG4 in these disorders remains obscure, it has been
suggested that the formation and accumulation of
immune complexes and the activation of the alternative
complement pathway contribute to disease activity[39].
Further studies with larger cohort of patients are needed
to definitively discern the real role of IgG4 in chronic
hepatitis C as well as in other chronic inflammatory
disorders.
We also evaluated the proliferative response of
PBMC of chronic patients against stimulation with
HCV antigens, in paired samples taken six months
apart. Only a small percent of samples showed a
positive response against each of the tested antigens.
Moreover, the great majority of the patients displayed a
detectable proliferation only to a single antigen and this
response was never constant in the two evaluated time
points. These results are in agreement with previous
works reporting instability, low frequencies and a small
number of targeted epitopes by both CD4+ and CD8+
T cells in peripheral blood of chronic patients[14,16,40].
The characteristic asymptomatic course of this disease
hinders the accumulation of immunological data
regarding the very early phase of the infection; therefore,
it has been difficult, so far, to discriminate between
primary T cell failure and early T cell exhaustion or
deletion, once chronic infection has already been
established. In fact, both phenomena seem to operate
in different patients and equally lead to persistence[41].
Many mechanisms are postulated to be involved in T
cell failure, namely impaired antigen presentation[42,43],
reduced cytokine secretion by antigen presenting cells[44],
immunomodulatory effects exerted by different viral
factors[45,46] and increased levels of CD4 + CD25high Treg
cells[47].
In summary these results confirm that in patients
chronically infected with HCV, either naïve or nonresponders to the standard therapy with IFN- α plus
ribavirin, cellular proliferative responses are rarely
detected, usually weak, not sustained and narrowly
directed. On the other hand, the humoral response is
characterized by a broad representation of antibody
classes and subclasses, some of which have not been
demonstrated to contribute to viral clearance, but rather
to persistence. Particularly, the association of specific
IgA response to necro-inflammatory activity paves the
way to further studies to confirm its utility as an easy-tomeasure marker of increased histological activity.
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Background

Correlates of protection against hepatitis C virus (HCV) are extensively
pursued in nowadays research. Early, vigorous and sustained peripheral blood
mononuclear cells (PBMC) proliferative responses specific to HCV have been
regarded as pivotal for viral clearance. On the other hand, antibody responses’
contribution is still controversial and the significance of specific antibody classes
during chronic infection has been investigated.

Research frontiers

So far, in HCV infection, the most extensively studied antibodies are those
directed to the capsid protein. Several data indicate that IgM anti-HCV capsid
occurrence is directly related to viremia levels. Additionally, HCV-specific
antibody response is regarded as restricted to the IgG1 isotype, except for
the capsid. The rest of the classes and IgG subclasses have been found very
rarely represented, and therefore their significance in acute and chronic HCV is
unclear.

Innovations and breakthroughs

Correlation analysis between demographic variables and humoral response
confirmed the negative influence of alcohol consumption on the immune
response, particularly on responses of the main immunoglobulin classes.
On the other hand, IgG4, an IgG subclass characteristic of chronic antigenic
stimulation, positively correlated with the grade of necro-inflammatory activity
and the fact of being treated with the standard therapy; the latter already
demonstrated for hepatitis B virus (HBV), but not for HCV. Additionally, for the
first time a positive correlation between necro-inflammatory activity with HCVspecific IgA was found.

Applications

Particularly, the association of specific IgA response to necro-inflammatory
activity paves they way to further studies to confirm its utility as a non invasive,
easy-to-measure marker of increased histological activity in chronic HCV
infection.

Peer review

An interesting study assessing the humoral response in chronic HCV patients.
The association of elevated IgG and globulins with fibrosis have been described
as referenced. It is an interesting observation to find IgA specific to HCV
antigens.
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Abstract
AIM: To investigate the effect of hepatoma cells on
up-regulation of programmed cell death-1 (PD-1), and
the function of PD-1 on T cells.
METHODS: HepG2 or HepG2.2.1.5 cells were cocultured with a lymphoma cell line-Jurkat cells. PD-1
expression was detected by flow cytometry. IL-2,
INF-γ and IL-10 in culture supernatant were detected
by enzyme-linked immunosorbent assay (ELISA).
Cytotoxic action of T cells was determined by MTT
reduction assay-direct mononuclear cell cytotoxicity
assay.
RESULTS: The PD-1 expression on Jurkat cells
increased by 16.17% ± 2.5% and 17.43% ± 2.2%
after HepG2 or HepG2.2.1.5 cells were co-cultured for
48 h. The levels of IL-2, INF-γ and IL-10 in the culture
supernatant were 202.9 ± 53.0 pg/mL, 88.6 ± 4.6
pg/mL and 63.7 ± 13.4 pg/mL respectively, which were
significantly higher than those (102.9 ± 53 pg/mL, 39.3
± 4.2 pg/mL, and 34.6 ±13.7 pg/mL) in the control
group (P < 0.05). The OD value for MTT assay in the
blocking group (0.29 ± 0.06) was significantly higher
than that (0.19 ± 0.09) in the control group (P < 0.05).
CONCLUSION: PD-1 expression on Jurkat cells is upregulated by hepatoma cells, cytokines and cytotoxic
action are elevated after PD-1/PD-L1 is blocked.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Programmed cell death-1 (PD-1), a member of the
CD28 family, was first isolated from T cell hybridoma by
subtractive hybridization in 1992[1], and is expressed on
activated T and B cells[2]. PD-1 has been recently found
to play a role in immunity regulation as an inhibitory
co-signaling molecule[3]. Upon its ligands (PD-L1 and
PD-L2) are ligated, PD-1 decreases T cell receptor (TCR)mediated proliferation, cytokine production and cytolytic
activity [4-7]. Barber et al [8] showed that up-regulation
of PD-1 expression on T cells is associated with the
exhaustion of T cells in lymphocytic choriomeningitis
virus (LCMV) infection. The number of effective T cells
increases and their function markedly improves when
the interaction of PD-1 and PD-L is blocked. It was
reported that PD-1 also plays a significant role in some
autoimmune diseases[9-11] and viral infectious diseases,
especially in chronic infectious diseases caused by human
immunodeficiency virus (HIV)[12-14], hepatitis C virus
(HCV)[15,16] and hepatitis B virus (HBV)[17-19]. There is
evidence that PD-1 suppresses immune activation in
PD-1-deficient mice with autoimmune disease[20]. Singlenucleotide polymorphisms at the PD-1 locus have also
been identified in patients with autoimmune disorders
such as systemic lupus erythematosus, rheumatoid
arthritis, and type 1 diabetes[21].
Recent evidence from studies on tumors shows that
the PD-1/PD-1 pathway might play a critical role in
tumor immunity evasion[22-24]. PD-1 is up-regulated on
tumor specific T cells and PD-L is up-regulated in tumor
tissue[25-27]. As a result, the function of tumor specific
T cells is suppressed, leading to the immune escaping
of tumor cells, and the level of mRNA and PD-L1
www.wjgnet.com
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protein can be detected in tumor tissues[25-27]. In addition,
PD-1/PD-L interaction promotes apoptosis of T cells,
induces clearance of specific T cells, and ultimately
inhibits the anti-tumor immunity response[27]. Blocking
the interaction of PD-1/PD-L with anti-PD-l antibody
partially recovers the function of tumor specific T cells.
It was reported that the expression of PD-L can
be induced by virus and cytokines such as IFN-α
and INF-γ[28]. However, no evidence for the induced
expression of PD-1 is available. Liver, an important
immune organ, plays a critical role in immune regulation
although it is prone to induce immune tolerance in many
cases. The present study was designed to investigate
whether hepatoma cells (HepG2 and HepG2.2.1.5)
induce expression of PD-1 in T cells. The functional
role of PD-1/PD-L interaction was also studied.

MATERIALS AND METHODS
Cell culture
Jurkat cells were cultured in RPMI 1640 medium
(Gibco, USA), supplemented with 10% fetal calf serum,
300 µg/mL glutamine, 100 U/mL penicillin and 100
µg/mL streptomycin. HepG2.2.1.5 cells or HepG2 cells
provide by Mountsinai Medical Center were cultured in
complete DMEM (Gibco, USA) containing 380 µg/L
G418.
Co-culture system
HepG2 and HepG2.2.1.5 cells were cultured in 6-well
plates (5 × 10 5 cells/well) for 24 h and Jurkat cells
(5 × 105 cells/well) were added and co-cultured for 48 h.
The suspended cells were collected for analysis of PD-1.
Jurkat cells were cultured solitarily for 48 h as controls.
Analysis of PD-1 expression
Cell surface expression of PD-1 was detected by flow
cytometry after incubated with allophycocyanin (APC)conjugated anti-PD-1 antibodies (eBioscience). Cells
were collected and suspended in PBS containing 1%
fetal calf serum (FCS). The cell density was adjusted
to 1 × 106 cells/vial. After incubated with anti-PD-1
antibodies or matching isotype controls at 37 ℃ for
30 min, cells were washed with PBS and fixed in 2%
paraformaldehyde for analysis. A total of 20 000 gated
cells were analyzed on Becton Dickinson FACS (Becton
Dickinson, USA) using the CELLQuestTM software.
Blockade of PD-1/PD-L1 interaction
Antibody against human PD-L1 (eBioscience) was
used to block PD-L1. Jurkat cells were activated with
phytohemagglutinin (PHA) (2 μg/mL, Sigma, USA) and
co-cultured with HepG2 or HepG2.2.1.5 cells. AntiPD-L1 antibodies (25 μg/mL) were added into the
culture to block the interaction of PD-1 and PD-L1 for
48 h. Mouse IgG, as a control antibody, was used in the
control group. After cultured for 48 h, the supernatants
of co-cultures were collected and stored at -80℃.
Analysis of cytokine secretion
www.wjgnet.com
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Table 1 Up-regulated expression of PD-1 on T cells (n = 24,
mean ± SD)
Groups

PD-1(%)

Controls
Co-cultured
a

HepG2
HepG2.2.1.5

0.70 ± 0.03
16.17 ± 2.5a
17.43 ± 2.2b

P = 0.000, bP = 0.000 vs control group.

Levels of IL-2, IL-10 and INF-γ in the supernatants
were measured by ELISA (Ucytech, Netherlands)
following its manufacturer’s instructions.
Analysis of cytolytic activity
Cytolytic activity of Jurkat cells was detected by MTT
assay. After co-cultured for 48 h, Jurkat cells were
isolated and MTT was added to incubate HepG2.2.1.5
cells for 4 h, and bleached with DMSO. Finally, the
cytolytic effect of Jurkat cells on HepG2.2.1.5 cells was
analyzed on Bio-Rad 450 (USA).
Statistical analysis
Results were expressed as mean ± SD or percentage.
Comparison between groups was made using Student’s
unpaired t-test. P < 0.05 was considered statistically
significant. All analyses were performed using SPSS 13.0
for Windows.

RESULTS
Enhancement of PD-1 expression on Jurkat cells
PD-1 expression on Jurkat cells was determined by
FACS analysis at 48 h after co-cultured with HepG2
or HepG2.2.1.5 cells. Jurkat cells were also cultured
solitarily as controls. The expression of PD-1 was
induced on Jurkat cells after co-culture with HepG2
or HepG2.2.1.5 cells for 48 h, which was significantly
higher on Jurkat cells co-cultured with hepatoma cells
than on controls (P = 0.000, Table 1).
Function restoration of T cells
Supernatants were collected from the blocking and
control groups. To investigate the influence of cytokine
production after PD-1/PD-L1 was blocked, the levels
of IL-2, IL-10 and INF-γ were measured. After PD-L1
was blocked with specific antibodies, the levels of IL-2,
IL-10 and INF-γ were much higher in the blocking
group than in the control group (P = 0.000, Table 2).
Furthermore, the effect of the PD-1/PD-L1 pathway
on cytolytic activity of T cells was also investigated by
MTT assay. The A value (0.29 ± 0.06) in the blocking
group was much higher than that (0.19 ± 0.09) in the
control group (P = 0.000).

DISCUSSION
Activation of resting lymphocytes triggers expression of
several products of the immunoglobulin superfamily of
genes. These activation-induced antigens are involved in

Chen J et al . Up-regulation of PD-1 expression by hepatoma cells
Table 2 Secretion of cytokines by T cells (pg/mL, n = 24,
mean ± SD)
Groups
Control group
Blocking group

IL-2
102.9 ± 53.0
202.9 ± 53.0c

IFN-g
39.3 ± 4.2
88.6 ± 4.6d

IL-10
34.6 ± 13.7
63.7 ± 13.4e

P = 0.000, dP = 0.000, eP = 0.000 vs control group.

c

many physiological and pathological processes including
cell proliferation (IL-2R), functional differentiation
(CTLA-4), and apoptosis (Fas) [29,30]. The expression
patterns of these antigens are cell-specific, and have
different regulation functions in different cells. PD-1,
a member of the CD28 family, which was isolated
from apoptosis-induced T cell hybridoma in 1992[1], is
expressed on activated T and B cells[2].
Agata et al[2] showed that PD-1 expresses on activated
T and B cells. Anti-CD3 and concanavalin A (ConA)
can stimulate its expression on thymocytes and T cells
in spleen, and anti-IgM antibody can stimulate its
expression on B cells in spleen. Vibhakar et al[31] also
demonstrated that PD-1 mRNA and protein levels in
Jurkat cells are up-regulated in a time-dependent manner
during phorbo ester (TPA)-induced differentiation,
indicating that lymphocyte activators can up-regulate
PD-1 expression on lymphocytes. Since PHA is another
T cell activating agent, the expression of PD-1 in T
cells can be detected after stimulation of PHA. A timedependent up-regulation of hPD-1 was also observed
during PHA induction (data not shown), and was used
as a stimulus of Jurkat cells in our blocking experiment.
It was reported that, as an inhibitory co-stimulating
molecular, PD-1 plays a role in immune regulation
and is associated with the exhaustion of effective T
cells[32-34]. Barber et al[8] showed that, in chronic viral
infection diseases, PD-1 is highly expressed on the
exhausted LCMV-specific CD8 T cells and blocking the
PD-1/PD-L1 interaction during the chronic phase of
infection can efficiently reanimate the exhausted CD8
T cells and promote clearance of the persisting virus.
In contrast, PD-1 expression is transiently induced
and declines quickly to its basal level in acute LCMVArmstrong infection, thus promoting studies on other
diseases associated with immune. Up-regulation of PD-1
expression on effective T cells leads to suppression of
immune, which might be the underlying mechanism of
immune evasion. PD-L1/PD-L2 expression in a variety
of tumor cells has been detected in human tumors[35,25-27],
while PD-1 over-expression on tumor specific T cells
has also been observed[23]. Interaction of PD-1/PD-L1
promotes apoptosis of T cells, inhibits anti-tumor
immune response of T cells, and stimulates growth of
tumors[27]. Obstructing the interaction of PD-1/PD-L1
enhances the function of T cells, hampers development
of tumors [22,23,26]. In the present study, tumor cells
induced expression of PD-1 on T cells. After cocultured with hepatoma cells, PD-1 was expressed on T
cells, but not expressed on Jurkat cells after cultured for
48 h solitarily. PD-1 was expressed on T cells after Jurkat
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cells were co-cultured with the supernatant of hepatoma
cells (data not shown), suggesting that hepatoma cells
can up-regulate the expression of PD-1.
These findings lead to the clinical use of PD-1
blockers in the treatment of tumors. In chronic
infectious diseases, virus can induce the expression of
PD-1 on T cell. However, the precise mechanism PD-1
blockers still remains unclear. We observed the effect of
tumor cells on PD-1 expression in T cells. Jurkat cells,
a kind of CD4+ T cells, can be used as target cells cocultured with hepatoma cells. FACS analysis showed that
tumor cells could induce PD-1 expression on T cells. In
this study, HepG2.2.1.5 cells transferring HBV genome
and HepG2 cells not transferring HBV genome could
induce PD-1 expression, suggesting that HBV has no
effect on PD-1 expression on T cells.
In addition, the function of PD-1 on T cells was
also observed. Anti-PD-L1 antibody was used to block
the interaction of PD-1 and PD-L1. PD-1 was induced
by PHA, and PD-L1 was expressed in HepG2.2.1.5
cells identified by FACS (data not shown). Jurkat
cells after activated by PHA were co-cultured with
HepG2.2.1.5cells. Antibodies against human PD-L1
were added into the co-culture system as a blocking
group, while mouse IgG was added as a control group.
The levels of cytokines including IL-2, INF-γ and
IL-10 in culture supernatant and the cytolytic activity
of T cells were detected, which were significantly
elevated in blocking group compared to the control
group, suggesting that both Th1 and Th2 have immune
responses can be restored and PD-1/PD-L that
negatively regulates the immune reaction by blocking
the PD-1/PD-L pathway can recover the function of T
cells, which introduces a new theory of tumor immune
evasion. This new mechanism of tumor immunology
might provide a novel target for therapy.

COMMENTS
Background

Programmed cell death-1 (PD-1), originally isolated from apoptotic T cells, is
a 55-kDa transmembrane protein with an extracellular IgV-like domain and a
97-amino acid cytoplasmic tail containing an immunotyrosine inhibitory motif
(ITIM) and an immunotyrosine switch motif (ITSM). PD-1 has two ligands:
PD-L1 and PD-L2, which are members of the CD28/B7 superfamily. The
expressions of CD28, CTLA-4, and ICOS are limited in T cells. PD-1 can be
expressed on activated T, B and myeloid cells. The expression of PD-L1 has
been detected in many organ tissues, such as heart, lung, pancreas, muscle,
and placenta, including lymphocytes and non-lymphocytes. The expression of
PD-L2 is restricted in DC and macrophages.

Research frontiers

Recent findings suggest that PD-1/PD-L pathway plays a role in regulating
tolerance and autoimmunity. The role of PD-1 and its ligands in regulating
human autoimmune disease, infectious diseases and tumors has been
investigated. Interaction of PD-1 and PD-L has been found to be important for
controlling effective T cells. Significantly increased expression of PD-1 and
PD-L1 in T and B macrophages/dendritic cells and tumor cells, associated with
T-cell exhaustion and disease progression, immobilized auto-antibodies to
PD-L, can stimulate T cell proliferation, cytokine production, and programmed
cell death. The up-regulation of PD-L1 in tumors and PD-1 in T cells can lead to
immune tolerance.

Innovations and breakthroughs

The present study demonstrated the effect of hepatoma cells on up-regulating

www.wjgnet.com

6856

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

the expression of PD-1 in T cells. In addition, the function of PD-1 in T cells was
assessed, showing that the cytokine production and cytotoxicity of T cells can
be elevated by blocking the interaction of PD-1 and PD-L1.

12

Applications

The up-regulation of PD-1 in T cells by hepatoma cells has led to a new
hypothesis that the PD-1 and PD-L pathway may be a means by which tumors
evade T cell recognition. Manipulation of the PD-1 pathway can enhance
immune response, and may become a novel strategy for the treatment of
tumors.

13

Terminology

MTT is a direct mono-nuclear cell direct cytotoxicity assay used to detect the
cytotoxicity of T cells. PHA is a T cell stimulus that can activate T cells. G418,
a kind of antibiotics, is used in selective cell culture medium. G418 must be
added into culture medium of HepG2.2.1.5 cells to support the selective survival
of HepG2.2.1.5 cells.
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Peer review

This is a very interesting study, showing that HCC-induced modulation of PD-1
expression in T-cells might contribute to immune evasion. This concept might
hold its promise for new therapeutic interventions. The experiments support the
authors’ claim.
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180.88 ± 48.28 mg/L, P < 0.05), transferrin (2.61 ±
0.12 g/L vs 2.41 ± 0.14 g/L, P < 0.05) at day 7.
Nitrogen excretion was significantly decreased at day
7 (3.40 ± 1.65 g/d vs 7.25 ± 3.92 g/d, P < 0.05). No
change was observed in the body weight.
CONCLUSION: Recombinant human growth hormone
could promote intestinal mucosal epithelial cell
proliferation and protein synthesis in patients with
enterocutaneous fistula.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To explore the effects of recombinant human
growth hormone (rhGH) on intestinal mucosal epithelial
cell proliferation and nutritional status in patients with
enterocutaneous fistula.
METHODS: Eight patients with enterocutaneous
fistulas received recombinant human growth hormone
(10 µg/d) for 7 d. Image analysis and immunohistochemical techniques were used to analyse the
expression of proliferating cell nuclear antigen
(PCNA) in intestinal mucosal epithelial cells in biopsy
samples from the patients who had undergone an
endoscopic biopsy through the fistula at day 0, 4 and
7. Body weights, nitrogen excretion, serum levels of
total proteins, albumin, prealbumin, transferrin and
fibronectin were measured at day 0, 4 and 7.
RESULTS: Significant improvements occurred in the
expression of PCNA in the intestinal mucosal epithelial
cells at day 4 and 7 compared to day 0 (24.93 ±
3.41%, 30.46 ± 5.24% vs 12.92 ± 4.20%, P < 0.01).
These changes were accompanied by the significant
improvement of villus height (500.54 ± 53.79 µm,
459.03 ± 88.98 µm vs 210.94 ± 49.16 µm, P < 0.01),
serum levels of total proteins (70.52 ± 5.13 g/L, 74.89
± 5.16 g/L vs 63.51 ± 2.47 g/L, P < 0.01), albumin
(39.44 ± 1.18 g/L, 42.39 ± 1.68 g/L vs 35.74 ±
1.75 g/L, P < 0.01) and fibronectin (236.3 ± 16.5 mg/L,
275.8 ± 16.9 mg/L vs 172.5 ± 21.4 mg/L, P < 0.01) at
day 4 and 7, and prealbumin (286.38 ± 65.61 mg/L vs
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INTRODUCTION
From the mid 1980s, recombinant human growth
hormone (rhGH) has been applied clinically. Growth
hor mone is a peptide hor mone which stimulates
proliferation and differentiation of many kinds of
cells. It also has anabolic effects on the modulation
of energy and substance metabolism. Previous animal
experiments[1-3] have demonstrated it could promote the
structural repair of the intestinal mucosa in short bowel
rats, but few studies have made direct observations of
the effects of rhGH on intestinal mucosa in human.
The objective of this study was to explore the effects of
rhGH on intestinal mucosal proliferation and nutritional
status in patients with enterocutaneous fistula.
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Table 2 Changes of intestinal mucosal villus height, PCNA
and nitrogen excretion before and after treatment with rhGH

Table 1 General state of the patients
Age (Yr) Sex

65
42
30
32
18
72
38
27

F
M
M
M
M
F
M
F

Weight
(kg)

Distance from
ligament of
tretiz (cm)

52
68
80
61
48
56
77
49

40
80
100
120
60
90
135
85

6859

Enteral
Rest energy
nutrition
expenditure
energy (KJ)
(KJ)
4276
5648
6192
4384
4322
5773
6158
4359

6276
8368
9205
6276
6276
8368
9205
6276

MATERIALS AND METHODS
Study protocol
Eight patients (Table 1) with enterocutaneous fistula
were injected with rhGH (10 U/d) for 7 d. Intestinal
mucosa biopsies were performed by endoscopy through
the fistula at 20 cm proximal to the fistula at day 0, 4 and
7. All the patients gave informed consent to participate
in the study. This study was approved by the Ethical
Committee of Jinling Hospital, Nanjing University.
Biological tests revealed no signs of inflammation,
metabolic disturbances or hepatic, renal and cardiac
dysfunction before the patients were enrolled into the
study. The subjects had a mean body mass index of
14.37 kg/m 2 (range 11.09-17.65 kg/m 2). For all the
subjects, enteral nutrition (Peptisorb, Nutricia, Holland)
was prescribed and taken by nasogastric or nasointestinal
tube to maintain the metabolic balance. The formula
contained 1 kcal/mL, and the total calories given
according to the energy expenditure was determined by
indirect calorimetry (MedGraphics, USA). Endoscopic
biopsies were fixed in for malin for histological
assessment.
Recombinant human growth hormone (rhGH)
rhGH (Saizen) was provided by Serono China Pte. Ltd,
China. The dose of rhGH was 10 U/d administered
once a day (8:00 pm) as a subcutaneous injection to an
upper limb, beginning on day 1 and continued for 7 d.
Immunohistochemical staining
To a s s e s s t h e d e g r e e o f c e l l p r o l i f e r a t i o n , a n
i m mu n o h i s t o ch e m i c a l t e ch n i q u e b a s e d o n t h e
proliferating cell nuclear antigen (PCNA) was used.
Sections from tissue samples were dewaxed, taken
through alcohol and then immersed for 10 min in
25% phosphate-buffered saline in methanol with 0.3%
hydrogen peroxide to block endogenous peroxidase
activity. Sections were subsequently taken to water and
immunostained using the Vectastain ABC peroxidase
kit (Vecta Laboratories, Burling ame, CA). 0.4%
diaminobenzidine (DAB, Aldrich Co.) was employed
as a chromogen and a light haematoxylin counterstain
was used. Counts were carried out in 30 crypts per
preparation under microscope (40 ×), using an automatic
image analysis system (HPLAS-1000, Tongji qianping
Ltd). A proliferation index was determined based on the

The days when treated with rhGH
0

4

7

Villus height (µm)
210.94 ± 49.16 500.54 ± 53.79b 459.03 ± 88.98b
PCNA labelling index (%) 12.92 ± 4.20 24.93 ± 3.41b 30.46 ± 5.24b
Nitrogen excretion (g/d)
7.25 ± 3.92
4.64 ± 1.95
3.40 ± 1.65a
All values are expressed as mean ± SD. aP < 0.05, bP < 0.01 vs day 0.

ratio between PCNA-positive cells and the total number
of cells per longitudinal crypt section at the base of the
crypt. This index is equal to the quotient of the number
of proliferating cells and the total number of cells
multiplied by 100.
Mucosal height
Sections from tissue samples were fixed in 4%
paraformaldehyde, dehydrated with alcohol and then
paraffin-embedded. The formatted specimens were
cut by sliding microtome and stained with hematoxylin
and eosin. Samples were analyzed with the automatic
image analysis device (HPLAS-1000, Tongji qianping
Ltd), using a microscope at 10 ×. The total mucosal
height from the base of the crypt to the villous tip
was measured (10 measures per preparation, in the 10
highest villi of each sample, and the base of the crypts
measurement reached the muscularis mucosae).
Biochemical assays and nitrogen excretion
Serum albumin, prealbumin, transferrin and fibronectin
c o n c e n t r a t i o n s we r e d e t e r m i n e d by a u t o m a t i c
biochemical analysis device (Beckman Coulter, USA).
Daily urinary and fecal nitrogen excretion was
determined by the Kjeldahl method at day 0, 4 and 7.
Statistical analysis
Data were analyzed using a statistical software package
for Windows (SPSS version 10.0, SPSS Inc, Chicago,
IL, USA). All variables of each group were described
by common statistical methods. Results are presented as
mean ± SD. One-way ANOVA for repeated measures
was performed in order to evaluate the differences
among the three states of the study. The level of
significance was set at P value of 0.05 or less.

RESULTS
Villus height and proliferative activity
Compared with the baseline, significant improvement
occurred in the intestinal mucosal villus height at day
4 and 7 (both P < 0.01), which was accompanied by
the increase of proliferative activity of epithelial cells
assessed by the PCNA labelling index (both P < 0.01)
(Table 2, Figure 1).
Nitrogen excretion, body weight and serum levels of
protein
Nitrogen excretion was significantly decreased at day 7 (P
www.wjgnet.com
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Figure 1 Villus height and proliferative activity. Significant improvements occurred in villus heights and in the expression of PCNA on the intestinal mucosal
epithelial cells at day 4 and 7 (P < 0.01). A: Villus heights; B: PCNA labelling index.

Table 3 Changes in body weight and serum proteins before
and after treatment with rhGH
The days when treated with rhGH
0
Body weight (kg)
Body mass index (kg/m2)
Total proteins (g/L)
Albumin (g/L)
Prealbumin (mg/L)
Transferrin (g/L)
Fibronectin (mg/L)

37.39 ± 12.48
14.37 ± 3.28
63.51 ± 2.47
35.74 ± 1.75
180.88 ± 48.28
2.41 ± 0.14
172.5 ± 21.4

4

7

38.64 ± 12.84 39.13 ± 12.19
15.21 ± 3.41
15.40 ± 3.24
70.52 ± 5.13b
74.89 ± 5.16b
39.44 ± 1.18b
42.39 ± 1.68b
231.38 ± 52.31 286.38 ± 65.61a
2.49 ± 0.12
2.61 ± 0.12a
b
236.3 ± 16.5
275.8 ± 16.9b

All values are expressed as mean ± SD. aP < 0.05, bP < 0.01 vs day 0.

< 0.05) (Table 2). Serum levels of total proteins, albumin
and fibronectin were significantly increased at day 4
and 7 (both P < 0.01). The levels of prealbumin and
transferrin were increased at day 7 (P < 0.05) (Table 3).
No change was observed in the body weight.

DISCUSSION
Previous studies have shown that GH stimulates bowel
growth[1-4]. Administration of GH improves gut mucosal
structure in animals with short bowel syndrome [5-7]
and may promote the structural repair of the graft[8,9].
Experiments in vitro have also demonstrated that GH is
involved in the regulation of crypt cell proliferation in
the human small intestine[10-13].
The therapeutic efficacy of rhGH has been suggested
by results of animal studies. In the present study the
effects of rhGH in situ on the intestine of patients
with enterocutaneous fistula were observed. Our results
revealed that significant improvement occurred in the
intestinal mucosal villus height at day 4 and 7, which was
www.wjgnet.com

accompanied by the increase of proliferative activity of
epithelial cells assessed by the PCNA labelling index.
Nutrient malabsorption often occurs in patients with
gastrointestinal fistula[14-17], and it causes body weight
loss, barrier damage, followed by bacterial translocation
from the gastrointestinal tract to the mesenteric lymph
nodes, and even blood. Administration of glutamine
and growth hormone synergistically reduces bacterial
translocation in sepsis [18,19]. Hormonal therapy with
GH can improve weight gain in a rat model of severe
short bowel syndrome. This improvement in weight
g ain was associated with an increase in nutrient
transport at the cellular level and variable increases in
villus size[20,21]. GH treatment increased [ 14C] glucose
and [3H] palmitic acid plasma concentration after oral
nutrient tolerance tests[22]. Clinical trials also showed
that GH could promote positive nitrogen balance
and protein synthesis [23-25]. However, there are some
conflicting results: no improvement was observed in the
absorption of total energy, carbohydrate, fat, nitrogen,
or wet weight of stool or stool electrolytes compared
with baseline and placebo measurements [26-28]. In the
present study the body weights of the eight patients
were maintained at normal level. All the patients showed
positive nitrogen balance and the nitrogen excretion was
significantly decreased at day 7. Serum levels of total
proteins, albumin and fibronectin were significantly
increased at day 4 and 7. And the levels of prealbumin
and transferrin were increased at day 7.
GH stimulated the formation and deposition of
collagen in both skin incisional wounds and in colonic
anastomoses in rats[29,30].
After the trial all the eight patients underwent surgery
to close the fistula and they recovered very well, and no
fistula recurred.

Gu GS et al . Effects of rhGH on enterocutaneous fistula patients

In summar y, our study shows that rhGH can
promote intestinal mucosal epithelial cell proliferation
and protein synthesis in patients with enterocutaneous
fistula.
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Abstract
Johanson-Blizzard syndrome (JBS) is a rare autosomal
recessive condition associated with exocrine pancreatic
insufficiency, and is characterized by hypoplastic
n a s a l a l a e , m e n t a l r e t a r d a t i o n , s e n s o r i n e u ra l
hearing loss, short stature, scalp defects, dental
abnormalities and abnormal hair patterns. Growth
hormone deficiency, hypopituitarism, and impaired
glucagon secretion response to insulin-induced
hypoglycemia have been reported. Congenital heart
defects have also been described in this condition.
Mental retardation is typically moderate to severe in
patients with JBS; however, normal intelligence can
occur. In the pancreas, there is a selective defect of
acinar tissue, whereas the islets of Langerhans and
ducts are preserved. Diabetes has been reported in
older children, suggesting the progressive nature of
pancreatic disease. The molecular basis of JBS has
recently been mapped to chromosome 15q15-q21
with identified mutations in the UBR1 gene. We
report the case of a 7-year-old female with pancreatic
insufficiency and mild phenotypic features, in whom
the diagnosis of JBS was established using recently
described molecular testing for the UBR1 gene.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Johanson-Blizzard syndrome (JBS) is a rare
autosomal recessive multisystem disorder in which
the most characteristic feature is exocrine pancreatic
insufficiency. Other common abnormalities include
an abnormal facial appearance with a small beak-like
nose, dental abnormalities, sensorineural hearing loss,
midline scalp defects, hypothyroidism, genitourinary
abnormalities, varying degrees of mental retardation,
and growth failure[1,2]. In 2005 the disease-associated
locus in individuals with this syndrome was mapped
to chromosome 15q15-21 with identified mutations
in the gene UBR1 encoding a ubiquitin ligase of the
N-end rule pathway[3]. We report the case of a 7-yearold patient recently diagnosed with JBS, confirmed by
genetic testing, who has been followed for longstanding
pancreatic insufficiency of unknown etiology, but with
only mild phenotypic features of JBS, mild sensorineural
hearing loss, and who is of normal intelligence.

CASE REPORT
The patient is a 7-year-old girl who was initially evaluated
at 18 mo of age for a history of growth failure and
increased stool frequency. She was a term infant, birth
weight 3230 g, born to non-consanguineous parents. She
was initially breast-fed and transitioned to a soy-based
formula at 3 mo of age and lactose-free milk at 1 year. She
tolerated the introduction of solid foods at 4 mo of age.
She had a history of 3-5 large bulky stools per day that
contained partially undigested food and were described
as being occasionally oily. Her growth was below the
www.wjgnet.com
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Table 1 Initial evaluation
Complete blood count
Hemoglobin 11.5 g/dL (normal, 10.5-13.5)
WBC 7420/μL (normal, 5.5-15.5)
ANC 1460/μL
Otherwise unremarkable
Complete metabolic panel
Total protein 6.6 g/dL (normal, 6-8.4)
Albumin 4.1 g/dL (normal, 3.5-5)
Alk phos 369 U/L (normal, 80-340)
Otherwise unremarkable
Lipase 8 U/L (normal, 12-70)
Amylase 49 U/L (normal, 0-137)
PT 11.6 s
Vitamin A and D levels were normal
Vitamin E 0.1 mg/dL (normal, 0.5-2)
Celiac antibody testing negative
Serum trypsinogen < 1.2 ng/mL (normal, 10-57)
TSH and free T4 were normal
Stool ova and parasites negative
Seventy-two fecal fat
Fecal fat quant 10.6 g/24 h (normal, < 7)
Coefficient of fat absorption 83%
Stool chymotrypsin < 3 U/10 g (normal, > 9)

Figure 1 Phenotypic features of JBS in our patient: abnormal hair pattern,
nasal alae hypoplasia, small teeth and narrow upper lip (with permission
from parents).

Sweat test: 45 mmol/L (normal, 8-45); CFTR gene mutation analysis:
No known deleterious mutations; Shwachman-Diamond gene analysis:
Negative.

3rd percentile for weight and height. She was otherwise
healthy, with the exception of having five ear infections
between the ages of 6 and 18 mo, which ultimately
required pressure-equalizing tube placement. Her
developmental history was normal, other than starting
to walk independently at 18 mo of age. Family history
was negative for cystic fibrosis, celiac disease, chronic
diarrhea and growth failure. Her physical examination was
remarkable for a weight of 9.3 kg (7% ile) and a height
of 77.6 cm (< 5% ile). Her initial laboratory evaluation
is shown in Table 1. She had evidence of significant
fat malabsorption; however, testing was negative for
celiac disease, cystic fibrosis, and Shwachman-Diamond
syndrome. Based on the presumed diagnosis of pancreatic
insufficiency, she was started on pancreatic enzyme
replacement and fat soluble vitamin supplementation. She
gained weight and grew along the 5%-10% ile for height
and weight on this regimen. She was otherwise healthy
and did not have recurrent or frequent infections. Her
development was normal.
At 5 years of age, she failed her routine kindergarten
hearing screen. Her parents had previously not noted
any problem with her hearing or speech. An audiology
evaluation was abnormal demonstrating a mild-tomoderate bilateral asymmetric sensorineural hearing loss,
greater on the left than the right. She was referred for
genetic evaluation given the known association between
JBS and sensorineural hearing loss with her history of
pancreatic insufficiency. At that time, mild phenotypic
features of JBS were identified, including an abnormal
hair pattern, hypoplasia of the nasal alae, small teeth and
a narrow upper lip (Figure 1). A computed tomography
(CT) scan of her abdomen demonstrated complete
fatty replacement of the pancreas with no visualized
www.wjgnet.com

Figure 2 CT scan of the abdomen demonstrating fatty replacement of the
pancreas (arrow).

gland residing in the pancreatic bed (Figure 2). Renal
ultrasound to evaluate genitourinary abnormalities was
negative.
Research testing for mutations in UBR1 revealed
two novel mutations that molecularly confirmed the
diagnosis of JBS, IVS1+5G>C (c.81+G>C) a splice
site mutation (paternally inherited, father had a mosaic
mutation present in only a subset of cells) and exon 17,
c.1979_1981delTTG (p.V660del, which is a deletion of
a highly conserved valine that was maternally inherited
(Figure 3). While abnormal splicing at the splice donor
site of exon 1 is predicted to lead to no expression of a
functional protein (functional null allele), the maternally
inherited deletion may represent a hypomorphic
mutation, conferring partial residual function. Indeed,
analysis of mRNA from lymphoblastoid cells from
the patient by RT-PCR and sequencing indicated that
mRNA from the allele with the splice site mutation
underwent early degradation (Figure 3). However, we
cannot exclude the possibility that some production of a
functional UBR1 protein may also result from a low level
of normal splicing despite the splice donor mutation at
position +5. Our patient has continued to do well on
pancreatic enzyme replacement and is being followed by
otolaryngology for her hearing loss. She was referred to
dental services for her tooth abnormalities.
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Figure 3 Diagram of the UBR1 gene mutations in our patient and her
parents. A: Exon 1-intron 1 transition showing a heterozygous nucleotide
exchange at position +5 in the patient, IVS1+5G>C (c.81+G>C). Note the small
peak in the father, indicating that he is mosaic for this mutation. B: Section of
exon 17 showing a heterozygous 3 bp deletion in the patient and her mother,
c.1978_1981delTTG (p.V660del), predicting the deletion of a highly conserved
valine. In mRNA from lymphoblastoid cells from the patient the deletion is the
predominant allele, indicating that mRNA from the allele with the splice site
mutation is largely degradated.

DISCUSSION
JBS is a rare autosomal recessive multisystem disorder.
The most prominent feature of this syndrome is exocrine
pancreatic insufficiency. Other abnormalities include a
characteristic facial appearance with a small beak-like
nose (secondary to aplasia or hypoplasia of the nasal
alae), long and narrow upper lip, small pointed chin,
abnormalities of both deciduous and permanent teeth,
sparse coarse hair/midline scalp defects, short stature in
> 80%, hypothyroidism in 40%, sensorineural hearing
loss in > 80%, mental retardation in 77%, imperforate
anus in 39%, and genitourinary abnormalities in 38%[4].
Growth hormone deficiency, hypopituitarism, and
impaired glucagon secretion response to insulin-induced
hypoglycemia have been reported[5-7]. Congenital heart
defects including atrial septal defect, ventricular septal
defect, and dextrocardia with transposition of the great
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vessels have also been described in this condition [8].
Mental retardation is typically moderate to severe in
patients with JBS, however, normal intelligence can
occur[9]. Growth failure in patients with JBS typically
begins in the intrauterine period and continues
throughout childhood. Pancreatic hypoplasia with
resultant exocrine insufficiency and malabsorption is
thought to be responsible. In the pancreas of patients
with this condition there is a selective defect of acinar
tissue, whereas the islets of Langerhans and ducts are
preserved[10,11]. This results in an almost complete absence
of zymogens from duodenal juice, whereas bicarbonate
secretion is much less impaired[10]. Diabetes has been
reported in older children, suggesting the progressive
nature of pancreatic disease[12,13].
The molecular basis of JBS has recently been
mapped to chromosome 15q15-q21 with identified
mutations in the UBR1 gene [3,4]. UBR1 expression is
highest in predominantly skeletal muscle and pancreatic
acinar cells. UBR1 encodes one of several E3 ubiquitin
ligases of the N-end r ule pathway, an ubiquitindependent proteolytic pathway. Ubiquitylation and
subsequent degradation of proteins at the proteasome
is the universal mechanism for regulated protein
degradation and the control of many intracellular
protein levels[14-16]. UBR1 is considered to play a critical
role in the development and maintenance of acinar cells.
In patients with JBS, destruction of acinar tissue which
may begin in utero results in the development of exocrine
pancreatic insufficiency and fatty replacement of the
pancreas. Since the initial description of JBS in 1971,
more than 60 cases have been reported[4]. The majority
of these reports include children with significant
pancreatic insufficiency, markedly abnormal facial
features and moderate to severe mental retardation.
Our patient presented with pancreatic insufficiency
and initially unrecognized mild phenotypic features of
JBS. This diagnosis was only suspected when she failed
a routine screening hearing test, without prior suspicion
of hearing loss. In contrast to previous findings of
biallelic UBR1 mutations predicting complete loss of
function in the majority of patients with JBS[3], in our
patient, the maternally inherited deletion is thought to
be a hypomorphic mutation conferring partial residual
function and explaining the more subtle phenotype. This
is the first evidence for genotype-phenotype correlation
in JBS. The purpose of this report is to highlight the
broader spectrum of this syndrome which may have
been previously unrecognized prior to the availability
of specialized genetic testing. Once the diagnosis
of JBS is established, patients with this condition
need to be screened for renal anomalies, referred for
dental evaluation, monitored for the development
of hypothyroidism and diabetes and provided with
appropriate genetic counseling.
JBS is a rare cause of pancreatic insufficiency, usually
associated with typical phenotypic features. The genetic
basis for this syndrome has been recently identified,
and is related to UBR1 deficiency which leads to
perturbation of pancreatic acinar cells as well as other
www.wjgnet.com
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organs. Gastroenterologists should be aware of the
availability of genetic testing for JBS. Recognition of
more subtle presentations of this syndrome may help
to identify other patients with this autosomal recessive
condition, previously thought to have idiopathic
pancreatic insufficiency.
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Abstract
Percutaneous aspiration and drainage of post-operative
abdominal fluid collections is a well established
standard technique. However, some fluid collections
are not amenable to percutaneous drainage either
due to location or the presence of surrounding visceral
structures. Endoscopic Ultrasound (EUS) has been
widely used for the drainage of pancreatitis-related
abdominal fluid collections. However, there are no
reports on the use of this technique in the postoperative setting. We report a case where the EUSguided technique was used to drain a percutaneously
inaccessible post-operative collection which had
developed after Whipple’s resection.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Drainage of post-operative abdominal fluid collections
is generally carried out percutaneously under radiological
guidance. However, some of these collections may be
inaccessible to percutaneous drainage because of their
location and surrounding vital structures.
We report a case where a post-operative fluid
collection which developed after a Whipple’s resection
was successfully drained endoscopically under
endoscopic ultrasound (EUS) guidance. Although widely
used in pancreatitis, this is the first report of the use of
this technique in a post-operative setting.

CASE REPORT
A 45 year old lady underwent Whipple’s resection for
cholangiocarcinoma of the distal common bile duct.
Pancreatico-jejunostomy and hepatico-jejunostomy were
performed on to a 70 cm Roux-en-Y jejunal loop and a
gastrojejunostomy was fashioned using the end of the
main jejunal segment continuous with the rest of the
intestine.
Her initial recovery was uneventful but on the 9th
post-operative day she developed pyrexia and vomiting
suggestive of gastric outlet obstruction. A contrastenhanced computerized tomogram (CT) showed a deepseated fluid collection measuring 5.1 × 3.3 cm which
was compressing and stretching the efferent jejunal loop
distal to the gastrojejunostomy (Figure 1). Percutaneous
drainage was deemed unsafe due to the surrounding
bowel loops and blood vessels. However, its proximity to
the gastrojejunostomy made it accessible endoscopically.
An EUS-endoscope (GF-UCT240, Olympus, UK)
was passed through the gastrojejunostomy and the serosanguinous collection was aspirated to dryness under
EUS guidance using a 19-gauge Echotip-Ultra needle
(Wilson-Cook, Ireland) (Figure 2). The amylase level
in the aspirate was normal and all the cultures were
sterile. Following aspiration of the fluid collection the
www.wjgnet.com
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←
←
Figure 1 Contrast-enhanced CT showing the fluid collection (black arrow)
compressing the efferent jejunal loop (white arrow) just distal to the
gastrojejunostomy.

←
←
Figure 2 EUS showing the fluid collection (black arrow) with the needle in
position for aspiration (white arrow).

vomiting and pyrexia settled, and the patient was able to
recommence oral intake. There were no complications
related to this procedure and she was discharged from
hospital after three days. She was asymptomatic at her
routine surgical outpatient review 6 wk later.

November 28, 2008
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This combined with altered post-surgical anatomy
(presence of Roux loops etc) often makes a direct
percutaneous route for drainage impossible to find. In
this patient, it was important to exclude a pancreatic leak
and to resolve the gastric outlet obstruction. In such
cases, a laparotomy would normally be necessary in the
absence of a safe percutaneous option.
In contrast, endoscopic transmural drainage or
aspiration with EUS guidance has greatly reduced the
need for surgery in pancreatitis-related fluid collections
and has now become a standard procedure for this
condition in our unit. The safety of this technique
and high success rates have been widely reported[1-3].
This experience prompted us to use the EUS-guided
technique as an alternative route for drainage of this
post-operative fluid collection where percutaneous
approach was deemed unsafe.
In a patient with a visceral fluid collection, the
feasibility of EUS-guided drainage should first be
assessed with dual contrast-enhanced CT. Close
proximity to the stomach or jejunum provides an easy
endoscopic access to these collections. The technique of
EUS-guided aspiration is well established[1-3].
We anticipate that the main role of EUS-guided
aspiration of collections in the post-operative situation
would be to allow much-needed sampling of fluid for
microbiological and biochemical analysis. In patients with
sepsis or mechanical complications such as obstruction
secondary to collections, this technique would also be
therapeutic. In stable patients this could eliminate the
need for a laparotomy which would otherwise carry a
much higher risk of morbidity and mortality. Thus, we
conclude that EUS-guided aspiration/drainage should be
considered in patients with otherwise inaccessible postoperative fluid collections.
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Abstract

INTRODUCTION

Most patients with hepatocellular carcinoma (HCC) are
not eligible for curative treatment, which is resection
or transplantation. Two recent series have emphasized
the potential benefits of preoperative arterio-portal
embolization prior to surgical resection of such
tumours. This preoperative strategy offers a better
disease free survival rate and a higher rate of total
tumor necrosis. In case of non resectable HCC it is now
widely accepted that transarterial chemoembolization
(TACE) leads to a better survival when compared to
conservative treatment. Thus, the question remains
whether combined portal vein embolization (PVE) may
enhance the proven efficiency of TACE in patients
with unresectable HCC. We herein report the case
of a 56-year-old cirrhotic woman with a voluminous
HCC unsuitable for surgical resection. Yet, complete
tumour necrosis and prolonged survival could be
achieved after a combined porto-arterial embolization.
This case emphasizes the potential synergistic effect
of a combined arterio-portal embolization and the
hypothetical survival benefit of such a procedure, in
selected patients, with HCC not suitable for surgery or
local ablative therapy.

Despite a close observation of patients with liver cirrhosis,
hepatocellular carcinoma (HCC) is often diagnosed at
an advanced stage where no optimal treatment has been
established[1-3] only few patients (20%-25%) will benefit
of resection or liver transplantation[4], only chance to
improve life expectancy. Actually, 80% to 90%[5] of HCC
develop in cirrhotic patients with impaired liver function,
limiting the possibility of safe major liver resections. If
liver resection has shown a survival benefit, in case of
cirrhosis, it’s a risky procedure with a high prevalence of
postoperative liver failure and should not be performed
if the future liver remnant (FLR) is estimated to be less
than 40%[6]. In those patients who are not suitable for
surgery, treatment is palliative and survival is poor and
correlated to TNM stage (TNM classification of primary
liver cancer by the International Hepato-PancreatoBiliary Association[7]) and liver damage severity[8]. Despite
previous inconclusive randomized controlled trials
comparing transarterial chemoembolization (TACE) to
conservative treatment in unresectable HCC[9-11], Liovet
et al [12] ultimately demonstrated that TACE led to an
increased survival in selected patients with preserved liver
function. TACE is now widely accepted as the procedure
of choice in selected patients who are not eligible for
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resection or local ablative therapy. However, the question
remains whether combined portal embolization may
enhance the proven efficiency of TACE in patients with
unresectable hepatocellular carcinoma (HCC).
We herein report the case of a cirrhotic patient with
advanced HCC in whom complete tumour necrosis and
prolonged survival were observed following a combined
porto-arterial embolization.

CASE REPORT
A 56-year-old woman with alcoholic cirrhosis, ChildPugh A6 presented with an 80 mm HCC stage Ⅲ. The
tumor developed in the right hepatic lobe, impinging on
the median hepatic vein and in contact with the right
glissonian pedicle (Figure 1A). There were two satellite
nodules but the left hepatic lobe was free of tumor. The
right portal vein was patent. The patient had stopped
alcohol intake for 3 mo before admission. There was no
past history of encephalopathy, ascites or upper gastrointestinal bleeding despite stage Ⅰ oesophageal varices.
The clinical examination was normal. Liver biochemistry
showed: A 74% prothrombin time, normal albumin
level, bilirubin 50 μ mol/L (N < 17), ASAT/ALAT:
59/66 UI/L (N < 40), gamma glutamyl transferase: 204
UI/L (N < 140), alkaline phosphatase: 105 UI/L (N
< 80), platelet count was 126 000/mm3. Alpha-foeto
protein level was 108 μ g/L (N < 5). The diagnosis
of established alcoholic cirrhosis was confirmed by a
percutaneous liver biopsy. As the surgical strategy was a
right hepatectomy removing the median hepatic vein and
the patient underwent a right portal vein embolization
(PVE) prior to surgery (Figure 2A and B). After 4 wk
the left lobe had gained 40%. During surgery, intraabdominal exploration revealed moderate to severe
portal hypertension with an enlarged spleen, mild ascites
and dilated splanchnic veins. The liver appeared cirrhotic
with regeneration nodules. Intraoperative ultrasound
confirmed an 8 cm HCC, mainly involving segment Ⅴ
and Ⅷ, invading the median hepatic vein and close to
the right glissonian pedicle. Peroperative observation
precluded liver resection and separate biopsy of both
tumor and liver parenchyma was done before abdominal
closure. In view of previous right PVE, intra-arterial
chemoembolization was thought to be unsafe and a
supportive medical care was decided. During follow-up,
a 20 mm intra-tumoral aneurysm of right arterial branch
was diagnosed on computer tomography (CT) scan
(Figure 1B), most probably related to an arterial trauma
during intraoperative tumor biopsy. A supra-selective
arterial embolization with coils was then undertaken
with complete obliteration of the arterial aneurysm on
control angiography (Figure 3A and B). A control CT
scan performed 3 mo later showed complete necrosis of
the tumor (Figure 1C) as suggested by return of alphafoeto protein to normal value (6.8 μg/L). Disease-free
survival lasted for two years. Multiple intra-hepatic and
bone recurrence was diagnosed on progressive increase
of alpha foeto-protein level. The patient ultimately died
after a follow-up of three years.
www.wjgnet.com

November 28, 2008

Volume 14

Number 44

DISCUSSION
In up to 90%, HCC develop in cirrhotic patients whose
impaired liver function precludes major liver resections if
FLR is less than 40%[6]. First reported by Makuuchi et al[13],
PVE can be performed safely[14] in order to induce a
homolateral liver parenchyma atrophy and a hypertrophy
of the FLR, allowing resection in patients with large
tumors or abnormal liver function[15]. Yet, this technique
was initially described for patients with Klatskin
tumors[13] and its’ application to cirrhotic patients with
HCC is debated by some authors who rather recommend
a preoperative combined arterio-portal embolization[16].
HCC being hypervascular tumours mainly fed by an
arterial blood flow, cessation of the portal’s flow leads
to a compensatory increased flow in the corresponding
arterial territory[17] that may cause the tumor progress.
Recently, Ogata et al [18] have reported in a controlled
trial the feasibility and efficacy of a sequential arterioportal embolization, TACE followed by PVE after a
3 wk delay, before major liver resection in cirrhotic
patients with HCC. When compared to PVE alone, this
procedure offers a significantly higher rate of complete
tumor necrosis (83% vs 5%, P < 0.001), a higher 5-year
disease-free survival rate (37% vs 19%, P = 0.041) with
a similar rate of morbidity. In this report the authors
confirmed that complete tumor necrosis can be obtained
by its complete blood flow privation (arterial and portal)
and highlight the potential benefit of this sequence
in term of prognosis. Moreover, in their report, the
Beaujon’s group[18] suggests that sequential embolization
could effectively be an appropriate treatment itself in
patients in whom surgery is precluded due to a poor
degree of liver hypertrophy.
In case of unresectable HCC, efficacy of TACE
is now admitted [19,20] with a benefit in survival when
compared to conservative treatment. Yet, TACE alone
leads to around 50% of complete tumour necrosis[21-23]
whereas this rate is over 80% after sequential arterioportal embolization and this may have an impact on
survival curves[16,18]. Aoki et al[16] obtained a necrosis rate
superior to 70% in 12/17 (71%) whereas Yamakada
et al[24] observed a complete tumoral necrosis in 7/9 (78%)
of the resected specimen after a sequential arterio-portal
procedure with 1, 3 and 5 years survival rates of 87%,
72% and 51%, respectively.
Even though portal vein thrombosis, which is a
frequent complication of HCC, is considered to be an
absolute contraindication to TACE, due to increased
risk of post procedure liver failure or infarction, efficacy
and safety of TACE in such cases have been reported[25]
in selected patients. Taken together, these observations
sug gest a good tolerance of liver parenchyma to
ischemia when interval between portal and arterial
occlusion is delayed[18]. Ogata et al[18] who have suggested
a minimum of 3 wk between both procedures had lesser
morbidity and aminotransferase levels as compared to
Aoki et al[16] who performed both embolizations within a
period of 7 d.
In the case herein reported, although our patient
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Figure 1 Enhanced CT scan. A: Showing an eighty millimetre HCC (black arrow) developed in the right hepatic lobe, driving back the median hepatic vein, in contact
with the right glissonian pedicle; B: Showing an arterial aneurysm (black arrow) due to the main tumour artery traumatism during biopsy; C: Showing complete tumour
necrosis after combined portoarterial embolization (black arrow).
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Figure 2 Portography. A: Prior to embolization; B: After embolization.

was planned to have a major liver resection we did not
perform a preoperative TACE before PVE, which is
now systematic in our department. In this particular
case, arterial embolization was performed after portal
embolization and was indicated to treat a traumatic
arterial aneurysm following a peroperative fine needle
biopsy. Yet, it was well tolerated, had no consequence
on liver function and led to a complete tumor necrosis
with a prolonged sur vival. We agree that a portoarterial sequence is unusual and do not recommend it
that way, but this case fully illustrates the synergy of a
combined embolization in term of tumor necrosis. We
rather recommend a sequential arterio-portal sequence
combining TACE and PVE as previously described[18],
with a 3 wk delay between both procedures. In this view,
we assume that tolerance is related to the sequence and
its timing whereas efficacy is related to both, arterial and

Figure 3 Arteriography. A: The arterial aneurysm developed on the HCC main
feeding artery (black arrow), prior to embolization with coils; B: After complete
arterial occlusion with coils.

portal, HCC vascular exclusion.
Our report aims at giving further support to the
combination of TACE and portal embolization in the
treatment of voluminous HCC that cannot be treated
by surgery or alternative therapy such as radiofrequency
as previously hypothesized by others[18]. We assume that
cirrhotic liver parenchyma has a relatively good tolerance
to arterial and portal ischemia when the interval between
both vascular occlusions is delayed (at least 3 wk).
Proven efficacy of TACE might be enhanced by a
combined sequential PVE. Patients With large HCC,
not suitable for surgery or local ablative therapy, could
effectively be treated with combined arterio-portal
embolization with a limited morbidity and a likely benefit
in survival.
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Abstract
Lymphangioma of the pancreas is an extremely rare
benign tumour of lymphatic origin, with fewer than
60 published cases. Histologically, it is polycystic,
with the cysts separated by thin septa and lined
with endothelial cells. Though congenital, it can
affect all age groups, and occurs more frequently
in females. Patients usually present with epigastric
pain and an associated palpable mass. Complete
excision is curative, even though, depending on the
tumour location, surgery may be simple or involve
extensive pancreatic resection and anastomoses.
The authors present a 49-year-old woman in whom
a polycystic septated mass, 35 mm x 35 mm in size,
was discovered by ultrasonography (US) in the body of
the pancreas during investigations for epigastric pain
and nausea. At surgery, a well circumscribed polycystic
tumor was completely excised, with preservation
of the pancreatic duct. The postoperative recovery
was uneventful. Histology confirmed a microcystic
lymphangioma of the pancreas. Immunohistochemistry
showed cystic endothelial cells reactivity to factor Ⅷ
-RA (++), CD31 (+++) and CD34 (-). Postoperatively,
abdominal pain disappeared and the patient remained
symptomfree for 12 mo until now. Although extremely
rare, lymphangioma of the pancreas should be taken

into consideration as a differential diagnosis of a
pancreatic cystic lesion, especially in women.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Lymphangiomas are rare benign cystic tumours that
probably occur as a result of congenital malformations
of the lymphatics leading to the obstruction of local
lymph flow and the development of lymphangiectasia.
Histopathologically, they are composed of dilated
cystic spaces containing proteinaceous eosinophilic
fluid, seperated by fine septa and lined with endothelial
cells [1] . These tumours present most frequently in
childhood[2] and have an associated broad spectrum of
clinical symptoms, depending on the disease location.
They are most commonly found in the neck (75%)
and the axillae (20%), though a variety of other sites
have been described including the mediastinum, pleura,
pericardium, groin, bones and the abdomen[2,3].
Lymphangioma of the pancreas is extremely rare
accounting for less than 1% of these tumours[4], and
with only 60 previously reported cases. We present the
rare case of an adult with lymphangioma of the pancreas
and review the literature.

CASE REPORT
A 49-year-old women presented with increasing
upper abdominal pain and nausea in November
2007. She had a past medical history of a uterine
myomectomy in 1997, and a hysterectomy and left
oophorectomy in 2006. On examination, she was
www.wjgnet.com
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Figure 1 A well-circumscribed 35 mm polycystic lesion in the body of the
pancreas, with thin septa within the lesion. A: US scan demonstrating the
polycystic tumour of the body of the pancreas; B: CT scan showing the cystic
tumour with fine septa.

A

B

Figure 2 Tumour surrounded by normal pancreatic tissue. A: The excised
polycystic mass; B: The tumour after sectioning.

found to be slightly tender at the epigastrium, and
laboratory analyses were all within normal limits. An
ultrasonography (US) and computer tomography
(CT) scan revealed a well-circumscribed 35 mm
polycystic lesion in the body of the pancreas, with thin
septa within the lesion (Figure 1).
At laparotomy the lesion was found in the lower
part of the body of the pancreas, and did not involve
the main pancreatic duct. The lesion was completely
excised and the main pancreatic duct was preserved. No
other pathology was found within the abdomen, and the
postoperative recovery was uneventful. Abdominal pain
disappeared postoperatively and the patient has been
doing well for the following 12 mo until now.
www.wjgnet.com
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Figure 3 Microscopically all the sections (HE stain). A: Vascular spaces of
the pancreatic cystic Lymphangioma containing predominantly clear fluid with
few erythrocytes or lymphocytes (x 13); B: The cysts and dilated lymphatics in
the surrounding pancreatic tissue are lined with a thin endothelial layer (x 64).

The tumour, measuring 34 mm × 32 mm × 29 mm,
had a nodular, gray-blue surface and was surrounded by
normal pancreatic tissue (Figure 2A). On sectioning, it
had a honeycomb appearance with 1-7 mm polycystic
spaces filled with murky haemorrhagic yellowish fluid
(Figure 2B). Microscopically, all the sections showed
a polycystic structure composed of ectatic lymphatics
lined with endothelial cells (Figure 3). The cysts were
separated by thin hypocellular septa similar in appearance
to the thin capsule surrounding the tumour mass itself.
No cell atypia was found. Immunohistochemistry
showed immunoreactivity to the factor Ⅷ-R antigen
(++), CD 31 positivity (+++) and CD 34 negativity
(-). The final histological diagnosis was of microcystic
lymphangioma of the pancreas.

DISCUSSION
Lymphangioma of the pancreas is rare, accounting
for less than 1% of lymphangiomas[4]. It occurs more
frequently in females and is often located in the distal
pancreas[5]. The tumour size may vary between 3 and
20 cm in diameter (average 12 cm)[6]. Patients usually
present with abdominal pain [5] and an associated
palpable abdominal mass[7-9], although an acute abdomen
has also been described [10]. Pancreatitis, weight loss,
and laboratory abnormalities are not usual disease
manifestations[1]. US typically shows a polycystic tumour,
and calcifications, which are typical for cystadenomas
of the pancreas, are very rare [11]. On CT, the tumour

Colovic RB et al . Cystic lymphangioma of the pancreas

is a well-circumscribed, encapsulated, water-isodense,
polycystic tumour with thin septa, similar in appearance
to cystadenomas, which occur far more frequently[1,12].
Differential diagnoses include pancreatic pseudocysts,
mucinous and serous cystadenomas, other congenital
cysts and pancreatic ductal carcinoma with cystic
degeneration[1,13,14]. The final diagnosis is histological[1],
with the endothelial cells showing immunohistochemical
reactivity to factor VIII/R antigen, CD 31 (+)
positivity[6,8] and CD 34 (-) negativity[6], as seen in our
patient.
A complete surgical excision is curative[6,8,15], with
incomplete excision being the only reason for recurrent
disease [7] . Depending on the tumour location and
size, complete excision may involve a simple marginal
tumorectomy [10] or may require larger pancreatic
resections with anastomoses.
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Unresectable advanced pancreatic cancer

Abstract

INTRODUCTION

A 68-year-old female visited a local clinic with
epigastralgia. A routine laboratory test revealed
jaundice and liver dysfunction. She was referred to
this hospital. Abdominal computed tomography (CT)
and endoscopic retrograde cholangio-pancreatography
(ERCP) revealed that the density of the entire
pancreas had decreased, and showed dilatation of
the common bile duct (CBD) and the main pancreatic
duct (MPD). Pancreatic cancer was diagnosed by
cytological examination analyzing the pancreatic juice
obtained by ERCP. When jaundice had decreased the
tumor was observed via laparotomy. No ascites, liver
metastasis, or peritoneal dissemination was observed.
The entire pancreas was a hard mass, and a needle
biopsy was obtained from the head, body and tail
of the pancreas. These biopsies diagnosed a poorly
differentiated adenocarcinoma. Hepaticojejunostomy
was thus performed, and postoperative progress
was good. Chemotherapy with 1000 mg/body per
week of gemcitabine was administered beginning
15 d postoperatively. However, the patient suffered
relatively severe side effects, and it was necessary
to change the dosing schedule of gemcitabine.
Abdominal CT revealed a complete response (CR) after
3 treatments. Therefore, weekly chemotherapy was
stopped and was changed to monthly administration.
To date, for 4 years after chemotherapy, the tumor has
not reappeared.

Only 10%-20% of patients with pancreatic cancer
present with localized or potentially resectable disease at
the time of diagnosis, and the majority of patients are
diagnosed at either an unresectable or metastatic stage[1].
The prognosis of patients with advanced unresectable
pancreatic cancer remains very poor. When pancreatic
cancer is diagnosed, the disease progresses and curability
remains unsatisfactory, especially in stage Ⅳb pancreatic
cancer [2] . The Japanese Pancreatic Cancer Registry
reported that the mean survival of patients with stage
[3]
Ⅳb pancreatic cancer is 6.2 mo , and palliation for
the relief of jaundice, duodenal obstruction, or pain is
required for these patients. Recently, gemcitabine was
developed for the treatment of advanced pancreatic
cancer, and current studies have reported improvements
in survival as well as clinical benefit in patients[4]. Burris
et al. reported that gemcitabine was more effective than
5-fluorouracil in the alleviation of some disease-related
symptoms and improved survival was seen in patients
with advanced pancreatic cancer[5].
This report describes a case of advanced pancreatic
cancer which was initially diagnosed during laparotomy
as unresectable; however, the patient achieved long-term
survival of over 4 years, following a treatment regimen
of gemcitabine chemotherapy.

© 2008 The WJG Press. All rights reserved.

A 68-year-old female visited a local clinic complaining
of epigastralgia. Routine laboratory tests revealed that
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A

Figure 1 Cytological findings from pancreatic fluid. An adenocarcinoma
was indicated.

B

A

C

B

Figure 3 Needle biopsy performed during laparotomy. A: From the
head; B: From the body; C: From the tail of the pancreas. All specimens were
diagnosed as poorly differentiated adenocarcinoma.

C

Figure 2 Abdominal CT before surgery. A low density area was observed
throughout the entire pancreas, the common bile duct and main pancreatic
duct were dilated, the intra-hepatic biliary duct was not dilated. CT: Computed
tomography.

(GOT 416 IU/L, GPT 489 IU/L, ALP 2055 IU/L and
γ GTP 190 IU/L). Initial laboratory studies included

a serum total bilirubin value of 2.6 mg/dL, serum
glutamic-oxaloacetic transaminase (GOT) of 416 U/L,
serum glutamic-pyruvic transaminase (GPT) of 489
IU/L, alkaline phosphatase (ALP) of 2055 IU/L, and
γ-glutamyl transferase (γGTP) of 190 IU/L. Her CA19-9
was not elevated (27.8 U/mL). She was referred to this
hospital. She had a past history of rhabdomyosarcoma
of the urinary bladder at the age of 56. On admission,
abdominal computed tomography (CT) revealed that
the density of the whole pancreas had decreased, and
showed dilatation of the common bile duct (CBD) and
the main pancreatic duct (MPD). In addition, stricture
of the lower CBD was revealed on magnetic resonance
cholangio-pancreatography (MRCP) (Figures 1 and 2).
The MPD in the pancreas head appeared irregular on
endoscopic retrograde cholangio-pancreatography
(ERCP). The presence of pancreatic cancer or bleary
duct cancer was suspected, because a cytological
examination of the pancreatic juice obtained by ERCP
www.wjgnet.com
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Figure 4 Abdominal CT. A: 12 mo after CTx; B: 16 mo after chemotherapy (CTx); C: 18 mo after CTx; D: 24 mo after CTx; E: preoperative; F: 1 mo after CTx;
G: 2 mo after CTx; H: 6 mo after CTx; CT: Computed tomography; CTx: Chemotherapy.

detected adenocarcinoma cells. After amelioration of
her jaundice by biliary drainage through percutaneous
transhepatic gallbladder drainage (PTGBD), surgical
treatment was selected based on a presumptive diagnosis
of pancreatic cancer or biliary duct cancer. Laparotomy
revealed no liver metastasis or peritoneal dissemination.
The entire pancreas was hard, and a needle biopsy
www.wjgnet.com

was obtained from the head, body, and tail of the
pancreas. Examination of frozen sections revealed a
poorly differentiated adenocarcinoma in each specimen
(Figure 3). We therefore considered total pancreatectomy,
however, a radical resection was considered excessive.
Hepaticojejunostomy was performed. The postoperative
course was uneventful. On postoperative day 14,

Okamoto Y et al . Patient with unresectable advanced pancreatic cancer achieving long-term survival

administration of chemotherapy with 1000 mg/body per
week of gemcitabine was initiated. However, because the
patient experienced adverse effects, such as eyelid swelling,
larynx swelling, grade 1 fever and grade 3 leucopenia
and neutropenia, the chemotherapy schedule was thus
changed to biweekly, with the additional of granulocyte
colony stimulating factor (G-CSF) (Figure 4).
After 3 courses of chemotherapy, an abdominal
CT scan revealed a complete response (CR), in which
the decrease in density of the entire pancreas had
disappeared, and dilatation of the MPD had improved.
Therefore, weekly chemotherapy was stopped after
3 courses, and changed to monthly chemotherapy
with hospitalization. To date, 4 years after the initial
chemotherapy, the tumor has not reappeared.

DISCUSSION
The incidence of pancreatic cancer has recently
increased worldwide, and the prognosis of patients with
this disease remains very poor [2,6]. Pancreatic cancer
is a major cause of cancer-related mortality in Japan
and remains one of the most aggressive diseases in
the world. In fact, the National Registry of the Japan
Pancreas Society reported that only 9.7% of these
patients attained 5-year survival[7]. Early-stage diagnosis
of pancreatic cancer is difficult because of the lack of
specific early symptoms, and surgery with a curative
intent can be performed in only 5%-20% of patients[2].
When the diagnosis is made, less than 10% of patients will
survive for a year, and many require relief from jaundice
and the symptoms of gastric outlet obstruction[2,5,8,9].
The prognosis for unresectable pancreatic cancer thus
remains extremely poor.
Gemcitabine was recently developed for the
treatment of advanced pancreatic cancer, and current
studies have reported an improved survival as well as
clinical benefit in patients treated with this agent[5,10].
Gemcitabine is a prodrug that requires initial intracellular
phosphorylation by deoxycytidine kinase, ultimately
undergoing phosphorylation to the active gemcitabine
triphosphate, a cytotoxic agent that inhibits DNA
synthesis.
Today an extensive pancreatic resection may
not influence survival, although some studies have
recommended an extensive resection for advanced
pancreatic cancer[11,12]. Gemcitabine has been reported to
be a strong factor in influencing the survival of patients
after resection of pancreatic cancer, and the resection
techniques used may not influence a patient’s survival
when gemcitabine is administered [9]. Although stage
Ⅳb pancreatic cancer without distant metastasis can
technically be resected, it normally does not lead to a
good recovery and a satisfactory QOL for the patient.
As a result, gemcitabine may be the most effective
clinically proven treatment for patients with stage Ⅳb
pancreatic cancer.
It is interesting that this case achieved a lengthy
CR of 4 years after a gemcitabine dose of 800 mg/m2
per month. The prognosis of pancreatic cancer is still
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poor, despite the findings in this patient who achieved
long-term survival following the administration of
gemcitabine for progressive pancreatic carcinoma which
could not be excised. In addition, such a high success is
surprising. Recently, the receptivity of anti-cancer drugs
in cancer therapy has been shown to be remarkable, and
there may be a specific mechanism which results in the
high receptivity of gemcitabine in pancreatic cancer. The
publication of further studies on the use of gemcitabine
is therefore necessary. In several phase Ⅲ studies[5,13-23],
objective responses were observed in 4.4%-17.3% of
patients treated with gemcitabine alone. Progressionfree survival in patients treated with gemcitabine alone
was 2-4 mo and median survival was 5.4-7.3 mo for
gemcitabine alone. In these studies, patients received
either 1000 mg/m2 per week of gemcitabine for 3 wk
out of every 4 or for 7 wk out of every 8.
Total pancreatectomy results in complete ablation
of the exocrine and endocrine pancreatic functions.
Despite the administration of insulin and pancreatic
enzyme replacement, total pancreatectomy often results
in uncontrollable diabetes, as well as persistent diarrhea
and steatorrhea, which compromises patients’ nutritional
status.
In this case, long-term CR and long-term survival
were achieved without excision, however, this is a very
rare case. The development of gemcitabine has brought
about a change in the treatment of pancreatic cancer,
but the effect is less than 20%, and the drug has yet to
demonstrate satisfactory results. Gemcitabine may be
used as second line treatment in patients who have failed
first line therapy. Early detection of pancreatic cancer
is important fin treatment selection, and gemcitabine
has been shown to be effective in some pancreatic
cancers, as it was in this case. When it is deemed that an
aggressive operation would clearly be disadvantageous
to a patient, then the patient may undergo conservative
surgery followed by appropriate chemotherapy.
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Abstract
Port site hernia develops through a fascial or peritoneal
layer that was inadequate or not repaired. It is a rare
complication of laparoscopic surgery which may lead
to serious problems. Here, we present a 77-year-old
female, diagnosed with a small bowel hernia through
a 10-mm port site. We had performed ten cases of
laparoscopy-assisted distal gastrectomy before this
case. The patient complained of left lower abdominal
pain with a palpable mass. Abdominal CT showed
an incarcerated small bowel hernia and the patient
underwent segmental resection of the strangulated
small bowel through a minimally extended port site
incision.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Recently, laparoscopy-assisted gastrectomy (LAG) for
early gastric cancer has been accepted as technically
and oncologically safe and feasible. During LAG, 10
mm or larger trocars are used for traction of the intraabdominal organs, and fascial defects created by those
trocars are usually closed because of concern over the
potential for small bowel hernia. Port site hernia is a rare
complication following laparoscopic surgery: however,
occurrence of this may be dangerous and, hence,
may have a fatal outcome. Therefore, we report the
clinical course of our case and prepare a review for the
management of port site hernia.

CASE REPORT
A 77-year-old woman was admitted to our hospital
for gastric cancer treatment. She had complained of
dyspepsia and epigastric discomfort for 20 d: following
gastrofiberoscopy, early gastric cancer (type Ⅰ + Ⅱa)
was found at the prepyloric antrum. She had no past
medical history except well-controlled hypertension,
and no abnormalities were found during preoperative
evaluation. During laparoscopic surgery, a total of 5
trocars were applied to perform surgical procedures,
and all the trocars used were the bladed type. A 10 mm
trocar was inserted into the abdominal cavity via the
umbilicus to prepare the pneumoperitoneum for
electro-laparoscopy. After sufficient inflation of the
abdominal cavity, 5 mm and 12 mm trocars were
placed into the right side, and 5 mm and 10 mm trocars
were inserted into the left side. She underwent LAG
with D1 + β lymph node dissection and Billorth-Ⅱ
gastrojejunostomy. The fascial defects at the 10 mm and
12 mm port sites were repaired by 2-0 absorbable vicryl
sutures. The patient’s recovery was progressing favorably,
so we put her on a diet on the 2nd day after surgery, and
no abnormalities were detected. On the 7th day after the
operation, the patient complained of vague abdominal
pain and vomiting, but those symptoms were alleviated
by conservative support. The next day, however, the
patient developed a fever (38℃) and manifested left
lower quadrant abdominal pain with a palpable mass.
Emergency ultrasonography and abdominal CT were
performed, and a structure that looked like an abscess
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Figure 1 Port site hernia located at the left flank on computed tomography.
Arrow indicates hernia.

Figure 2 Strangulated small bowel was pulled through the extended port
site.

or hernia of the small bowel was detected (Figure 1).
We suspected an incarcerated port site or strangulated
hernia of the small bowel and performed exploratory
surgery. The port site incision that had been made on
the left lower quadrant was transversely extended to
about 4 cm long. After fascial layer sutures were untied,
it was observed that the strangulated small bowel was
pushing into a peritoneal defect in the abdominal wall
(Figure 2). The length of incarcerated small bowel was
about 10 cm long. After that was taken out through an
extended incision, we carefully observed its viability and
decided to remove a ischemic portion of the small bowel
through an extended port site. Then we performed
segmental resection of the strangulated small bowel and
end-to-end anastomosis. After the operation, there were
no specific events, and the patient recovered.

DISCUSSION
Port site hernia is a rare complication following
laparoscopic surgery. Tonouchi et al[1] reported that the
incidence of port site hernia was 0.65%-2.80% and
classified port site hernia into three types. The earlyonset type occurs immediately after the operation,
the late-onset type develops after several months and
the special-type presents as dehiscence of the whole
abdominal wall. Relative to the size of the port site,
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Kadar et al[2] reported that incidence of port site hernia
was 0.23% at a 10 mm port site and 3.1% at a 12 mm
port site, and Mayol et al[3] reported umbilical port site
hernia with an incidence of 1.6%. Port site hernia may
occur at any time during the postoperative course,
though our case occurred early during the postoperative
course[4-6]. It is known that a port site of larger than
10 mm in diameter usually causes hernia while a 5 mm
port site rarely causes hernia[5]. Hence, most surgeons
routinely repair the fascia of 10 mm or larger port sites
to prevent hernia.
In an experimental study of wounds relative to the
type of trocar, Kolata et al[7] reported that a non-bladed
trocar created smaller peritoneal port site wounds than a
conventional pyramidal tip trocar and they hypothesized
that a non-bladed type of trocar might reduce the
chance of trocar wound hernia. Another study showed
that a 10 mm or 12 mm port site created by a nonbladed trocar did not require fascial closure if it was
placed in a non-midline position above the arcuate line[8].
Since the non-bladed trocar split the muscle rather than
cutting it, it allowed the oblique muscle to reanneal
together more readily. Moreover, this study suggested
that misalignment of the fascial defect (created by the
non-bladed trocar) aided inhibition of trocar site hernia.
However, recently non-bladed trocars have mostly been
used to access the port site; hence, many cases occur
under this condition and some reports have suggested
that herniation through the peritoneal defect might
develop even though the fascial defect has been repaired.
In our case, an intestinal hernia via peritoneal defect
developed below the repaired fascial layer. Therefore,
fascial and, if possible, peritoneal repair of port sites are
necessary to prevent port site hernia.
Many methods and devices for closure of port
sites have been introduced[9,10], and each of them has
its merits and demerits. Generally, it is not difficult to
repair port sites that are larger than 10 mm using a
small retractor and hemostat unless a patient is severely
obese. However, if the port site is less than 5 mm, it will
be hard to close and extension of the port site may be
necessary for repair. Some devices, such as a Deschamps
needle, a suture carrier, and an Endoclose suture device
(Tyco Auto Suture International, Inc. Norwalk, CT,
USA) , may be helpful in repairing fascial and peritoneal
defects[9]. In addition to direct repair of the port site,
recently the port plug technique without suturing was
introduced. Moreno-Sanz et al[10] reported that inserting
a Bioabsorbable Hernia Plug (W.L Gore and Associates
Inc, Flagstaff, AZ, USA) to the port site was safe and
feasible as a way to prevent port site hernia. Before this
unexpected event, trocar sites had been imprudently
repaired. After that incident, we made every effort to
repair the fascial and peritoneal defects of the port site
using an extremely concaved needle and a hemostat
as far as possible. After skin and subcutaneous tissue
were retracted to opposite sites using small retractors,
visualized fascia were clamped using a hemostat and
the hemostat was then lifted to allow for detection of
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the peritoneum. After the peritoneum was clamped
by the hemostat, the two layers were closed separately
or together. This technique was similar to the dualhemostat technique introduced by Spalding et al[11] and
was feasible and simple to perform unless a patient was
severely obese.
Clinical courses of port site hernia are varied and
depend on the degree of intestinal entry to the defect.
Most patients present with vague abdominal pain,
nausea, vomiting, a palpable or painful mass around port
site, and fever if the bowel is incarcerated. If a patient
complains of mild symptoms including nausea, vomiting
and vague abdominal pain, early diagnosis may be
delayed. Plain radiographs may be useful in some cases;
however, plain radiographs only reveal the existence or
nonexistence of the bowel obstruction. Therefore, they
are limited in diagnosing port site hernia. In the case
of Boughey et al[12], a definite diagnosis was achieved
by explorative laparoscopic examination. Abdominal
CT may be an effective diagnostic method if a patient
complains of the symptoms described above without
a palpable mass as it can differentiate adhesion from
port site hernia and indicate the location of the port
site hernia. Therefore, if atypical symptoms persist with
obscure plain radiographs, abdominal CT is helpful in
early diagnosis. Exploratory surgery with reduction of
the incarcerated bowel is used to treat a port site hernia.
According to previous reports, there are a few ways
to access the abdominal cavity. One is a laparoscopic
approach and another is an open approach through
extension of the port site involved or other incision
sites. Unless the incarcerated bowel is frankly ischemic,
the laparoscopic approach is an acceptable method.
In our case, we extended the port site and corrected
the disorder because strangulation of the bowel was
apparent.
In conclusion, it is necessary to repair the fascial and
peritoneal layers to prevent port site hernia. Although
port site hernia is rare, surgeons should keep this
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possibility in mind. Prompt intervention may reduce
unfavorable events if port site hernia is suspected.
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Abstract
Gastrointestinal stromal tumor is the most common
mesenchymal tumor in the gastrointestinal tract. It
may coexist with other type of cancers, and if so,
the tumors usually involve the stomach. The most
common associated cancers are gastrointestinal
carcinomas. We report a 65-year-old woman with a
history of gastric gastrointestinal stromal tumor who
had undergone subtotal segmental gastrectomy.
New polypoid lesions were detected on a follow-up
gastroscopy one year later. The lesions were biopsied
and found to be carcinoid tumors. There was serum
hypergastrinemia, and type 1 gastric carcinoid tumor
was diagnosed. A total gastrectomy was performed.
Pathologic examination revealed both carcinoid tumors
and a recurrent gastrointestinal stromal tumor.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) are the most
frequent mesenchymal tumors in the gastrointestinal
tract. They may coexist with other types of cancers
with a reported frequency from 4.5% to 33% [1,2] .
The most common location of a GIST associated
with other cancers is the stomach [1], and the most
frequently associated tumor type is gastrointestinal
adenocarcinoma [1,2] . Infrequently, other primar y
cancers have been reported along with GIST, including
lymphoma, leukemia, breast cancer, prostate cancer,
pancreatic adenocarcinoma, or lung cancer[1-4]. GIST
has been reported to occur simultaneously with ileal
carcinoid tumor[5]. We report a patient with both GIST
and carcinoid tumor in the stomach, an association that
has not been previously reported.

CASE REPORT
A 65-year-old woman had underg one subtotal
segmental gastrectomy for a 5.5 cm GIST in the
lower gastric corpus. The diagnosis was based on
immunohistochemical staining that was diffusely
positive for CD-117 and focally positive for CD-34 and
smooth muscle actin; it was negative for desmin. The
patient received periodic follow-up gastroscopy. One
year after surgery, she was found to have two distinct
sessile polypoid lesions in the cardia and lower body
of the stomach (Figure 1). The lesion in the cardia,
about 2 cm distal to the gastroesophageal junction was a
1.2 cm polyp with a central ulceration. The other lesion
was a 0.6 cm mass on the anterior wall near the earlier
anastomosis. Immunohistochemical staining of a biopsy
specimen of the larger polyp was strongly positive for
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Figure 1 Gastroscopic findings. A: 1.2 cm ulcerated polyp in the cardia
(arrow); B: 0.6 cm polyp on the anterior wall of the corpus near the previous
anastomosis (arrow).

chromogranin-A, weakly positive for synaptophysin,
and negative for CD56, neuron-specific enolase, and
cytokeratin 7. Gastric carcinoid was therefore diagnosed.
There was inflammation, but no Helicobacter pylori
(H pylori) was found. The nor mal g astric body
glands were atrophic and replaced by pyloric and
intestinal glands. Abdominal ultrasonog raphy,
computerized tomography, barium small bowel series,
and colonoscopy were performed to exclude other
possible gastrointestinal tumors; there were no other
abnormalities found. The patient denied any symptoms
of diarrhea, palpitation, facial flushing, or weight
loss, and there was no family history suggestive of
similar disorders or multiple endocrine syndromes.
Her abdominal examination was normal except for
the previous surgical scar. The fasting serum gastrin
level was 1920 pg/mL (nor mal 25-125 pg/mL).
The 24-h urinary 5-HIAA level was normal. These
findings were consistent with a type 1 hypergastrinemic
gastric carcinoid tumor. Total g astrectomy was
performed because the patient was concerned about
further recurrences of gastric tumors. The pathologist
reported two carcinoid tumors in the cardia and lower
corpus near the previous anastomosis. There was no
immunohistochemical evidence of GIST in the two
carcinoid tumors (Figure 2). One dissected lymph node
had metastatic carcinoid tumor. A 0.6 cm focal GIST
was also found on the lesser curvature; and there was no
carcinoid component on immunohistochemical staining
(Figure 3). The pathologic slides from the first surgery
were reviewed and immunohistochemical staining

C

D

Figure 2 Carcinoid tumor. A: Uniform round-to-oval cells in trabeculae,
nests, and gland-like structures (hematoxylin and eosin, × 100);
B: Positive immunohistochemical staining for synaptophysin (× 100);
C: Negative immunohistochemical staining for CD 34 (× 100); D: Negative
immunohistochemical staining for CD 117 (× 100).

repeated, which showed no evidence of carcinoid
tumor. Three weeks after the total gastrectomy, the
patient’s fasting gastrin level had returned to normal
(72.40 pg/mL). She recovered uneventfully and has
remained well for six months after surgery.
www.wjgnet.com
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Figure 3 Recurrent gastrointestinal stromal tumor. A: Composed of spindle
cells (hematoxylin and eosin × 100); B: Positive immunohistochemical staining
for CD34 (× 100); C: Positive immunohistochemical staining for CD 117 (× 100).

DISCUSSION
This patient had metachronous gastric GIST and gastric
carcinoid tumors, a previously unreported phenomenon.
The tumors were confirmed by pathologic examination,
including immunohistochemical studies, to be totally
distinct neoplasms.
Gastrointestinal carcinoids comprised 73% of all
carcinoid tumors in a large series, the most common
sites being in the small bowel, appendix and rectum[6].
Gastric carcinoids are less common, reported as being
only 8.7% of enteric carcinoids. Among all gastric
cancers, carcinoids are quite rare, with a reported
incidence of only 0.35%-1.77% [7]. Gastric carcinoid
tumors may present with anemia caused by bleeding
from an ulcerative mass, abdominal pain, or with a
classical carcinoid syndrome. Histologically, the tumors
have uniformly round cells growing in rosettes, cords,
or trabecular patterns. Immunohistochemical stains
are usually positive for chromogranin A or C and
www.wjgnet.com
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synaptophysin but negative for CD117. The latter
marker distinguishes carcinoid from GIST, which is
positive for CD117.
Gastric carcinoid tumors can be classified into four
types: type 1, with enterochromaffin-like cells, chronic
atrophic gastritis, achlorhydria, hypergastrinemia, and
often pernicious anemia; type 2, with enterochromaffinlike cells, Zollinger-Ellison syndrome, multiple
endocrine neoplasia type 1, and hypergastrinemia; type
3, with enterochromaffin-like cells but which is gastrinindependent and occurs sporadically; and type 4, with
miscellaneous non-enterochromaffin-like endocrine
cells[8-10]. The prognosis of types 1 and 2 gastric is better
than that of types 3 or 4 gastric carcinoid tumors. The
5-year and 10-year survival rates were 96.1% and 73.9%
for type 1 disease, compared with only 33.3% and 22.2%
for type 4 gastric carcinoid tumors[9]. For type 1 gastric
carcinoids, limited surgery, such as endoscopic mucosal
resection[11] or partial gastrectomy is adequate, along with
appropriate treatment for the hypergastrinemia[9,10,12].
Radical resection is recommended for types 3 and
4 [9,10]. Our patient had type 1 gastric carcinoid with
hypergastrinemia but no associated symptoms, such
as Zollinger-Ellison syndrome or multiple endocrine
neoplasia type 1. If she had had only the type 1 gastric
carcinoid, more conservative surgery might have been
considered. The history of the previous GIST, however,
influenced the choice of total gastrectomy.
In a retrospective review of 200 patients with
gastrointestinal GIST (with 78% or 39% in the
stomach), DeMatteo et al[13] reported an overall 5-year
survival rate of about 35%, but it depended on the
extent of resection. For patients undergoing complete
resection, the 5-year survival was 54%, with those
patients surviving a median of 66 mo compared with
22 mo for those who had incomplete resection. The
recurrence rate was 40% (median 24 mo’ follow-up).
The median disease-specific survival for pateints with
local recurrence was 12 mo. Metastases usually occurred
with tumors larger than 5 cm or with a mitotic index
of more than 10 mitoses per 50 high power fields. The
authors recommended complete surgical resection for
GIST if possible.
In estimating our patient’s prognosis, it is difficult
to know if it should be predicted based on the locally
recurrent GIST or the carcinoid metastatic to a lymph
node. Carcinoid metastases to regional lymph nodes
cannot be reliably predicted by tumor size or depth of
invasion, their impact on survival is uncertain[14], and
there is no recommended adjuvant treatment. However,
type 1 carcinoid is fairly indolent and is less likely than
the GIST to limit our patient’s survival. We intend to
monitor the patient at 6-12 mo intervals with computed
tomography for GIST and using plasma chromogranin
measurements and octreoscan for carcinoid. Adjuvant
therapy with imatinib is an option for treating residual
GIST, with evaluation of c-Kit and PDGFRA mutations
a useful tool to predict efficacy [15,16]. There was also
a clinical trial conducted by Yao et al [17], testing the
imatinib in 27 carcinoid patients with a modest clinical
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response of median overall survival of 36 mo. However,
our patient’s recurrent GIST was totally removed by
gastrectomy, and the mitotic index was low. There would
be no way of assessing treatment response and therefore
no clear benefit, so imatinib is not indicated in this
patient unless the GIST is found to recur on follow-up.
In conclusion, our patient had an apparently unique
combination of two unusual gastric tumors. Accurate
diagnosis of her GIST and carcinoid tumors, based on
immunohistochemical studies, was important both for
deciding on treatment and follow-up and in estimating
prognosis. However, as this case clearly illustrates, a
number of individual patient variables affect those
decisions and estimates. Inevitably we must rely on
clinical judgment which, while informed by what the
evidence says about the diseases in general, must also
take into account a patient’s particular characteristics,
needs, and preferences.
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Advanced Courses - European

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, nutrition,
digestive surgery, 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-inone” 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.
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Abstract
Hereditary hemochromatosis (HH) is caused by
chronic hyperabsorption of dietary iron. Progressive
accumulation of excess iron within tissue parenchymal
cells may lead to severe organ damage. The most
prevalent type of HH is linked to mutations in the HFE
gene, encoding an atypical major histocompatibility
complex classⅠmolecule. Shortly after its discovery in
1996, the hemochromatosis protein HFE was shown
to physically interact with transferrin receptor 1 (TfR1)
and impair the uptake of transferrin-bound iron in
cells. However, these findings provided no clue why
HFE mutations associate with systemic iron overload.
It was later established that all forms of HH result
from misregulation of hepcidin expression. This liverderived circulating peptide hormone controls iron efflux
from duodenal enterocytes and reticuloendothelial
macrophages by promoting the degradation of the iron
exporter ferroportin. Recent studies with animal models
of HH uncover a crucial role of HFE as a hepatocyte
iron sensor and upstream regulator of hepcidin. Thus,
hepatocyte HFE is indispensable for signaling to
hepcidin, presumably as a constituent of a larger ironsensing complex. A working model postulates that the
signaling activity of HFE is silenced when the protein
is bound to TfR1. An increase in the iron saturation of
plasma transferrin leads to displacement of TfR1 from
HFE and assembly of the putative iron-sensing complex.
In this way, iron uptake by the hepatocyte is translated

into upregulation of hepcidin, reinforcing the concept
that the liver is the major regulatory site for systemic
iron homeostasis, and not merely an iron storage depot.
© 2008 The WJG Press. All rights reserved.
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Physiology and pathophysiology
of iron homeostasis
Iron is essential for various physiological and metabolic
pathways. However, unshielded iron is toxic, as a catalyst
of free radical generation [1,2]. The adult human body
contains a pool of 3-5 g of iron (about 55 mg and 44
mg per kilogram body weight in males and females,
respectively), the majority of which (> 70%) is utilized
by erythroid cells for heme synthesis and integration into
hemoglobin[3]. A daily requirement of about 20-30 mg iron
for erythropoiesis is mainly covered by recycling of the
metal from senescent erythrocytes via reticuloendothelial
macrophages. These cells metabolize heme and release
iron into the circulation, where it is scavenged by plasma
transferrin and delivered to tissues. A considerable
amount of iron (about 1 g) is stored in the liver. Dietary
iron absorption by duodenal enterocytes compensates for
losses through bleeding or desquamation; a physiological
rate of 1-2 mg/d suffices to maintain the body iron pool.
This is subjected to feedback regulation and may adjust to
fluctuations in iron demands.
In hereditary hemochromatosis (HH), disruption of
this homeostatic loop leads to unrestricted dietary iron
absorption at a rate that may reach 8-10 mg/d[4,5]. This
www.wjgnet.com
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is accompanied by a gradual increase in the saturation
of transferrin with iron (from physiological 30% up to
100%), a buildup of non-transferrin-bound iron and
excessive accumulation of the metal in parenchymal
cells of the liver, pancreas, pituitary, heart, joints and
skin. Notably, macrophages and absorptive duodenal
enterocytes are spared from iron loading and exhibit
increased rates of iron release. Excessive iron deposition
in the liver constitutes a risk factor for fibrosis, cirrhosis
and hepatocellular cancer[6-8], and may exacerbate other
types of liver disease[9,10]. Iron overload may also lead
to cardiomyopathy, diabetes mellitus, hypogonadism,
arthritis and skin pigmentation [3]. HH is efficiently
treated by phlebotomy.

Hormonal regulation of iron
traffic by hepcidin
The discoveries of the divalent metal transporter (DMT1),
the iron exporter ferroportin, and the iron regulatory
hormone hepcidin provided a framework to understand
the molecular mechanisms for systemic iron traffic and
homeostasis[11,12]. DMT1 accounts for the absorption of
ferrous ions across the apical membrane of duodenal
enterocytes, but also for intracellular transport of
transferrin-derived iron across the endosomal membrane in
many cell types. Ferroportin mediates efflux of ferrous iron
from enterocytes and macrophages to plasma transferrin.
The transport of iron by DMT1 requires its reduction by
ferric reductases (such as Dcytb or the Steap proteins),
while its export by ferroportin is coupled by re-oxidation
via ferroxidases (such as ceruloplasmin or hephaestin).
The ferroportin-mediated efflux of iron from
enterocytes and macrophages defines a key regulatory
checkpoint for iron homeostasis. This process is negatively
controlled by hepcidin, a cysteine-rich peptide hormone
that binds to ferroportin and promotes its internalization
and lysosomal degradation[13]. Hepcidin is synthesized in
www.wjgnet.com
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Figure 1 Regulation of iron efflux
from enterocytes and macrophages
by hepcidin. Duodenal enterocytes
absorb dietary iron via DMT1 and
reticuloendothelial macrophages
phagocytose iron-loaded senescent
red blood cells. Both cell types
release ferrous iron (Fe2+) into plasma
via ferroportin, which is incorporated
into transferrin following oxidation into
the ferric form (Fe3+) via hephaestin
or ceruloplasmin. The secretion of the
iron-regulatory hormone hepcidin from
the liver in response to high body iron
stores or inflammatory signals results
in internalization and degradation
of ferroportin, and retention of iron
within enterocytes and macrophages.
A decrease in body iron stores, a
requirement of iron for erythropoiesis,
or hypoxia, inhibit hepcidin expression,
permitting dietary iron absorption by
enterocytes and iron release from
macrophages.

hepatocytes as a pro-peptide, which undergoes proteolytic
processing to form a bioactive molecule of 25 amino
acids[14]. The mature peptide is secreted into plasma and
orchestrates homeostatic responses to iron, erythropoiesis,
hypoxia and inflammation. An increase in hepcidin levels,
commonly encountered following dietary iron intake or
in inflammation[15,16], impairs iron absorption by duodenal
enterocytes and promotes retention of the metal within
macrophages (Figure 1), limiting its availability for
erythropoiesis. Excessive hepcidin expression, in response
to prolonged inflammation, contributes to the anemia of
chronic disease[17]. On the other hand, low hepcidin levels
triggered by iron deficiency, hypoxia or phlebotomy[18]
facilitate duodenal iron absorption and iron release
from macrophages (Figure 1). Importantly, HH patients
fail to mount an appropriate upregulation of hepcidin
expression, despite high transferrin saturation and elevated
body iron stores[19,20]. Thus, HH is largely based on the
loss of feedback control in dietary iron absorption due to
defects in the hepcidin pathway.
Juvenile hemochromatosis, a rare but severe form of
hereditary iron overload results from genetic inactivation of the hepcidin gene[21] or mutations in hemojuvelin
(HJV) associated with profound hepcidin deficiency[22].
The most prevalent form of HH is linked to mutations
in HFE[23], while another less common but phenotypically indistinguishable HH subtype is caused by mutations in transferrin receptor 2 (TfR2)[24]. Iron overload
patients with either HFE or TfR2 mutations exhibit inappropriately decreased hepcidin levels or blunted hepcidin responses[19,20,25,26]. Similar results were obtained with
mouse models of iron overload, bearing targeted disruptions of the HFE[27-30], HJV[31,32] or TfR2[33] genes. These
findings suggest that HFE, HJV and TfR2 are upstream
regulators of hepcidin expression.

Regulation of hepcidin expression
Hepcidin is transcriptionally activated by distinct iron-
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and cytokine-dependent pathways. The latter is mediated
by IL-6 (and IL-1) via STAT3[34-36]. The iron-dependent
pathway is less well characterized and involves proximal
and distal promoter elements[37,38]. The lack of hepcidin
expression, accompanied by iron overload, in mice
carrying a hepatocyte-specific disruption of SMAD4[39]
has linked iron-sensing with bone morphogenetic protein
(BMP) signaling. In fact, BMP-2, -4 and -9 are potent
inducers of hepcidin transcription, while hemojuvelin
stimulates this pathway as a BMP co-receptor[40-42]. The
CCAAT/enhancer-binding protein α (C/EBPα) appears
necessary for basal hepcidin transcription[43].
Hepcidin expression is suppressed in anemia by a
mechanism that requires erythropoietic activity[44,45]. At
least in thalassemia patients, the silencing of hepcidin is
mediated by overexpression of growth differentiation
factor 15 (GDF15), a member of the transforming growth
factor β (TGFβ) superfamily[46]. Erythropoietin (EPO)
directly reduces the binding of C/EBPα to the hepcidin
promoter via EPO receptor signaling[47]. Hepcidin is also
negatively regulated by hypoxia[18]. Experiments in mice
with hepatic disruption of HIF-1α provided evidence
for the involvement of this transcription factor in the
underlying pathway[48]. However, other reports suggested
that the hypoxic downregulation of hepcidin is HIFindependent[49,50] and involves oxidative stress-mediated
repression of C/EBP α and STAT3 [49], or inhibition
of 2-oxoglutarate dependent oxygenases [50]. Recent
work revealed that the transmembrane serine protease
TMPRSS6 negatively regulates signaling to hepcidin[51-55],
by a yet unknown mechanism.
What is the role of HFE in hepcidin regulation?

Discovery of HFE as the
hemochromatosis gene
The HFE gene was elucidated by linkage disequilibrium
and haplotype analysis from a large group of HH
patients [23] , culminating lengthy efforts to map the
hemochromatosis locus. It encodes an atypical major
histocompatibility complex (MHC) classⅠprotein, which
is processed via the Golgi network to the cell surface,
following interaction with β2-microglobulin. Structural
analysis revealed that in contrast to typical MHC
classⅠhomologues, HFE formed a smaller groove
between the α1 and α2 subunits, which was predicted to
preclude peptide antigen presentation[56]. The majority
of HH patients carry an HFE C282Y substitution. This
abrogates a disulphide bridge and prevents the association
of HFE with β2-microglobulin, a necessary step for its
processing and transport to the plasma membrane[57,58].
Unprocessed HFE C282Y undergoes proteasomal
degradation following retention in the endoplasmic
reticulum (ER), which promotes ER stress[59]. An HFE
H63D mutation may also lead to HH, especially in the
compound heterozygous state with C282Y. Homozygosity
for the HFE C282Y genotype is highly prevalent (1:200)
in populations of Northern European ancestry; however,
the clinical penetrance is lower and remains a matter of
debate[4-6,60,61]. It appears that HH is a multifactorial disease
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and the development of iron overload in individuals
bearing disease-associated HFE mutations requires the
contribution of additional, yet incompletely understood
environmental, genetic and/or epigenetic factors [62].
Nevertheless, mice with either targeted disruption of the
HFE[63,64] or β2-microglobulin[65,66] genes, or expressing
orthologues of the HFE C282Y[67] or H63D[68] mutants,
develop progressive iron overload, the degree of which
depends on the genetic background of the animals[69-71].
Collectively, these findings underlie the significance of
HFE in the control of body iron homeostasis.

Early models for the function of
HFE
Biochemical[72,73] and crystallographic[74] studies revealed
that HFE interacts with TfR1 (Kd about 60 nmol/L) and
competes for the binding of transferrin to its receptor,
which has a Kd of about 1 nmol/L [75] . However,
considering that the physiological concentration of
plasma diferric holotransferrin is about 5 μmol/L[76],
HFE is unlikely to affect the rate of TfR1 endocytosis
in vivo. In transfected cell lines, overexpressed HFE
reduced the efficiency of the transferrin cycle [77] and
promoted an iron-deficient phenotype[78-81], without or
with co-expression of β2-microglobulin[82]. Notably, a
similar phenotype was observed with an HFE W81A
mutant that is unable to bind to TfR1, suggesting that
the HFE-mediated decrease of intracellular iron levels is
independent of the HFE/TfR1 interaction[83].
The above data did not shed much light on how HFE
controls systemic iron homeostasis and rather created
some confusion. The immunohistochemical detection of
HFE in precursor enterocytes of the intestinal crypts[84]
and its association with TfR1 in these cells[85] laid the
foundation for the “crypt-programming model”[86]. This
postulates that iron absorption is regulated by signals
that are sensed by precursor enterocytes, which undergo
maturation and migrate along the crypt-villus axis. An
iron deficient status in the crypt cells would program
mature enterocytes to absorb more dietary iron from
the lumen. According to the crypt-programming model,
HFE would serve to promote iron retention within
crypt cells, possibly by increasing the uptake of plasma
transferrin[87] and/or inhibiting iron efflux[88]. The model
is supported by the iron deficient status manifested in
duodenal biopsies from HH patients[89,90]. Experimental
evidence has been provided that HFE may also facilitate
iron accumulation[91] or retention[92] within macrophages,
which are likewise iron-deficient in HH patients[93]. In
the pre-hepcidin era, these findings have highlighted the
enterocytes and macrophages as possible primary sites
of the HFE regulatory function. Nonetheless, HFE is
expressed in multiple cell types, including hepatocytes[94],
the major producers of hepcidin.

Lessons from animal models I: The
site of HFE regulatory function
Definite clues as to the site of HFE regulatory function
www.wjgnet.com
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in the context of systemic iron homeostasis were
recently provided by experiments with genetically
engineered mice, bearing a targeted, tissue-specific
disruption of the HFE gene. The technology is based
on the generation of animals carrying a “floxed” HFE
allele, surrounded by loxP sites, which are specific
targets of the Cre recombinase. Crossing of “floxed”
HFE mice with a transgenic line expressing the Cre
recombinase under the control of the villin promoter
resulted in intestinal-specific disruption of HFE in the
progeny[95]. Importantly, mice lacking HFE expression
in the intestine did not show any signs of abnormal
iron metabolism, at least with regard to liver iron
content, serum iron parameters and serum ferritin levels.
Moreover, they exhibited physiological expression of
the mRNAs encoding liver hepcidin and the intestinal
iron transporters DMT1 and ferroportin[95]. By showing
that intestinal HFE expression is dispensable for the
regulation of body iron homeostasis, these data challenge
the validity of the “crypt-programming model” and raise
the possibility for a critical role of HFE in the liver.
In a follow-up study, “floxed” HFE mice were
crossed with transgenic animals expressing the Cre
recombinase under the control of either the hepatocytespecific albumin promoter, or the macrophagespecific lysozyme M promoter[96]. While HFE ablation
in macrophages did not affect body iron metabolism,
the disruption of HFE in hepatocytes recapitulated
the hemochromatosis phenotype of null HFE-/-mice.
Thus, mice lacking HFE expression in hepatocytes
exhibited hyperabsorption of dietary iron, increased
serum iron, transferrin saturation and iron deposition
in the liver[96]. Taken together, the tissue-specific knockout experiments demonstrate that hepatocyte HFE is
necessary to promote appropriate hepcidin responses
and thereby prevent iron overload.
These data also corroborate clinical findings, showing that the iron status of recipients of a liver transplant
was largely dependent on the HFE genotype of the
donors [97,98]. Nevertheless, a contribution of macrophage HFE to hepcidin regulation cannot be completely
ruled out. While macrophages are dispensable for hepcidin expression in response to iron or inflammatory
signals[99,100], bone marrow transplantation from wild type
mice into irradiated HFE-/-counterparts corrected iron
parameters and significantly increased hepcidin levels in
the recipients[101]. Conceivably, this could be the result of
intercellular communication and signaling to hepatocytes
and/or HFE-mediated autocrine production of hepcidin
in macrophages[102].

Lessons from animal models II:
The role of TfR1 in the control of
HFE activity
How does HFE modulate signaling to hepcidin?
Biochemical work showed that HFE not only interacts
with TfR1, but also with TfR2[103]. Moreover, the HFE/
TfR2 interaction leads to an increase in TfR2 levels[104].
www.wjgnet.com
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TfR2 is primarily expressed in hepatocytes [105] and
stabilized by diferric holo-transferrin[106,107]. While TfR1
mediates cellular iron uptake from circulating transferrin,
TfR2 is thought to function as an upstream regulator
of hepcidin, and possibly an iron sensor[14]. A testable
prediction arising from the capacity of HFE to interact
with both TfR1 and TfR2 would be that the choice
of its binding partner is regulated by transferrin and,
furthermore, this event is crucial for signaling to hepcidin.
This hypothesis was explored in a recent study, based
on the idea to induce or abolish HFE/TfR1 interactions
in vivo[108]. To this end, transgenic mice were engineered
for expression of TfR1 mutants that prevent the binding
of either transferrin (R654A) or HFE (L622A). In light
of the early embryonic lethality of TfR1-/-mice [109],
indicating an utmost importance for the interaction
of TfR1 with transferrin, a TfR1 R654A cDNA was
integrated by homologous recombination into the
heterologous ROSA26 locus, maintaining endogenous
wild type TfR1 expression (thus, the transgenic
product did not disrupt the transferrin cycle, excluding
abnormalities of erythropoiesis). In contrast, the L622A
mutation was introduced by homologous recombination
within the TfR1 locus (“knock-in”).
TfR1 R654A, that is unable to bind to transferrin,
would be expected to constitutively associate with HFE.
Transgenic mice expressing TfR1 R654A developed iron
overload, associated with decreased hepcidin mRNA
levels, closely resembling the HFE-/-phenotype. On the
other hand, TfR1 L622A, that is unable to bind to HFE,
would be expected to be highly efficient in the uptake
of transferrin-bound iron. Interestingly, transgenic mice
expressing TfR1 L622A developed a mild hypochromic
microcytic anemia, and exhibited decreased serum
iron and elevated hepcidin mRNA levels. These results
sug gest that HFE stimulates hepcidin expression
when it is free of TfR1. In support of this notion,
the hepatocyte-specific transgenic overexpression of
an HFE cDNA in HFE-/-mice substantially induced
hepcidin mRNA expression to the extent that it not
only corrected hepatic iron overload, but also promoted
hypochromic microcytic anemia.

A model for the iron regulatory
function of HFE
A model accommodating the above findings postulates
that under low serum iron conditions, hepatocyte
HFE is predominantly bound to TfR1 (Figure 2A). An
increase in transferrin saturation triggers the release
of HFE from TfR1 and concomitantly stabilizes
TfR2[106,107]. In that way, TfR1 becomes accessible for the
binding and endocytosis of holo-transferrin, resulting in
cellular iron uptake. At the same time, HFE associates
with stabilized TfR2 and possibly other proteins, such
as hemojuvelin and BMPs and their receptor (BMPR),
to form a putative iron signaling complex that induces
hepcidin transcription via Smad proteins (Figure 2B).
Thus, an increase in the iron content of the hepatocyte is
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Figure 2 A model for HFE-mediated signaling to hepcidin in
hepatocytes. A: At low plasma iron
concentration, HFE is bound to TfR1
and other proteins involved in signaling
to hepcidin remain silent; B: An
increase in plasma iron levels results
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followed by iron uptake. This triggers
the assembly of a putative “ironsensing” complex, comprising of HFE,
TfR2, BMPs (such as BMP-2, BMP-4
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indirectly translated into a systemic regulatory response
via hepcidin. Iron-dependent degradation of TfR1
mRNA by iron regulatory proteins[110] would terminate
this process in a feedback loop. According to this model,
HFE serves to sense alterations in transferrin saturation.
Considering that a number of HH patients with HFE
C282Y mutations[25] and some HFE-/-mice[29] express
normal (or close to normal) basal hepcidin mRNA
levels but exhibit blunted hepcidin responses to dietary
iron, it is conceivable that the role of HFE is somehow
restricted to the fine-tuning of iron-dependent signaling
to hepcidin. Along these lines, BMP-2, -4 and -9 can
induce hepcidin mRNA transcription in HFE-/-and
TfR2-/-hepatocytes[41]. Several reports have also shown
that HFE is dispensable for signaling to hepcidin via the
inflammatory pathway[29,41,111,112], even though opposing
views exist[113].
Recent animal studies[95,96,108] have not entirely solved
the mystery of HFE function, but have significantly
advanced our understanding on how this protein regulates
systemic iron homeostasis. First, they uncovered HFE as a
hepatocyte iron sensor, necessary to prevent iron overload
and sufficient to control hepcidin expression (at least at
the mRNA level). And second, they demonstrated that
HFE-dependent signaling to hepcidin is regulated by the
interaction of HFE with TfR1.

Outlook and perspectives
Several outstanding issues remain to be addressed. For

example, the proposed function of HFE as a sensor of
transferrin saturation requires experimental validation.
The functional significance of the interaction between
HFE and TfR2, as well as the role and composition
of the putative iron-sensing complex await further
investigation. It will be interesting to explore a potential
functional redundancy between HFE and classical
MHC classⅠmolecules with regard to iron regulation,
considering that mice lacking such molecules develop
iron overload [114]. Conversely, the proposed capacity
of HFE to engage into immune responses, following
recognition by cytotoxic T lymphocytes[115], deserves
additional attention, especially in light of immunological
abnormalities of HH patients[116]. A possible connection
between the unfolded protein response, caused by
defective processing of HFE C282Y, and the hepcidin
pathway would not be totally unexpected[117]. Finally, it
will be important to examine whether HFE may also
affect the maturation of hepcidin; this would necessitate
analytical methods for direct measurement of the
peptide in plasma[118,119] and in cell culture.
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Abstract
The optimal approach to the management of several
marginal cases with chronic hepatitis B virus (HBV)
infection is controversial. Serum HBV DNA and aminotransferase levels, and the degree of necroinflammation and fibrosis determine the therapeutic decisions. All patients with elevated aminotransferase (>
twice the upper limit of normal) and serum HBV DNA
above 20 000 IU/mL should be treated. Liver biopsy is
important for therapeutic decisions in cases with mild
aminotransferase elevations and serum HBV DNA below 20 000 IU/mL. Chronic HBV patients who do not
receive treatment should be followed for life. There are
seven agents licensed for chronic hepatitis B: standard
and pegylated interferon-alpha, lamivudine, adefovir,
entecavir, telbivudine and tenofovir. One-year courses
with pegylated interferon-alpha induce sustained offtherapy remission in 30%-32% of patients with HBeAgpositive chronic hepatitis B and in a smaller proportion
of patients with HBeAg-negative chronic hepatitis B.
Oral antivirals achieve initial on-therapy responses in
the majority of patients, but are intended as long-term
therapies. Viral suppression has favourable effects on
patients’ outcome and modifies the natural course of
the disease. Viral resistance, however, is the major
drawback of long-term oral antiviral therapy. Lamivudine
monotherapy is associated with the highest and entecavir monotherapy with the lowest resistance rate so
far. There has been no resistance to tenofovir, but after

www.wjgnet.com

only 18 mo of treatment to date. The optimal first-line
anti-HBV therapy with the best long-term cost/benefit
ratio remains unclear. If oral antiviral agents are used,
compliance should always be ascertained and HBV DNA
levels should be regularly tested.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Despite the universal vaccination of neonates and infants during the last years and the subsequent reduction
in the incidence of new infections with hepatitis B virus
(HBV), chronic HBV infection remains a significant
public health problem worldwide[1,2]. It is estimated that
there are approximately 400 000 000 people with chronic
HBV infection and that more than 500 000 people die
every year due to complications of HBV related chronic
liver disease[2]. Although considerable improvements in
the evaluation and treatment of patients with chronic
HBV infection have occurred during the last decade,
several issues regarding the optimal management of
such patients still remain controversial. This short review
focuses on two such controversies: the most appropriate
treatment indications and the optimal therapeutic strategy for patients with chronic hepatitis B (CHB).

Treatment indications
Every patient with chronic HBV infection is potentially
infectious and at risk for liver complications and is ide-
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ally a candidate for therapy, if the virus can be eradicated[3,4]. However, current medications rarely achieve viral
eradication in patients with chronic HBV infection and
therefore only patients who are at risk for progression
to advanced liver disease should be considered for treatment[3,5,6]. Thus, the knowledge of the natural history
and the significance of the elements used in the evaluation of disease are necessary for decisions on treatment
indications. Moreover, the efficacy and safety of current
therapies may also affect the treatment indications, as
there is no reason to recommend an ineffective therapy
to any patient, even if they have progressive liver disease.
In general, the natural history of chronic HBV
infection includes four phases of variable duration
distinguished by the presence of hepatitis B e antigen
(HBeAg) or its antibody (anti-HBe) in the serum and
the serum HBV DNA and aminotransferases levels[7-9].
It starts with an HBeAg-positive, immune-tolerant
phase, characterized by high viremia, normal serum
aminotransferases and minimal histological changes.
The phase of HBeAg-positive CHB follows at a variable
rate. It may also be called the HBeAg seroconversion
phase and is characterized by positive HBeAg, high
serum HBV DNA levels, elevated aminotransferases and
active necroinflammation and/or fibrosis. The annual
probability of HBeAg seroconversion (disappearance
of HBeAg and development of anti-HBe) depends
on several factors, such as the age of acute infection
and HBV genotype, and is lower in Asian patients
infected at birth (lower in those with genotype C than
B) and higher in Caucasian patients infected during
childhood, adolescence or adulthood[7,10-12]. If HBeAg
seroconversion occurs, patients progress to the HBeAgnegative phases, which can be separated into the inactive
carrier state and the HBeAg-negative CHB phase. The
inactive chronic HBV carrier state is characterized by
low levels of viral replication, normal aminotransferases
and minimal histological lesions, while HBeAg-negative
CHB is characterized by higher viral replication, elevated
aminotransferases and active liver necroinflammation
and fibrosis [9,13]. HBeAg-negative CHB may develop
immediately after the HBeAg seroconversion phase or
after several years of an inactive chronic carrier state[9],
but many inactive chronic HBV carriers never progress
to the HBeAg-negative CHB phase.
General indications for treatment in chronic hepatitis B
Significant histological lesions and progression of liver
disease are observed almost exclusively in patients with
HBeAg-positive and HBeAg-negative CHB, therefore
these patients are considered as cases with widely
accepted treatment indications. In clinical practice,
HBeAg-positive or HBeAg-negative CHB can be
diagnosed in patients with compensated chronic HBV
infection (positive or negative HBeAg respectively) by
evidence of viral replication (high serum HBV DNA
levels) and biochemical and histological evidence of
hepatocellular injury [increased alanine aminotransferase
(ALT) activity and liver histological lesions at liver
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biopsy]. On the other hand, treatment indications are
based on specific criteria and require certain cut-off
points, which may sometimes be arbitrary due to the lack
of strong data to support them. Treatment indications
currently focus on serum HBV DNA levels, ALT activity
and severity of liver histological lesions.
According to the most recent guidelines, treatment is
recommended to all patients with either HBeAg-positive
or HBeAg-negative CHB who have serum HBV DNA >
20 000 IU/mL and ALT higher than two times the upper
limit of normal (> 2 xULN) for at least 3 mo[5,6,14]. In
such cases, liver biopsy is considered to be optional, as it
may offer prognostic information but it is not expected
to affect the decision to treat. On the other hand, treatment is also recommended in HBeAg-positive CHB patients with ALT between 1-2 x ULN or HBeAg-negative
CHB patients with ALT between 1-2 xULN and serum
HBV DNA between 2000-20 000 IU/mL who have at
least moderate necroinflammatory activity and/or significant fibrosis[5,6]. So, liver biopsy is mandatory in the
latter cases with mild ALT elevations or relatively low
viremia levels.
Controversial issues-The role of serum HBV DNA
All patients with chronic HBV infection are at increased
risk for hepatocellular carcinoma (HCC) compared
with the general population; while the risk increases
substantially in patients with prolonged high viremia
and cirrhosis[15,16]. Recent data suggest that patients with
chronic HBV infection and HBV DNA above 104 copies/mL (approximately 2000 IU/mL) are at increased
risk for cirrhosis and HCC regardless of ALT activity
and are therefore possible candidates for treatment[16,17].
Such data have created some debate on whether patients in the HBeAg-positive immune tolerant phase,
who have very high serum HBV DNA levels, should be
left untreated. However, because they have minimal to
mild histological liver lesions and the currently available
agents may reduce viremia but offer minimal chances to
induce HBeAg seroconversion[3,5,6], there is currently no
widely accepted indication for treatment in such cases.
Despite the recent advances in the treatment indications, several issues remain unanswered, most probably
because of the fluctuating activity of chronic HBV infection and the existence of patients who do not fulfil
all criteria. HBeAg-negative CHB is defined as increased
ALT/AST, serum HBV-DNA > 2000 IU/mL and moderate/severe necroinflammation, while inactive HBV
carrier state is defined as persistently normal ALT/AST
on ≥ 3-4 3-monthly determinations (then every 6-12
mo) and HBV-DNA < 2000 IU/mL[5]. However, it is
well known that viremia levels fluctuate substantially in
patients with HBeAg-negative CHB, often being lower
than 2000 IU/mL. In one study that included mostly
Chinese patients, 42% of cases with HBeAg-negative
CHB occasionally had serum HBV DNA levels < 10 000
copies/mL (or approximately < 2000 IU/mL)[18]. In one
recently published, prospective study from our group,
5% of HBeAg-negative CHB patients and 16% of their
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serum samples had HBV DNA levels < 2000 IU/mL,
while HBV DNA was persistently ≥ 2000 IU/mL in
82% or occasionally < 2000 IU/mL in 18% of our
HBeAg-negative CHB patients[19]. Although some patients may eventually develop HBV DNA levels > 2000
IU/mL after repeated testing, it is not clear how often
and how many times HBV DNA determinations should
be repeated. Since the current treatment indications include increased ALT and HBV DNA > 2000 IU/mL[5],
HBeAg-negative patients with increased ALT/AST and
HBV DNA < 2000 IU/mL are not considered for liver
biopsy and are excluded from treatment. However, they
may represent a sizeable proportion of HBeAg-negative
CHB patients in clinical practice. In a retrospective,
multicenter Greek study including 399 HBeAg-negative
chronic HBV patients with increased ALT, at least moderate necroinflammation and/or moderate fibrosis were
detected in the majority (62%) of such cases, who had
HBV DNA < 2000 IU/mL and represented 14% of the
total study population[20]. Therefore, liver biopsy is an
useful tool in the evaluation of patients with persistent
or transient mild transaminase elevations, regardless of
the levels of serum HBV DNA.
On the other hand, if viremia is considered as the
main criterion for performing a liver biopsy in order to
decide the treatment indications, then the 2000 IU/mL
cut-off serum HBV DNA level may cause a substantial
proportion of inactive carriers to undergo unnecessary
liver biopsies. In our prospective cohort of 150 HBeAgnegative chronic HBV patients with close biochemical and
virological follow-up, a substantial proportion (22% of
cases or 28% of 228 serum samples tested) of 85 patients
with persistently normal ALT have HBV-DNA > 2000
IU/mL (2000-5000 IU/mL: 15%, 5000-20 000 IU/mL:
7%)[19]. According to our data, in 35 such HBeAg-negative
cases with persistently normal ALT and HBV DNA >
2000 IU/mL, liver biopsies showed minimal necroinflammation in all but one (mild in one case) and minimal to
mild fibrosis in 29 (83%) of them [fibrosis score of 2 in
Ishak’s scoring system was detected in the remaining 6
(17%) cases][20]. Thus, such cases seem to represent true
inactive chronic HBV carriers, who require only close
follow-up but no therapeutic intervention. It should be
noted, however, that all HBeAg-negative cases with persistently normal ALT had HBV DNA < 20 000 IU/mL
and that HBeAg-negative cases with persistently normal
ALT and HBV DNA ≥ 20 000 IU/mL are extremely rare
in Greece. Close follow-up still remains the cornerstone
of diagnosis. HBeAg-negative cases with relatively high
normal ALT values (> 30 IU/L for men and > 20 IU/L
for women) and/or serum HBV DNA ≥ 2000 IU/mL
warrant closer follow-up, because they are at increased risk
of developing HBeAg-negative CHB in the future[19].
Indications for treatment in specific settings
Current guidelines support the view that all patients
with decompensated liver disease and detectable serum
HBV DNA should receive antiviral treatment regardless
of aminotransferases and viremia levels [5]. The main
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goal of treatment in this group of severely ill patients
is to completely inhibit viral replication in order to
improve liver function and survival and, in case of liver
transplantation, to prevent graft re-infection[21-23].
Another very important indication of anti-HBV
therapy is the prevention of HBV reactivation in chronic
HBV patients who are treated with corticosteroids or any
other immunosuppressive therapy or cancer chemotherapy.
It is well known that reactivation occurs in 29%-56% of
chronic HBV carriers treated with chemotherapy and even
in a small proportion of HBsAg negative and anti-HBc
positive subjects regardless of anti-HBs status[24,25]. HBV
reactivation after immunosuppressive therapy may have
deleterious effects, often resulting in acute liver failure and
death, therefore all patients who are going to be treated
with any type of immunosuppression should be tested for
HBsAg and receive pre-emptive anti-HBV therapy in case
they are positive for HBsAg[5,26].

Therapeutic strategies
In CHB, the more realistic therapeutic targets are suppression of HBV replication, induction of biochemical
remission and ultimately prevention of cirrhosis and
HCC [3,5,6]. Studies in non-Asian patients have shown
that long-term benefits on survival are strongly linked
to the induction of sustained HBeAg seroconversion
in HBeAg-positive CHB[27-30] and with sustained biochemical and virological remission in HBeAg-negative
CHB[31,32]. HBeAg seroconversion, however, may not
be a sufficient therapeutic end-point in all patients with
HBeAg-positive CHB, since some of them may subsequently develop HBeAg-negative CHB. This might
depend on the patients’ origin and perhaps the HBV
genotype. Asian studies suggested that interferon-alpha
(IFNα) induced HBeAg seroconversion improves the
long-term outcome[33,34] but others reported no longterm benefit from IFNα therapy[35]. Thus, the induction of persistent biochemical and virological remission
appears to be the most important therapeutic target
in CHB, as the risk of major complications is strongly
related to the viremia levels being independent of the
HBeAg status[16,17,36]. Effective long-term antiviral therapy
has been shown to prevent or diminish the development
of decompensation and major complications in patients
with advanced fibrosis or cirrhosis and to improve patients’ outcome and survival[32,37,38].
Currently, there are seven drugs licensed for treatment of CHB: standard IFNa, pegylated IFNα-2a (PegIFNa-2a) (Peg-IFNα-2b is also licensed in some countries), lamivudine (LAM), adefovir dipivoxil (ADV), entecavir (ETV), telbivudine (TBV) and tenofovir disoproxil
fumarate (TDF). These drugs may be broadly classified
into (1) IFNalphas (standard or pegylated), which have
both antiviral and immunomodulatory activities and are
administered subcutaneously, and (2) the pure antiviral
agents (LAM, ADV, ETV, TBV, TDF), which are analogs
of natural nucleosides (LAM, ETV, TBV) or nucleotides
(ADV, TDF) and are administered orally once daily.
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Anti-HBV agents can be given as therapies of finite duration or as long-term therapies[4].
Therapies of finite duration
Therapies of finite duration are usually given for 12 mo
and aim to induce sustained off-treatment response[3,4].
In current clinical practice, only IFNα/Peg-IFNα are
used as therapy of finite duration in chronic hepatitis B,
because sustained off-therapy responses after one-year
courses with oral antivirals are rather limited.
In HBeAg-positive CHB, HBeAg seroconversion
rates were reported to be 25%-33% with IFNα (5 MU
daily or 10 MU thrice weekly for 4-6 mo) or Peg-IFNα
(Peg-IFNα-2a: 180 μg/wk, Peg-IFNα-2b: 100 μg/wk
for 12 mo) [39-41], 18%-22% after 12-mo courses with
LAM (100 mg daily)[42-44], ETV (0.5 mg daily)[44], TBV (600
mg daily)[45] or TDF (300 mg daily) and only 12% with
ADV (10 mg daily)[46]. The antiviral potency expressed by
the reduction in serum HBV DNA levels differs among
the anti-HBV agents (highest with TDF, ETV and TBV,
intermediate with LAM and lowest with IFN α /PegIFNα and ADV), but these differences do not translate
into different HBeAg seroconversion rates, at least
within the first year of therapy. Patients with genotypes
A and B respond better to IFNα/Peg-IFNα than those
with genotypes D and C[34,40,41], while response rates to
oral antivirals are not affected by the HBV genotype[5].
In HBeAg-negative CHB, cohort studies using insensitive virological assays showed that 12- or 24-mo courses of standard IFNα (3 or 5 MU thrice weekly) may
achieve sustained long-term off-therapy biochemical and
virological responses in 22%-30% of patients[47,48], who
often (> 40%) clear HBsAg after some years[31,47]. More
recently, Peg-IFNα-2α (180 μg/wk for 12 mo) was reported to induce biochemical and virological response
rates of 35% at 24 wk post-treatment [49], which decreased with further follow-up to 25%-30% at 1-3 posttreatment years[49-51]. Again, 35% of sustained responders
lost HBsAg over the 3-year post-treatment follow-up[51].
On the other hand, 12-mo courses with oral antivirals
achieve high on-therapy response rates (> 75%), but sustained off-therapy responses are rare (< 8%-11%)[52-54]
and therefore these agents are only given as long-term
therapies.
Anti-HBV treatment is also given for finite
duration in chronic inactive HBV carriers who receive
immunosuppressive therapy[5,26]. In such cases, most of
the data comes from pre-emptive LAM therapy, which
has been shown to prevent or ameliorate the course of
HBV reactivation[26,55,56]. However, it is anticipated that
all oral anti-HBV agents will also be effective in the
prevention of HBV reactivation, while the newer, more
potent agents are expected to be more effective in patients
who develop clinically apparent HBV reactivation after
immunosuppressive therapy. Pre-emptive oral anti-HBV
therapy should ideally start at least 2 wk before the onset
of immunosuppressive therapy and should continue for at
least 6-12 mo after the completion of immunosuppressive
courses[5,26].
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Long-term therapies
Long-term or “maintenance” therapy is the most commonly used treatment strategy in CHB, because IFNa/
Peg-IFNa as a therapy of finite duration can achieve
sustained off-therapy responses only in a minority of
cases[3,4,57], while a proportion of patients do not wish
to be treated with IFNα/Peg-IFNα because of the frequently anticipated side effects or cannot tolerate or have
contraindications to IFN α/Peg-IFN α therapy [40,41,49].
Only oral antiviral agents are used as long-term therapies
because of their good tolerability, safety profile and ontherapy efficacy[3,4,9]. In particular, for patients with HBV
decompensated cirrhosis, life-long treatment with a potent oral anti-HBV agent is the only possible therapeutic
option[5].
In HBeAg-positive CHB, prolongation of therapy
with oral antiviral agents has been shown to increase the
probability of HBeAg seroconversion, although the interpretation of most of such long-term data needs close
scrutiny as protocols for treatment after one year have
differed markedly. The duration of therapy after HBeAg
seroconversion induced by oral antivirals seems to be
rather important for the maintenance of response [5].
There are no good studies to define the optimal duration
of antiviral therapy, but most experts and recommendations now agree that any oral antiviral agent should
continue for at least 6 mo after HBeAg seroconversion
in order to maximize the possibility of sustained offtherapy responses[5]. Thus, treatment may stop after a
certain consolidation period in HBeAg-positive CHB
patients who achieve HBeAg seroconversion.
In HBeAg-negative CHB, however, it is still unclear
whether long-term courses with oral antivirals can induce sizeable sustained off-therapy response rates. In
particular, there are some conflicting reports for longterm LAM courses[58,59] and one encouraging report for
ADV[60]. In the latter study, 67% of 33 patients maintained sustained off-therapy biochemical and virological
(HBV DNA < 50 000 cp/mL) remission for a median
of 17 mo after discontinuation of a 4-5-year effective
ADV course[60]. Thus, sustained off-therapy responses
may be achieved in a proportion for HBeAg-negative
CHB patients treated successfully for some years with
oral antiviral agents, but more studies are needed before
firm conclusions can be drawn.
Viral resistance
The main limitation of long-ter m therapies with
antiviral agents is the progressively increasing rates of
viral resistance due to selection of treatment resistant
HBV mutant strains[61-63]. The emergence of genotypic
viral resistance is clinically expressed by the subsequent
development of virological breakthrough or secondary
antiviral treatment failure, which is usually defined as
reappearance or ≥ 1 log10 IU/mL increase after initial
lack of detection or initial ≥ 1 log10 IU/mL reduction
of serum HBV DNA[5,64,65]. Genotypic resistance may
be also detected in patients without virological response
or with primary antiviral treatment failure (no or < 1
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log10 IU/mL decrease of HBV DNA), while virological
breakthroughs may also develop from non-compliance
to therapy[5,61,65,66]. Virological breakthroughs are usually
followed by biochemical breakthroughs [67,68], which
eventually worsen liver histology[67,69] and may even result
in decompensation and death, particularly in patients
with pre-existing cirrhosis[21,22,32,66].
Viral resistance may develop under any anti-HBV oral
agent, but the rate of resistance differs markedly among
the different agents. Long-term LAM monotherapy results in rather high rates of resistance due to emergence
of HBV strains with mutation within the YMDD motif
(rtM204V/I with or without rtL180M)[61,63,64,70,71]. LAM
resistance rates usually exceed 15%-20% at year-1 and
60%-65% at year-4[38,67,72,73]. Due to the high probability of
resistance, LAM monotherapy is not currently considered
as an optimal first-line long-term therapy for CHB[5,14].
However, LAM is still used in many countries because of
its low cost. Resistance also increases progressively with
prolongation of ADV monotherapy but at much slower
rates compared to LAM[74]. There are no good long-term
ADV data in naïve patients with HBeAg-positive CHB. In
HBeAg-negative CHB, ADV resistant strains (rtN236T
and/or rtA181V/T mutations)[63,71,75], first emerge during the second year of therapy reaching cumulative rates
of 3% at week-96 and 29% at week-240[74]. Resistance to
ETV in nucleoside naive CHB patients seems to be rather
rare, since it has been detected in < 1.5% of naive patients
treated with ETV monotherapy for up to five years[76].
ETV resistance requires selection of two LAM resistant
mutations (rtM204V/I and rtL180M) and at least one additional substitution (rtI169, rtT184, rtS202, or rtM250)[77].
TBV also selects for mutations in the YMDD motif with
only rtM204I resistant strains being detected to date[78].
TBV resistance has been observed in 4.4% and 21.6% of
HBeAg-positive and 2.7% and 8.6% of HBeAg-negative
CHB patients treated with TBV for 1 and 2 years, respectively[45,79]. No resistance to TDF has been reported to date
after 18 mo of therapy in monoinfected CHB patients.
Resistance is the major limitation of long-term oral
antiviral therapy, therefore its management is of great
importance. First, there are several strategies to prevent
the development of resistance. Such strategies include: (1)
the use as first-line therapy of agents with high genetic
barrier or low resistance profile, such as TDF and ETV;
(2) the non-use of agents with high probability of resistance, such as LAM; and (3) the careful on-treatment
monitoring and the prompt modification of therapy that
does not result in complete suppression of HBV replication. Since residual viremia at 6 mo of TBV or LAM and
at 12 mo of ADV monotherapy represents the strongest
risk factor for subsequent resistance[74,80], some treatment
algorithms suggest that antiviral therapy should be modified in CHB patients who remain viremic after the first 6
or 12 mo therapy with these agents.
Whatever strategy is adopted, resistance may eventually develop and therefore management of HBV strains
with resistance against some agents is often required.
The wide use of LAM monotherapy in CHB during the
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last 7-8 years, an anti-HBV therapeutic strategy with a
poor resistance profile[63,65], has progressively increased
the numbers of patients with LAM resistant HBV mutant strains[57,81]. ADV, ETV (1.0 mg daily) and TDF have
been shown to be effective in patients with LAM resistance[65,82-85]. Pre-existing LAM resistant mutations favour
the emergence of resistance to ETV[77,81], therefore the
cumulative ETV resistance rates are substantially higher
in LAM resistant than in naïve patients (6% at year-1
and 51% at year-5)[76]. These data make ETV a less attractive therapeutic option for the long-term treatment
of patients with LAM resistance. The prompt addition
of ADV to on-going LAM therapy was for years the
treatment of choice for CHB patients with LAM resistance[5,14,57,65,86-89]. However, after the recent license of
TDF, which is a more potent agent for both naïve and
LAM resistant patients compared to ADV, TDF will
probably be used for the treatment of patients with
LAM resistance.
In vitro data and clinical studies reported that ADV
resistant mutants are susceptible to LAM, ETV and
TBV therapy[65,75,81,84,90]. Some recent in vitro data, however, suggested that LAM, ETV and TBV are effective
against the N236T HBV mutant strain, which represents
the most frequent ADV resistant mutant, while all three
agents may have relatively reduced efficacy against the
A181V HBV mutant strain, which seem to be more sensitive to TDF[81]. It should be noted that LAM should be
avoided in patients with prior LAM resistance who develop ADV resistance under ADV monotherapy, as reintroduction of LAM was reported to be associated with
rapid re-emergence of LAM resistant strains[66]. There
are very few data regarding management of patients
with ETV or TDV resistance. Since resistance against
these two agents requires the presence of M204V/I (±
L180M) mutations, LAM will be ineffective. However,
according to in vitro resistance data and the type of
resistant mutations, ADV or now, TDF, seem to be the
most reasonable currently available therapeutic options
for patients with ETV or TDV resistance due to lack of
cross-resistance[14].

Conclusion
The decision to treat any patient with chronic HBV
infection should be based on reasonable clinical
judgment. Treatment should be given to all chronic HBV
patients with HBV DNA > 20 000 IU/mL, elevated ALT
> 2 xULN, regardless of HBeAg status. Liver biopsy
does not affect the therapeutic decisions in this group of
patients and therefore has only prognostic significance.
In contrast to above, treatment indications remain
debatable in the group of patients in the HBeAg-positive
immunotolerant phase (high HBV DNA and normal
ALT) as well as in marginal HBeAg-negative chronic
HBV patients. Liver biopsy is extremely important for
therapeutic decisions in patients with marginal ALT
elevations (1-2 xULN) and/or relatively low HBV DNA
levels (< 20 000 IU/mL). All existing data suggest that
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there is no clear cut-off HBV DNA level to differentiate
inactive chronic HBV carriers from HBeAg-negative
CHB patients. Any such a cut-off level would not
correctly diagnose a substantial proportion of inactive
carriers perhaps leading to unnecessary liver biopsies as
well as a proportion of HBeAg-negative CHB patients
who may not receive appropriate treatment. In clinical
practice, all HBeAg-negative patients with any persistent
or transient mild ALT elevation may benefit from a
liver biopsy regardless of viremia levels, while HBeAgnegative patients with persistently normal ALT and HBV
DNA < 20 000 IU/mL should be followed for life.
Therapeutic strategies for CHB can be summarized
as therapies of finite duration aiming to offer sustained
off-therapy response and long-term therapies aiming
to maintain remission under oral antiviral agents. PegIFNα, or even standard IFNa, therapy represents the
only practical treatment given for finite duration, which
offers a chance of sustained off-therapy response with
a considerable probability of HBsAg loss. However,
IFNα/Peg-IFNα therapy has relatively poor safety and
tolerance profile, is contraindicated in specific patient
populations and eventually achieves sustained off-therapy
responses in the minority of CHB patients. Long-term
treatment with oral anti-HBV agents represents the
therapeutic option for the majority of chronic HBV
patients who require treatment. They achieve high initial
on-therapy biochemical and virological response rates,
but viral resistance may develop with prolongation of
therapy. Therefore, judicious use of oral anti-HBV agents
is recommended, particularly in patients with mild liver
disease. The optimal strategy for oral anti-HBV therapy
with the best long-term cost/benefit ratio has not been
completely clarified. LAM monotherapy is associated with
the highest resistance rates and therefore is considered
as a suboptimal first-line long-term monotherapy in
CHB, However, despite the current availability of more
potent agents with better resistance profile, such as ETV
and TDF, which have become the treatment of choice
in Western countries, LAM is still widely used in many
parts of the world because of its low cost. Regardless of
the anti-HBV agent used, compliance should always be
ascertained and most current guidelines recommend HBV
DNA testing at least every 6 mo for the prompt diagnosis
of lack of response or virological breakthroughs and
timely treatment modification. Whether the 6-monthly
HBV DNA determinations are necessary during the longterm treatment with any anti-HBV agent, even those
with very low resistance rates after 4-5 years of therapy, is
currently unclear.
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Abstract
There is an increased awareness that celiac disease may
occur in the elderly although presentations with either
diarrhea, weight loss or both may be less common
causing delays in diagnosis for prolonged periods.
Higher detection rates also seem evident owing to
active case screening, largely through serodiagnostic
measures. In some elderly patients who are genetically
predisposed, it has been hypothesized that celiac
disease might be precipitated late in life by an antigen,
possibly from an infectious agent. As a result, peptide
mimicry or other poorly-defined mechanisms may
precipitate an autoimmune gluten-dependent clinical
state. Although diarrhea and weight loss occur, only
isolated iron deficiency anemia may be present at
the time of initial diagnosis. In addition, the risk of
other autoimmune disorders, particularly autoimmune
thyroiditis, and bone disease, are increased. Osteopenia
may also be associated with an increased risk of
fractures. Finally, elderly celiacs have an increased risk
of malignant intestinal disease, especially lymphoma.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Celiac disease has been traditionally recognized in children
and young adults, however, in recent years, detection in
the elderly population has increased[1]. This is reflected
historically in published clinical series from North
America and Europe (e.g. about 7% in a Birmingham
series were diagnosed after the age of 60 years, similar
to a Mayo Clinic series of 4%[2]. Later, studies from the
United Kingdom[3] recorded that about 25% were initially
diagnosed in their seventh decade. Similar findings were
also recorded in the United States[4], Sweden[5], Scotland[6],
Ireland[7] and Canada[8]. In each, typical symptoms of
impaired intestinal absorption, such as diarrhea or weight
loss, while common, were less prominent compared to
those with celiac disease diagnosed at a younger age, even
though adult celiac disease was reported to be the most
common cause of steatorrhea after the age of 50 years[9].
Others, however, have also recently emphasized the need
to suspect celiac disease in the elderly, as even classical
features of celiac disease may be ignored leading to
prolonged delays in diagnosis[10-12].

CLINICAL PRESENTATION
A precise explanation for the apparent paucity of clinical
findings in the elderly age group is still required. Firstly,
this may be due, in part, to a limited mucosal extent of
disease in the proximal duodenum and jejunum. As a
result, symptoms and signs, such as diarrhea and weight
loss, may be minimized. Instead, isolated deficiencies of
specific nutrients, such as iron, may occur. Secondly, a
low index of suspicion by the physician for celiac disease
may lead to a delay in recognition or a distraction to
other sinister disorders. For example, iron deficiency
anemia may lead to studies to exclude colon cancer.
Thirdly, some patients with elderly celiac disease may
have cognitive impairment which makes the definition of
some symptoms more difficult[13]. Occasionally, in those
treated with a gluten-free diet, cognitive decline may be
minimized or may resolve[11]. Finally, and most intriguing,
recognition of celiac disease, in some cases, may not be
delayed. Possibly, the disease may only be precipitated later
in life by some environmental factor, such as a viral agent
(e.g. adenovirus) or an as yet unidentified superantigen
with a peptide structure that mimics, at a molecular level,
the offending gluten peptide[14,15]. Especially intriguing is a
recent report showing that in a biopsy-defined population,
www.wjgnet.com
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celiac disease was more commonly found in the elderly
than any other younger age group implying a critical
need for active case finding, possibly through serological
screening[16]. The reason for this late clinical definition of
celiac disease needs to be further elucidated.

ASSOCIATED DISORDERS
A number of disorders have now been recognized in the
elderly which might provide a clinical clue to underlying
or occult celiac disease. In addition to isolated iron
deficiency, folic acid or calcium deficiencies may also occur
because the principal uptake site for these nutrients is
also the proximal small intestine. Moreover, autoimmune
disorders linked to adult celiac disease (and possibly
with a similar etiopathogenesis) may be the predominant
clinical manifestation of occult celiac disease, such as
dermatitis herpetiformis[17,18] or autoimmune thyroiditis[19].
Celiac disease may also be associated with collagenous
mucosal diseases (i.e. collagenous colitis)[20], as well as
epithelial lymphocytosis of the stomach, colon and biliary
tract[21-23]. In some patients, collagenous colitis may be
a clue to underlying celiac disease[24], or may complicate
celiac disease causing an apparently “refractory” diarrhea,
despite a gluten-free diet. Finally, specific malignancies
traditionally associated with celiac disease may occur,
including lymphoma and small bowel adenocarcinoma[25,26].
Other disorders of the intestinal tract have been
recorded. Gastric and duodenal ulcers may occur, but
jejunal or ileal ulcers are especially worrying, since these
may harbour a malignant small bowel lymphoma [25],
especially if the presentation is associated with a free
perforation of the small intestine[27]. Also, pancreatic
calcification has been described, similar to the calcific
pancreatitis noted in autoimmune pancreatitis, proteinenergy malnutrition and long-term alcohol abuse[28].

LATENT CELIAC DISEASE
Latent celiac disease has also been documented in some
elderly patients with dermatitis herpetiformis. In these
patients, initial small bowel biopsies were architecturally
normal (suggesting that celiac disease might not be
present) [29] . Following a high gluten diet, however,
histological changes of variable severity were induced,
indicating that the small bowel mucosa was gluten-sensitive.
In some biopsies, architectural changes were only mildly or
moderately abnormal, but in others, changes were severely
(“flat”) abnormal. These small intestinal biopsy changes do
not occur in normal volunteers fed high gluten-containing
diets. Later, improvement in the small bowel biopsies
occurred with gluten restriction. Similar changes were
documented in serial small intestinal biopsies carried out in
an elderly patient with intestinal lymphoma[30].

SPECIAL PROBLEMS IN ELDERLY CELIAC
DISEASE
Anemia and abnormal laboratory tests
Up to 80% of elderly patients with celiac disease in a
www.wjgnet.com
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British series had anemia[31]. Iron deficiency was usually the
cause but other nutrients may be deficient, such as folic
acid, sometimes producing a dimorphic peripheral blood
smear (if combined with iron deficiency). In these elderly
patients, concomitant hypoalbuminemia with peripheral
edema and ascites may also occur with hypocalcemia and
hypomagnesemia[8]. Others may have liver chemistry test
changes[23], initially believed, in some cases, to be related to
alcohol overuse. In these patients, a hepatocellular injury
profile may normalize with gluten restriction. In others
with a cholestatic injury profile, lymphocytic sclerosing
cholangitis or primary biliary cirrhosis may be present, but
these do not improve with a gluten-free diet.
Bone disease and fractures
Bone disease may develop with few clinical features of
malabsorption. Decreased bone mass is the most common
form of metabolic bone disorder in celiac disease. Up
to 70% of adult and elderly patients with celiac disease
have a bone mineral density that is less than one standard
deviation below normal controls (osteopenia)[32,33]. Men
and post-menopausal women are affected more often than
pre-menopausal women[33]. Reduced bone mineral density
may also occur in treated patients with celiac disease[33,34].
The mechanism for osteopenia in celiac disease
may be related, in part, to calcium malabsorption
causing increased secretion of parathyroid hormone.
Increased bone turnover leads to cortical bone loss.
Impaired absorption of vitamin D may also occur. Proinflammatory and anti-inflammatory cytokines are
believed to play an active role in the pathogenesis of
osteopenia in celiac disease. Although celiacs may improve
their bone mineral density with a gluten-free diet, the
bone mass increment is limited in elderly patients and may
be incomplete.
A higher prevalence of fractures also occurs in the
peripheral skeleton of elderly celiacs. Most fractures
occur before the diagnosis of celiac disease is initially
defined and commonly occur in those with poor diet
compliance. Most believe that a gluten-free diet is the
most important factor providing protection from the
risk of fracture. In a recent population-based study on
long-term fracture risk[35], celiac disease was linked to
an increased fracture risk before and after diagnosis.
Appendicular and axial fractures were more common
supporting a rationale for earlier detection of celiac
disease and active management of bone disease before
bone effects, specifically fractures, occur[35].
Recurrent or refractory disease
In well-defined celiac disease, recurrent diarrhea or
malabsorption may occur. In an elderly celiac, this
may be particularly disconcerting since the number of
potentially serious disorders that may complicate the
clinical course of celiac disease is significant[36]. In most,
limited compliance to the gluten-free diet or inadvertent
consumption of gluten remains the most common
cause. Ubiquitous sources of gluten include the fillers
in pill capsules, a particularly critical issue in this age
group. In others, diarrhea or weight loss may be related
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to another cause with no specific relationship to celiac
disease (e.g. ischemic bowel disease, infectious diarrhea,
colonic malignancy). Alternatively, other superimposed
small intestinal histological changes may be present which
could be related to impaired absorption of a specific
nutrient (e.g. folic acid deficiency). In others, an associated
cause, such as pancreatic exocrine insufficiency, may be
present. Re-evaluation of the original diagnosis may be
necessary to ensure that a separate diagnosis has not been
overlooked. Sometimes, an associated complication may
be responsible, e.g. collagenous or lymphocytic colitis,
or a more serious complication may supervene, e.g.
lymphoma[36].
In elderly patients with established celiac disease, a
rare disorder, collagenous sprue, may develop[36]. In most
of these patients, severe pan-malabsorption may occur
with recurrent diarrhea, progressive weight loss and
significant nutritional and electrolyte deficiencies. IgAendomysial antibodies may also be detected in collagenous
sprue, further evidence for an etiopathogenetic link
with celiac disease [37]. In addition, collagenous sprue
may be complicated by lymphoma [38] . Collagenous
mucosal changes may also concomitantly occur in the
colon, and rarely, these may completely disappear with
treatment[39]. Most intriguing was the finding of complete
histopathological resolution of collagenous small bowel
and colonic involvement after resection of an unrelated
colon cancer, suggesting the possibility of a paraneoplastic
phenomenon[40].
Occasionally, no specific cause for persistent or
refractory symptoms can be documented. Some have a
poorly understood syndrome characterized by recurrent
or persistent small bowel changes of variable severity,
splenic hypofunction and cavitation of mesenteric
lymph nodes. This disorder may also be complicated by
lymphoma[41]. Others in this heterogeneous group remain
severely symptomatic with malabsorption and profound
wasting despite a gluten-free diet. Some may have a
“clinically-resistant” form of celiac disease. Interestingly,
a recent report documented persistent changes in elderly
celiacs on a gluten-free diet and suggested that followup biopsies be done only after two years on a gluten-free
diet to document histological recovery[42]. This suggests
that the label of “refractory” may only be applied after an
extended period of time. Others will be eventually proved
to have a difficult-to-diagnose intestinal lymphoma[36].

CONCLUSION
Despite a paucity of symptoms, such as diarrhea and
weight loss, celiac disease is becoming increasingly
recognized in the elderly. Especially intriguing is a recent
report which suggests that celiac disease occurs in the
elderly more often than in any other age group, possibly
related to serological screening. Other presentations in
this elderly age group include iron deficiency anemia (often
refractory to oral iron), other autoimmune disorders
(dermatitis herpetiformis, thyroiditis), osteopenic bone
disease, including fractures, and malignant intestinal
disease, especially lymphoma. Diagnosis may be delayed
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due to limited symptoms, a low index of suspicion or
diagnostic difficulties related to cognitive impairment.
Conversely, celiac disease may not develop in the
genetically predisposed until late in life, possibly being
precipitated by an environmental factor. Finally, celiac
disease diagnosed late in life is more often associated with
recurrent or refractory disease and the appearance of
lymphoma.
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Abstract
Primary liver cancer remains one of the most lethal malignancies worldwide. Due to differences in prevalence
of etiological factors the incidence of primary liver cancer varies among the world, with a peak in East-Asia. As
this disease is still lethal in most of the cases, research
has to be done to improve our understanding of the
disease, offering insights for possible treatment options. For this purpose, animal models are widely used,
especially mouse models. In this review, we describe
the different types of mouse models used in liver cancer
research, with emphasis on genetically engineered mice
used in this field. We focus on hepatocellular carcinoma
(HCC), as this is by far the most common type of primary liver cancer, accounting for 70%-85% of cases.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The American Cancer Society has estimated that, in
2007, there were over 700 000 new cases of primary liver
cancer worldwide. It is the fifth most common malignancy in men and the eighth in women. Liver cancer is
among the most lethal cancers (five-year survival rates
under 11%), which makes it the third most frequent
cause of cancer death in men and the sixth in women[1].
Liver cancer consists of several histologically different
primary hepatic malignancies, such as cholangiocarcinoma, hepatoblastoma and haemangiosarcoma, but hepatocellular carcinoma (HCC) is by far the most common
type, accounting for 70%-85% of cases[1,2].
Cirrhosis (due to for instance hemochromatosis),
chronic hepatitis B and C viral infections, chronic alcohol consumption, aflatoxin-B1 intake (from contaminated food) are the most important of the well-defined risk
factors for HCC. Variations in the prevalence of these
etiological factors mirror the geographical distribution
of the incidence of HCC. The worldwide (age-adjusted)
incidence per 100 000 persons is 14.9/5.5 (men/women),
varying from 2.6/1.3 in Northern Europe to 35.4/12.6
in East Asia[2,3].
Animal models for human HCC can be helpful
to our understanding of the (molecular) mechanisms
underlying the pathogenesis of HCC. The laboratory
mouse remains one of the best models to study cancer
in vivo due to various features, such as the small size, the
similarities to humans and the entirely sequenced genome and the similarities to humans[4].
For instance, the risk of HCC in males is approximately 2-5 times greater than in females[5,6]. This gender
difference is seen in mice as well. Recently, Naugler et al[5]
attributed this disparity to a higher serum interleukin-6
(IL-6) concentration in male than in female mice after
administration of the chemical hepatocarcinogen diethylnitrosamine. IL-6 is secreted by Kupffer cells in response
to, for example, necrotic hepatocytes. They demonstrated
that estrogen inhibits the secretion of IL-6.
Since the spontaneous incidence of liver tumors in
www.wjgnet.com
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the most frequently used strains of mice is < 4%, mouse
models have been developed to induce HCC-formation[7,8].
None of the currently available mouse models meet
all criteria of the ideal animal model, which include biologic, genetic, etiologic and therapeutic criteria[9]. Therefore, the most appropriate model for a particular experimental question should be used to answer the specific
research question.
This review highlights the currently used mouse
models for HCC, with emphasis on genetically engineered models.

CARCINOGEN-INDUCED MOUSE
MODELS OF HCC
An etiological role for external agents in contributing to
human HCC, also referred to as hepatocarcinogens, has
been established by primarily epidemiological studies[9].
Examples of known human hepatocarcinogens include
aflatoxins, ethanol and combined oral contraceptives[10].
Despite the fact that some of these chemicals are carcinogenic to the mouse liver as well, this is not true for all
human hepatocarcinogens. For example, cirrhosis and
liver cancer have not been observed in mice subjected
to ethanol solely[10-12]. At the same time, hardly any of
the mouse hepatocarcinogens have shown to be carcinogenic for humans (aflatoxin B1 and oral contraceptives
belong to the exceptions). This discrepancy in response
to carcinogens can probably be explained by species differences[9-11]. Nonetheless, carcinogen-induced mouse
models are still frequently used for HCC research.
The (hepato) carcinogens are subdivided into two
classes, namely genotoxic and non-genotoxic (or epigenetic) carcinogens. The genotoxic carcinogens can presumably cause cancer by forming DNA adducts, which
lead to genetic changes of the target cell. These changes
can direct normal cells to a preneoplastic state (initiation). The non-genotoxic carcinogens do not modify
DNA structure, but generally stimulate the preneoplastic
or initiated cells to evolve into a malignant neoplasm by
controlling cell proliferation, apoptosis and cell differentiation[10,11,13]. Because of the high incidence of altered (or
preneoplastic) hepatocytes in certain mouse strains (especially C3H and B6C3F1 mice, the latter corresponding
to the progeny of C3H mice coupled to C57BL/6 mice),
epigenetic carcinogens alone can be used to induce
HCC-formation in these mice[8,11].
Many chemicals have been shown to induce HCCs
in the mouse liver[10,14]. To date, the most frequently used
hepatocarcinogens in mice are diethylnitrosamine (DEN)
and phenobarbital (PB), although the carcinogenic effect of PB is controversial[8]. Furthermore, attention has
been paid to the hepatocarcinogenic effect of peroxisome proliferators such as clofibrate and the experimental Wy-14.643[13].
The single most frequently used chemical for induction of HCCs in mice is DEN, a genotoxic carcinogen.
DEN is typically administered to mice between 12 and
15 d of age by a single intraperitoneal injection (5 μg/g
www.wjgnet.com
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body weight). Using this protocol, originally described by
Vesselinovitch and Mihailovich, 100% of B6C3F1 male
mice developed HCCs, on average, 44 wk after intraperitoneal injection of DEN[15-17]. Less frequently used
protocols for DEN-administration include intraperitoneal injection of a higher dose of DEN (for example
80-90 μg/g body weight) to older mice (4-5 wk of age)
and intraperitoneal DEN-injection 36 h after a partial
hepatectomy (mice 5-6 wk of age). These protocols are
less efficient in producing HCCs than those previously
mentioned[8]. DEN-induced mouse models of HCC are
predominantly used to study the molecular mechanisms
of (chemical) hepatocarcinogenesis. Furthermore, the
influence of (trans) genes and chemicals that might prevent HCC development can be evaluated by means of
this model.
In the background of carcinogen-induced mouse
models for HCC, identifying chemicals that might be
carcinogenic to humans is the major application of
laboratory mice. For this purpose, chemicals are either
administered to newborn mice in order to determine
genotoxicity, or compounds are administered for longer
periods (usually 2 years) to assess epigenetic carcinogenity[6,14]. However, because of the significant inconsistencies between mouse and human carcinogens, extrapolating the results of these mouse studies to the human
situation remains difficult[18].
Carcinogen-induced mouse models for HCC are useful for establishing a relationship between carcinogen
exposure and specific genetic changes[19]. However, the
influences of sex, age and genetic background of the
mice on the predictability of HCC-development remain
disadvantages of these models.

IMPLANTATION MODELS OF HCC
Implantation models are among the most widely used
models to accomplish HCC formation in mice, because
of their suitability in studies for preclinical evaluation of
anticancer agents. In implantation models that are currently used to induce HCC formation in mice, HCC cell
lines or tumor tissue fragments are implanted in recipient mice. Here, we will give an impression of the approaches that can be used to obtain HCCs in these mice.
The earliest implantation model is the syngeneic
transplantable tumor model, in which a HCC cell line or
tissue fragment is implanted in mice of the strain from
which the implant originates. To date, this model is less
frequently used, because of the discovery that human
tumor cell lines and tissue fragments can be implanted
into immunodeficient mice. Nevertheless, this model is
still required when anticancer agents are tested that work
by activating the immune system (immune therapy)[20-22].
The unpredictability of the effectiveness of studied anticancer agents in human HCC and the small number of
available murine cell lines are the most important disadvantages of this implantation model[20].
As mentioned, nowadays, primary human HCC cell
lines or tissue fragments are implanted into immunocompromised mice (xenograft models).
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The most widely used mouse for this approach is
the nude mouse (nu -/-). These mice are athymic, hairless and have a deficiency of T lymphocytes as well
as an impaired T and B cell function[23]. Next to nude
mice, severe combined immunodeficient (SCID) mice
are frequently used in xenograft models of HCC. These
mice have a deficiency in number and function of both
T and B lymphocytes[24]. Since the establishment of the
first human HCC cell line in 1963[25], many human HCC
cell lines have been described, of which the HepG2, the
Hep3B, the SMMC-7721 and the HuH7 cell lines are the
most commonly used.
In allograft models, murine HCC cell lines or tumor
fragments are implanted in (not necessarily syngeneic)
mice. The HCC grafts have been derived from spontaneously occurring HCCs in mice, from carcinogen-induced
tumors or from genetically engineered mice (GEM),
which is discussed in the last part of this review.
The above mentioned xenograft or allograft HCC cell
suspension or tumor tissue fragments can be implanted
into recipient mice, either at ectopic or at orthotopic
sites. Ectopic implantation of tumor cells or fragments
usually occurs subcutaneously. Orthotopic implantation
can be accomplished by subserosal injection of HCC
cells or by surgical orthotopical implantation (SOI) of
tumor fragments. These fragments, approximately 1 mm3
in size, are derived from surgical specimens of human
HCCs or from pieces of subcutaneously grown HCC
cells, either from human or mouse origin.
Xenografts of human HCCs growing subcutaneously in mice are predominantly used in the preclinical
evaluation of anticancer agents. The rapid formation
of tumors, the minimal labor that is required, the relative inexpensiveness and the ability to measure tumor
size non-invasively are the main advantages of the
ectopic, subcutaneous, application of grafts from human HCCs[21,22]. However, many research groups have
described the importance of the microenvironment on
the biological behaviour of malignant cells. For example,
many tumor cell lines do not spontaneously metastasize
when they are subcutaneously implanted, while they
do metastasize when they are orthotopically implanted.
Hence, the interaction of organ-specific factors (such as
fibroblasts, endothelial cells and inflammatory cells) with
tumor cells, is important for HCC development[21,26]. For
this reason, therapeutic results obtained by an ectopic
implantation model of a HCC graft must always be verified in orthotopic models.
These orthotopic implantation models mimic human
HCCs in a better way with respect to tumor morphology, microenvironment, metastatic potential and the response to anticancer agents[27,28]. Furthermore, processes
involved in local invasion, like angiogenesis, can be
examined in their normal microenvironment[20]. Nonetheless, disadvantages of orthotopic implants of HCC
xenografts include a more difficult surgical implantation
procedure and more expensive procedures. Furthermore,
tumor growth and response cannot be determined as
easily as in ectopic transplantation models.
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Despite the fact that (ectopic and orthotopic) xenograft implantation models are among the most widely
used models for preclinical evaluation of anticancer
agents, it has been demonstrated excessively that these
models have a poor predictive value for the anti-tumor
effects in patients. This can possibly be explained by
the fact that the injected tumor cells are often cultured
for a long period. Due to selection pressures in culture,
these tumor cells have no longer maintained the original
molecular characteristics and the heterogeneity of the
patients’ tumor[4,20,28,29]. By implanting a tumor fragment
of a patient, the morphological and molecular characteristics of a patient’s tumor are preserved better. However,
establishing a parallel in vitro cell line from a patient’s
tumor is often very difficult.
The abovementioned features of implantation models are but a few arguments why implantation models
are not ideal for the preclinical evaluation of anticancer
agents. However, because of the suitability of these
models, implantation models are still frequently used for
this purpose.

GENETICALLY ENGINEERED MOUSE
MODELS FOR HCC
The introduction of transgenic mouse models in the early
1980’s made it possible to study the molecular features of
human malignancies in vivo[30,31]. Since then, much progress
has been made in techniques of producing GEM[4].
In studying the molecular mechanisms involved in hepatocarcinogenesis, GEM are particularly used to explore
the role of a specific gene and to explore the interaction
of different genes (e.g. oncogenes and tumor-suppressor
genes) in the development of HCC. GEM is also suitable
to investigate the role of specific genes in combination
with a liver-specific carcinogen.
As is the case in other types of cancer, genetic alterations in various cellular pathways (including pathways
involved in growth, apoptosis, proliferation and angiogenesis) are needed for the development of HCC. Although the exact genetic events in hepatocarcinogenesis
are not entirely clear, there is evidence that the p53, Rb
and Wnt/β-catenin pathways are involved[32,33]. Several
transgenic mouse lineages that are nowadays used to induce formation of HCCs are transgenic in one of these
pathways (Table 1). The most commonly used models
will be discussed here.
Since the late 1980’s, transgenic SV40 T-Ag (Simian
Virus 40 T-antigen) mice have been studied extensively.
The genome of the simian virus 40 (a DNA tumor virus)
encodes two oncogenic proteins, the large and small T antigen (T-Ag and tAg, respectively, herein together referred
to as T-Ag). After infection, large T-Ag can cause malignant transformation of the host cell primarily by inactivating the tumor-suppressor genes p53 and Rb[34,35].
Research groups have reported the production of
transgenic mice expressing SV40 T-Ag directed to the
liver by the promoter/enhancer antithrombin-Ⅲ (AT
[36]
[37]
[38]
Ⅲ) , albumin (Alb) and α-1-antitrypsin (AAT) . For

www.wjgnet.com

6918

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

December 7, 2008

Volume 14

Number 45

Table 1 Transgenic mouse models for HCC
Transgene

Promoter

Mouse strain

Percentage HCCs

c-myc
TGF-α
c-myc/TGF-α
SV40 T-Ag
E2F-1
c-myc/E2F-1

Alb
MT
Alb, MT
ATⅢ
Alb
Alb

C57BL/6 × CBA/J
CD1
C57BL/6 × CBA/J × CD1
C57BL/6 × DBA2
C57BL/6 × CBA/J
C57BL/6 × CBA/J

65% in males at 20 mo
50% in males > 12 mo
100% in males at 8 mo
100% at 8 mo
33%-60% at 12 mo
100% at 9 mo

example, Dubois et al[36] produced transgenic mice by
putting the SV40 T-Ag under the control of the human
ATⅢ promoter. In mouse lineages that expressed the
highest level of the transgene, by the age of 8 mo, 100%
of mice had developed HCCs and 10% had developed
lung metastases.
Another commonly used transgenic mouse model
was described by Murakami et al[39]. They generated double transgenic mice overexpressing c-myc and TGF-α in
the liver (Alb-c-myc/MT-TGF-α mice) by crossing Alb/
c-myc mice (transgenic mice overexpressing c-myc, directed by the albumin promoter) with MT/TGF-α mice
(transgenic mice overexpressing TGF- α , directed by
the metallothionein 1 promoter). Santoni-Rugiu et al[40]
demonstrated that these mice developed HCCs substantially earlier and at a higher rate than single transgenic
mice, overexpressing either c-myc or TGF-α. Within
8 mo after birth, 100% of male and 30% of female Albc-myc/MT-TGF-α mice had developed HCCs.
Although these conventional transgenic mouse models have been very useful to study the role of particular
genes in hepatocarcinogenesis and to study the multistep
nature of HCC development, one limitation of these
models is the fact that the transgene is expressed in all
hepatocytes, including the tumor microenvironment.
Furthermore, the mutations are already present during
embryogenesis and thus, might activate compensatory
(molecular) pathways[26]. To overcome these limitations,
mouse models have recently been developed in which
the genetic alterations are induced in a tissue-specific
and time-controlled fashion (conditional mouse models).
For instance, Lewis et al[41] used a retroviral transduction strategy to deliver oncogenes to hepatocytes in situ.
They made use of the fact that mice do not express the
TVA receptor, which is the receptor for the avian leukosis
sarcoma virus subgroup A (ALSV-A). Lewis et al[41] generated TVA transgenic mice, in which TVA was specifically
expressed within the liver. Delivery of ALSV-A viruses
encoding PyMT (mouse polyoma virus middle T antigen,
an oncogene) to these mice at the age of 2-3 d, subsequently led to tumor formation by the age of 4-6 mo
(in 17 of 26 mice). They also exposed TVA transgenic mice that were deficient for p53 to PyMT-bearing
ALSV-A viruses. Interestingly, the tumor incidence in
these mice was not increased, but 6 of 16 p53 null mice
that had developed HCCs, showed lung metastases (in
contrast with 1 of 17 p53 wild-type mice). Consequently,
this mouse model might be of value as a metastatic HCC
model. Moreover, this model can be easily used to study
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the effect of other oncogenes in hepatocarcinogenesis,
through the delivery of other oncogene-bearing ALSV-A
viruses to TVA transgenic mice.
In addition, Lou et al[42] created mice with a regulated
expression of liver-specific SV40 T-Ag. The SV40 T-Ag
in these mice is preceded by a stop signal flanked by
loxP sites. Hence, the SV40 T-Ag is expressed upon Cremediated excision, either by adenoviral expression of Cre
recombinase or by administration of tamoxifen to mice
that are transgenic for a liver-specific tamoxifen-inducible
Cre. HCCs were observed in mice 5 mo after administration of adenoviral Cre recombinase or tamoxifen.
Several research groups employed alternative recombinase-mediated conditional gene-mutation strategies[32,33,43].
Colnot et al generated a mouse strain in which exon 14
of both Apc (adenomatous polyposis coli) alleles were
flanked by loxP sites. The Apc alleles become invalidated
(leading to β-catenin signaling) upon liver-targeted expression of Cre recombinase. Of these mice, 67% develop
HCCs 8-9 mo after Cre recombinase administration[32,33].
Promising results have been published with these
and other conditional mouse models to induce HCCformation. Nonetheless, to date, these models are mainly
used to study the effect of genetic alterations (mutation,
deletion, or overexpression of a certain gene) on hepatocarcinogenesis and not to induce HCCs.

VIRAL HEPATOCARCINOGENESIS
More than 80% of HCCs in humans are attributable to infection with either hepatitis B virus (HBV) or hepatitis C
virus (HCV) or both[44]. HBV- and HCV-related HCC are
characteristically preceded by liver cirrhosis, though this is
not always the case[45]. It may take more than 20 years for
HCC to develop in HBV or HCV infected persons. For
this reason, hepatocarcinogenesis due to viral hepatitis
probably requires multiple steps of genetic alterations.
Finding the molecular mechanisms that drive these
multiple steps by using cell-culture and non-genetic animal models is difficult. Therefore, in the past decades
various animal models for investigation of viral hepatitis
were developed. One problem in establishing such a
model is that HBV and HCV require human hepatocytes
to induce hepatitis, due to the stringent human tropism
of these viruses[46,47].
In HBV research the finding of HBV-related viruses, e.g. the woodchuck hepatitis virus (WHV) and the
ground squirrel hepatitis virus (GSHV), has provided
opportunities for in vivo studies[46,48]. Another approach
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for studying hepatitis B and C infection is the use of
immunocompromised mice or rats. Recently, several
animal models have been developed in which human
hepatocytes or human liver tissue are transplanted into
these animals. The transplanted hepatocytes in these
animals can be infected with HBV or HCV in vivo or ex
vivo. Alternatively, an already intrinsically infected specimen is transplanted[46,47]. These models are promising for
the evaluation of therapeutics and prophylactics against
hepatitis due to HBV or HCV, but are not useful to
study HBV- or HCV-associated HCC. For that purpose,
transgenic mice expressing HBV or HCV proteins represent a better model. In this section, the most frequently
used transgenic mouse models for studying HBV- and
HCV-associated HCC will be discussed.
By means of these models, two pathways have been
proposed that might participate in the hepatocarcinogenic effect of chronic viral hepatitis. First, it is considered that chronic inflammation of the liver, continuous
cell death and subsequent chronic hepatocyte regeneration due to viral hepatitis might increase the incidence
of genetic alterations[48-53]. The second pathway encompasses a direct oncogenic effect of HBV or HCV on the
infected hepatocyte. In the case of HBV (a DNA virus),
this carcinogenic effect is believed to be accomplished
through cis-activation or trans-activation of cellular
genes. In cis-activation, genomic instability is a result
of integration of HBV DNA into the host genome. In
trans-activation, HBV proteins activate transcription of
the HBV genome and host genes by binding to cellular
sequences[48,50,51]. For HCV, a direct cytopathic effect has
also been reported. As HCV is a RNA virus, it cannot
integrate into the host genome. Therefore, other pathways must be of importance[52,53].
As a consequence of the chronic inflammatory state
of the infected liver and the direct oncogenic effects
of the hepatic viruses (as mentioned before), genetic
alterations occur in various cellular pathways, which
might eventually lead to the development of HCC. HBV
proteins have been shown to manipulate the p53-, Rb-,
cyclinD1- and p21-genes[51]. HCV is frequently associated
with mutations of p53 and β-catenin[52,53].

HEPATITIS B VIRUS-ASSOCIATED HCC
Approximately 380 million people are chronically infected with HBV. These chronic HBV infected people
have a 100-fold greater lifetime risk of developing HCC
in comparison with non-carriers[3]. For this reason, HBV
infection is the leading risk factor for the development
of HCC. Worldwide, over 50% of HCC cases are associated with chronic HBV infection and the highest
incidence of HCC is in South East Asia and sub-Saharan
Africa, regions with a high prevalence of HBV infection[44,54].
As early as 1985, the first transgenic mouse models
for investigating HBV infection were developed [55,56].
HBV transgenic mice have been created with the full
HBV genome and with every single HBV gene, namely
those encoding for the surface envelope proteins (large,
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middle and small), X protein (HBx), core and precore
proteins.
It did not take long before the first transgenic mouse
models for evaluation of HBV-associated hepatocarcinogenesis appeared. Until now, merely the large envelope
protein and the HBx protein have displayed a carcinogenic role[48,57].
Chisari et al[58] described a mouse model in which
transgenic mice were generated that carried an integrated
HBV DNA fragment coding for the HBV large envelope
polypeptides on a C57BL/6 genetic background. As a
result, non-secretable hepatitis B surface antigen (HBsAg)
particles formed that accumulated in the endoplasmic
reticulum of the hepatocyte. In mice with 100% of the
hepatocytes expressing HBsAg (lineage 50-4), liver injury
begins at 2-3 mo of age; at 6 mo regenerative nodules
appear and from the age of 15 mo HCCs develop.
Another HBV gene that has been extensively studied
is the HBx gene. Though several research groups could
not find evidence for a hepatocarcinogenic role of HBx
in HBx transgenic mice[54,59], Kim et al[60] did report such
a role in 1991. They produced HBx transgenic mice by
injection of HBV DNA containing the HBx gene into
single-cell embryos from CD1-mice. In these mice, liver
tumors began to emerge after 8-10 mo. Both male and
female transgenic mice died early in comparison with
control CD1 mice, at the age of 11-15 mo vs 17-21 mo,
respectively. On autopsy, 80%-91% of male transgenic
mice and 60%-67% of female transgenic mice showed
one or multiple HCCs. Yu et al[61] generated transgenic
HBx mice using the same technique as Kim et al[60], but
in a C57BL/6 genetic background and with a much
weaker HBx expression in the liver. They reported an incidence of grossly identified HCCs and small neoplastic
nodules, without signs of cirrhosis or inflammation, in
86% of 11-18 mo old HBx transgenic mice.
Possible explanations for the different outcome in
transgenic mouse models for the hepatocarcinogenic
role of HBx, may include a difference in mouse strains
that were used. Male mice of the CD-1 strain develop
spontaneous HCC in 5.7%[62], an incidence that is somewhat higher than the rate in for instance C57BL/6J mice
(< 4.0%)[61]. In addition, the expression level of HBxmRNA in the livers of transgenic mice and the type
of HBx used may be different in the various studies.
Finally, the integration site of HBx in the genome of the
mice might influence the hepatocarcinogenic effect of
HBx[57,61,63].
Efforts have been made to accomplish a model in
which complete HBV genome transgenic mice demonstrate HCCs. Thus far, this has not been successful[63,64].
Nowadays, models based on the HBsAg transgenic
mouse model of Chisari et al and the HBx transgenic
mouse model of Kim et al[60] are commonly used to study
mechanisms involved in hepatocarcinogenesis. These
models are also applied to study possible synergistic relations between chemical carcinogens (such as aflatoxin B1
or diethyl nitrosamine) and HBV-infection[65-67]. Another
application is the use of bitransgenic mouse models, in
which mice are produced that are transgenic for a gene
www.wjgnet.com
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of interest (such as c-myc or TGF-α) in conjunction with
HBsAg or HBx[48,68,69]. For instance, Jakubczak et al[68]
produced bitransgenic mice by pairing HBsAg transgenic
mice described by Chisari et al to TGF-α transgenic mice.
At 8 mo of age, 76% (13 of 17) of male bitransgenic mice
developed HCCs, while TGF-α transgenic control mice
showed HCC in only 6% (1 of 17) and HBsAg transgenic
control mice in 0%. These bitransgenic mouse models can
be used to investigate the effect of a particular gene on
HBV-induced hepatocarcinogenesis.

HEPATITIS C VIRUS-ASSOCIATED HCC
Worldwide, approximately 30% of HCC cases are related to chronic HCV infection, making HCV the second most frequent cause of HCC[44]. In some areas, like
Southern Europe and Japan, HCV infection is the strongest predisposing factor for HCC[70]. Patients infected
with HCV have a risk of up to 35% for developing liver
cirrhosis[47,70]. Thereafter, the cumulative risk of developing HCC in these cirrhotic patients is 1%-7% per year.
HCC is the most frequent cause of death in HCV infected persons[47,70,71].
Various HCV proteins have been expressed in transgenic mice to study the pathogenesis of HCV-associated
HCC, particularly the HCV polyprotein, the core protein
and the core protein in combination with E1 and E2 envelope proteins. Interestingly, the expression of the core
protein of HCV seems to be the major factor contributing to the hepatocarcinogenic effect of HCV infection,
as transgenic mice that do not express this protein, no
HCCs arise[47,52].
Moriya et al[72] were the first to describe such a transgenic mouse model. They generated transgenic mice
that carried the HCV core gene. These mice showed
histological features of steatosis in the liver, without
inflammation, from the age of 3 mo and showed HCCs
with close histological resemblance of HCCs in human
chronic HCV infection, by the time they were 16 mo old.
The incidence of HCC in 16-19 mo old male transgenic
mice was 26% to 31%, in contrast to a low incidence in
the female transgenic mice, which is in accordance with
the human situation[73]. By means of such transgenic
mouse models numerous molecular and pathogenetic
pathways have been investigated that have led to a better
understanding of HCV-associated hepatocarcinogenesis.
To study the role of HCV proteins other than the
HCV core protein in hepatocarcinogenesis, Lerat et al[74]
developed full-length HCV polyprotein transgenic mice
and compared them with transgenic mice encoding
merely the structural HCV proteins (including the core
and the E1 and E2 envelope proteins). HCCs occurred
(exclusively in males) in 5 of 38 transgenic mice expressing the full HCV polyprotein and in 1 of 43 transgenic
mice expressing the structural HCV proteins. These
findings suggest that HCV proteins, other than the HCV
core protein, may endorse development of HCC as well,
because in these mice the HCV protein levels are much
lower in the first group[74].
The HCCs that develop in the mouse models dewww.wjgnet.com
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scribed by Moriya et al and Lerat et al show proper
(histological) resemblance to the corresponding lesions
in patients with HCV-associated HCC. In the model described by Lerat et al[74], tumors develop regardless of the
absence of detectable levels of the expression of HCV
proteins, mimicking the situation in HCV infected patients. Furthermore, constitutive HCV gene expression
results in immunological tolerance to the HCV genes, allowing the study of the direct hepatocarcinogenic effect
of HCV proteins in the absence of an immune response
to the viral proteins[52,74]. Disadvantages of these models
are the possible significance of the genetic background
of the mice and the relative unpredictability of HCC
formation.
As described above for HBV, the HCV transgenic
mouse models of Moriya et al, Lerat et al and comparable
models, are presently used to study carcinogenic mechanisms in HCV-related HCC. In addition, these models
are applied to study relations between carcinogens (like
DEN) and HCV-infection in inducing HCC[75,76]. Furthermore, bitransgenic mouse models have been developed to investigate the effect of a particular gene on
HCV-induced hepatocarcinogenesis.

CONCLUSION AND FUTURE
PERSPECTIVES
Mouse models in cancer research are developed to imitate human carcinogenesis. Although the ideal animal
model does not (yet) exist, mouse models can imitate
parts of human carcinogenesis. To date, different types
of mouse models are available to induce HCC, varying
in complexity. The most appropriate model for a particular research question should be chosen to answer that
specific question. Each approach has its own advantages
and disadvantages, which are discussed in this review.
First, carcinogen-induced models are used to identify chemicals that might be carcinogenic to humans.
Furthermore, these models are used for establishing a
relationship between carcinogen exposure and specific
genetic changes. In HCC, DEN is especially used to
induce HCC. Major disadvantages remain the influence
of sex, age and genetic background of the mice on the
predictability of HCC-development. Moreover, there is a
species difference in the response to hepatocarcinogens
between humans and mice.
Next, because of their suitability, implantation models are still frequently used for the screening of different
types of anticancer drugs. Nonetheless, these models
have a poor predictive value for the anti-tumor effects in
patients. This is probably the consequence of culturing
the tumor cells for a long period, which alters the molecular characteristics and the heterogeneity of the original
tumor.
Agents tested in mice with subcutaneously implanted
tumors, should always be tested in orthotopic models as
well, because of the importance of the microenvironment on the biological behaviour of malignant cells.
HCC is a result of different genetic mutations. Con-
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ventional transgenic mouse models have been developed
to study the role of different genes in HCC formation
and to study molecular features involved in hepatocarcinogenesis. Limitations of these models include the
expression of the transgene in all hepatocytes (hence,
the tumor microenvironment as well) and the presence
of the genetic alterations during embryogenesis (which
might activate compensatory pathways). To overcome
these problems, conditional mouse models have been
developed recently. To date, these models are mainly
used to study the effect of genetic alterations and, unfortunately, not to induce HCCs. Genetically engineered
mouse models are also used in studying the role of viral
hepatitis in HCC formation, as HBV and HCV require
human hepatocytes to induce hepatitis and, consequently, hepatitis-induced hepatocarcinogenesis.
Highly sophisticated genetically engineered mouse
models will become increasingly available and will help
to answer a variety of research questions. Nevertheless,
significant differences between mice and humans have to
be taken into account when interpreting the (molecular)
mechanisms of hepatocarcinogenesis. The most familiar
of these (interspecies) differences are the much longer
telomeres in mice, due to persistent telomerase expression in mice (as opposed to limited or absent telomerase
expression in humans). Humans also differ from mice
in respect to, for instance, their metabolism and immune
system. To extrapolate the results from cancer studies in
mice to humans, humanized mice should be generated
and used in (genetically engineered) mouse models in the
future.
This will bring us one step closer to the ideal animal
model for cancer research.
As mentioned above, the adequate mouse model will
be used depending on the research question. However,
whether the impact of a possible carcinogen is investigated, the development of anticancer drugs or the genetic
background of HCC formation is studied, all experiments
have the goal to reduce the prevalence of HCC.
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Abstract
AIM: To study the mechanism by which Helicobacter
pylori (H pylori ) damages human gallbladder epithelial

cells (HGBEC).
METHODS: H pylori isolated from gallbladder were
cultured in a liquid medium. Different concentration
supernatants and sonicated extracts of H pylori cells
were then added to HGBEC in a primary culture. The
morphological changes in HGBEC as well as changes
in the levels of alkaline phosphatase (ALP), lactate
dehydrogenase (LDH) and glutamyltransferase (GGT)
were measured.
RESULTS: According to the culture curve of HGBEC,
it was convenient to study the changes in HGBEC by
adding H pylori sonicated extracts and H pylori culture
supernatants. Both H pylori sonicated extracts and
H pylori culture supernatants had a significant
influence on HGBEC morphology, i.e. HGBEC grew
more slowly, their viability decreased and their
detachment increased. Furthermore, HGBEC ruptured
and died. The levels of ALP (33.84 ± 6.00 vs 27.01
± 4.67, P < 0.05), LDH (168.37 ± 20.84 vs 55.51 ±
17.17, P < 0.01) and GGT (42.01 ± 6.18 vs 25.34 ±
4.33, P < 0.01) significantly increased in the HGBEC
culture supernatant in a time- and concentrationdependent. The damage to HGBEC in H pylori culture
liquid was more significant than that in H pylori
sonicated extracts.
CONCLUSION: H pylori induces no obvious damage
to HGBEC.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Cholecystitis can be caused by many factors [1-6], of
which Helicobacter pylori (H pylori) has been reported to
cause gallbladder mucosa injury in the colonial region
and inflammatory reaction[7-9]. In this study, in order to
ascertain if the damage to gallbladder mucosa relates
to H pylori, we explored the damaging effect of H pylori
on human gallbladder epithelial cells (HGBEC) using
an enriched liquid and a primary culture of HGBEC
to show that H pylori is an important clinical etiological
factor leading to cholecystitis.

MATERIALS AND METHODS
Materials
H pylori colonies extracted from the gallbladder were
selected and transferred to a modified Brucella broth
liquid medium, with a density of up to 10 7 /L, and
placed into a triangular filter which was then sealed
with a vacuum lipid and connected to a rubber tube
for air exchange. The rubber tube was clipped with
hemostatic forceps so that the oxygen inside the filter
was maintained at 50 mL/L. The rubber tube was then
immobilized in a type THI-82 homeothermia oscillator
(Shanghai Yuejin Medical Instrument Corporation) at
37℃, l50 r/min, and observed with regard to bacterial
opacity at 24, 48 and 72 h. The extracted bacteria
were used to determine the A660 value using a 721
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A

Figure 1 Culture of normal human gallbladder epithelial cells (HGBEC) (x
400).

spectrophotometer (1.0 A660 was approximately equal
to l × 1011/L) and the density of H pylori calculated. The
bacterial status was observed via smeared Gram staining.
The optimal growth period of H pylori was determined
by the density and morpholog y of the bacteria.
Thereafter, the liquid culture was terminated to allow
the bacteria to adjust to 1011/L for centrifugation, after
which supernatants and precipitates were collected and
frozen at -30℃ until use. H pylori grew well in the liquid
culture medium and reached a live bacterial density of
1012-1013/L after shaking for 24-48 h, when the bacterial
morphology was typical, but was atypical with less live
bacteria and many spheroids after 72 h. Therefore,
H pylori cultivated for 48 h was considered suitable for
this study. HGBEC during their optimal growth period
(6 d after primary culture) taken from the HGBEC
growth curve was considered suitable for this study[10]
(Figure 1). HGBEC cultured and supplemented with
Brucella broth were used as controls.
Methods
An enriched liquid containing 1012/L of H pylori was
diluted to 10 11/L of H pylori using ultrapure water.
The collected supernatants, following centrifugation,
were diluted to a final density of 1/10 and 1/100 using
ultrapure water, filtered using a 0.22 µ m filter coat
and frozen at -70℃ until use. The supernatants and
ultrapure water were used to dilute the bacteria to a
density of 1011/L, where an ultrasound cell breaker, with
an output of 80 W for l min/time was employed, until
Gram staining showed that all H pylori were broken.
H pylori were diluted to 1/10 and 1/100, filtered using
a 0.22 µ m filter coat and frozen at -70℃ until use.
At the bacterial logarithmic growth period, different
concentrations of supernatants from enriched H pylori,
H pylori break liquid as well as Brucella broth, each
150 µ L, were added and the morphological and
anchoring changes in the cells were observed on days
1, 2, 3 and 4. Supernatants of the cell culture were kept
at -30℃, and the cells were collected at the most typical
stage and immobilized with 30 g/L glutaral for electron
microscopic observation. Finally, assays to determine
the levels of alkaline phosphatase (ALP), lactate
dehydrogenase (LDH) and glutamyltransferase (GGT) in

B

Figure 2 Four d after addition of enriched H pylori. A: dead HGBEC (x
400); B: HGBEC characterized by karyopyknosis, vacuoles and incomplete cell
structure (x 6000).

the cell culture supernatants were performed. The results
were expressed as nKat/L.
Statistical analysis
SSAP 10.0 software was used for statistical analyses.
Data were processed using the Student’s t test and
expressed as mean ± SD. P < 0.05 was considered
statistically significant.

RESULTS
Morphological changes in HGBEC
From the second day after addition of H pylori
super natants, electron microscopy showed that
cell division decreased and the anchored HGBEC
loosened leading to dissociation. On day 3, the cell
number significantly decreased, with rarefaction of the
cytoplasm, reduced cell division, significant vacuoles,
slow motion and deepened nuclei chromatin. On day 4,
the cells ruptured into fragments and shrank, showing
karyopyknosis, light color and different sizes, loss of
adhesiveness and increased cell death (Figure 2A). The
addition of diluted supernatants of H pylori to HGBEC
alleviated the cell damage and prolonged sur vival
time and anchoring time compared with HGBEC
with added primary H pylori. The addition of 1/100
H pylori supernatants did not significantly change cell
morphology, suggesting that the addition of 1/100
H pylori supernatants induced no obvious damage to
HGBEC. The cell changes in the controls (Brucella
broth added) were in accordance with the growth of
www.wjgnet.com
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A

B

Figure 3 Four days after addition of H pylori sonicated extracts. A: Most
HGBEC were normal, however, a few HGBEC died (x 400); B: Basically normal
HGBEC and some cellular plasm under the vacuole (x 6000).

HGBEC receiving no other substance, i.e. at day 7, cell
vitality was reduced, cell number decreased, and on day
14, all cultured HGBEC died. Electron microscopy
showed the following characteristics in HGBEC
supplemented with primary H pylori supernatants
for 3 and 4 d. Cells were scattered and reduced in
size, with rarefaction and swelling of the cytoplasm,
mitochondrion swelling, myelin sheath changes and
obvious vacuoles as well as karyopyknosis, assembled
chromatin scattered to blocks, incomplete structure of
cell nuclei and nuclear membrane in some regions, and
even a dense body formed by the whole cell nuclei and
hence the cell nuclei disappeared, leading to broken cells
(Figure 2B). It was shown that H pylori supernatants had
a significant damaging effect on HGBEC in a time- and
dose-dependent manner, resulting in obvious vacuoles.
From the second day after the addition of sonicated
extracts of H pylori, electron microscopy showed that
the primary HGBEC had decreased cell division and
had insignificant morphological changes. At day 3, the
anchored cells were dissociated, with slow motion of
free cells, morphological changes, decreased numbers,
increased vacuoles, loss of HGBEC adhesiveness, cell
malformation, karyopyknosis and even cell rupture or
death, which was less than HGBEC exposed to H pylori
supernatants with regard of injury severity. Sonicated
extracts of H pylori at 1/10 exerted a slight damaging
effect on HGBEC, but at 1/100 showed an insignificant
damaging effect (Figure 3A). Under the electron
microscope, the cells had irregular morphology and were
reduced in size, with cytoplasm rarefaction, vacuoles,
www.wjgnet.com
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dilatation of endoplasmic reticulum and mitochondria,
reduced nuclei, aggregation of chromatin and even cell
rupture and death, which resulted in a slightly more overall
damage compared with H pylori supernatants (Figure 3B).
Enzymological changes in HGBEC culture supernatants
In comparison with the controls, the three enzymological
indices were significantly higher following the addition
of different concentrations of enriched liquid into the
HGBEC culture supernatants (P < 0.01) and still higher
on days 2 and 3 following the addition of 1/10 enriched
H pylori (P < 0.01). However, only the values for LDH
and GGT were significantly higher on day 4 than those
for the controls (P < 0.01). There were no significant
differences with respect to the enzymological indices in
the supernatants after the addition of 1/100 enriched
H pylori, compared with the controls (P > 0.05). With
the addition of the stock solution of enriched H pylori
and 1/10 diluted fluid, the enzymological indices in the
supernatants gradually increased with time (P < 0.01)
with exception on days 3 and 4 (Figure 4).
ALP, LDH and GGT in the supernatants of the
HGBEC culture significantly increased 2, 3 and 4 d after
the addition of sonicated extracts of H pylori, compared
with the controls (P < 0.01). The addition of 1/10
and 1/100 sonicated extracts of H pylori produced an
insignificant effect on the enzymological indices in the
supernatants (P > 0.05). From the second day after the
addition of the stock solution of H pylori, the levels of
ALP, LDH and GGT increased each day (P < 0.01) with
the exception on days 3 and 4 (P > 0.05) (Figure 5).
The above-mentioned results showed that the
supernatants of enriched H pylori significantly affected
the enzymological indices of cultured HGBEC
supernatants. The effect of H pylori on cell damage and
permeability weakened with the gradual decrease in
concentration of H pylori supernatants. The sonicated
extracts of H pylori had similar effects, but were far
weaker than those of the enriched H pylori supernatants.

DISCUSSION
T he addition of enriched H pylori super natants
resulted in a rapid decrease in cell division, motion and
adhesiveness of HGBEC, with obvious vacuoles, cell
rupture and necrosis, and even cell death. The sonicated
extracts of H pylori had similar effects, but were
weaker. The reasons for the above changes may be that
H pylori poisonous substances which permeate the liquid
medium so that the supernatants of enriched H pylori
contain many poisonous substances or metabolites
when H pylori are under continual oscillation. When
the supernatants enter the cultured HGBEC, the
poisonous substances exert effects on the HGBEC
which damage the cell membrane, increase permeability,
induce rarefaction of cytoplasm, vacuoles, dilatation
of mitochondria and endoplasmic reticulum, nuclei
membrane and nuclei, leading to a decrease in cell
division, disordered metabolism and even cell disruption
and death [11-12] . The rarefaction of cytoplasm and
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Figure 4 Effect of different concentrations of H pylori supernatants on
ALP, LDH and GGT in the supernatants of HGBEC culture. A: ALP; B: LDH;
C: GGT.

Figure 5 Effect of different concentrations of sonicated extracts of
H pylori on HGBEC supernatant ALP, LDH and GGT. A: ALP; B: LDH; C:
GGT.

obvious vacuoles seen under the optic microscope and
electron microscope are due to the actions of H pylori
and other cells such as HeLa cells and hepatocytes,
which contain vacuolating cytotoxin A (VacA) [13-14].
After VacA disrupts the function of the ion transport
protein, which in turn affects the motion of the ion
transport protein in HGBEC. The new vacuoles mainly
consist of cell endoplasmic reticulum fused with
lysosome. The formation of vacuoles in cells is a result
of self-phagocytosis. Another H pylori toxin, cytotoxinassociated protein (CagA) has a high homogeneity
with sodium passage and can affect the sodium pump
of HGBEC which results in cell swelling, disruption
and even death. We have hypothesized that the
damaging effect of H pylori, isolated from gallbladder,
on HEBEC and epithelial cells of gastric mucosa, is
similar with respect to the method of action, i.e. by way
of enzymes, toxins like VacA and CagA, urease, lipase,

phospholipase A, hemolysin and lipopolysaccharide
of H pylori[15-19]. In addition, H pylori may damage the
epithelial cells of gallbladder mucosa and eventually
result in cholecystitis by activating inflammatory cells
and secreting inflammatory medium as well as by cellular
immunity, humoral immunity and autoimmunity [20-22].
The toxic factors in H pylori can activate factors
inhibiting cell proliferation, promote the expression of
regulatory genes like bcl-2, bax and fas and finally induce
cell apoptosis[11], which is consistent with the apoptosis
we observed in HGBEC. The reason why the sonicated
extracts of H pylori had a weaker damaging effect on
HGBEC than the enriched H pylori, is probably because
the main toxic factor within the sonicated extracts
(lipopolysaccharide) is not a major toxic factor compared
to VacA and CagA[23].
D e t e r m i n a t i o n o f t h e A L P, L D H a n d G G T
levels in HEBEC culture supernatants showed the
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functional status of HGBEC and the integrity of cell
membranous structures, as gallbladder epithelial cells
containing ALP, LDH and GGT. Our study has clearly
demonstrated that the addition of sonicated extracts
or supernatants of H pylori to cultured HGBEC can,
to a certain degree, raise the activity of these three
enzymes in cell culture supernatants. With the decrease
in cell vitality and enhanced disruption, the increased
level of the three enzymes in cell culture supernatants
was not due to cell function enhancement and an
increase in enzyme synthesis, but to cell damage which
resulted in the destruction of membranous structures
and enzyme leaking into the supernatants, suggesting
that the supernatants and sonicated extracts of H pylori
can damage cell membranous structures, cause cell
disruption and raise the levels of ALP, LDH and GGT
in cell culture supernatants. The assayed enzyme levels
in cell culture supernatants increased with time, with the
exception on days 3 and 4, which reflected the increased
enzyme leakage from the cells with aggravated HGBEC
injury. Following cell disruption and death, the enzymes
in the cells leaked and the content showed no increase in
the cell culture supernatants, suggesting that H pylori can
damage gallbladder epithelial cells and may be one of
the factors leading to clinical cholecystitis.
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images for the rarely-encountered lesions were difficult
to differentiate from the normal images. However, the
number of the images screened by IPS was 5000 on
average, and only 10%-15% of the original images
were left behind. As a result, a large number of normal
images were excluded, and the reading time decreased
from 5 h to 1 h on average.
CONCLUSION: Though the total accuracy and
specificity rates by the computer-aided screening for the
enteric lesions with IPS are much lower than those by
the CE readers, the computer-aided screening diagnosis
can exclude a large number of the normal images and
confine the enteric lesions to 5000 images on average,
which can reduce the workload of the readers in the
scanning of the images. This computer-aided screening
technique can make a correct diagnosis as efficiently as
possible in most of the patients.

Abstract

Peer reviewer: Zvi Fireman, Professor, Department of

AIM: To investigate and evaluate the feasibility of the
computer-aided screening diagnosis for enteric lesions
in the capsule endoscopy (CE).
METHODS: After developing a series of algorithms
for the screening diagnosis of the enteric lesions in
CE based on their characteristic colors and contours,
the normal and abnormal images obtained from 289
patients were respectively scanned and diagnosed by
the CE readers and by the computer-aided screening for
the enteric lesions with the image-processed software
(IPS). The enteric lesions shown by the images included
esoenteritis, mucosal ulcer and erosion, bleeding, spaceoccupying lesions, angioectasia, diverticula, parasites,
etc. The images for the lesions or the suspected lesions
confirmed by the CE readers and the computers were
collected, and the effectiveness rate of the screening
and the number of the scanned images were evaluated,
respectively.
RESULTS: Compared with the diagnostic results
obtained by the CE readers, the total effectiveness
rate (sensitivity) in the screening of the commonlyencountered enteric lesions by IPS varied from 42.9%
to 91.2%, with a median of 74.2%, though the
specificity and the accuracy rates were still low, and the

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Depiction of the small intestines has still been a
challenge because of their length and tortuosity. In the
past time when some lesions occurred in an intestinal
segment, they were usually difficult to identify because
of a shortage of the efficiently used tools[1,2]. When the
capsule endoscopy (CE) was introduced to the clinical
practice in 2000, it became a revolutionary diagnostic
tool in diagnosing small intestinal diseases[3]. Besides,
there is growing evidence that CE may be used in
diagnosing some diseases occurring in the colon and
the esophagus[4,5]. Because of the incapability of its use
in the insufflation, affusion, biopsy and therapy, when
www.wjgnet.com
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compared with the balloon or push enteroscope [6-8],
CE still has some limitations in diagnosing and treating
the enteric lesions[9]; however, the patients are willing
to accept it because it is painless and noninvasive. It is
also much superior to the small intestinal radiology in
management of some diseases[10].
CE is virtually a microcamera, which can create 2
images/s in the human gastrointestinal (GI) tract, obtain
40-60 thousand images of the GI lumen from the mouth
to the anus before its batteries are exhausted[5].
The principal task of the CE readers is to scan all the
images and find out what diseases occur in the GI tract,
especially those occurring in the small intestines, because
they cannot be detected by the routine gastroscopy or
colonoscopy. So, the screening task is a heavy burden
on the readers because there is a large number of
images for them to screen. Though the number of the
images for the lesions is smaller than 500 in most of the
patients, the CE reader still has to scan ten thousands
of the images one by one because the reader cannot
make sure which images the lesions are in. As a rule,
it would take 4-6 h at least for two readers (2-3 h for
each reader) to finish this tiring work in our trial, and
the 4-6 h was only the time for the two readers to finish
scanning the images once. If there were some doubts
and suspicions, much more time would be spent in
repeating the scanning, which might do a great harm
to the readers’ eyes. In order to solve this problem, the
high-speed reading (HSR) technique is the commonlyused method at the present time[11], and the reading time
can be decreased to 0.5-1 h for one reader[12], but the
work intensity is much greater, and some lesions may
be missed, too[12,13]. So, if the computer-aided screening
diagnosis with image-processed software (IPS) can be
used to identify the images for the enteric lesions from
a large number of the images that contain the normal
ones, it will greatly decrease the workload of the readers
for doing this kind of work and make a correct diagnosis
as soon as possible.
However, the previous studies showed that the
computer-aided diagnosis could not be as accurate as the
one made by the reader because of the complexity and
multiformity of the lesions in the GI tract[14]. So, our
research focused on the feasibility of “screening” the
normal images. After the exclusion of a large number of
the normal images with the help of IPS, the remaining
images can efficiently be evaluated; whether the images
indicate the confirmed lesions or indicate only the
suspected lesions, they can efficiently be preserved for a
further diagnosis.

MATERIALS AND METHODS
Image-sample collection and pretreatment
All the images, derived from the CE produced by OMOM
Capsule Endoscopic Company (OCEC), Chongqing City,
China, were obtained from the Endoscopic Center of
West China Hospital of Sichuan University or provided
by OCEC directly. Two hundred and eighty-nine patients,
with a median age of 54.2 years (range, 17-83 years), were
www.wjgnet.com
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Table 1 Proportions of enteric lesions and non-lesions in
289 patients
Enteric lesion

No. of lesions and non-lesions

Non-lesion			
Common lesion
Esoenteritis		
Mucosal ulcer and erosion
Bleeding			
Space-occupying lesion
Angioectasia
Telangiectasis		
Angioectasia		
Angioma			
Rare lesion
Diverticulum		
Parasite			
Enteric stenosis		
Intussusception		
Enteric lymphangiectasis
Total		

Proportion (%)

86		

26.7

42		
47		
61		
28		

13.0
14.6
18.9
8.7

5		
32		
7		

1.6
9.9
2.2

3		
5		
2		
2		
2		
322		

0.9
1.7
0.6
0.6
0.6
100.0

included. All the patients finished the CE examination
without any capsule retention. No lesions were found in
86 of the patients, but 1 lesion was found in 182 patients,
2 in 12 patients, 3 in 6 patients, and 4 in 3 patients. The
enteric lesions included esoenteritis, mucosal ulcer and
erosion, bleeding, space-occupying lesions, angioectasia,
diverticula, parasites, etc (Table 1). All the images would
be converted to the bitmap (BMP) format directly before
they were analyzed by IPS[15].
Algorithm analysis
In every enteric image obtained by CE, all the pictorial
contents could be grouped as one of the following three
categories: enteric mucosa, enteric lesions, and enteric
contents. Each of them had its own characteristic colors,
coloring distribution or borderlines of the body to
the surroundings, which might be distinguished from
one another by the computer-aided IPS in most of the
images. According to the Tricolor Theory, the color of
every dot in the image consisted of three types of the
primary pels: red (R), green (G) and blue (B), whose
chromatic values varied from 0 to 255. The characteristic
color (primary hue of the enteric mucosa was R, with a
common value greater than 100 (average value, 150-200),
which was different from that of the lesions or that
of the contents in the small intestines in most of the
images. Besides esoenteritis and bleeding, there was a
series of algorithms developed to simulate the scanning
of the human eyes to “screen” a large number of the
images for the normal mucosa.
Algorithm principle
The first step was to decide the analyzed region in the
image. The dots with an R value (Rv) less than 100 would
be excluded because they formed the “dark region”, which
was hard to be discerned even by the human eyes (Figure
1A and B), and the remaining dots would be contained for
the analysis.
The second step was to exclude the region of the
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Figure 1 The screened results of enteric lesions by the IPS. A: Space-occupying lesions; B: The blue area in the image for the “dark region”; C: The enteric bile;
D: The purple area in the image for the enteric bile; E: The enteric blood (bleeding); F: The red area in the image for the enteric blood; G: Esoenteritis; H: The red
area in the image for esoenteritis; I: Mucosal ulcer; J: The green area in the image for mucosal ulcer; K: Space-occupying lesions; L: Different coloring circle in the
image for space-occupying lesions; M: Venous angioma in the bright background; N: The green area in the image for venous angioma; O: Venous angioma in the dark
background; P: The loop-closed distribution of Gv of the venous angiomain image; Q: Parasites (hook worms); R: The image of red components (Rv > 150) and the
curvature of the double limits in the pane calculated; S: Parasites (ascarides); T: The image of red components (Rv > 150) and the linearity of the double limits in the
pane calculated.

enteric contents, such as bile, spume etc., by their own
characteristic colors.
In the bile region, Rv was less than 230, and the
ratio of Rv to Gv was less than 1.1, which led to the
characteristic color of yellow or green (Figure 1C and
D); in the blood region, the usual Rv of the dots was less
than 180 but greater than 120, the ratio of Rv to Gv was
greater than 2, and the B value (Bv) was greater than 30 at
least (Figure 1E and F).

The third step was to extract the characteristic colors
and the coloring distribution of the common lesions in
the small intestines.
In the region of esoenteritis, the Rv (> 180) of
the dots was greater than Gv, and the remaining value
subtracted Gv from Rv was greater than 60-70, and Bv
varied from 60 to 90 (Figure 1G and H); furthermore,
the difference (60-70) between Rv and Gv in the
inflammatory region was greater than that (30-40) between
www.wjgnet.com
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the background regions (mucosal regions) on average.
In the region of mucosal ulcer and erosion, Rv
(> 170, < 200) was greater than Gv (> 150), but the
remaining value subtracted Gv from Rv was less than
40, and Bv was greater than 100, so the mucosal ulcer
and erosion in the image looked yellow and white
appreciably, which was different from the color of
the enteric bile. Rv in the region of mucosal ulcer and
erosion was greater than that of the background region
(mucosal region) by 30-40 on average (Figure 1I and J).
Generally speaking, in the region of space-occupying
lesions, there was no characteristic color due to the lesions
derived from the mucosal or submucosal tissues, but the
space-occupying lesions had a characteristic protrusion
into the enteric lumen, which led to a circular distribution
of the degressive Gv, and Rv in the center of the circle
was usually greater than 245 (Figure 1K and L).
Venous angioma was a special type of spaceoccupying lesions without any enteric protrusion, but
it looked blue. In the bright background, the remaining
value subtracted Gv from Rv (> 160, < 200) was less
than 30, and Bv from Gv (> 150) less than 10 (Figure
1M and N). In the dark background, the remaining value
subtracted Gv (> 70) from Rv (> 100, < 170) was less
than 50. Bv was greater than 45, but the most important
characteristic was that the lesion had the loop-closed
distribution of Rv and Gv, which was different from that
of the fringe of the image (Figure 1O and P).
Though the common parasites in the small intestines
(Figure 1Q and S), mainly hook worms and ascarides,
had no special body colors, but the double borderlines
of the body to the surroundings (contour) usually existed
clearly. Thus, a kind of the algorithm was developed to
distinguish the parasites from the background mucosa
or the enteric contents. Firstly, the chromatic pels of
the parasites (Rv > 150, Gv > 120) in the bright visual
field would be extracted. Secondly, as the double limits
of the parasites in the extracted region had a similar
curvature (hook worms) or linearity (ascarides), it could
be calculated in some width and be judged by the software
whether the parasites existed or not (Figure 1R and T).
Finally, whether the screened results were accurate or
not, the images about the esophagus, stomach and large
intestine would be excluded if they were in the remaining
images.
The rarely-encountered lesions, including diverticulum
(Figure 2A), intussusception (Figure 2B), enteric stenosis
(Figure 2C), enteric lymphangiectasis (Figure 2D),
angioectasia (Figure 2E and F) etc., because of the absence
of characteristic colors or contours compared with the
background mucosa, could not be picked out by the
algorithm principles mentioned above, which will be
explained in Discussion.
Supplementary algorithms
If there were several lesions in the image, the image
processing would be terminated immediately for the
saving of time if only one lesion or parts of the lesions
were confirmed by any of the algorithms mentioned
above.
www.wjgnet.com
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Figure 2 The enteric lesions not being recognised by the IPS. A: Enteric
diverticulum; B: Intussusception; C: Enteric stenosis; D: Enteric lymphangiectasis;
E: Angioectasia; F: The red area in the image for suspected bleeding, not
angioectasia itself.

Software development and operation
IPS was developed and operated in the common
personal computer (memory 1G, Intel® Pentium® Core 2
CPU 1.73GHz, Hard Disk 60GB at least), with Windows
Operation System Xp or Vista® home basic.
Screening standard and evaluation
The gold standard for enteric lesions was the diagnostic
conclusion drawn by the CE reader (the physician who
reviews the CE study). In order to decrease the rate of
misdiagnosis to a lowest extent, the primary images and
the screened images by IPS from the same patient would
respectively be scanned by two readers[13] with a speed of
20 000 images/h, and the marked images by IPS would
be extracted out and ranked by the time-index in the
images from the jejunum to the ileum, which would be
scanned again by two readers and assessed whether those
images of the lesions were preserved in the remaining
images (screened results) and whether the lesions
accorded with those of the readers’ findings. If there
was a series of continuous images of the confirmed
lesions or the suspected lesions, only the first image and
the last image would be marked out by IPS as shown by
the index.
Inclusion standards for the screened results were: (1)
A series of images for the lesions could be confirmed by
IPS if one image was confirmed; (2) Only parts of the
lesions in the images could be marked out by IPS.
Exclusion standards for the screened results were:
None of the images for the lesions was picked out or
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Table 2 Number of marked images in 289 patients
Group (n )

Total No. of images No. of marked images

Table 4 Screened results (SR) of IPS in 289 patients
P

Enteric lesions

With lesion (236)

52 374 ± 4 865

4 156 ± 478

< 0.001

		

Without lesion (86)

54 210 ± 3 739

4 219 ± 376d

< 0.001

Common lesion

P		

> 0.10		

b

> 0.10

Esoenteritis

b

P < 0.001, total No. of the images vs No. of the marked images in the
group with lesions; dP < 0.001, total No. of the images vs No. of the marked
images in the group without any lesions.

ST for total images
in each patient (h)

ST for marked images
in each patient (h)

P

With lesion (236)

5.4 ± 1.2

1.2 ± 0.2b

< 0.001

Without lesion (86)

5.6 ± 1.3

1.3 ± 0.1d

< 0.001

P		

> 0.10

> 0.10

Effectiveness

False positive

rate of SR (%)

rate of SR (%)

P

33/42 (78.6)

188/280 (67.1)

> 0.05

Mucosal ulcer/erosion 31/47 (66.0)
Bleeding		
56/61 (91.8)

191/275 (69.5)
121/261 (46.4)

> 0.05
> 0.05

Space-occupying lesion 12/28 (42.9)

96/294 (32.7)

> 0.05

Angioectasia

Table 3 Scanning time (ST) spent in each patient on marked
images in 289 patients
Group (n )

6933

Telangiectasis

1/5 (20.0)

63/317 (19.9)

> 0.05

Angioectasia

3/32 (9.4)

37/290 (12.8)

> 0.05

Angioma		

4/7 (57.1)

25/315 (7.9)

> 0.05

Rare lesion1

3/14 (21.4)

53/308 (17.2)

> 0.05

1

The samples of the rare lesions were not enough, so they were pooled
together for the research.

Table 5 Sensitivity, specificity, accuracy, positive/negative
predictive value of SR for special lesions in 289 patients (%)

b

P < 0.001, ST for the total images vs ST for the marked images by ISP in
the group with lesions; dP < 0.001, ST for the total images vs ST for the
marked images by ISP in the group without any lesions.

none of the marked parts in the images was the lesion
itself.
Statistical analysis
Statistical analysis was performed using the SPSS software
(ver.11.5). The correlation between two variables was
evaluated using Pearson’s χ2, Fisher’s exact test, and u test.
Statistical significance was defined as P < 0.05.

RESULTS
Compared with the primary images in the left, the
images in the right showed the suspected enteric lesions
by different colors, such as red, blue, green, etc. (Figure
1F, H, J, L, N, P, R and T, and Figure 2F).
Screened results
In the 289 patients, the total number of the images varied
from 41 358 to 62 874, with a median of 52 374 ± 4865 in
the group with the confirmed lesions and 54 210 ± 3739
in the group without any lesions. Parts of the images in
each patient were marked by at least one kind of color,
and the number varied from 2353 to 18 732, with a
median of 4156 ± 478 and 4219 ± 376, respectively, in the
group with the lesions and the group without any lesions
(Table 2). The mean time needed to read a CE study was
5.4 ± 1.2 h in the group with the lesions and 5.6 ± 1.3 h
in the group without any lesions (Table 3). The mean
time needed to read a CE study by a reader was 2.8 ±
0.7 h compared with the scanning time of 3.2 ± 0.6 h by
IPS (most in 2.5-3.5 h, P > 0.05), and the number of the
images for the lesions varied from 1 to 262 in the 236
patients.
For the common enteric lesions detected by CE, the
effectiveness rate of the screened results (SRs) varied

Enteric lesions Sensitivity Specificity Accuracy Positive pv Negative pv

Common
lesion
Esoenteritis
Mucosal
ulcer/erosion
Bleeding
Spaceoccupying
lesion

78.6
66.0

32.9
30.5

38.8
35.7

14.9
14.0

91.1
84.0

91.8
42.9

53.6
67.3

60.9
65.2

31.6
11.1

96.6
92.5

Angioectasia
Telangiectasis

20.0

80.1

79.2

1.6

98.4

Angioectasia
Angioma

9.4
57.1

87.2
92.1

79.5
91.3

7.5
13.8

89.7
98.9

Rare lesion1

21.4

82.8

80.1

5.4

5.9

pv: Predictive value. 1Because the samples of the rare lesions were not
enough, so they were pooled together for the research.

from 42.9% to 91.2%, with a median of 74.2%, but for
the angioectasia and rare lesions, the effectiveness rate
varied from 20% to 57.1%, with a median of only 22.9%
(Table 4).
The screened results showed that the sensitivity rate
(effectiveness rate of SRs) was higher than the specificity
rate and the accuracy rate in the commonly-encountered
lesions but lower in angioectasia and rarely-encountered
lesions; the positive predictive value was low and the
negative predictive value was high in all the lesions (Tables
4 and 5).

DISCUSSION
CE plays an important role in diagnosis of the small
bowel diseases [16-18] , such as bleeding [19-21] , Crohn’s
disease[21-23], tumors[20], angioectasia[20], etc. With the bowel
peristalsis, CE passes through the small intestines and
takes pictures of the intestinal cavity, though the total
number of the images in each patient can vary from
40 000 to 60 000, with a median of 50 000, and the definite
www.wjgnet.com
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number of the images for the lesions is not greater than
several hundreds in the patients. After the screening by
the computer-aided diagnosis with the help of IPS, the
number of the remaining images is only 10%-15% of
the original ones (Table 2). Most of the lesions, especially
the commonly-encountered enteric lesions, have been
included and preserved, which can greatly reduce the
workload on the readers and make an efficient diagnosis
in most of the patients. However, one thing should be
emphasized that the screened results provided by IPS are
not the diseases themselves, but the lesions, because it was
very difficult for IPS to make a diagnosis according to the
lesions themselves just as the CE reader does; therefore,
all the data in Table 4 only indicate the screening rates, not
the diagnosis rates (Table 4).
The initial objective of this research was to make the
diagnosis of the small bowel diseases directly, but the
results were disappointing because of the complexity
and the multiformity of the lesions. The complicated
algorithm (Hidded Markov models, HMM [24,25] or
artificial neural network, ANN[26-28]) was of a tryout.
Though the diagnosis accuracy could be improved
to some extent, the result was not satisfactory to the
physicians, and the scanning time of IPS was much
longer than that of the readers’ performance; therefore,
it could not be accepted in the clinical practice. So, we
had to turn our steps just to “screening” the images for
the lesions and making the normal images left behind.
The results showed that about 75% of the images for
the common lesions could be screened out and the
scanning-time of IPS was limited to 2.5-3.5 h (average,
3.2 h) in most of the patients after the simple algorithms
were used based on the characteristic colors, coloring
distribution or contours, which proved its feasibility and
availability in the clinical application in our trial.
Though a large number of the normal images were
excluded and the reading time was decreased from 5 h
to 1 h on average (Table 3), the total time (scanning time
of IPS plus reading time of CE reader) spent on average
in each CE study did not decrease significantly when
compared with that of HSR. But with the development
of the CE technology, when the IPS is installed in the
image-receiver and the images can be analyzed directly
just as the Personal Digital Assistant (PDA) does[29-31],
the total time can be decreased.
As the images were taken by CE at random, CE
could not control the azimuth angles and the luminosity
as efficiently as the gastroscope or the colonoscope. As a
result, the contrast between the diseased mucosa and the
normal mucosa in some images was incorrectly changed.
In the screened images, the great majority of the normal
images (> 90%) were misdiagnosed (false positive) and
some of the images for the lesions were missed out by
IPS; therefore, the specificity, accuracy, and predictive
value for the positivity were very low for most of the
lesions (Table 5). Another problem of IPS was the
deficiency of self-adjustment of the borderline between
the diseased mucosa and the normal mucosa, which
resulted in the fact that only part of the lesions in the
image could be marked out (Figure 1F) or part of the
www.wjgnet.com
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normal mucosa was mistakenly marked out (Figure 2F).
These were the reasons why the readers would scan the
excluded images if they thought that the results obtained
from IPS did not accord with the clinical manifestations
of the patients given by the CE examination.
For the rarely-encountered lesions by CE, there was
still a lack of an ideal discriminating algorithm. These
lesions were not the main indications for the use of CE if
much more time was consumed, the screening procession
was prolonged and the clinical significance was lost. So,
we did not develop any special algorithm aimed at those
lesions. Another kind of the lesions, i.e., angioectasia,
was difficult to be directly recognized because of the
deficiency of characteristic colors and contours unless the
lesions were accompanied by bleeding (Figure 2F). The
proper algorithms have still been under development.
In conclusion, the result of this pilot study has
indicated that the computer-aided screening diagnosis
can be used as an efficient auxiliary measurement for the
commonly-encountered enteric lesions when the images
are taken by CE. We suggest that a further research
should focus on improvement of the specificity rate
and the screening rate for the rarely-encountered enteric
lesions. If the robotistic and controllable CE[32] is used
and more images with a better contrast are provided, the
screening rate can be significantly enhanced.
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Background

Capsule endoscopy (CE), which is virtually a microcamera, is a revolutionary
diagnostic tool in diagnosing small bowel diseases, and CE can obtain 40-60
thousand images of the GI tract, though the number of the images for the lesions is smaller than 500 in most of the patients. The CE reader still has to scan
ten thousands of the images one by one because the reader cannot make sure
which images the lesions are in. So, it may be a big burden on the CE reader’s
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In order to decrease the reading time, the high-speed reading (HSR) is the
commonly-used method at present, the reading time can be decreased to 0.5-1
h for one reader, but the work intensity is much greater and some lesions may
be missed.

Innovations and breakthroughs

In this pilot study, a kind of the image-processed software (IPS) aided by a
computer was introduced to screen the large number of normal images, and
only 10%-15% of the original images were left behind, of which most of the
commonly-encountered lesions in the small intestines were preserved and
diagnosed; therefore, the workload and the working time of the CE reader could
be decreased significantly.

Applications

Though a large number of the normal images were excluded, and the reading
time decreased significantly, the total time (scanning time of IPS plus reading
time of a CE reader) spent on average in each CE study did not significantly
decrease compared with that of HSR at present. But with the development of
the CE technology and improvement of algorithms, when IPS is installed in the
image-receiver and the images can be analyzed directly just as the Personal
Digital Assistant (PDA) does, the total time can be decreased significantly.
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Terminology

IPS is a kind of software installed in the computer workstation, which can
identify the common lesions in the small intestines based on the characteristic
colors and contours of the lesions. HSR system is a kind of software support
system installed in the computer workstation, which can speed up the reading
of the CE images.

Peer review

This article raises an interesting topic. Authors investigate and evaluate the feasibility of the computer-aided screening diagnosis for enteric lesions in the CE.

16
17
18
19

REFERENCES
1
2
3
4

5
6

7
8
9

10

11
12
13
14

15

Meron GD. The development of the swallowable video
capsule (M2A). Gastrointest Endosc 2000; 52: 817-819
Swain P. Wireless capsule endoscopy. Gut 2003; 52 Suppl 4:
iv48-iv50
Mazzarolo S, Brady P. Small bowel capsule endoscopy: a
systematic review. South Med J 2007; 100: 274-280
Seibel EJ, Carroll RE, Dominitz JA, Johnston RS, Melville CD,
Lee CM, Seitz SM, Kimmey MB. Tethered capsule endoscopy,
a low-cost and high-performance alternative technology for
the screening of esophageal cancer and Barrett’s esophagus.
IEEE Trans Biomed Eng 2008; 55: 1032-1042
Iddan G, Meron G, Glukhovsky A, Swain P. Wireless
capsule endoscopy. Nature 2000; 405: 417
Jensen TM, Vilmann P, Hendel JW. [Double-balloon
endoscopy for diagnosis and treatment of small bowel
diseases. The first Danish experiences with 31 patients]
Ugeskr Laeger 2008; 170: 433-437
Sidhu R, McAlindon ME, Kapur K, Hurlstone DP,
Wheeldon MC, Sanders DS. Push enteroscopy in the era of
capsule endoscopy. J Clin Gastroenterol 2008; 42: 54-58
Rondonotti E, Villa F, Mulder CJ, Jacobs MA, de Franchis
R. Small bowel capsule endoscopy in 2007: indications, risks
and limitations. World J Gastroenterol 2007; 13: 6140-6149
Rondonotti E, Herrerias JM, Pennazio M, Caunedo A,
Mascarenhas-Saraiva M, de Franchis R. Complications,
limitations, and failures of capsule endoscopy: a review of
733 cases. Gastrointest Endosc 2005; 62: 712-716; quiz 752, 754
Marmo R, Rotondano G, Piscopo R, Bianco MA, Cipolletta
L. Meta-analysis: capsule enteroscopy vs. conventional
modalities in diagnosis of small bowel diseases. Aliment
Pharmacol Ther 2005; 22: 595-604
Yagi Y, Vu H, Echigo T, Sagawa R, Yagi K, Shiba M,
Higuchi K, Arakawa T. A diagnosis support system for
capsule endoscopy. Inflammopharmacology 2007; 15: 78-83
Levinthal GN, Burke CA, Santisi JM. The accuracy of an
endoscopy nurse in interpreting capsule endoscopy. Am J
Gastroenterol 2003; 98: 2669-2671
Lai LH, Wong GL, Chow DK, Lau JY, Sung JJ, Leung WK.
Inter-observer variations on interpretation of capsule
endoscopies. Eur J Gastroenterol Hepatol 2006; 18: 283-286
Gurudu SR, Vargas HE, Leighton JA. New frontiers in
small-bowel imaging: the expanding technology of capsule
endoscopy and its impact in clinical gastroenterology. Rev
Gastroenterol Disord 2008; 8: 1-14
Gan T, Rao N. [Study on the computer-assisted real-time
diagnosis for micro-focus of esophagus based on the change

20

21

22
23
24
25

26
27

28

29
30

31
32

6935
of region-gradation] Shengwu Yixue Gongchengxue Zazhi
2007; 24: 756-759
Pennazio M. Diagnosis of small-bowel diseases in the era of
capsule endoscopy. Expert Rev Med Devices 2005; 2: 587-598
Ersoy O, Sivri B, Arslan S, Batman F, Bayraktar Y. How
much helpful is the capsule endoscopy for the diagnosis of
small bowel lesions? World J Gastroenterol 2006; 12: 3906-3910
Fireman Z, Kopelman Y. New frontiers in capsule
endoscopy. J Gastroenterol Hepatol 2007; 22: 1174-1177
Leighton JA, Sharma VK, Hentz JG, Musil D, Malikowski
MJ, McWane TL, Fleischer DE. Capsule endoscopy versus
push enteroscopy for evaluation of obscure gastrointestinal
bleeding with 1-year outcomes. Dig Dis Sci 2006; 51: 891-899
Ohmiya N, Yano T, Yamamoto H, Arakawa D, Nakamura
M, Honda W, Itoh A, Hirooka Y, Niwa Y, Maeda O, Ando
T, Yao T, Matsui T, Iida M, Tanaka S, Chiba T, Sakamoto C,
Sugano K, Goto H. Diagnosis and treatment of obscure GI
bleeding at double balloon endoscopy. Gastrointest Endosc
2007; 66: S72-S77
Leighton JA, Triester SL, Sharma VK. Capsule endoscopy: a
meta-analysis for use with obscure gastrointestinal bleeding
and Crohn’s disease. Gastrointest Endosc Clin N Am 2006; 16:
229-250
Saurin JC. Capsule endoscopy. Endoscopy 2007; 39: 986-991
Pennazio M. Crohn’s disease: diagnostic and therapeutic
potential of modern small-bowel endoscopy. Gastrointest
Endosc 2007; 66: S91-S93
Pruteanu-Malinici I, Carin L. Infinite hidden Markov
models for unusual-event detection in video. IEEE Trans
Image Process 2008; 17: 811-822
Bali N, Mohammad-Djafari A. Bayesian approach with
hidden Markov modeling and mean field approximation for
hyperspectral data analysis. IEEE Trans Image Process 2008;
17: 217-225
La Cara GE, Ursino M. A model of contour extraction
including multiple scales, flexible inhibition and attention.
Neural Netw 2008; 21: 759-773
Plagianakos VP, Magoulas GD, Vrahatis MN. Distributed
computing methodology for training neural networks in
an image-guided diagnostic application. Comput Methods
Programs Biomed 2006; 81: 228-235
Das A, Ben-Menachem T, Farooq FT, Cooper GS, Chak
A, Sivak MV Jr, Wong RC. Artificial neural network as a
predictive instrument in patients with acute nonvariceal
upper gastrointestinal hemorrhage. Gastroenterology 2008;
134: 65-74
De Ville K. “The cure is in hand”? The brave new world
of handheld computers in medicine. Camb Q Healthc Ethics
2008; 17: 385-400
Blaya JA, Gomez W, Rodriguez P, Fraser H. Cost and
implementation analysis of a personal digital assistant
system for laboratory data collection. Int J Tuberc Lung Dis
2008; 12: 921-927
Forjuoh SN, Reis MD, Couchman GR, Ory MG. Improving
diabetes self-care with a PDA in ambulatory care. Telemed J
E Health 2008; 14: 273-279
Park S, Park H, Park S, Jee C, Kim J, Kim B. Capsular
locomotive microrobot for gastrointestinal tract. Conf Proc
IEEE Eng Med Biol Soc 2006; 1: 2211-2214
S- Editor Li DL L- Editor Ma JY E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.6936

			

World J Gastroenterol 2008 December 7; 14(45): 6936-6942
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

BASIC RESEARCH

Effects of Wy14643 on hepatic ischemia reperfusion injury
in rats

Si-Qi Xu, Yuan-Hai Li, Sheng-Hong Hu, Ke Chen, Liu-Yi Dong
Si-Qi Xu, Yuan-Hai Li, Sheng-Hong Hu, Ke Chen, Department
of Anesthesiology, First Affiliated Hospital of Anhui Medical
University, Hefei 230022, Anhui Province, China
Liu-Yi Dong, Department of Pharmacology, Anhui Medical
University, Hefei 230032, Anhui Province, China
Author contributions: Xu SQ, Li YH, Hu SH, Chen K and
Dong LY designed the research; Xu SQ and Hu SH performed
the research; Xu SQ, Li YH and Dong LY analyzed data; and
Xu SQ and Li YH wrote the paper.
Correspondence to: Yuan-Hai Li, Professor, PhD, Department
of Anesthesiology, First Affiliated Hospital of Anhui Medical
University, Hefei 230022, Anhui Province,
China. liyuanhai-1@163.com
Telephone: +86-551-2922057 Fax: +86-551-2922057
Received: July 29, 2008
Revised: September 9, 2008
Accepted: September 16, 2008
Published online: December 7, 2008

pretreatment with Wy14643 at the dose of 1, 5 and
10 mg/kg, respectively. The activity of SOD in the
liver tissue homogenate was decreased after hepatic
I/R, which was enhanced by Wy14643 pretreatment.
In addition, serum and liver tissue homogenate ALT
and AST in the Wy14643 10 mg/kg group were lower
than in the Wy14643 1 mg/kg and 5 mg/kg groups,
respectively.
CONCLUSION: Wy 1 4 6 4 3 p re t re a t m e n t e xe r t s
significant protection against hepatic I/R injury in
rats. The protective effects are possibly associated
with enhancement of anti-oxidant and inhibition
inflammation response.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To i n v e s t i g a t e t h e e f f e c t s a n d p o s s i b l e
mechanisms of Wy14643 on hepatic ischemiareperfusion (I/R) injury in rats.
METHODS: T h i r ty m a l e S p ra g u e - D a w l e y ra t s
weighing 220-280 g were randomly divided into five
experimental groups: sham group (G1, n = 6): a
sham operation was performed (except for liver I/R);
I/R-untreated group (G2, n = 6): rats underwent
liver ischemia for 90 min followed by reperfusion for
4 h; and I/R + Wy14643 groups (G3, G4, G5; n =
6): after the same surgical procedure as in group 2,
animals were pretreated with Wy14643 at the dose of
1, 5 and 10 mg/kg 1 h before ischemia, respectively.
Hepatic ischemia-reperfusion (I/R) was induced by
clamping blood supply to the left lateral and median
lobes of the liver for 90 min, and atraumatic clamp
was removed for 4 h reperfusion. Blood samples and
liver tissues were obtained at the end of reperfusion
to assess serum and hepatic tissue homogenate
aminotransferase (ALT), aspartate aminotransferase
(AST), myeloperoxidase (MPO), serum interleukin1β (IL-1β) and tumor necrosis factor alpha (TNF-α),
as well as activity of superoxide dismutase (SOD)
and content of malondialdehyde (MDA) in the hepatic
tissue homogenate.
RESULTS: Hepatic I/R induced a significant increase
in the serum levels of ALT, AST, TNF-α, IL-1β and
MPO, as well as the levels of ALT, AST and MDA in
the liver tissue homogenate, which were reduced by
www.wjgnet.com
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INTRODUCTION
Interruption of hepatic inflow is a common procedure
during trauma surger y, liver transplantation, and
resectional surgery. However, the resulting period of
hepatic ischemia and subsequent reperfusion can lead
to liver injury and dysfunction through the initiation
of a biphasic inflammatory response[1]. An excessive
inflammation response is considered as a key mechanism
of ischemia-reperfusion injury[2]. The acute phase of
this response is characterized by activation of Kupffer
cells and their subsequent production and release
of reactive oxygen species, which may contribute to
liver dysfunction and cell injury during reperfusion[3].
Proinflammatory cytokines, chemokines, and activated
complement factors are responsible for neutrophil
recruitment and the subsequent neutrophil-induced
oxidant stress during the later reperfusion phase[4]. In
addition, accumulated neutrophils release oxidants and
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proteases that directly injure hepatocytes and vascular
endothelial cells and may also obstruct hepatic sinusoids
resulting in hepatic hypoperfusion[5].
Peroxisome proliferator-activated receptor- α
(PPAR-α) is one of the three subtypes of the nuclear
receptor PPAR family [6]. Activation of PPAR- α , by
either natural ligands, such as polyunsaturated fatty
acids and eicosanoids, or synthetic ligands, such as
fibrates, Wy14643, stimulates target-gene transcription
via the formation of heterodimeric transcription factor
complexes with the retinoid X receptor [7]. PPAR- α
has a wide range of effects on metabolism, cellular
proliferation and the immune response [8] . Beyond
metabolic effects, PPARα activation also induces antiinflammatory and antioxidant effects in different organs.
Several studies indicated that Wy14643 protected
organs such as heart, kidney and brain against ischemiareperfusion injury[9-12]. PPAR-α represses the expression
of inflammatory-response genes via a mechanism
termed ligand-dependent transrepression [13]. Direct
binding of PPAR-α to NF-kB p65 was demonstrated
by in vitro assays, suggesting that transrepression might
be involved in direct interference with transcriptional
activation by NF-kB, thus preventing the synthesis and
release of cytokines (interleukin-1 and tumor necrosis
factor α)[14,15]. Furthermore, PPAR-α activation induces
the expression and activation of antioxidant enzymes
such as superoxide dismutase(SOD), catalase and
glutathione peroxidase[16,17]. PPAR-α is highly expressed
in the liver, particularly in hepatic parenchymal cells,
which can protect hepatocytes in the mice hepatic
ischemia-reperfusion injury model[1]. But the effect of
Wy14643 on hepatic ischemia-reperfusion injury was
not clear. In the present study, we determined whether
PPAR-α activation by the selective agonist Wy14643 may
reduce hepatic I/R injury in rats through modulation of
oxidative stress and inflammatory response.

MATERIALS AND METHODS
Chemicals
Wy14643, selective PPARα agonist, was purchased from
Cayman Chemical (USA) and used as 1, 5 and 10 mg/kg
homogenized in 20 mg/L ethanol via intraperitoneal (ip)
route.
Ethanol was used to form a homogenized drug.
Each dose was homogenized in 1ml ethanol and injected
via ip. A previous study has found that 20 mg/L ethanol
was not harmful to the liver[18].
Ethics and animals
Male Sprague-Dawley rats (weighing 220-280 g) were used
in these experiments. Temperature and relative humidity
were kept at 22 ± 2℃ and 50% ± 5%, respectively. All
rats were obtained from the Center of Experimental
Animals in Anhui Medical University. They were allowed
free access to a commercial standard chow and water ad
libitum before the experimental procedure began. All
rats were acclimatized to our animal facility for at least
1 wk before experiment. Stressful stimuli were avoided.
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This project was approved by the Committee for Research
and Animal Ethics of Anhui Medical University.
Experimental design
Rats were randomly divided into five experimental
groups each containing six rats: (1) Sham (except for
hepatic I/R), (2) Ischemia-reperfusion (I/R), (3) I/R
+ Wy14643 (1 mg/kg), (4) I/R + Wy14643 (5 mg/kg),
and (5) I/R + Wy14643 (10 mg/kg). Partial hepatic
ischemia was induced as described previously[1]. Briefly,
each rat was weighed and anesthetized by intraperitoneal
administration of 1.0 g/kg ethylurethanm. Anesthetized
rats were placed onto a thermostatically controlled
heating pad, a rectal temperature probe was inserted,
and body temperature was monitored and maintained
at 37℃. The abdomen was shaved and disinfected
with 75% ethanol. A midline incision was performed;
the first porta hepatis was exposed. An atraumatic clip
was used to prevent blood supply to the left lateral and
median lobes of the liver. After 90 min of partial hepatic
ischemia, the clip was removed to recover hepatic
reperfusion for 4 h. Sham control rats underwent the
same protocol without vascular occlusion. Abdominal
incision was closed in layers with 4-0 dexon and 2-0
nylon during reperfusion stage in order to prevent the
loss of body fluid and quantity of heat.
Collection of blood and tissue samples
After 4 h of reperfusion, blood samples were drawn
from aorta ventralis. The liver was carefully dissected
out from its attachment, and totally excised. All rats
were then sacrificed by hemorrhage. Blood samples
were centrifuged with 4000 r/min for 15 min at 4℃,
following collection of supernatant liquid, and were kept
at -20℃ for biochemical analyses which were duplicated.
Ischemia liver tissue was also divided into two parts,
one part was fixed in 10 g/L glutaraldehyde to observe
hepatic ultrastructure, the other part was snap frozen in
liquid nitrogen. The samples were stored at -80℃ until
assayed.
Ultrastructural assessment of liver tissue
Ischemia liver samples fixed in 10 g/L Glutaral,
dehydrated, drying and surface gilding according to
standard procedures. Electron microscope was used to
assess the degree of hepatic damage.
Serum and hepatic tissue homogenate ALT and AST
assay
Serum and hepatic tissue homogenate ALT and AST,
a marker of hepatocellular injury, were measured using
commercial available kit and the result was expressed as
U/L as well as U/mg protein, respectively.
Total protein concentrations in liver homogenate
samples were determined by the Coomassie blue method.
Serum and liver homogenate MPO assay
MPO activity in serum and hepatic tissue was detected
by a spectrophotometric method, reflecting the number
of polymorphonuclear neutrophils (PMN) in the liver.
www.wjgnet.com
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This method uses 3, 3’, 5, 5’-tetramethyl benzidine (TMB)
as an oxidizable dye, and the reaction was started by
adding hydrogen peroxide (H2O2) in the medium.
The assay kits were purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).
Serum TNF-α and IL-1β assay
Ser um TNF- α and IL-1 β levels were deter mined
with double antibody sandwich ABC-ELISA using
a rat TNF-α and IL-1β kit method according to the
manufacturer’s instructions. The samples were compared
with the standard curve and expressed as pg/mL. All
assay kits were purchased from Shanghai Senxiong
Technologyindustry Co. Ltd, China.
Hepatic tissue homogenate SOD and MDA assay
SOD activity was measured through the inhibition of
nitroblue tetrazolium (NBT) reduction by O2-generated
by the xanthine/xanthine oxidase system. One SOD
activity unit was defined as the enzyme amount causing
50% inhibition in 1 mL reaction solution per milligram
tissue protein and the result was expressed as U/mg
protein.
L ive r h o m o g e n a t e m a l o n d i a l d e hyd e ( M DA )
concentration was measured using the thiobarbituric
acid (TBA) method. The amount of lipid peroxides
(LPO) was measured as the production of MDA, which
in combination with TBA forms a pink chromogen
compound whose absorbance at 532 nm was measured.
The result was expressed as nmol/mg protein.
All assay kits were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).
Statistical analyses
All data were expressed as mean ± SD. The statistical
significance of differences between groups was analyzed
using the one-way analysis of variance (ANOVA) and
methods of LSD with the SPSS11.5 for Windows XP
statistical software package. The P values less than 0.05
were considered statistically significant.

RESULTS
Levels of serum and liver tissue homogenate ALT and
AST
Liver function was examined by measuring serum and
liver tissue levels of ALT and AST. Hepatic I/R caused
a marked elevation of serum and liver tissue ALT as well
as AST activity (serum ALT: 20 ± 4 U/L vs 485 ± 69 U/L,
liver tissue homogenate ALT: 50 ± 10 U/mg protein
vs 181 ± 16 U/mg protein, P = 0.000, P = 0.000,
serum AST: 56 ± 5 U/L vs 252 ± 28 U/L, liver tissue
homogenate AST: 20 ± 3 U/mg protein vs 46 ± 8 U/mg
protein, P = 0.000, P = 0.000). The increase in serum
and liver tissue homogenate ALT as well as AST activity
induced by hepatic I/R was significantly attenuated by
administration of Wy14643 at dose of 1, 5 and 10 mg/kg
(serum ALT: 485 ± 69 U/L vs 386 ± 49 U/L, 259 ± 56
U/L, 139 ± 29 U/L, P = 0.001, P = 0.000, P = 0.000,
liver tissue homogenate ALT: 181 ± 16 U/mg protein vs
www.wjgnet.com
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164 ± 17 U/mg protein, 75 ± 13 U/mg protein, 47 ± 6
U/mg protein, P = 0.031, P = 0.000, P = 0.000, serum
AST: 252 ± 28 U/L, 227 ± 30 U/L, 124 ± 19 U/L, 70
± 8 U/L, P = 0.048, P = 0.000, P = 0.000, liver tissue
homogenate AST: 46 ± 8 U/mg protein, 31 ± 7 U/mg
protein, 22 ± 5 U/mg protein, 17 ± 4 U/mg protein, P
= 0.000, P = 0.000, P = 0.000). The results demonstrated
that Wy14643 has the dose-dependent protective effects
on liver injury, and that alteration of ALT and AST
activity in serum and liver tissue was coincident (Figure 1).
Ultrastructural alterations of liver tissue
The ultrastructural structure of cells was normal in
the sham group. After 90 min of hepatic ischemia
followed by reperfusion for 4 h, compared with the
sham group, the occluded liver tissue from the I/R
group was markedly damaged, with mitochondrion
swollen, vacuolar degeneration and, mitochondrial crista
destruction, marked decrease of rough endoplasmic
reticulum and nucleus structure destruction under the
electron microscope. Pretreatment of rats with 1, 5 and
10 mg/kg Wy14643 resulted in a significant amelioration
of hepatic injury (Figure 2).
Levels of serum and liver tissue homogenate MPO
MPO activity in serum and liver tissue was detected,
reflecting the number of polymorphonuclear neutrophils
(PMN). The serum and liver tissue homogenate MPO
activity was significantly increased after hepatic I/R
compared with the sham group (serum MPO: 313
± 55 U/L vs 574 ± 70 U/L, P = 0.000; liver tissue
homogenate MPO: 0.23 ± 0.04 U/g vs 0.42 ± 0.06 U/g,
P = 0.000). Pretreatment with Wy14643 at dose of 1,
5 and 10 mg/kg led to the marked reduction of MPO
content compared with I/R group (serum MPO: 574 ±
70 U/L vs 479 ± 63 U/L, 334 ± 33 U/L, 365 ± 72 U/L,
P = 0.012, P = 0.000, P = 0.000; liver tissue homogenate
MPO: 0.42 ± 0.06 U/g vs 0.35 ± 0.05 U/g, 0.26 ± 0.02
U/g, 0.27 ± 0.03 U/g, P = 0.010, P = 0.000, P = 0.000).
All these showed that Wy14643 reduced infiltration of
leukocytes into the inflammatory sites (Figure 3).
Levels of TNF-α and IL-1β in serum
The TNF-α and IL-1β content was significantly higher
after reperfusion in I/R group than in sham group
(TNF-α: 1.37 ± 0.21 pg/mL vs 11.63 ± 1.11 pg/mL, P
= 0.000; IL-1β: 78 ± 16 pg/mL vs 220 ± 30 pg/mL, P
= 0.000), Pretreatment with Wy14643 1, 5 and 10 mg/
kg resulted in the reduction in dependent-dose manner
compared with the I/R group (TNF-α: 11.63 ± 1.11 pg/
mL vs 10.83 ± 0.94 pg/mL, 9.89 ± 0.60 pg/mL, 9.29 ±
1.20 pg/mL P = 0.132, P = 0.002, P = 0.000; IL-1β: 220
± 30 pg/mL vs 195 ± 27 pg/mL, 112 ± 17 pg/mL, 95 ±
20 pg/mL, P = 0.070, P = 0.000, P = 0.000) (Figure 3).
SOD activity in liver tissue homogenate
The levels of liver SOD lowered significantly after hepatic
I/R compared with the sham group (SOD: 114.81 ±
1.13 U/mg protein vs 99.52 ± 1.68 U/mg protein, P
= 0.000), after administration of Wy14643 1, 5 and 10
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Figure 1 Levels of serum and liver tissue homogenate ALT and AST. Serum ALT (A), liver ALT (B), serum AST (C) and liver AST (D) levels in different groups (mean
± SD, n = 6). After 90 min of hepatic ischemia and 4 h of reperfusion, ALT and AST were determined with an ALT and AST assay kit. bP < 0.01 vs sham group; cP < 0.05,
d
P < 0.01 vs I/R group.
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Figure 2 Ultrastructural alterations of liver tissue. A: Sham group. Normal appearance of mitochondrion, rough endoplasmic reticulum and nucleus structure;
B: I/R group. Mitochondrion swelled significantly with vacuolar degeneration and mitochondrial crista destruction, marked decrease of rough endoplasmic reticulum
and nucleus structure destruction; C: Wy14643 group (1 mg/kg). Mitochondrion swelled moderately, with mitochondrial crista interruption and vacuolar degeneration,
increase of rough endoplasmic reticulum and nucleus structure destruction; D: Wy14643 group (5 mg/kg). Mitochondrion swelled mildly, with rough endoplasmic
reticulu and normal nucleus structure; E: Wy14643 group (10 mg/kg). Normal appearance of mitochondrion, rough endoplasmic reticulum and nucleus structure.

mg/kg, SOD activity in liver was elevated (99.52 ± 1.68
U/mg protein vs 100.09 ± 3.75 U/mg protein, 103.45 ±
3.08 U/mg protein, 103.45 ± 1.73 U/mg protein, P =
0.706, P = 0.014, P = 0.014) (Figure 3).
MDA content in liver tissue homogenate
The MDA content as an index of lipid peroxidation
became significantly higher after reperfusion in I/R

group than in sham group (MDA: 6.48 ± 0.64 nmol/mg
protein vs 11.36 ± 1.10 nmol/mg protein, P = 0.000).
Pretreatment with Wy14643 1, 5 and 10 mg/kg caused
marked reduction compared with the I/R g roup
(MDA: 11.36 ± 1.10 nmol/mg protein vs 10.37 ± 0.99
nmol/mg protein, 6.59 ± 0.97 nmol/mg protein,7.50 ±
0.66 nmol/mg protein, P = 0.066, P = 0.000, P = 0.000)
(Figure 3).
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Figure 3 Activities of MPO in the serum (A), activities of MPO in the liver (B), serum TNF-α levels (C), serum IL-1β levels (D), activity of SOD in the liver (E)
and content of MDA in the liver (F) in different groups (mean ± SD, n = 6). After 90 min of hepatic ischemia and 4 h of reperfusion, MPO, TNF-α, IL-1β, SOD and
MDA were analyzed with an MPO, TNF-α, IL-1β, SOD and MDA assay kit. bP < 0.01 vs sham group; cP < 0.05, dP < 0.01 vs I/R group.

DISCUSSION
The present study provides noticeable evidence that
the selective PPAR- α agonist Wy14643 protects the
rat liver from hepatic I/R injury. This protective effect
is demonstrated by reducing ALT and AST levels and
is associated with an inhibition of oxidative stress and
inflammatory response. An increase in serum and liver
homogenate ALT and AST levels has been suggested to
be an effective indicator of impaired liver parenchymal
cells with hepatic I/R. Our results indicate that Wy14643
results in a marked reduction of ALT and AST levels
with dose-dependent manner in the rat hepatic tissue
homogenate compared with the sham group.
Hepatic ischemia-reperfusion is known to induce
formation of reactive oxygen, as well as excessive
inflammatory response, which is clearly recognized as a
key mechanism of injury during reperfusion[2,19].
Hepatic ischemia activates Kupffer cells, which are
the main sources of vascular reactive oxygen formation
during the initial reperfusion period[20]. In addition to
Kupffer cell-induced oxidant stress, with increasing
length of the ischemic episode, components of NADPH
oxidase are recruited to the cell surface leading to the
priming for enhanced reactive oxygen formation [21].
Furthermore, ROS can activate diverse downstream
signaling pathways, such as the transcription factor
www.wjgnet.com

nuclear factor-κB (NF-κB), thus regulating expression of
genes encoding a variety of proinflammatory proteins[22].
SOD, an oxygen radical scavenger which converts
superoxide anion radicals present in the upper stream
of reactive oxygen metabolism cascade, protects cells
against damage. Lipid peroxidation, mediated by free
oxygen radicals, is believed to be an important cause of
destruction and damage to cell membranes. Membrane
peroxidation can lead to changes in membrane fluidity
and permeability and also to enhanced rates of protein
degradation, eventually resulting in cell lysis[23]. MDA
levels have been extensively used as markers of lipid
peroxidation and lipid peroxidation damage in tissues,
including cells and body fluids in both clinical and
experimental studies [24,25]. In our study, we confirm
that hepatic I/R caused significant increase of MDA,
accompanied by SOD decrease. Administration of
Wy14643 ip 1 h before I/R decreased lipid peroxidation
in rats subjected to I/R and, at the same time, offered
protection against SOD decrease. This finding is in
agreement with other reports showing that Wy14643
enhances expression of antioxidant enzymes such as
SOD and catalase in the rat liver[26].
TNF-α and IL-1β derived from activated Kupffer
cells play an important role in the pathogenesis of
hepatic ischemia-reperfusion injury. These cytokines
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are capable of up-regulating adhesion molecules and
causing polymorphonuclear neutrophils to adhere
to endothelial cells. This causes microcirculation
disturbance, which is thought to be a major mechanism
of ischemia-reperfusion injury, including the “noflow phenomenon”[27]. NF-κB is activated during I/R
of the liver, and plays an important and complex role
in the gene expression of proinflammatory cytokines
(TNF-α and IL-1), which will lead to the tissue injury[28].
PPAR-α agonists may have the anti-inflammatory action,
which are thought to be mediated through negative
regulation of the transcription factors NF- κ B and
activator protein-1, resulting in decreased expression
of their target genes[29,30]. Cuzzocrea et al[31] found that
administration of Wy14643 before the onset of gut
ischemia significantly reduced intestinal I/R injury
in rats. The improved outcome was accompanied by
reductions in neutrophil infiltration, proinflammatory
cytokine(TNF- α and IL-1 β ) expression. Similarly,
renal and liver I/R injury was reduced after Wy14643
pretreatment, partially due to its anti-inflammatory
effects[1,32]. In mice, PPAR-α ligands attenuate cisplatininduced ARF by repressing inflammation via inhibition
of NF-κB binding activity, which attenuate neutrophil
inflation and cytokine release(TNF-α and IL-1β)[33]. It
is reported that Wy14643 lowers levels of TNF-α and
IL-1β in plasma[34,35]. It is observed that pretreatment
with PPAR-α agonists Wy14643 significantly decreased
TNF-α and IL-1β in serum. Thus, the results showed
that its reduction represents a further mechanism for
hepatic protection by PPAR-α agonists.
MPO is an enzyme restricted mainly to
polymorphonuclear neutrophils (PMNs), reflecting
the number of PMNs in the serum and liver. The
evidence indicated that Wy14643 reduced infiltration
of the reperfused intestine with polymorphonuclear
neutrophils [31] . Our result shows that Wy14643
significantly decreased the serum and liver MPO activity
compared with the I/R group. That is to say, Wy14643
reduced infiltration of leukocytes into the inflammatory
sites to decrease hepatic I/R injury. In the present study,
the significant increase of MPO activity in the hepatic
tissue homogenate after hepatic I/R is consistent with a
previous study[36].
In summar y, our results show that Wy14643
pretreatment protects liver injury induced by hepatic
I/R. The protection effects are probably associated with
enhancement of antioxidant capacities and inhibition
of inflammation responses. However, the precise
mechanisms of PPAR- α agonists need to be further
investigated in the oxidative stress and inflammatory
response implicated in the pathogenesis of hepatic I/R
injury.

COMMENTS
Background

The peroxisome proliferator-activated receptor-alpha (PPAR-α) is a member of
the nuclear receptor family of ligand-dependent transcription factors. Several
studies indicated that PPARα protected organs such as heart, kidney and
brain against ischemia-reperfusion injury. PPARα activation also induces antiinflammatory and antioxidant effects. In addition, PPAR-α is highly expressed
in the liver, particularly in hepatic parenchymal cells, which can protect
hepatocytes in the mouse model of hepatic ischemia-reperfusion injury.

Research frontiers

In recent years, more attention has been paid to the effects of PPAR-α on
the important organs such as heart, brain, liver and kidney. PPAR-α is a
transcription factor that in some in vitro systems has been linked with downregulation of proinﬂammatory mediators, thus implicating a potential role for
PPAR-α in the regulation of inﬂammatory processes. Meanwhile, PPAR-α
enhances expression of antioxidant enzymes such as SOD and catalase.

Innovations and breakthroughs

Wy14643 was shown to enhance antioxidant capacities and inhibit inflammation
responses in some studies. The present study analyzed serum and hepatic
tissue homogenate indexes such as ALT, AST, MPO, SOD, MDA,TNF-α and
TNF-α. Ultrastructural alterations of liver tissue were also observed. These
results all indicated that Wy14643 significantly mitigated hepatic I/R injury in a
dose-dependent manner.

Applications

This study has indicated that PPAR-α agonist Wy14643 pretreatment protects
liver injury induced by hepatic I/R. The protective effects may be associated
with enhancement of antioxidant capacities and inhibition of inflammation
responses. This may present a novel and attractive approach to prevent hepatic
I/R injury.

Peer review

The research is important because authors demonstrated that Wy14643
pretreatment exerts significant protection against hepatic I/R injury in rats. The
protective effects are possibly associated with enhancement of anti-oxidant and
inhibition inflammation response.
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Abstract
AIM: To develop a simplified and quick protocol to
induce cirrhosis and standardize models of partial liver
resection in rats.
METHODS: In Fischer F344 rats two modified protocols
of phenobarbital-carbon tetrachloride (CCl4) (dilution
50%) gavage to induce cirrhosis (frequency adjusted
according to weight, but each subsequent dose was
systematically administered) were tested, i.e. the rapid
and slow protocols. Prothrombin time (PT) and total bilirubin (TB) were also evaluated. Animals from the rapid
group underwent 15% hepatectomy and animals from
the slow group underwent 70% hepatectomy.
RESULTS: Rapid protocol: This corresponded to 1 gavage/4 d over 6 wk (mortality 30%). Mean PT was 35.2
± 2.8 s (normal: 14.5 s), and mean TB was 1.8 ± 0.2
mg/dL (normal: 0.1 mg/dL). Slow protocol: This corresponded to 1 gavage/6 d over 9 wk (mortality 10%).
Mean PT was 11.8 ± 0.2 s (normal: 14.5 s), and mean
TB was 0.4 ± 0.04 mg/dL (normal: 0.1 mg/dL). Pathological analyses were performed in both protocols which
showed persistent cirrhosis at 3 mo. Rat mortality in the
rapid gavage group who underwent 15% hepatectomy
and in the slow gavage group who underwent 70%
hepatectomy was 50% and 70%, respectively.

CONCLUSION: Our modified model is a simplified
method to induce cirrhosis which is rapid (6 to 9 wk),
efficient and stable up to 3 mo. Using this method, “Child
Pugh A” or “Child Pugh BC” cirrhotic rats were obtained.
Our models of cirrhosis and hepatectomy can be used in
various situations focusing on postoperative survival.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
There is currently a worldwide epidemic of chronic liver
disease (chronic viral hepatitis B and C, and hepatopathy
associated with obesity via the non alcoholic steatohepatitis (NASH) syndrome. At the same time, the number
of patients presenting with hepatocellular carcinoma
and/or persistent end-stage hepatic function alteration have increased. These two complications have led
to more frequent discussions on hepatic resection and
transplantation. However, the scope for both these solutions is limited by postoperative mortality and the constantly growing shortage of donors.
This situation led physicians and surgeons to propose
new therapeutic solutions[1]. These solutions include: (1)
Reduced-sized orthotopic liver graft[2,3], hepatic transplantation with living donor[4] and xenogenic transplantation[5,6]; (2) Cellular therapy by transplantation of hepatocytes into the liver, spleen and peritoneum (isolated or
encapsulated)[7,8] (autologous, allogeneic, xenogenic, free
or encapsulated, genetically modified ex vivo)[9].
It is thus necessary to have animal models of cirrhosis,
which make it possible to obtain compensated (equivalent
to Child Pugh A) or decompensated cirrhosis (equivalent
www.wjgnet.com
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to Child Pugh BC). At best, liver cirrhosis must be rapidly obtainable, and durable. It is also necessary to have
standardized models of partial hepatic resection in these
cirrhotic animals with reproducible mortality.
The most validated cirrhosis model in the rat is the
carbon tetrachloride (CCl4) (induced by phenobarbital) cirrhosis model[10]. Many protocols exist, which differ in the
route of administration (gavage, intraperitoneal or subcutaneous injection), the dilution of CCl4 (1/20 to 1/10),
the frequency (1 to 4 wk) and the duration (8 to 28 wk)
of CCl4 administration. The efficiency of these protocols
(70% to 100%), as well as the inherent toxic-mortality (20%
to 90%) is variable in the literature[11]. The study in which
the CCl4 protocol for cirrhosis is best described is that of
Kobayashi et al[12,13]. Here CCl4 was given by gavage twice
weekly and diluted to 10%. The amount of CCl4 was decreased if body weight remained constant, and not administered if the weight decreased. The study was carried out
over a 28-wk period. The animals were studied only when
evidence of liver failure did not improve after CCl4 was
withheld for 4 wk. However, this reference protocol is too
restrictive particularly for pilot studies[14].
The aim of this study was to establish a restrictive
CCl4 cirrhosis model which resulted in “Child Pugh A”
or “Child Pugh BC” cirrhotic rats, which could be carried out easily, quickly and in a reproducible and durable
way by modulating the dilution of CCl4 and the duration
and frequency of gavage. In addition, we tested different
types of hepatectomy in terms of the resected volume
(“minor or major”) to obtain reproducible postoperative
mortality.

MATERIALS AND METHODS
Animals
Male Fischer F344 rats (Iffa Credo, France) weighing
150-180 g were used. The rats were given free access
to standard laboratory food and water throughout the
experiments. Rats were acclimatized to our laboratory
conditions for 7 d. All the procedures performed on the
animals were in accordance with the European Committee on the Use and Care of Animals.
Induction of phenobarbital-carbon tetrachloride-induced
liver cirrhosis
Rats were given phenobarbital (lyophilized 200 mg,
Rhône-Poulenc Rorer, France) in their drinking water at
a concentration of 0.5 g/L throughout the establishment
of liver cirrhosis. Two weeks later, CCl4 (diluted 50% in
olive oil) was given intragastrically using a gavage needle
at different intervals determined during preliminary
experiments.
Rat weight was approximately 200 g at the time of
first gavage. The initial dose was 0.08 mL (0.20 mL/kg
of CCl4). Each subsequent dose was systematically administered (even if weight remained stable or decreased)
but adjusted based on changes in body weight: from 150
to 220 g, 0.06 to 0.09 mL (0.20 mL/kg of CCl4); from
230 to 270 g, 0.12 to 0.14 mL (0.25 mL/kg); from 280 to
300 g, 0.17 to 0.18 mL (0.30 mL/kg); from 310 to 330 g,
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0.22 to 0.23 mL (0.35 mL/kg); from 340 to 360 g, 0.27 to
0.29 mL (0.40 mL/kg); from 370 to 390 g, 0.33 to 0.35 mL
(0.45 mL/kg). Various gavage protocols (frequency,
duration of gavage, dose adjustment, mortality during
gavage) were tested leading to the selection of two protocols (rapid protocol, slow protocol).
Once these two protocols (rapid and slow) were selected, 3 groups of 10 animals for each protocol were used as
test groups to affirm that these protocols were reproducible in terms of mortality related to gavage, gravity of cirrhosis (ascites, splenomegaly, portal hypertension, biology,
pathology) and persistence of the histological lesions with
time.
Biology
Prothrombin time (PT) and total bilirubin (TB) were assessed in 5 rats in the rapid and slow protocol groups 3
wk after gavage interruption.
Histological examination
Representative liver blocks, obtained when the rats were
sacrificed, were prepared to establish the gavage protocols
or after partial hepatectomy. After routine paraffin wax
processing, hematoxylin eosin and Masson’s trichromie
stained sections were obtained and the presence of cirrhosis was assessed under light microscopy. Pathological
analyses were performed in rats 3 wk after gavage interruption (T0) and at regular intervals (2 wk, 5, 9, 13, 18 s).
Anesthesia
Partial hepatectomy was performed under ether inhalation anesthesia. The day before intervention, the animals
were fasted for 12 h prior to surgery. Postoperatively,
animals received glucose supplementation (immediate
postoperative subcutaneous glucose 30%, and glucose
10% added to drinking water during the first 24 h) and
animals were heated during the first 24 h.
Hepatectomy
Hepatectomy was performed in cirrhotic rats 3 wk after
gavage interruption. The extent of hepatectomy was
adjusted by excising various combinations of liver lobes
that are known to have a predictable volume[15] according
to the nature of the protocol and the observed postoperative mortality: 15% hepatectomy (epiploïc lobes, i.e.
minor hepatectomy) and 70% hepatectomy (left lateral
and median lobes, i.e. major hepatectomy) were chosen
after preliminary experiments.
Two groups of 10 animals from the rapid group
underwent 15% hepatectomy and two groups of 10 animals from the slow group underwent 70% hepatectomy.
The postoperative day 1 mortality was noted. Pathologic
examination of the resected specimen was carried out
systematically.

RESULTS
Rapid and slow protocol gavage mortality
Rapid protocol: This corresponded to 1 gavage/4 d over
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Figure 1 Rat liver after CCl4 gavage. A: Rat liver [9 wk after T0 (12 wk after CCl4 gavage interruption)] extensive mutilating fibrosis, with nodules (cirrhosis). In the
nodules separated by fibrous septa, hepatocytes with a basophil cytoplasm and a round nucleus are organized in fine spans (Masson's trichromie, × 10); B: Rat liver [6 wk
after T0 (9 wk after CCl4 gavage interruption)] extensive mutilating fibrosis, with nodules (cirrhosis) (HE, × 10).

42 d (6 wk). Mortality in the rapid protocol was 30%, 30%
and 40% (mean: 30%), from the first gavage to 3 wk after
gavage interruption, respectively. In the surviving rats, 3
wk after gavage interruption, at the time of sacrifice, there
were macroscopic micro nodular cirrhosis aspects in all
animals, and ascites, splenomegaly and portal hypertension signs (at the level of the stomach) in 85%, 65% and
60% of animals, respectively.
Slow protocol: This corresponded to 1 gavage/6 d over
63 d (9 wk). Mortality in the rapid protocol was 10%, 20%
and 10% (mean: 10%), from the first gavage to 3 wk after
gavage interruption, respectively. In the surviving rats,
3 wk after gavage interruption, at the time of sacrifice,
there were macroscopic micro nodular cirrhosis aspects in
all animals, and ascites, splenomegaly and portal hypertension signs (at the level of the stomach) in 5%, 5% and 0%
of animals, respectively.
Biology
Rapid protocol: In the surviving rats, 3 wk after gavage
interruption, mean PT was 35.2 ± 2.8 s (normal: 14.5 s),
and mean bilirubin was 1.8 ± 0.2 mg/dL (normal:
0.1 mg/dL) (n = 5).
Slow protocol: In the surviving rats, 3 wk after gavage
interruption, mean PT was 11.8 ± 0.2 s (normal: 14.5 s),
and mean bilirubin was 0.4 ± 0.04 mg/dL (normal:
0.1 mg/dL) (n = 5).
Pathological assessment
After both the rapid and slow protocols, all surviving
rats presented with cirrhosis (T0 = 3 wk after gavage
interruption) with extensive mutilating fibrosis and nodules (Figure 1). The cirrhosis aspects persisted on analyses performed at regular intervals (2 wk, 5, 9, 13, 18 s).
Mortality after partial hepatectomy
Mortality in the two groups of 10 animals from the rapid gavage group, who underwent 15% hepatectomy, was
50% at postoperative day 1. Mortality in the two groups
of 10 animals from the slow gavage group, who underwent 70% hepatectomy, was 70% at postoperative day 1.

DISCUSSION
CCl4 is widely used to induce experimental liver damage.
The data from this study showed that our modified model
is a simplified and improved method for inducing cirrhosis which was rapid (6 to 9 wk), efficient, stable up to 3
mo and which resulted in “Child Pugh A” or “Child Pugh
BC” cirrhotic rats. Fifteen percent hepatectomy (“minor
hepatectomy”) in decompensated cirrhotic animals and
70% hepatectomy (“major hepatectomy”) in compensated
cirrhotic animals resulted in a postoperative mortality of
50% and 70%, respectively. These reproducible and high
postoperative mortality rates can be used in protocols
devoted to cellular therapy in chronic liver diseases[1,8].
Moreover, different series have studied the biological[16,17]
and hemodynamic[18-20] variations induced by liver cirrhosis. Other authors have investigated various treatments in
rats with liver cirrhosis[21-24].
In the Kobayashi et al[12,13], CCl4 reference induced cirrhosis model, animals were studied only when evidence
of liver failure did not improve after CCl4 was withheld
for 4 wk, following 28 wk of gavage. Overall, the length
of the protocol was 8 mo. However, this protocol ensured
the induction of cirrhosis which was slow, stable and very
close to cirrhosis found in clinical practice. The main pitfall of this protocol was its length which is not compatible
with small “pilot” or “preliminary” studies. In our study,
serum albumin level, serum ammonia level and degree of
encephalopathy (coma scale), are lacking, however, persistent histological alteration at 3 mo is, in our view, a major
argument for the use of this method. To reinforce the
pertinence of modified protocols for inducing cirrhosis in
rats, at a recent congress, Quadrelli et al[25] presented a new
approach to improve the model of cirrhotic liver induced
by CCl4, which associated gavage and subcutaneous injection of CCl4. This new approach, associated with 45%
mortality allowed cirrhosis induction in 60% of rats in a
period of 9 wk.
We have found only 5 papers in the literature which
reported mortality after hepatectomy (rational for the
study of cirrhotic rats focusing on postoperative mortality)
in various models of compensated “Child Pugh A” CCl4
induced cirrhosis in rats. One of these studies reported a
www.wjgnet.com
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postoperative mortality of 70% after 30% hepatectomy[26].
In the remaining four studies after 70% hepatectomy,
a postoperative mortality of 15%, 20%, 25% and 40%,
respectively was reported[27-30]. In this series, rat mortality
after 70% hepatectomy in compensated “Child Pugh A”
rats was higher, about 70% and could be explained by the
more intensive gavage protocol used. However, the extent
of the resection, i.e. 15% in decompensated cirrhotic animals, and 70% in compensated cirrhotic animals chosen in
this series are compatible with minor and major hepatic resections performed in clinical practice in cirrhotic patients.
In conclusion, our modified model is a simplified
method for inducing cirrhosis that is rapid (6 to 9 wk),
efficient and stable up to 3 mo. It resulted in “Child
Pugh A” or “Child Pugh BC” cirrhotic rats. Our models
of cirrhosis and hepatectomy can be used in various
situations focusing on postoperative survival.
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tients and suggests the routine use of duodenal biopsy
in this type of patient undergoing EGD.

Abstract

INTRODUCTION

AIM: To investigate the prevalence of celiac disease
(CD) in adult patients referred to an open access gastroenterology clinic in the south of Italy and submitted
to esophago-gastro-duodenoscopy (EGD) for evaluation of refractory functional dyspepsia.
METHODS: Seven hundred and twenty six consecutive dyspeptic patients (282 male, 444 female; mean
age 39.6 years, range 18-75 years) with unexplained
prolonged dyspepsia were prospectively enrolled. Duodenal biopsies were taken and processed by standard
staining. Histological evaluation was carried out according to the Marsh-Oberhuber criteria.
RESULTS: The endoscopic findings were: normal in
61.2%, peptic lesions in 20.5%, malignancies in 0.5%,
miscellaneous in 16.7%. CD was endoscopically diagnosed in 8 patients (1.1%), histologically in 15 patients
(2%). The endoscopic features alone showed a sensitivity of 34.8% and specificity of 100%, with a positive
predictive value (PPV) of 100% and a negative predictive value (NPP) of 97.9%.
CONCLUSION: This prospective study showed that
CD has a high prevalence (1:48) in adult dyspeptic pa-

Celiac disease (CD) has been considered for years to be a
rare pathology that affects, in particular, pediatric patients
who present with a clinical picture of malabsorption[1].
The development of sensitive and specific serological tests
and their administration to subjects who are apparently
healthy has shown that: CD is still under diagnosed
in all age groups; the form with obvious symptoms
is found in only a limited number of cases; in most
patients, particularly adults, the disease has an atypical
symptomatology or is completely silent[2-5]. The latter
characteristics are responsible for a the length of time
needed to have a correct diagnosis and expose patients
to the possible development of severe pathologies. With
the aim of discovering the hidden proportion of subjects
with CD[6] two different diagnostic approaches have been
proposed: to carry out a screening on the apparently
healthy population, or to apply case-finding in subjects
that are believed to be at high risk for the disease[7,8].
As regards mass screening, at the moment there
is no evidence that supports this approach, since in
the apparently healthy population the prevalence of
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CD varies in relationship with geographical areas [9].
Furthermore, a cost-effectiveness analysis in support of
a mass screening program has not been performed.
Case-finding is believed to be the most appropriate
diagnostic approach to adopt for asymptomatic patients
or for patients with subtle clinical features. This
approach is particularly effective and becomes more so
if in the selection of subjects to be investigated their
family doctors are involved [10-12]. The activation of a
celiac awareness program in the primary-care setting
focusing on selective serological screening of high risk
groups has doubled the number of cases diagnosed
from among the adult asymptomatic population[13].
It was recently observed that CD had a greater
prevalence, with respect to the general population, in
dyspeptic patients[14,15] and that 30%-40% of CD patients
have dyspeptic symptoms[2]. These findings suggested that
it would be useful to carry out, in subjects undergoing
esophago-gastro-duodenoscopy (EGD), biopsies of the
descending duodenum independently of the endoscopic
aspect of the mucosa[16-20]. The aim of our study was to
determine, by means of duodenal biopsies, the prevalence
of CD in dyspeptic patients submitted to EGD in an
open access Gastroenterology Outpatient Clinic of a
University Hospital in the south of Italy.

villous side up before being immersed in formalin for
standard staining (HE). The histological examination
was carried out by a pathologist who did not know the
clinical details and endoscopic reports of the patients.
The pathologist gave a diagnosis of CD based on standard coloration and classified the entity of mucosal
damage according to Marsh-Oberhuber criteria[23,24]. In
patients with histological diagnosis of CD the study
was completed with a specific antibody test, anti-Tissue
Transglutaminase antibodies (tTG) and anti-Endomysial
antibodies (EMA), and the determination of the HLA
haplotypes (DQ2- DQ8).
Prevalence, the relative risk and 95% CI were calculated using the Biostat Program.

MATERIALS AND METHODS

RESULTS

From January 2005 to June 2007, 5413 patients underwent
EGD at the Gastroenterology Unit of the University
Hospital Policlinic of Catania.
The study was approved by the Bioethical Committee of the Polyclinic and carried out on 726 patients
(282 male, 444 female; mean age 39.6 years, range 18-75
years) prospectively enrolled.
All patients gave their written informed consent before being enrolled in the study. During the entire period
of the study, the first two dyspeptic patients admitted in
our unit to undergo an EGD for the first time were included.
Patients with a positive family history for CD, those
affected by pathologies known to be associated with
CD[21] and patients with gastroesophageal reflux disease
were excluded. Dyspeptic symptomatology was classified according to Roma Ⅱ criteria as: Ulcer-like Dyspepsia, Dysmotility-like Dyspepsia, and Indeterminate
Dyspepsia.
During EGD, other than the observation of the
esophageal and gastric mucosa, a precise evaluation of
the duodenal mucosa up to the distal duodenum was
carried out and any anomalies were classified as: micro
nodular pattern; mosaic pattern; scalloped folds and loss
or decrease of duodenal folds[22].
The endoscopic observation was completed with
a rapid urease test to detect the presence of H pylori, 5
biopsies of the gastric mucosa (2 antrum, 1 angulus and
2 body) consistent with the Sydney system recommendations, and 4 biopsies of the descending duodenum. The
bioptic duodenal samples were orientated and mounted

Over a 30 mo period 726 dyspeptic patients were enrolled:
102 (14%) ulcer-like dyspepsia, 344 (47.4%) dysmotilitylike dyspepsia and 280 (38.6%) indeterminate dyspepsia.
No adverse events were reported during the endoscopic
procedures and bioptic sampling. The endoscopic
findings were normal in 444 (61.2%) patients, peptic
lesions (esophagitis, erosive gastritis, peptic ulcer)
were present in 149 (20.5%), endoscopic findings
suggestive for CD in 8 (1.1%), malignancies in 4 (0.5%)
and miscellaneous (chemical gastropathy, lymphocytic
gastritis, submucosal mass lesions, hyperplastic polyps,
cystic fundal hyperplasia) in 121 (16.7%) (Table 1).
Endoscopic markers of CD consisted of a decrease in
the number of folds in 5 cases, an association with a
mosaic pattern in 2 cases, and in the remaining 3 cases
the endoscopic aspect of the mucosa was respectively
micro nodular, mosaic and scalloped. These alterations
of the mucosa were localized in 3 cases (37.5%) to DI
and in 5 (62.5%) both to DI and DⅡ.
The histological diagnosis of CD was made in 15
patients (5 male, 10 female; mean age 39.9 years, range
20-61 years), 8 were already suspected of being affected
by CD on endoscopic evidence and 7 had an apparently
normal duodenal endoscopic picture. Histological damage was classified as ⅢC category of Marsh (Total Villous Atrophy) in 5 cases, ⅢB (Subtotal Villous Atrophy)
in 8 and ⅢA (Partial Villous Atrophy) in 2 cases. None
of the patients had histological alterations of MarshⅠor
Ⅱ. The general prevalence of CD in dyspeptic patients
that we examined was 2% (1/48). As regards H pylori,
7/15 (46.6%) CD patients were positive and 322/721

Statistical analysis
The difference between mean and the difference between proportions were evaluated by the t-test and the
2
c test respectively. In the case of abnormal distribution
an appropriate non-parametric test was performed. We
also estimated the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPP) and
their 95% CI of the endoscopic examinations, considering the histological evaluation of duodenal biopsies as
the gold standard.
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Table 1 Clinical characteristics and endoscopic findings of
enrolled patients (n = 726)
Dyspepsia
Sex (female; male)
Mean age (yr)
Type of dyspepsia
Dysmotility-like
dyspepsia (DD)
Indeterminate
dyspepsia (ID)
Ulcer-like
dyspepsia (UD)
Endoscopic findings
Normal
Peptic lesion
Malignancy
Miscellaneous
CD

Non CD (%)

CD (%)

n = 711

n = 15

434 (61.0)
277 (39)
39.5 ± 14.5

OR 95% CI

10 (66.7)
1.28 0.45-3.60
5 (33.3)
39.9 ± 11.2 1.86 0.71-4.65

P
0.6
0.3

336 (47.2)

8 (53.3)

1.27 0.47-3.42

0.6

273 (38.4)

7 (46.7)

2.21 0.82-5.97

0.1

102 (14)

437 (61.2)
149 (20.5)
4 (0.5)
121 (16.7)

0

7 (46.7)
/
/
/
8 (53.3)

/

Overall prevalence: 2.01% (95% CI 1.2-3.3). Endoscopic evaluation:
Sensitivity: 34.8% (95% CI 17.2-57.2); Specifity: 100% (95% CI 17.2-57.2); PPV:
100% (95% CI 59.8-100); NPV: 97.9% (95% CI 96.5-98.8).

Table 2 Demographic, clinical, endoscopic and histological
data of celiac patients
Pts

Gender
M/F

Age
(yr)

Clinical
findings

Endoscopic
markers

Histological
findings

Marsh

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

F
F
F
M
F
F
F
M
F
M
F
M
F
M
F

20
27
54
44
26
36
41
34
29
54
52
56
39
41
45

ID
DD
ID
DD
DD
ID
DD
ID
DD
DD
ID
DD
DD
ID
ID

RF/NM
NM
Normal
Normal
RF
Normal
Normal
RF + Sll
Normal
Normal
Normal
MM
RF
RF
Sll

TVA
TVA
PVA
STA
STA
STA
STA
TVA
APV
STA
PVA
TVA
STA
STA
STA

ⅢC
ⅢC
ⅢB
ⅢB
ⅢB
ⅢB
ⅢB
ⅢC
ⅢA
ⅢB
ⅢA
ⅢC
ⅢB
ⅢC
ⅢB

PVA: Partial villous atrophy; STA: Subtotal villous atrophy; TVA: Total
villous atrophy; DD: Dysmotility-like dispepsia; ID: Indeterminate
dispepsia; UD: Ulcer-like dispepsia; RF: Reduced folds; Sll: Scalloped folds;
NM: Nodular mucosa; MM: Mosaic mucosa.

(45.3%) patients with normal duodenal mucosa histology were positive. We did not find differences in clinical features and in mean intraepithelial leucocyte (IEL)
count in H pylori -negative and H pylori -positive patients.
Of the 15 patients diagnosed as celiac, 8 reported
dysmotility-like and 7 indeterminate dyspepsia. The type
of dyspepsia, endoscopic findings and histological diagnoses are shown in Table 2.
The EMA and tTG antibodies were both present in
all but one case, in which only EMA was positive; the
HLA associated haplotypes were, respectively, DQ2 in
12 patients, DQ2-DQ8 in 2 patients and DQ8 in one
patient.
www.wjgnet.com
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DISCUSSION
Over the last thirty years it has been established that CD
is not a rare disease, rather it should be considered as a
global health problem. It is estimated that CD currently
affects 2.5/3 million in both American and European
populations [25] . This observation confirms that the
awareness for this under-diagnosed disease in clinical
practice should be increased.
Recent investigations have shown that most patients
affected by CD, in particular adults, do not have the
typical symptoms of the disease, thus they remain misdiagnosed, delaying the diagnosis until an older age. In a
study conducted on paucisymptomatic patients over 65
years old that had seen both family doctors and specialists, it was documented that the correct diagnosis was
made with an average delay of 28 years[26].
The misdiagnosis of CD for such a long period exposes patients to the risk of developing severe glutenrelated complications such as intestinal lymphoma, autoimmune disorders or neurological diseases[27-29].
To identify the sub-clinical or silent forms of CD, the
suggested algorithm consists of the search for specific
antibodies in categories of patients known to be at risk.
The definitive confirmation of the disease will, however,
come from the histological evaluation of the duodenal
mucosa.
In recent publications[11,30,31] a high prevalence of CD
has also been found in adult patients classified as functional dyspeptic who did not respond to an adequate
pharmacological therapy. To identify in this particular
population the subjects whose symptoms are really due
to CD, three alternate approaches have been proposed: (1)
Carry out biopsies from the descending duodenum[16,17]
in all functional dyspeptic patients undergoing EGDS
even if endoscopy does not reveal any lesions typical of
CD[22]; (2) Use magnification tools or immersion techniques to better characterize the duodenal mucosa[32];
(3) Test for specific antibodies and, if positive, carry out
EGD with biopsies of the descending duodenum[33].
The first approach has been criticized due to its cost
for the limited number of CD cases that could be identified and for the amount of work for the pathology
services[34,35]. The second approach, a modified version
of the so-called immersion technique (MIT), which
based on recent data has a sensitivity and specificity of
100%, is considered impractical though further studies
are needed to assess its efficacy in routine practice as a
screening or case-finding tool[36]. The third approach has
diagnostic limitations, since the test for anti-tTG and anti-EMA antibodies[37] are relatively poor for adult smoker
patients[38,39] or in the presence of a slight or medium
(MarshⅠto Ⅱ) histological damage.
The above cited observations suggest that for both
asymptomatic risk groups and symptomatic risk groups
in the general population the threshold for biopsies must
become lower[38]. In Spain duodenal biopsy performed
during upper GI endoscopy has been incorporated in
daily practice in digestive endoscopic services[40]. This
choice should be adopted especially in geographical areas
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where there is a high prevalence of CD in an apparently
healthy population.
In our study the biopsies were carried out in patients
where EGD was used to clarify a functional dyspeptic
symptomatology that did not resolve after an adequate
pharmacological treatment. It should be noted that as
regards H pylori positivity the percentage of H pylori-positive celiac patients is similar to non-celiac patients and,
as recently shown[41], clinical features of CD patients are
unrelated to simultaneous presence of H pylori gastritis.
In this population the prevalence of CD was 2%
(1/48 patients) two/four times more than that found
using serological tests in the general population[42-45] and
more than that reported in two studies conducted in
Italy and Brazil on dyspeptic patients[14,30]. The data is,
however, similar to that obtained in a study conducted
on patients who reported chronic abdominal pain[46].
Concerning the demographic characteristics of the
15 celiac patients (mean age 39.9 years; male/female ratio 2:1) our data are in agreement with what has already
been observed in a multicenter retrospective study[3] and
in a screening study[47], both carried out in Italy. A higher
prevalence of females among celiac patients (3% vs 1%)
has also been reported in a retrospective evaluation[40] of
adult patients referred to an endoscopy unit with mild
digestive symptoms (dyspepsia, abdominal discomfort)
or analytical alterations (anemia, iron deficiency or hypertransaminasemia).
The greater prevalence of CD among patients who
reported dysmotility or indeterminate dyspesia may be
related to autoimmune damage of the extrinsic autonomic system[48] and/or to an increase in neurotensin
and enteroglucagon plasma levels which inhibit the motility of the upper gastrointestinal tract[49,50]. Moreover
a delayed oro-cecal transit time[51] and a post-prandial
decrease in gallbladder emptying rate[52] have been found
in untreated CD patients. Normalization of oro-cecal
transit time was observed after gluten withdrawal using
a hydrogen lactulose breath test[50]. The diagnostic precision of the endoscopic observations [8/15 (53%)] was
similar to that observed in other samples of dyspeptic
patients[14] but lower than that found in patients at high
risk of CD[23,33,53]. The discrepancy of our study compared with the latter could be explained by the fact that
the operator paid more attention to the observation of
the duodenal mucosa in the patients affected by pathologies already recognized as being at risk for CD.
In conclusion, based on the results that we have obtained it can be hypothesized that in patients who have
been diagnosed as having refractory functional dyspepsia
and for whom an EGD has been prescribed, endoscopic
observation should be routinely completed with a biopsy of the descending duodenum as suggested by the
guidelines of the working group on CD[24]. Particular attention should be given to females who report dysmotility or indeterminate dyspepsia. Such an approach could
reveal another submerged part of the “Celiac Iceberg”
but it must be validated as regards the cost effectiveness,
bearing in mind the variable prevalence of the disease in
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different geographical areas. The development of new
and more precise serologic and/or immunohistochemical tests[54] would allow correct selection of subjects who
need a bioptic examination of duodenal mucosa.
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examination did not consistently find signs of
inflammation in the gut, but occasionally microabscesses
were found in the liver of infected animals.
CONCLUSION: Transient colonization with C. concisus
was observed in mice with loss of body weight. Future
studies should concentrate on the first few days after
inoculation and in other strains of mice.
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INTRODUCTION
Abstract
AIM: To infect mice with atypical Campylobacter
concisus (C. concisus ) for the first time.

METHODS: Three separate experiments were
conducted in order to screen the ability of five clinical
C. concisus isolates of intestinal origin and the ATCC
33237 type strain of oral origin to colonize and
produce infection in immunocompetent BALB/cA mice.
The majority of the BALB/cA mice were treated with
cyclophosphamide prior to C. concisus inoculation to
suppress immune functions. Inoculation of C. concisus
was performed by the gastric route.
RESULTS: C. concisus was isolated from the liver, ileum
and jejunum of cyclophosphamide-treated mice in the
first experiment. No C. concisus strains were isolated
in the two subsequent experiments. Mice infected with
C. concisus showed a significant loss of body weight
from day two through to day five of infection but this
decreased at the end of the first week. Histopathological
www.wjgnet.com

The importance of Campylobacter jejuni (C. jejuni) and
C. coli in causing diarrhoeal disease worldwide is well
established[1]. However, a possible enteric pathogenic
role for Campylobacter spp. other than C. jejuni/coli has not
been established as yet, however, the potential pathogen
C. concisus is at present the subject of investigation
concerning its role in human gastrointestinal disease[2].
Campylobacter concisus (C. concisus) has been found in high
proportions in patients with diarrhoeal disease, especially
in tertiary hospital settings[3-6]. Other studies have shown
C. concisus to possess virulence factors including a
haemolytic phospholipase and cytotoxic activity caused
by the Cytolethal Distending Toxin (CDT) as described
in C. jejuni[7,8].
The presence of C. concisus in the gastrointestinal
tract has been described by some investigators as that
of a commensal as no statistical differences were found
between symptomatic and asymptomatic carriers [9].
However, the fact that C. concisus is a heterogeneous
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species with several subtypes and at least two genomospecies could in part account for the conflicting
results[10-12]. To our knowledge, no reports of C. concisus
in animal models have been presented.
Attempts to establish an animal model mimicking
human campylobacteriosis using various animals
have suffered from difficulties due to handling, lack
of reproducibility, high costs and inadequate clinical
patholog y [13-17] . A major shor tcoming of murine
models is the inability to consistently reproduce the
most common symptoms of enteritis following gastric
inoculation, although sporadic colonization of the
gastrointestinal tract has been achieved[18-20]. Colonization
and development of gastrointestinal symptoms is
augmented in immunodeficient or immune dysregulated
mice and following pre-treatment with oral antibiotics
or iron [21-24]. Consequently, no single animal model is
widely accepted and applied in the study of Campylobacter
infection. The objective of this study was to determine
if five clinical C. concisus strains of intestinal origin and
the type ATCC 33237 strain of oral origin could infect
immunocompetent and immunodeficient mice and mimic
human Campylobacter infections.

MATERIALS AND METHODS
Bacterial strains
The C. concisus reference and type ATCC 33237 strain
of oral origin and five clinical isolates of C. concisus
(RH10776.98, RH4204.98, RH4482.98, RH5097.98,
RH15690.98) all from humans with diarrhoeal disease,
were used. Strain details are given in Table 1. The isolates
for inoculation were recovered from frozen storage, plated
on 5% blood agar plates containing yeast extract (1%)
and incubated in a microaerobic atmosphere (50 mL/L
O2, 100 mL/L H2, 850 mL/L N2) at 37℃ for 48 h as
described previously [25]. The bacteria were harvested
directly from plates into sterile phosphate buffered saline
(PBS), washed and resuspended in PBS to the required
cell density (109 CFU/mL) determined by optical density.
Test animals
Immunocompetent BALB/cA mice of both sexes (from
the breeding colony of the University of Lund, Sweden),
6-7 wk old and with a mean weight of 16.7 g were used in
the study. The mice were not defined as flora or specific
pathogen free. The mice were housed in groups of a
maximum of ten mice of equal gender per cage. All mice
received vancomycin by intragastric intubation (0.3 mL, 80
µg/mL) three days prior to the C. concisus challenge. The
mice had access, ad libitum, to water and standard food.
Three days before the start of the experiments, faecal
pellets were analysed for the presence of Campylobacter spp.,
and prior to all experiments 2-4 mice were sacrificed for
baseline values with complete sampling including culture,
PCR and histopathology of the stomach, liver, ileum,
jejunum and colon tissue. All experiments were performed
according to the recommendations of the Swedish Board
of Animal Research and were approved by the Committee
of Animal Ethics of the University of Lund.
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Table 1 C. concisus strains and patient data
Strain
ATCC 33237
RH10776.98
RH4204.98
RH4482.98
RH5097.98
RH15690.98

Origin

Diagnosis

Oral
Periodontitis
Intestinal Healthy traveller
Intestinal
IBD
Intestinal NHL and IBD
Intestinal
ALL (IR)
Intestinal
ALL (IR)

No. of
Protein AFLP
experiment group group
1 and 3
1 and 3
2 and 3
2
2
2

1
2
2
2
2
2

1
2
2
1
2
-

NHL: Non Hogdkin Lymphoma; IBD: Inflammatory Bowel Disease; ALL:
Acute Lymphoid Leukaemia; IR: In Remission; AFLP: Amplified Fragment
Length Polymorphisms.

Experimental design
The study consisted of three experiments involving a
total of 132 BALB/cA mice. Experiment 1 involved
22 animals, divided into 10 groups and the animals
were inoculated with the type ATCC 33237 strain and
the clinical isolate 10776.98. Half the mice received
an intraperitoneal injection of cyclophosphamide
(100 µL/10 g) three days before inoculation with the
C. concisus strains in order to suppress normal immune
systems by disr upting the T-cell population. The
cyclophosphamide treated and untreated mice were
kept in separate cages. Two mice were used for baseline
values. Experiment 2 involved 54 animals, divided into
10 groups and the animals were inoculated with four
clinical strains (RH4204.98; RH15690.98; RH4482.98;
RH5097.98) or sham dosed with PBS. Half the mice
received an intraperitoneal injection of cyclophosphamide
(100 µL/10 g) three days before inoculation with the
C. concisus strains. Four mice were used for baseline
values. Experiment 3 involved 56 animals, divided into
13 groups and the animals were inoculated with the type
ATCC 33237 strain, two clinical strains (RH4204.98;
RH10776.98) or sham dosed with PBS. All mice received
an intraperitoneal injection of cyclophosphamide
(100 µ L/10 g) three days before inoculation with
C. concisus strains. Four mice were used for baseline values.
Inoculation of mice was perfor med by direct
intragastric administration of 0.3 mL 109 CFU/mL or
0.3 mL of PBS by gastro-oesophageal tube (outer
diameter 0.1 cm). Mice were challenged with a total of
three equal doses of C. concisus on three consecutive
days.
Evaluation of clinical status of the mice and necropsy
All animals were examined daily for signs of distress.
The consistency of faecal pellets was also noted.
Body weights of all mice in the third experiment were
measured daily. Mice were euthanized by inhalation of
carbon dioxide on day 7 (study 1: 3 mice; study 2: 5
mice; study 3: 5 mice), day 13 (study 1: 2 mice; study 2: 3
mice; study 3: 5 mice) and day 35 (study 1: 2 mice; study 2:
2 mice; study 3: 3 mice), and sampling from the stomach,
liver, jejunum, ileum and colon was performed.
Identification of C. concisus
Microbiological culture: Faecal and tissue samples
www.wjgnet.com
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Table 2 P values based in nominal weight changes from each
C. concisus inoculated group compared to controls (n = 12),
Weight (g) (P -value)
Day
0
1
2
3
4
5
6

Control
group

RH10776.981

Clinical strains
RH4204.98

ATCC 33237

Type strain

16.0
16.4
16.7
16.8
17.3
17.5
18.1

17.2 (0.60)
17.5 (0.57)
17.2 (0.20)
17.0 (0.13)
17.5 (0.17)
17.3 (0.04)
18.1 (0.12)

16.9 (0.54)
16.9 (0.30)
16.4 (0.03)
16.6 (0.06)
16.7 (0.09)
16.8 (0.11)
17.6 (0.20)

16.6 (0.50)
16.6 (0.42)
16.6 (0.27)
15.4 (0.08)
16.5 (0.20)
16.6 (0.15)
17.4 (0.21)

1

n = 12 from day 5. Weights are expressed as group mean. P-values are
calculated using the Mann Whitney U test.

Table 3 Anatomical localization of C. concisus isolation
(Experiment 1, day 7, n = 3)

Culture
PCR

Stomach

Liver

Ileum

Jejunum

Colon

Stools

0
0

3
1

3
1

1
1

0
0

0
0

All isolations were from mice inoculated with the clinical strain
RH10776.98.

were homogenized in PBS, plated onto blood agar
containing yeast extract using the filter technique and
incubated in a microaerobic environment for 48 h as
previously described[25]. Identification was performed on
phenotypic data according to On[26].
Detection by PCR: Specimens were stored at -18℃ until
examination. DNA was extracted from faecal and tissue
samples using DNeasy tissue minikit (Qiagen, Ballerup,
Denmark) using a clean room procedure. Organ tissues
were vortexed and manually degraded to homogenize
the solutions before DNA extraction. Primers and
amplification cycles were prepared according to Bastyns
et al[27]. The mixture consisting of one forward primer
MUC1 (5'-ATGAGTAGCGATAAATTGGG-3'), and
two reverse primers CON1 (5'-CAGTATCGGCAATT
CGCT-3') and CON2 (5'-GACAGTATCAAGGATTTA
CG-3'). All C. concisus strains tested were PCR detectable
when tested directly from agar plates prior to inoculation.
Histopathological examination
Specimens for histological examination were prepared
throughout the study. Stomach, liver, small and large
intestine were removed immediately after death, fixed in
neutral buffered 4% formaldehyde, paraffin embedded
and processed for histopathological evaluation. Sections
were stained with haematoxylin and eosin and examined
under a light microscope by an experienced pathologist.
All examinations were performed blindly.
Statistical analysis
The loss of body weight in the various infected groups
compared to the control group was evaluated using the
Mann-Whitney U-test, with normalized weight ratios from
day 1 of the experiment. Thus, for example, in Table 2 on
www.wjgnet.com

Figure 1 High power view of histological section of liver from experiment
1. Mouse inoculated with strain RH10776.98 in the non-treated group. A
microabscess is seen in the centre. Haematoxylin-eosin (x 40).

day 2, the control group 0.7 (weight increase) is compared
to ATCC 33237 0.0 (unchanged weight). Results were
considered statistically significant when P < 0.05.

RESULTS
Isolation of C. concisus
Cultur e: On day 7 of experiment 1, C. concisus
was isolated from all three mice sacrificed in the
cyclophosphamide-treated group, inoculated with the
clinical isolate RH10776.98. All mice had positive liver
and ileum cultures, whereas only one mouse had a
positive jejunum culture (Table 3). Faecal pellets examined
throughout the study were consistently negative. Tissue
samples obtained on day 21 and day 56 were negative
for C. concisus. Isolation of C. concisus was not obtained
during the two subsequent experiments (2 and 3).
PCR: PCR testing of the samples yielded comparable
results on day 7 of experiment 1, as all three mice sacrificed
in the cyclophosphamide-treated group, inoculated with
the clinical isolate RH10776.98, were PCR positive when
analysing ileum tissue (Tables 2 and 3). Using PCR,
C. concisus was not detected from liver or jejunum tissue.
Tissue samples obtained on day 21 and day 56 were not
positive for C. concisus. PCR results were consistently
negative in the two subsequent experiments (2 and 3).
Histological examinations
Stomach: No evidence of inflammation or infection
was noted throughout the study.
Liver: One mouse inoculated with the clinical isolate
RH10776.98 and one mouse inoculated with the type
ATCC 33237 strain, both from non-treated groups in
experiment 1, harboured microabscesses in their livers
(Figure 1). Megakaryocytes were occasionally noted
in the livers of cyclophosphamide-treated groups,
including the controls, but not in untreated controls. The
three C. concisus-positive livers all showed evidence of
megakaryocytes and haematopoiesis.
Jejunum: No evidence of inflammation or infection
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was found, although oedema of intestinal villi was
detected in the cyclophosphamide-treated control group.
One mouse inoculated with the clinical C. concisus isolate
RH15690.98, showed infiltration of lymphocytes as
evidence of inflammation.
Ileum: Villi oedema was occasionally noted in the
various untreated and treated groups, but not in controls.
The three C. concisus-positive mice in experiment 1 had
no signs of inflammation of the ileum.
Colon: Two mice in the untreated group infected with
the type ATCC 33237 strain, showed evidence of
inflammation and lymphocyte infiltration.
Clinical parameters
Loss of body weight: Compared to controls, the mice
infected with the C. concisus strains RH4204.98 and RH
10776.98 showed a significant weight loss (P < 0.05),
while ATCC 33237-infected mice showed a similar trend,
however, this was only borderline significant (P = 0.08)
(experiment 3). The effect was clear from day 2 but
wore off on day 5. At the end of the first week, all three
groups of C. concisus-infected mice showed a net gain less
than one g of bodyweight. The controls had a slowly
progressive net weight gain of two g. These results are
summarized in Table 2. After the first week no differences
in weight were observed between the groups.
Loose stools: On day 2 and 3 faecal pellets in C. concisusinoculated groups were loose and slimy compared to
control groups (experiment 3).
Mortality: Two mice in experiment 2 died after the second
C. concisus inoculation with the clinical strains RH4204.98
and RH5097.98. One mouse inoculated with the clinical
isolate RH10776.98 died on day 5 (experiment 3).

DISCUSSION
The present model mimics a relevant intragastric
exposure to C. concisus infection in immunocompetent
BA L B / c A m i c e u p o n c y c l o p h o s p h a m i d e a n d
vancomycin pretreatment. Taken together, the results
indicate a transient colonization of liver and ileum, with
clinical signs of illness seen as loss of body weight and
loose stools, however, the lack of consistent C. concisus
isolation is troublesome in the present model.
The reason for these discrepancies is not clear, but
may predominately arise from (1) difficulties in isolation
of C. concisus and (2) lack of tissue samples from sick
animals. The problem encountered in the isolation of
C. concisus from faecal pellets collected in the cages may
have been due to swarming contamination of Proteus
spp. on many of the blood agar plates, which obstructed
identification of other bacteria including C. concisus.
Using the filter technique reduced this problem but
did not alleviate this swarming. A method to separate
faecal pellets from urine might increase the isolation
rate of C. concisus in future studies. In addition, the
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inoculation dose (0.3 × 109 CFU) may have limited the
chance of persistent colonization and development
of full scale illness, as many researchers report doses
above 10 10 CFU before the successful recovery of
bacteria is achieved[20,21]. PCR detection was poor and
refined techniques must be used, which could also solve
the problem of swarming. In the clinical parameters
assessed, loss of body weight and loose stools were most
prominent on the first three days of infection; after that
time the effects of colonization seemed to wear off. As
the first mice were sacrificed on day 7, no symptomatic
animals were sacrificed, leaving the cultivation of
C. concisus and histopathological studies to determine the
presence of inflammation only in asymptomatic mice.
The fact that C. concisus was isolated from the
liver of infected animals is consistent with previous
studies of C. jejuni extraintestinal manifestations[28-30],
where histopathological lesions have been described,
as opposed to the present study. There have been
occasional reports of humans developing hepatitis due
to C. jejuni infections[31,32]. In our study of 98 patients
with C. concisus infection[5] none had hepatitis, although
several had disturbed liver biochemistry. The presence
of Campylobacter spp. in liver is an intriguing finding that
merits further investigation.
Overall inflammatory changes in the present study
were scarce and limited to a total of three mice. The
absence of substantial histopathological findings could
be due to localised patches of colonization in the GItract, or that the damaging effects of colonization
were small and resolved quickly before the mice were
sacrificed seven days post-inoculation. Some studies
have reported similar findings of discrepancies between
colonization and the absence of lesions on histological
examination[23], whilst studies of infections on limitedflora SCID mice present with severe histopathological
lesions when symptomatically sick mice are sacrificed[24].
Similar results were found in human studies, as
histopathological evidence of intestinal damage is limited
to sick patients and not found in asymptomatically
colonized patients[33].
The present panel of six C. concisus strains (Table 1)
showed only minor differences in clinical outcome, but
the only isolated strain after inoculation was the clinical
strain RH10776.98, originally from an otherwise healthy
traveller with diarrhoea. We have previously shown
clinical differences when applying protein profiles as
well as DNA-based typing systems to differentiate
clinical C. concisus strains [5,11,25] . The clinical strain
RH10776.98 belonged to the protein profile group
2 and genomospecies 2, both of which consisted of
predominately immunocompetent patients complaining
of diarrhoeal disease. However, clinical differences were
not apparent as the type ATCC strain of protein group
1 and genomospecies 1 was also able to induce a near
significant and comparable weight loss. The fact that
genetic differences exist and that many Campylobacter spp.
exhibit interstrain differences in colonization has been
shown previously[34,35]. However, more strains need to
be tested to clarify the question of strain variability in
www.wjgnet.com
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C. concisus infection.
Recently, a membrane bound haemolytic phospholipase has been identified in clinical C. concisus
strains[7]. Also cytotoxic activity mimicking the Cytolethal
Distending Toxin (CDT) has been found in the majority
of tested C. concisus strains [8]. Taken together these
findings suggest that a pathogenic role exists for at least
certain subtypes of C. concisus strains. It is conceivable
that C. concisus strains may differ in their pathogenicity
due to the heterogeneity of the species[10-12,36].
Intragastric exposure to C. concisus infection in immunocompetent BALB/cA mice upon cyclophosphamide
and vancomycin pretreatment resulted in transient
colonization of liver, jejunum and ileum in a few mice.
The symptoms were loss of body weight and loose stools.
As most mice were not diseased, other strains of mice and
increased dose levels of inoculum should be studied with
a focus on the first days after inoculation. Future studies
should concentrate on the first three days of infection
and symptomatic mice should be sacrificed for optimal
detection of histopathological changes, as the organism is
rapidly cleared from the GI-tract and symptoms resolve.
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Abstract
AIM: To investigate the effects of an enteral supplement containing antioxidants on circulating levels of
antioxidants and indicators of oxidative stress after
major gastrointestinal surgery.
METHODS: Twenty-one patients undergoing major
upper gastrointestinal tract surgery were randomised
in a single centre, open label study on the effect
of postoperative enteral nutrition supplemented
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with antioxidants. The effect on circulating levels of
antioxidants and indicators of oxidative stress, such as
F2-isoprostane, was studied.
RESULTS: The antioxidant enteral supplement showed
no adverse effects and was well tolerated. After surgery
a decrease in the circulating levels of antioxidant
parameters was observed. Only selenium and glutamine
levels were restored to pre-operative values one week
after surgery. F2-isoprostane increased in the first three
postoperative days only in the antioxidant supplemented
group. Lipopolysaccharide binding protein (LBP) levels
decreased faster in the antioxidant group after surgery.
CONCLUSION: Despite lower antioxidant levels
there was no increase in the circulating markers of
oxidative stress on the first day after major abdominal
surgery. The rise in F2-isoprostane in patients receiving
the antioxidant supplement may be related to the
conversion of antioxidants to oxidants which raises
questions on antioxidant supplementation. Module AOX
restored the postoperative decrease in selenium levels.
The rapid decrease in LBP levels in the antioxidant
group suggests a possible protective effect on gut wall
integrity. Further studies are needed on the role of
oxidative stress on outcome and the use of antioxidants
in patients undergoing major abdominal surgery.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Major surgery and critical illness induce an immuno-
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inflammatory response, which is accompanied by the
production of reactive oxygen species (ROS) at the
site of injury[1-5]. Oxidative stress is defined as a state
in which the level of ROS exceeds the endogenous
antioxidant defences of the host. Reactive oxygen
species can cause direct cellular injury by damaging
lipids, proteins and DNA. This might result in tissue
injury and organ dysfunction. Therefore, oxidative
stress probably plays a key role in the development of
organ failure [6-12]. In situations of major surgery and
critical illness, a redistribution of antioxidants occurs
to tissues or organs in need. This results in a depletion
of antioxidant stores that may be deleterious when
oxidative stress is prolonged[13]. In these situations the
supplementation of certain antioxidant amino acids
(glutamine, cysteine) and antioxidant micronutrients
(zinc, Vitamin C, Vitamin E, β -carotene, selenium)
may improve outcome. There is little information on
the effect of major abdominal surgery and antioxidant
supplementation on the blood levels of parameters of
antioxidant capacity and oxidative stress.
To protect the host from oxidative stress, humans have
an extensive antioxidant defence system consisting of
enzymatic and non-enzymatic factors. Enzymes which are
involved in antioxidant function are superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px). Superoxide
dismutase catalyzes dismutation of the superoxide anion
into hydrogen peroxide[14]. Glutathione peroxidase reduces
hydrogen peroxide and organic hydroperoxides into water
or alcohol, and reverts two glutathione (GSH) molecules
to glutathione disulfide (GSSG)[14,15]. For GSH-Px and
SOD function, the trace elements selenium and zinc are
important, respectively[16].
Among the non-enzymatic factors, alpha tocopherol
(Vitamin E), Vitamin C, β-carotene, and GSH function
as antioxidants. Vitamin E is the main fat-soluble
antioxidant in humans. Vitamin E scavenges peroxyl
radicals, produced during lipid peroxidation, which leads
to a tocopherol radical[17,18]. Vitamin C, a potent intra- and
extracellular antioxidant[19], scavenges superoxide, hydroxyl
and peroxyl radicals, and reacts with hypochlorite and
singlet oxygen[15]. β-carotene is a precursor of Vitamin
A. The conjugated double-bonds of β -carotene are
able to open and scavenge singlet molecular oxygen
and peroxyl radicals[20]. Glutathione is an intracellular
antioxidant and a co-enzyme of GSH-Px. Glutamine
and cysteine are precursors of the antioxidant GSH[15].
Furthermore, selenium, GSH, Vitamin E and Vitamin
C function synergistically to regenerate both water and
fat-soluble antioxidants[10]. The extent of oxidative stress
can be measured by determining the end-products of
lipid peroxidation; malondialdehyde (MDA) and F 2isoprostane[15,21,22].
T he present study investig ates the effect of
antioxidant-supplemented enteral feeding on circulating
factors of the antioxidant defence system and markers
of oxidative stress in patients after major upper gastrointestinal tract surgery.
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MATERIALS AND METHODS
Patients
From Febr uar y 2002 until May 2003, twenty-one
patients undergoing elective surgery of the oesophagus,
stomach or pancreas, in the VU University Medical
Center (Amsterdam, The Netherlands), were included in
the study. Inclusion criteria were: eligible for jejunostomy
feeding, between 18 and 75 years old, body mass index
(BMI) below 35, written infor med consent, and a
surgical procedure of at least three hours. Exclusion
criteria were: history of cardiovascular or kidney disease,
weight loss of > 10% in last six months, steroids or
investigational drug used in the last six weeks and
human immunodeficiency virus (HIV) infection. The
study was approved by the Ethics Committee of the VU
University Medical Centre and conducted according to
the Declaration of Helsinki.
Methods
The study was a prospective, open label, randomised
clinical trial of two balanced groups in parallel design
in one medical centre. On the first day after surgery,
patients were randomly assigned to the control group
and were started on standard tube feeding (Sondalis
ISO®, Nestlé, Switzerland), or the treatment group, and
were started on the same tube feeding in combination
with Module AOX (Nestlé, Switzerland). Sondalis
ISO® is a nutritionally balanced, complete liquid diet.
Module AOX is a plastic unit containing powder which
contains per unit 37 kcal, 7.4 g protein, 0.04 g lipid and
1.9 g carbohydrate. The contents of Sondalis ISO ®
and Module AOX are listed in Table 1. The dosages
of the compounds in Module AOX were established
with respect to safety aspects. One Module AOX unit
was added to one pouch of Sondalis ISO® (500 mL),
with a maximum intake of two devices of Module
AOX per day. Module AOX was upstream connected
to the enteral feeding pouch. After mixing with enteral
feeding, the module was connected to the administration
set and was ready for immediate consumption by the
patient. Feeding pouches were weighed before the start
of feeding and after being discarded. This made it
possible to calculate exactly the daily intake of kcal and
nutritional compounds.
Feeding was administered by a jejunostomy feeding tube and started on the first day after surgery. In
the treatment group, Module AOX was added to the
enteral feeding from the first day after surgery. Patients
received two Modules AOX per day when feeding could
be increased beyond 500 mL per day. Module AOX was
administered for a minimum of five and a maximum of
seven days. Patients were fed continuously. The intention
was to give the patient 500 mL of feeding on the first
day after surgery, 1000-1500 mL on the second day and
1500-2000 mL from the third day. The feeding schedule
was adjusted according to the energy requirements of
the patient, which was established using indirect calorimetry. Oral food intake was allowed from day five after the
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Table 1 Contents of Sondalis ISO® and Module AOX
Sondalis ISO® per 100 mL Module AOX per unit
kcal
Protein (g)
Glutamine (g)
Cysteine (g)
Vitamin C (mg)
Vitamin E (mg)
Β-carotene (mg)
Zinc (mg)
Selenium (μg)

100
3.8
0.34
0.03
5.4
1
0
1
4.4

37
7.4
6
2.5
140
30
6
6
50

start of tube feeding. Patients were not allowed to receive additional Vitamins, amino acids or lipid solutions
during the study period.
Endpoints of the study
The present study was part of a larger study testing the
safety and tolerance of the supplemented ingredients.
The effect of the intake of antioxidants (Module AOX,
Nestlé, Switzerland) on indicators of oxidative stress was
studied in a group of patients undergoing major elective
surgery.
Levels of the administered nutritional compounds,
indicators of oxidative stress after surgery and indicators
of the inflammatory response after surgery were measured
in plasma, serum and urine. F2-isoprostane (in urine) and
malondialdehyde (MDA, in serum) were measured as
parameters of oxidative stress. Total cysteine, Vitamin C,
Vitamin E, β-carotene, zinc, selenium and GSH-Px were
measured as parameters of antioxidant/oxidant status.
Peripheral white blood cell count (WBC), Interleukin 6
(IL-6) and lipopolysaccharide-binding protein (LBP) were
measured as parameters of surgery-induced inflammatory
response.
Blood and urine samples were taken on the day
before surgery (-1) and on day one (1), three (3), five
(5) and seven (7) after surgery. The samples on day one
(1) were taken before the start of enteral nutrition. All
samples were taken between eight and ten a.m.
Preparation, storage and analysis of samples
Amino acids: Blood was collected on heparin. Plasma
was separated immediately from the blood by centrifugation (2000 g) at 4℃ for ten minutes. Five hundreds μL
of plasma was added to tubes containing 20 mg of solid
sulfosalicyclic acid for deproteinizing, vortex mixed and
subsequently stored at -80℃ until analysis. The concentration of glutamine was determined by reversed-phase
high-performance liquid chromatography as previously
described[23].
Cysteine: Blood was collected on heparin. Plasma was
separated immediately from the blood by centrifugation
(2000 g) at 4℃ for four minutes. Aliquots containing
500 μL of plasma were stored at -80℃ until analysis. Total cysteine concentrations were measured according to
Malloy et al[24].
Vitamin E and β-carotene: Blood was collected in a
www.wjgnet.com
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serum separation tube. Blood was centrifuged (2000 g)
at 20℃ for ten minutes and serum was stored at -80℃
until analysis. Serum vitamin E and β-carotene were determined as essentially described by Miller and Yang[25].
Vitamin C: Blood was collected in tubes containing
EDTA (ethylenediaminetetraacetic acid). Plasma was
separated immediately from the blood by centrifugation
(1400 g) at 4℃ for ten minutes. Plasma was further purified by centrifugation (2700 g) at 4℃ for ten minutes.
For the determination of total vitamin C (the sum of
ascorbic acid and dehydroascorbic acid) plasma was stabilized by the addition of metaphosphoric acid[26] and
stored at -80℃ until analysis. After deproteinization and
enzymatic oxidation of ascorbic acid to dehydroascorbic
acid, the latter was condensed with ortho-phenylenediamine to its derivative. This derivative was separated by
reversed-phase high-performance liquid chromatography
with fluorescence detection[27]. The between-assay coefficient of variation was < 4%.
Zinc and selenium: Serum was separated from the
blood by centrifugation (2000 g) at 20℃ for ten minutes.
Tubes cleaned with mineral-free water, were used to
store serum at -80℃ until analysis. Zinc and selenium
were determined by Zeeman corrected atomic absorption spectrometry. The flame was used for zinc determination. A graphite furnace and Palladium-modifier were
used for the determination of selenium.
F2-Isoprostane [8-iso-Prostaglandin (PG) F2α]: Urine
was collected in plastic tubes and stored at -80℃ until
analysis. Urine 8-iso PGF 2α concentrations were determined using LC-MS/MS. Prior to analysis, the urine samples were thawed, mixed and centrifuged. Subsequently
0.1 mL of the labelled internal standard (10 ng/mL; 8-iso
PGF 2α-d4, Cayman cat. 316 350) was added to 1 mL of
urine. The ‘sample clean up procedure’ was performed
according to the method described by Bohnstedt et al[28].
Thereafter the samples were redissolved in 0.1 mL of
10% acetonitrile and 40 μL was injected into a Waters
X-terra MS C18 column (3.5 μm, 2.1 mm × 100 mm; cat.
186 000 404) connected to a Quattro Micro (Waters, Milford, MA, USA) triple quadruple mass spectrometer running in negative electrospray ionization mode. Separation
took place using a gradient from 7% to 33% acetonitrile,
containing 0.3% ammonia. With this gradient the internal
standard (357.2 > 197.3 amu) and 8-iso PGF 2α (353.2
> 193.3 amu) eluted at approximately nine minutes. The
peak areas were then integrated and the ratios were calculated. The unknown samples were compared with a
standard/internal standard calibrator (50 and 10 ng/mL,
respectively) in order to calculate the 8-iso PGF 2α concentration in the urine samples. The within and between
assay coefficients of variation were < 8% and < 9%, respectively. Finally, 8-iso PGF 2α was calculated in ng per
mg creatinine in urine.
MDA: Serum was separated from the blood by centrifugation (2000 g) at 20℃ for ten minutes and stored at
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-80℃ until analysis. Serum MDA concentrations were
determined by high-performance liquid chromatography with fluorescence detection as described by van de
Kerkhof et al[29].
GSH-Px: GSH-Px activity was determined in red cell
hemolysate, left behind after separation of EDTA
plasma and stored at -80℃. GSH-Px was measured as
described by Karsdorp et al[30], using an Elan analyser
(Merck, Germany).
WBC: WBC was measured using a Sysmex SE9000 analyzer (Sysmex Corporation, Kobe, Japan).
IL-6: IL-6 was measured with a commercially available
automated solid-phase, two-site, two-step chemiluminescent immunometric assay according to the specifications of the manufacturer (Immulite®; DPC, Los
Angeles, CA, USA). This assay employs a murine mAb
against the IL-6 (capture antibody) and a polyclonal antiIL-6-detecting antibody. The values were expressed in
pg/mL based on the reference standard supplied by the
manufacturer, with limits of detection between 2 and
1000 pg/mL.
LBP: LBP was measured in EDTA plasma with a commercially available automated solid-phase, two-site, twostep chemiluminescent immunometric assay according to
the specifications of the manufacturer (Immulite®; DPC,
Los Angeles, CA, USA). This assay employs a murine
mAb against the LBP (capture antibody) and a polyclonal
anti-LBP-detecting antibody. The values were expressed
in μg/mL based on the reference standard supplied by
the manufacturer, with the limits of detection between 0.2
and 200 μg/mL.
Statistical analysis
The interval/ratio variables were expressed as mean
and standard deviation. The Mann-Whitney U test was
performed to analyse patient characteristics, the tumour
characteristics and the difference between the control
and treatment group over time. Fischer’s Exact test was
performed to analyse the nominal variables of the patient and tumour characteristics. The Wilcoxon Signed
Ranks Test was performed per group of patients to obtain the effect of the surgical intervention between the
day before surgery (-1) and the first postoperative day
(1). Differences between the control and the treatment
group in the development of postoperative antioxidant
and oxidant parameters were analysed using the general
estimating equations (GEE) population averaged model.
GEE is a linear regression technique, which is suitable
for analysing results from a longitudinal study in which
outcome variables are repeatedly measured in each individual[31]. Time is treated as a categorical variable, represented by dummies. In a single analysis the differences
between the treatment and control group over time were
analysed, corrected for baseline. The GEE analysis was
performed following corrections for gender, age, smok-
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ing, chemotherapy before surgery, surgery (open or
laparoscopic), duration of surgery, blood loss, tumour
size or intake of calories. The Wilcoxon Signed Ranks
test, the Mann-Whitney U test and the Fischer’s Exact
test were performed with SPSS 14.0 for Windows® (SPSS
Inc. Chicago, IL, USA). GEE-analysis was performed
with STATA® (version 7.0)[31]. For all analyses a P-value
< 0.05 was considered significant.

RESULTS
No side-effects were observed following the administration of Module AOX. With regard to practicalities,
the set-up of Module AOX was not found to be difficult
by any of the nurses involved in the study. No serious
events, such as occlusion of the tube were observed. As
for tolerance, the daily weight of stools was not different
between the control and the treatment group, the
consistency of stools (liquid or soft, formed or hard) did
not differ between the groups, nor did abdominal pain,
but flatulence was less intense in the treatment group
(data not shown).
Patient characteristics and follow-up
In total 27 patients were considered eligible for
enrolment in the study, of which eleven were included
in the control group and ten in the treatment group.
Six patients were excluded from the study before
randomization because no jejunostomy was available,
which was necessary for the feeding route. In the control
group, one patient died on the second day after surgery,
before receiving enteral feeding. Another patient in the
control group refused further blood sampling. According
to the principle of ‘intention to treat analysis’, the results
of all 21 patients were analyzed.
Patients received upper gastrointestinal tract surgery.
No differences in the occurrence of postoperative
complications, infectious and non-infectious, were found
between the control and treatment group in the first
week after surgery. Patients in the control group stayed
an average of 2.5 ± 0.7 d and patients in the treatment
group stayed an average of 3.7 ± 0.8 d on an intensive
or medium care unit (P = 0.236). Baseline patient
characteristics and tumour characteristics are given in
Tables 2 and 3, respectively. The control and treatment
groups were comparable with respect to anthropometrics,
surgery and tumour characteristics.
Intake
Intake of Sondalis ISO® with or without Module AOX
was started as soon as possible after surgery. Caloric
intake was based on caloric requirements. However, the
patients reached on average 60% of their daily caloric
requirements, as measured on the day before surgery. In
both groups, patients received a similar amount of calories during the treatment period (Figure 1). A plateau in
intake was reached in both groups between three and
five days after surgery. Table 4 shows the absolute intake
of nutrients in the control and the treatment group. The
www.wjgnet.com
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Table 2 Patient characteristics

Module AOX
2000

Control group Treatment group P -value
n = 11
n = 10
9/2
62 (8)
3/8
74 (19)
174 (5)
24 (5)
38 (5)
4/7

6/4
57 (10)
6/4
67 (12)
174 (12)
22 (3)
39 (5)
5/5

0.3611
0.2302
0.1981
0.2452
0.6972
0.1812
0.4262
0.6701

4/7

2/8

0.6351

1500

1000

500

0

353 (155)
1720 (1232)

0.888
0.6472

2.5 (0.7)

3.7 (0.8)

0.2362

0

1

2

		

2

337 (100)
2168 (1726)

Control

kcal

Male/Female
Age (yr)
Smoking/not smoking
Bodyweight (kg)
Height (cm)
Body Mass Index (kg/m2)
Albumin (g/L)
Chemotherapy prior to
surgery (Yes/No)
Surgery type
(laparoscopic/open)
Duration of surgery (min)
Blood loss during surgery
(mL)
Admission ICU/MCU (d)

December 7, 2008

3

4

5

6

7

Days after surgery

Figure 1 Intake of Kcal after surgery (mean ± SD). Caloric intake on the
day before and on 7 d after surgery in the control and treatment groups. No
significant difference in intake was observed between the groups.

Fischer’s Exact Test; 2Mann-Whitney U Test. Data expressed as mean
(standard deviation).
1

1.0
Module AOX

Table 3 Tumour characteristics (mean)
P -value

Tumour size (cm)
Positive lymph nodes
(number if present)
Metastasis (observed
during surgery/postsurgery histology)

5.93 (n = 11)
1.36 (n = 7)

5.11 n = 92
3.00 n = 51

0.9704
0.4124

27.3% (n = 11)

30% (n = 10)

1.0003

ng/mg creatinine

Treatment group

Control group

Control

0.8

b

0.6

0.4

0.2
1

One patient had 10 positive lymph nodes; 2No information on one patient;
3
Fischer’s Exact Test; 4Mann-Whitney U Test.
0.0

treatment group consumed significantly more glutamine,
cysteine, zinc, selenium, Vitamin C, Vitamin E and
β-carotene than the control group (P < 0.001).
First postoperative day
Significant decreases in the levels of antioxidants were
noticed in both groups on the first day after surgery
(Table 5). Total cysteine was also reduced significantly
by surgery in both groups on the first day after surgery
(Table 5). GSH-Px, F2-isoprostane (Figure 2) and MDA
were not affected on the first day after surgery in both
groups. As for the inflammatory markers, IL-6 and LBP
increased in both the control and treatment group. WBC
count increased in the treatment group only (Table 5).
Levels of oxidative stress parameters when starting with
Module AOX or standard nutrition
Changes in plasma or serum levels of the oxidative stress
parameters and the antioxidant/oxidant parameters are
shown in Table 6. Glutamine increased significantly in
both groups (P = 0.001). Total cysteine increased after
surgery in both groups (P < 0.001). Vitamin E increased
in both groups (P < 0.001) and Vitamin C increased in
the treatment group only (P = 0.014). Zinc increased
significantly in both groups (P < 0.001), as well as selenium (P = 0.003), with a greater rise in the treatment
group (P = 0.006). Only selenium and glutamine preopwww.wjgnet.com

0

1

		

   2

3

   4

5

6

7

Days after surgery

Figure 2 F2-Isoprostane after surgery (mean ± SD). Development of F2isoprostane in urine (ng/mg creatinine) after surgery in the control and treatment
groups. The difference between the two groups over time was observed to be
significant between the first and the third day after surgery, bP < 0.01.

erative levels were attained one week after surgery. For
all other parameters, the levels were below preoperative
values after one week. During the first three days after
surgery F2-isoprostane significantly increased in the
treatment group compared with the control group (P =
0.007) (Figure 2). MDA did not change after surgery in
both groups. GSH-Px eventually decreased in the control group (P = 0.013), as well as in the treatment group.
IL-6 tended to decrease after surgery in both groups
(P = 0.062). No change was observed in WBC after
surgery, in either group. Lipopolysaccharide-binding
protein showed a peak value at day three in the control
group that was significantly higher than that in the treatment group (P = 0.018). In the treatment group LBP
levels remained at the level of the first postoperative day
(Figure 3).

DISCUSSION
The present study reports on the effects of an antioxidant
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Table 4 Intake of anti-oxidant nutrients per day (mean)
Days after surgery
1

2

3

4

5

6

7

Glutamine (g)

Control
Treatment

1.2
4.5

2.5
7.9

3.4
11

3.9
11

4.3
12

4.1
11

3.2
7.4

Cysteine (g)

Control
Treatment

0.1
1.4

0.2
2.5

0.3
3.2

0.3
3.4

0.4
3.5

0.4
3.5

0.3
2.2

Vitamin C (mg)

Control
Treatment

18
94

Vitamin E (mg)

Control
Treatment

3.4
20

7.2
35

b-carotene (mg)

Control
Treatment

3.1

5.5

Zinc (mg)

Control
Treatment

3.4
7.1

7.2
13

Selenium (µg)

Control
Treatment

Module AOX units given

Control
Treatment

40
167

15
43

32
77

0.57

1.01

54
219

62
236

68
239

65
233

10
45

12
49

13
50

12
48

7.1

7.4

7.6

7.5

10
17

12
19

13
19

12
18

44
103

50
113

55
114

53
110

1.29

1.36

1.39

1.38

51
153
9.4
32
4.9
9.4
12
41
73
0.89

Table 5 Surgery-induced response [difference between preoperative day (-1) and day after surgery
(1) & difference between treatment and control groups over time, before start of intervention]
P -value1

Group

Day -1

Day 1

∆ control and treatment
group over time2, P -value

Glutamine (μmol/L)

Control
Treatment

557 (99)
596 (81)

434 (149)
457 (106)

0.021
0.007

0.888

Vitamin C (μmol/L)

Control
Treatment

53.5 (24.9)
68.6 (27.9)

22.3 (10.3)
29.4 (15.5)

0.003
0.007

0.379

Vitamin E (μmol/L)

Control
Treatment

27.4 (6.7)
29.1 (6.5)

11.0 (5.9)
10.9 (4.6)

0.003
0.005

0.458

b-carotene (μmol/L)

Control
Treatment

0.67 (0.78)
0.81 (1.09)

0.20 (0.23)
0.32 (0.45)

0.003
0.005

0.916

Zinc (μmol/L)

Control
Treatment

11.7 (2.1)
11.4 (2.6)

4.5 (2.1)
4.7 (2.0)

0.003
0.008

0.761

Selenium (μmol/L)

Control
Treatment

1.27 (0.28)
1.19 (0.25)

0.77 (0.23)
0.78 (0.21)

0.003
0.008

0.305

MDA (μmol/L)

Control
Treatment

10.29 (2.6)
10.32 (1.9)

12.61 (5.3)
9.35 (2.0)

0.091
0.285

0.035

GSH-Px (U/g Hb)

Control
Treatment

12.67 (3.55)
11.75 (2.08)

12.00 (2.54)
12.05 (1.63)

0.423
0.415

0.359

Cysteine total (μmol/L)

Control
Treatment

335 (46)
324 (39)

193 (40)
196 (56)

0.012
0.018

0.817

WBC (E9/L)

Control
Treatment

9 (2.7)
6.5 (1.6)

11.5 (5.2)
9.9 (3.4)

0.142
0.022

0.751

IL-6 (pg/mL)

Control
Treatment

10.7 (17.5)
3.0 (1.8)

261.7 (424.8)
337.2 (545.8)

0.003
0.005

1.000

Data expressed as mean (standard deviation); MDA = malondialdehyde; GSH-Px = glutathione peroxidase; creat =
creatinine; Hb = hemoglobin; WBC = white blood cell count; IL-6 = interleukin 6; 1Wilcoxon Signed Rank Test; 2MannWhitney U Test.

supplement for enteral nutrition on the indicators of
oxidative stress and levels of antioxidants after major
abdominal surgery. Major abdominal surgery induces
oxidative stress that is associated with cellular dysfunction
which may impair recovery. The rapid decrease in
antioxidant levels on the first postoperative day indicates
consumption to counter surgery-induced oxidative stress
and is in accordance with earlier reports[32,33]. The levels of
antioxidants could not be restored by the administration

of Module AOX in the first five postoperative days,
except for levels of selenium and glutamine (Table 5).
These findings are in line with the results reported by
Schroeder et al[33] who investigated the antioxidant enteral
supplement Intestamin® (Fresenius Kabi) in similar major
gastrointestinal tract surgical patients. They found that
even at the higher dosage of glutamine, selenium, zinc,
Vitamin C, Vitamin E and beta-carotene in Intestamin®
compared to Module AOX, the antioxidant levels could
www.wjgnet.com
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150

Microgram/mL

Control

Group
Glutamine
(μmol/L)

100
75

Vitamin C
(μmol/L)

50
25
0

-1
		

1

1

Vitamin E
(μmol/L)

  3

b-carotene
(μmol/L)

5		

7

t /d

Figure 3 Development of LBP plasma concentration. Data represent means
± SD. 1Indicates statistically significant difference between the control and
treatment groups with respect to day 1.

not be raised to preoperative levels after five days of
enteral nutrition. In contrast, in surgical critically ill
patients, Intestamin® raised the plasma levels of glutamine,
Vitamin C, Vitamin E and beta-carotene to normal levels
at the third postoperative day[32]. A possible explanation
for this discrepancy may be related to differences in the
flow of antioxidants between cellular compartments in
different patient populations and the capacity to absorb
and metabolize supplemented antioxidants[34]. It should
be noted that blood measurements only provide an
approximation of the actual endogenous antioxidant
defence status. Assessing antioxidant levels in other
compartments or tissues is more difficult, but may better
reflect the antioxidant defence status.
The blood concentrations of antioxidants present in
Module AOX were significantly decreased on the first
day after surgery. Only selenium and glutamine blood
levels could be restored to preoperative levels, suggesting
that the dosage of antioxidants was too low to influence
blood levels. Theoretically, supplementing a combination
of antioxidants that are depleted after surgery may have
greater effects than supplying each antioxidant itself[10,35].
However, studies using some single antioxidant nutrients
have shown important clinical results. This is especially
true for glutamine which is considered a pharmaconutrient indispensable in critical illness. Glutamine
appears beneficial in several patient groups, especially
in those with burns, major trauma and after major
surgery[36-39]. As an antioxidant, glutamine attenuates the
inflammatory and oxidative stress response by enhancing
plasma and tissue levels of glutathione[32]. The amount
of glutamine supplementation recommended in a metaanalysis was 0.2-0.5 g per kg body weight which exceeds
the amount of glutamine in Module AOX[39]. This may
explain why there were no differences in glutamine levels
between the control and Module AOX group after five
days of nutrition.
As a single supplement, selenium is associated with
decreased morbidity[16] and mortality[10] in critically ill
patients. As a component of GSH-Px selenoenzymes,
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Table 6 Postoperative response; 3, 5, 7 d after surgery

Module AOX

125

December 7, 2008

Zinc
(μmol/L)
Selenium
(μmol/L)
MDA
(μmol/L)
GSH-Px
(U/g Hb)

Control
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control

Treatment
Cysteine total Control
(μmol/L)
Treatment
WBC (E9/L) Control
Treatment
IL-6 (pg/mL) Control
Treatment

Day 3, P
494 (82)
0.821
503 (91)
18.3 (7.3)
0.123
31.9 (13.5)
17.6 (8.7)
0.130
19.5 (4.7)
0.28 (0.31)
0.458
0.34 (0.46)
6.6 (2.9)
0.704
6.9 (2.5)
0.74 (0.26)
0.123
0.89 (0.32)
11.55 (3.94)
0.104
11.04 (4.21)
11.29 (1.39)
0.648
11.84 (1.63)
253 (49)
0.836
251 (52)
10.8 (2.1)
0.595
8.2 (2.4)
91.6 (165)
0.547
43.5 (37.6)

Day 5, P

Day 7, P

566 (137)
0.349
512 (108)
23.1 (11.2)
0.014
41.9 (13.9)
21.9 (9.6)
0.293
23.8 (8.7)
0.30 (0.28)
0.301
0.39 (0.43)
8.7 (3.4)
0.426
8.5 (3.1)
0.98 (0.25)
0.002
1.15 (0.36)
11.71 (2.19)
0.392
10.13 (1.98)
11.44 (1.76)
0.945
11.83 (1.72)
295 (50)
0.278
308 (73)
9.7 (2.9)
0.447
6.3 (1.3)
25.1 (25.8)
0.708
28.1 (27.6)

624 (279)
0.151
544 (83)
32.2 (32.7)
0.602
46.8 (16.6)
20.6 (9.1)
0.185
25.8 (11.6)
0.19 (0.23)
0.087
0.45 (0.45)
9.7 (3.6)
0.280
10.3 (3.0)
0.99 (0.25)
0.006
1.29 (0.39)
10.69 (2.58)
0.095
11.01 (2.73)
10.85 (1.51)
0.165
11.78 (1.63)
307 (84)
0.419
320 (85)
10.9 (4.1)
0.893
10.0 (3.8)
33.7 (39)
0.650
20.1 (16.3)

Data expressed as mean (standard deviation); MDA = malondialdehyde;
GSH-Px = glutathione peroxidase; creat = creatinine; Hb = hemoglobin;
GEE-analysis was used for statistical analysis; P, difference between the
treatment and control group over time, corrected for baseline.

selenium inhibits nuclear factor kappa b (NFκB) which
has a key role in the regulation of the expression of
numerous cellular genes, particularly those involved in
immune, inflammatory and stress responses. Therefore,
by its effect on NF κ B, selenium not only reduces
inflammation, but also reduces oxidative stress and
improves the defence mechanisms[40,41]. It is known that
plasma GSH-Px is a sensitive marker of the response to
antioxidant supplementation, especially selenium. Plasma
GSH-Px declines in parallel with plasma selenium, while
selenium supplementation restores the activity of the
enzyme[16]. This is in contrast with the present study
findings. Although the selenium plasma levels were
raised after surgery in the treatment group, no difference
in the plasma GSH-Px concentration was found.
This suggests that the dosage of selenium given was
insufficient to restore the activity of plasma GSH-Px.
Considering the above, one could argue that the
dosages of glutamine and selenium are too low in Module
AOX. However, increasing the dosages of antioxidants
may be hazardous because at high intake some antioxidants may be toxic. In addition, as a consequence of their
physical properties, some antioxidants also have pro-

van Stijn MFM et al. Antioxidant nutrition and oxidative stress		

oxidant effects. The capacity to scavenge free radicals is
associated with the transformation of the scavenger into
a free radical itself[16,34]. The possibility of an antioxidant
acting as a pro-oxidant as well, could explain the
unexpected increase in F2-isoprostane in the treatment
group, although the dosages of the antioxidants used were
low and established as safe. As for the other indicator
of oxidative stress measured, MDA, no changes were
observed in either of the groups. Similar to our findings,
Preiser et al[42] also could not demonstrate any effect of
an antioxidant-containing diet on levels of MDA in a
randomised, double-blind, placebo-controlled study with
critically ill patients during a seven day study period.
In the present study, malnutrition was an exclusion
criterion, because it is an independent risk factor for the
occurrence of postoperative infectious complications[43,44].
Kondrup et al[45] using the Nutritional Risk Screening (NRS
2002) examined how severity of illness and nutritional risk
affected results in nutritional intervention studies. They
found that better clinical effects were achieved in patients
with a greater severity of illness and malnutrition[45]. It is
possible that in the present study the patients who would
have benefited most from antioxidant-enriched enteral
nutrition, were excluded.
Lipopolysaccharide binding protein is an acute
phase protein that is mainly synthesized by hepatocytes
and its concentration in the circulation increases
during inflammation [46]. At times of gut injury, such
as during major surgery, LBP strongly modulates the
response to endotoxins, which are present at the outer
membrane of gram-negative bacteria (GNB). LBPcoated GNB are taken up mainly by monocytes and
macrophages[46,47]. Endotoxins induce a receptor-mediated
signalling cascade that leads to NF-κB activation and the
transcription and subsequent release of cytokines and
other proinflammatory mediators by monocytes and
macrophages. Reactive oxygen species may be involved in
the endotoxin-induced inflammatory response in two ways.
Firstly, ROS may impair gut integrity by damaging the gut
wall[48] inducing endotoxin translocation, and secondly
ROS mediate endotoxin-induced NF-κB activation. It was
demonstrated that neutralizing endotoxin, by recombinant
bactericidal permeability increasing protein, lowered LBP
levels in patients undergoing major liver resection[49]. In
the Module AOX group, LBP levels decreased significantly
compared to the control group which suggests that
antioxidant supplementation modulates this acute phase
response. This effect may be related to protection of gut
integrity against ROS damage.
In major gastrointestinal tract surgical patients the
oxidative stress parameters were not increased on the
first postoperative day. Interestingly, in the antioxidantsupplemented group an increase in F2-isoprostane
was observed during the first three postoperative days.
This observation questions the use of antioxidants and
further studies on the underlying mechanism are needed.
A postoperative decrease in antioxidant levels occurred
which could not be restored to the preoperative levels
by Module AOX except for selenium levels. Larger

6967

multicenter studies are needed to further elucidate the
effects of antioxidant-supplemented enteral nutrition in
major gastrointestinal tract surgical patients. In such a
trial, malnourished patients should also be included.
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Background

Major surgery and critical illness induce an immuno-inflammatory response,
which is accompanied by the production of reactive oxygen species (ROS) at
the site of injury. Reactive oxygen species can cause direct cellular injury by
damaging lipids, proteins and DNA. In situations of major surgery and critical
illness, a redistribution of antioxidants occurs to tissues or organs in need.
This results in a depletion of antioxidant stores that may be deleterious when
oxidative stress is prolonged. In these situations the supplementation of certain
antioxidant amino acids (glutamine, cysteine) and antioxidant micronutrients
(zinc, Vitamin C, Vitamin E, β-carotene, selenium) may improve outcome. The
present study investigates the effect of antioxidant supplemented enteral feeding on circulating factors of the antioxidant defence system and markers of
oxidative stress in patients after major upper gastrointestinal tract surgery.

Research frontiers

Theoretically, supplementing a combination of the antioxidants that are depleted after surgery may have greater effects than supplying each antioxidant
itself. However, studies using some single antioxidant nutrients, like glutamine
and selenium, have shown important clinical results, The effects of supplementation with combinations of antioxidants are still scarce, but the effects which
are known are promising. Little is known about the effects of major abdominal
surgery and antioxidant supplementation on the blood levels of parameters of
antioxidant capacity and oxidative stress, which are important to know.

Innovations and breakthroughs

This study showed that oxidative stress parameters were not increased on the
first postoperative day. A postoperative decrease in antioxidant levels occurred
which could not be restored to the preoperative levels by Module AOX except
for selenium levels. Interestingly, in the antioxidant-supplemented group, an
increase in F2-isoprostane was observed during the first three postoperative
days. This observation questions the use of antioxidants and further studies on
the underlying mechanism are needed.

Applications

Larger multicenter studies are needed to further elucidate the effects of antioxidant-supplemented enteral nutrition in major gastrointestinal tract surgical
patients. In such a trial, malnourished patients should also be included, since
they might benefit most from such supplementation.

Peer review

This study investigates the effects of antioxidant enriched enteral nutrition on
oxidative stress after major upper gastro-intestinal tract surgery. This study is
well investigated and has some interesting findings.
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Abstract
AIM: To analyze the risk factors of pancreatic leakage
after pancreaticoduodenectomy.
METHODS: We r e t r o s p e c t i v e l y r e v i e w e d 1 7 2
consecutive patients who had undergone pancreaticoduodenectomy at Inha University Hospital between
April 1996 and March 2006. We analyzed the pancreatic
fistula rate according to the clinical characteristics, the
pathologic and laboratory findings, and the anastomotic
methods.
RESULTS: The incidence of developing pancreatic
fistulas in patients older than 60 years of age was
21.7% (25/115), while the incidence was 8.8% (5/57)
for younger patients; the difference was significant (P
= 0.03). Patients with a dilated pancreatic duct had
a lower rate of post-operative pancreatic fistulas than
patients with a non-dilated duct (P = 0.001). Other
factors, including clinical features, anastomotic methods,
and pathologic diagnosis, did not show any statistical
difference.
CONCLUSION: O u r s t u d y d e m o n s t ra t e d t h a t
pancreatic fistulas are related to age and a dilated
pancreatic duct. The surgeon must take these risk
factors into consideration when performing a pancreaticoduodenectomy.
www.wjgnet.com
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INTRODUCTION
Pancreaticoduodenectomy (PD) is a commonly
performed surgical procedure for managing duodenal
trauma and various benign and malignant diseases of the
periampullary region.
This procedure was first described by Whipple
et al[1] in 1935. At that time, PD was technically difficult
to perform and the mortality rate was reported to be >
30%[1]. Despite marked progress in the procedure and in
the treatment of perioperative patients, the mortality rate
is still reported to be 2%-10% in most hospitals[2,3]. The
incidence of pancreatic fistulas remains a major cause
of postoperative complications; it is reported that the
incidence of pancreatic fistulas after PD is 6%-25%[4-12].
It is known that such pancreatic fistulas induce abscess
formation, vascular injuries, rupture of pseudoaneurysms,
and postoperative delayed hemorrhage, all resulting from
inflammation around leakage sites due to stasis of fluid,
including active pancreatic enzymes[13-16].
The aim of this study was to analyze the independent
risk factors for pancreatic fistulas after PD.

MATERIALS AND METHODS
Between April 1996 and March 2006, 172 consecutive
patients who had undergone PD at Inha University
Hospital were retrospectively reviewed. The operations
were performed by five surgeons, and pancreatic fistulas
were investigated retrospectively by review of the patients’
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medical records. A pancreatic fistula was defined as
follows: from the 7th postoperative day on, the drainage
output was > 50 cc a day and the drainage fluid amylase
level was 3 times higher than the serum level[6].
We compared the pancreatic fistula rates based on
gender, age, anastomotic method, preoperative serum
total bilirubin level, serum albumin level, white blood
cell (WBC) count, histologic diagnosis, texture of the
remnant pancreas, and size of the pancreatic duct.
The methods used for anastomosis included end-toend anastomosis (dunking) between cross-sections of
the jejunum and the pancreatic stump, and a pancreatic
duct-to-jejunal mucosal anastomosis. The results were
compared based on whether or not a feeding tube
was placed into the duct, serving as a stent for the
reconstruction and exteriorization of the duct from the
anastomotic site through the lateral abdominal wall.
In all cases, somatostatin was used prophylactically
for 7 d postoperatively. The statistical analyses of
the correlations among multiple clinical factors were
performed using independent t-tests and c2 tests, and a
significant difference was considered when P < 0.05. The
assessment of the statistical significance was carried out
using multivariate analyses.

RESULTS
Leakage of the pancreaticojejunostomy occurred in 30 of
172 patients (17.4%), and the frequency of such leakage
was analyzed and compared according to gender, age,
anastomotic methods, operative findings, preoperative
serum total bilirubin and albumin levels, preoperative
WBC, and histopathologic diagnosis (Table 1).
Reoperations were carried out in 5 of 30 patients
(16.7%) with leakage of the pancreaticojejunostomy; 4
patients had total pancreatectomies and 1 patient had
a segmental resection of the small bowel. Among 172
patients, there were 4 deaths and the mortality rate was
2.3%; 1 patient underwent reoperation and 3 patients died
during conservative management. There were 4 deaths in
groups with leakage of the pancreaticojejunostomy.
Five surgeons operated on 95, 26, 19, 19, and 13
patients, respectively, in our hospital. The occurrences of
pancreatic fistulas according to the surgeons were 17.9%
(17/95), 23.1% (6/26), 15.8% (3/19), 10.5% (2/19),
and 15.4% (2/13), respectively. There was no significant
correlation between the surgeons and pancreatic fistulas
(P = 0.867).
The mean age of the patients was 62.2 years, with
a range of 33-87 years. Pancreatic fistulas occurred in
25 patients over 60 years of age (21.7%), and in 5 of 57
patients under 60 years of age (8.8%). The difference in
the pancreatic fistula rates between the two groups was
significant (P = 0.016).
With regard to gender, anastomotic method, pancreatic
stenting, texture of the remnant pancreas, preoperative
serum albumin level, total bilirubin level, and WBC count,
there were no significant differences in pancreatic fistula
rates.
The pancreatic duct size was included in the pathology

6971

Table 1 Pancreatic fistula rate based on clinical factors
Factors
Age (yr)

Number of
Leakage
patients (%)
(%)
≥ 60

< 60
Gender
Male
Female
Type of
Duct-to-mucosa
End-to-end
anastomosis
Pancreatic stent
Yes
No
Texture of
Hard
remnant pancreas Soft
Pancreatic
Dilated
Non-dilated
duct size
≥ 1.3 mg/dL
Pre-op bilirubin
< 1.3 mg/dL
≥ 3.1 g/dL
Pre-op albumin
< 3.1 g/dL
3
≥ 10 000/mm
Pre-op WBC
3
< 10 000/mm

115 (66.9)
57 (32.1)
116 (67.4)
56 (32.6)
133 (77.3)
39 (22.7)
58 (33.7)
114 (66.3)
61 (58.5)
43 (41.5)
60 (44.1)
76 (55.9)
92 (54.5)
80 (46.5)
138 (80.2)
34 (19.8)
29 (16.9)
143 (83.1)

25 (21.7)
5 (8.8)
19 (16.4)
11 (19.6)
22 (16.5)
8 (19.6)
11 (19.0)
19 (16.7)
7 (16.3)
7 (23.0)
4 (6.6)
21 (27.6)
15 (16.3)
15 (18.8)
23 (16.7)
7 (20.6)
7 (24.1)
23 (16.1)

P value

0.016
0.606
0.582
0.712
0.392
0.001
0.674
0.607
0.349

reports and the patients were divided into 2 groups based
on the main duct size, as follows: (1) patients with a
dilated pancreatic main duct, defined as having a visible
main duct and (2) a non-dilated pancreatic main duct,
defined as having a non-visible main duct. Only 136
of 172 patients were classified according to pancreatic
duct size. The number of patients with dilated and nondilated pancreatic main ducts was 60 and 76, respectively.
Pancreatic fistulas developed in 4 of 60 patients in the
group with a dilated pancreatic main duct (6.6%), and
in 21 of 76 patients in the group with a non-dilated
pancreatic main duct (27.6%); there was a significant
difference between the two groups (P = 0.001; Table 1).
When the incidence of pancreatic fistulas was
compared based on histopathologic diagnosis, pancreatic
fistulas occurred in 6 of 37 patients (16.2%) diagnosed
with carcinomas in the pancreatic head, in 8 of 46 patients
(17.4%) diagnosed with carcinomas in the common
bile duct (CBD), in 8 of 34 patients (23.5%) diagnosed
with carcinomas of the ampulla of Vater, in 1 of 10
patients (10.0%) diagnosed with duodenal cancer, in 3 of
9 patients (33.3%) diagnosed with intraductal papillary
mucinous tumors, in 0 of 6 patients (0%) diagnosed with
chronic pancreatitis, in 2 of 22 patients (9.1%) diagnosed
with gastric cancer and pancreatic invasion, in 1 of 4
patients (25.0%) with trauma to the pancreas, and in 1 of
4 patients (25.0%) diagnosed with gallbladder (GB) cancer
(Table 2). Although patients diagnosed with chronic
pancreatitis and gastric cancer with pancreatic invasion
tended to develop pancreatic fistulas less frequently than
other patients, there was no significant difference in
the correlation between histopathologic diagnosis and
pancreatic fistulas.

DISCUSSION
PD is technically difficult, and as a result, relatively high
mortality (15%-30%) and complication rates (50%-75%)
were reported before the 1980s. With advances in surgiwww.wjgnet.com
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Table 2 Pancreatic fistula based on histopathologic diagnosis
Name of disease
Pancreatic head cancer
CBD cancer
Ampulla of Vater cancer
Duodenal cancer
Chronic pancreatitis
Intraductal papillary mucinous tumor
Gastric cancer
GB cancer
Trauma

Number of
patients (%)

Leakage
(%)

37 (21.5)
46 (26.7)
34 (19.8)
10 (5.8)
6 (3.5)
9 (5.2)
22 (12.8)
4 (2.3)
4 (2.3)

6 (16.2)
8 (17.4)
8 (23.5)
1 (10.0)
0 (0)
3 (33.2)
2 (9.1)
1 (25)
1 (25)

cal techniques and perioperative care, the mortality rate
associated with PD has since improved[17].
Most complications after PD commonly arise from
failure in healing of the pancreaticojejunostomy, and
have been described as pancreatic fistulas or anastomotic
leakages by various authors.
Berberat et al [18] defined a pancreatic fistula as an
anastomotic leak of the pancreaticojejunostomy demonstrated radiographically or intraoperatively, and as a prolonged or elevated output of amylase-rich fluid through
an intraoperatively-placed drain (> 3 times the normal
serum amylase level). Lowy et al[19] divided pancreatic
fistulas into clinical leakage and biochemical leakage, in
which the former referred to the amylase level of the
fluid obtained through an intraoperatively-placed drain
to be > 3 times the normal serum amylase level, with a
high fever, leukocytosis, sepsis, and the need for drainage, while the latter referred to asymptomatic patients.
We favor the definition described by Yeo et al[6] i.e. from
the 7th postoperative day on, the drain output is > 50 cc
a day and the drain fluid amylase level is 3 times higher
than the serum amylase level. Using the Yeo et al[6] definition, we analyzed the risk factors for pancreatic leakage.
To place a tube as a stent and to determine how a
pancreaticojejunostomy relates to pancreatic fistula formation requires more research[20]. Yeo et al[21] reported
that pancreatic fistulas were correlated with anastomotic
technique, operative time, a surgeon’s skills and experience in performing a PD, tumor location, and co-morbid
illnesses[21]. Bartoli et al[17] reported a difference in the degree of fibrosis of the remnant pancreas, and that anastomotic leakage occurred in 5% of patients with chronic
pancreatitis and in 33% of patients with carcinoma of
the CBD. Patients in whom the pancreatic texture has a
hard consistency have been reported to be at lower risk
for pancreatic leakage than those patients who have a
pancreatic parenchyma with a soft or intermediate consistency[22,23]. The texture of the pancreatic parenchyma
has been reported to be correlated with the pancreatic
duct diameter[24], in considering the ease in performing
a pancreatic duct-to-jejunum mucosa anastomosis, such
a simple comparison requires more consideration. The
pancreatic duct diameter has been correlated with pancreatic leakage[5], and our study showed that 136 (79.1%)
patients had evidence of pancreatic duct dilatation by
histopathologic reports, confirming the correlation bewww.wjgnet.com
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tween pancreatic duct size and pancreatic fistula development (P = 0.001). None of the 6 patients with chronic
pancreatitis developed pancreatic leakage, and chronic
pancreatitis induced pancreatic fistula less often than
other pancreatic diseases; however, there was no statistical significance. We considered this result to reflect a
small number of the population and because of the possible prediction of pancreatic duct dilatation in chronic
pancreatitis, pancreatic duct diameter could be correlated
with pancreatic leakage. However, in considering factors
related to the texture of the remnant pancreas, the incidence of pancreatic fistulas in patients with a hard texture of the remnant pancreatic parenchyma was 16.3%
(7/43) and was lower than that in patients with a soft
texture [23% (14/61)], but this finding lacked statistical
significance (P = 0.392). These results are considered to
have no statistical significance because pancreatic texture
was demonstrated in only 104 of 172 patients (60.5%).
In this study, the incidence of pancreatic fistulas in
patients with gastric cancer with pancreatic invasion was
9.1% and was lower than that in patients with other diseases, again showing no statistical significance. Among
22 patients with gastric cancer with pancreatic invasion,
13 patients were < 60 years of age, suggesting that gastric cancer with pancreatic invasion affects a younger
age group when compared with 57 patients < 60 years
of age in the total population of 172 patients. These results were considered to be influenced by the bias arising
from the difference between the older age group, a significant factor in our study, and the younger age group
of patients with gastric cancer with pancreatic invasion.
Pancreatic leakage has been related to the presence
or absence of co-morbid illnesses, and age has been correlated with the occurrence of pancreatic fistulas[21-23]. In
our study, there was a significant correlation between age
and pancreatic fistulas (P = 0.03).
With regard to the pancreaticojejunostomy technique,
binding pancreaticojejunostomy significantly decreased
postoperative complications and the pancreaticojejunostomy leakage rate[25-27]. In our study, the methods used
for anastomosis were divided into end-to-end dunking
anastomosis between cross-sections of the jejunum and
the pancreatic stump, and pancreatic duct-to jejunal mucosal anastomosis. The results were compared based on
whether or not a feeding tube, which serves as a stent for
the reconstruction and exteriorization, was placed from
the anastomotic site through the lateral abdominal wall.
Many previous reports have proposed that hard
texture of the pancreatic parenchyma and a dilated
pancreatic duct have a lower risk of pancreatic fistula
formation owing to an ability to prevent pancreatic duct
dilatation and shrinkage of the pancreaticojejunostomy
after PD[16]. Conversely, in the case of a small pancreatic
duct and a soft pancreas, an end-to-end invagination
anastomosis or binding pancreaticojejunostomy
significantly decreases postoperative complications[20,27].
In our study there was no significant difference in
the incidence of pancreatic fistulas as a function of
anastomotic technique.
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Although there is a report that the preoperative
serum total bilirubin level, duration of jaundice, surgery
performed under emergent conditions, and preoperative
serum albumin level can affect the occurrence of
pancreatic fistulas[28], there was no significant difference
among the preoperative serum total bilirubin level,
albumin level, and leukocytosis in our study. The
patients with pancreatic parenchyma of soft consistency
produce a larger amount of pancreatic juice and have a
higher risk of pancreatic leakage than those with a hard
consistency[14]. Therefore, a variety of surgical methods
have been attempted. Specifically, efforts to exteriorize
the pancreatic fluid with a tube, to place a tube into
the pancreatic duct, and to use synthetic somatostatin
prophylactically have been attempted, but the reports have
failed to show a statistically significant difference among
the techniques[26,27].
In this study, it was demonstrated that there were
no significant differences in the incidence of pancreatic
fistulas based on surgical technique. Therefore, we are
of the opinion that the surgical technique should be
individualized based on the patient’s condition and the
surgeon’s preferences.
We demonstrated several risk factors related to
pancreatic leakage after PD; age and pancreatic duct size
were significantly correlated with an increased incidence
of pancreatic fistula. In conclusion, it is important that
surgeons are aware of these risk factors for pancreatic
fistula formation when performing a PD.
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Abstract
AIM: To analyze the clinical characteristics of patients
diagnosed with Fitz-Hugh-Curtis syndrome.
METHODS: The clinical courses of patients that
visited St. Mary’s Hospital with abdominal pain from
January 2005 to December 2006 and were diagnosed
with Fitz-Hugh-Curtis syndrome were examined.
RESULTS: Fitz-Hugh-Curtis syndrome was identified
in 22 female patients of childbearing age; their mean
age was 31.0 ± 8.1 years. Fourteen of these cases
presented with pain in the upper right abdomen
alone or together with pain in the lower abdomen,
and six patients presented with pain only in the lower
abdomen. The first impression at the time of visit was
acute cholecystitis or cholangitis in 10 patients and
acute appendicitis or pelvic inflammatory disease in
eight patients. Twenty-one patients were diagnosed
by abdominal computer tomography (CT), and the
results of abdominal sonography were normal for 10
of these patients. Chlamydia trichomatis was isolated
from 18 patients. Two patients underwent laparoscopic
adhesiotomy and 20 patients were completely cured by
antibiotic treatment.

CONCLUSION: For women of childbearing age
with acute pain in the upper right abdomen alone or
together with pain in the lower abdomen, Fitz-HughCurtis syndrome should be considered during differential
diagnosis. Moreover, in cases suspected to be Fitz-HughCurtis syndrome, abdominal CT, rather than abdominal
sonography, assists in the diagnosis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Acute abdominal pain is one of the most common
symptoms experienced by patients visiting hospitals,
particularly the emergency room. Pain in the right upper
abdomen is a symptom of biliary diseases, such as gall
bladder (GB) stones or cholecystitis, and it may also
be present in duodenal ulcers, liver abscess, subphrenic
abscess, herpes zoster infection, etc. In addition, pain in
the right upper abdomen, alone or together with pain in
the lower abdomen, is associated with Fitz-Hugh-Curtis
syndrome, although this condition is infrequent among
hospital patients.
Fitz-Hugh-Curtis syndrome is characterized by
inflammation in perihepatic capsules with concomitant
pelvic inflammation without involvement of hepatic
parenchyma [1-3] . Most Fitz-Hugh-Curtis syndrome
patients are women of childbearing age who visit
hospitals because of acute pain and tenderness in the
right upper abdomen. The pain in the right upper
abdomen is caused by adhesion of the anterior hepatic
surface and the abdominal wall [4]. The pain tends to
www.wjgnet.com
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become more severe upon body movement, breathing,
etc, and, thus, it is difficult to distinguish it from acute
cholecystitis, pleurisy, right pyelonephritis, etc in many
cases[5]. Furthermore, in some cases, it presents with pain
in the lower abdomen only, without the characteristic
pain in the right upper abdomen, and it is thus
misdiagnosed as acute appendicitis or some other form
of peritonitis[6].
Recently, with the development of imaging tests
and antibiotics, Fitz-Hugh-Curtis syndrome has been
classified as a benign disease that can be diagnosed and
treated readily by non-invasive methods[7], for example,
by abdominal computer tomography (CT) scan and oral
antibiotics, respectively. Nevertheless, without sufficient
understanding of this disease, it could be misdiagnosed
as another acute disease with similar clinical symptoms,
and thus patients may undergo unnecessary surgery or
tests.
Until now, Fitz-Hugh-Curtis syndrome has been
considered a gynecological disease; however, the major
complaint is pain in the right upper abdomen. Hence,
clinicians that focus on the digestive tract frequently
encounter such patients during the primary diagnosis.
This study analyzed the clinical characteristics of
patients diagnosed with Fitz-Hugh-Curtis syndrome at
our hospital.

MATERIALS AND METHODS
Patients
This study was performed with 22 patients that visited
St. Mary’s Hospital, Catholic University, from January
2005 to December 2006, due to abdominal pain and
were diagnosed with Fitz-Hugh-Curtis syndrome. In
the study, the diagnostic standard of Fitz-Hugh-Curtis
syndrome was the following: (1) abdominal CT scan
showed pelvic inflammation with contrast enhancement
of hepatic capsules; (2) patients had an adhesion
between the liver and the diaphragm or the liver and
the anterior abdominal wall detected by laparoscopic
surgery. CT images were acquired using multi-detector
scanners, Lightspeed VCT (General Electric, Milwaukee,
WI, USA). A total of 120 mL of iopromide, Ultravist
300 (Bayer Schering Pharma AG, Berlin, Germany) was
administrated at a rate of 3 mL/s with an automatic
power injector. Images were obtained before and
at 60-70 s after iv contrast material injection. In all
phases, scanning was initiated at the dome of the right
hemidiaphragm and scans of the entire abdomen to
the symphysis pubis were obtained. Slice thickness was
5 mm. To gain a definitive diagnosis of pathogens, we
performed PCR tests, used sexually transmitted disease
detection kits to detect Chlamydia trachomatis, Neisseria
gonorrhoeae, Trichomonas vaginalis, Ureaplasma urealyticum,
Mycoplasma hominis, Mycoplasma genitalium, and performed
serological tests, including enzyme immunoassay for
Chlamydia IgM and ELISA for Chlamydia IgG.
Study design
We retrospectively reviewed the records of 22 patients
www.wjgnet.com
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who were diagnosed with Fitz-Hugh-Curtis syndrome.
Patients’ medical records, disease histories, physical
and systemic examinations, and first impression by
the clinicians that performed the initial diagnosis were
examined. Laboratory tests, blood chemistry, serological
tests, direct smears of specimens, and bacterial culture
tests were performed. For radiological tests, the results
of ultrasound tests and CT were examined. Diagnostic
and therapeutic laparoscopic surger y, antibiotic
treatments after diagnosis, and prognosis were examined
for each patient.

RESULTS
Characteristic of patients
Our study sample included 22 Fitz-Hugh-Curtis
syndrome patients diagnosed at our hospital. The
patients were all women of childbearing age with a
mean age of 31.0 ± 8.1 years (range 19-49 years). Their
most recent sexual activity was between 3 d and 1 mo
prior to the visit and the frequency of sexual activity
was also provided. Except for two patients for whom
symptoms were relatively meager and who were thus
admitted through outpatient clinics, 20 patients visited
the emergency room because of acute abdominal pain.
The interval from the development of symptoms to a
hospital visit was diverse, ranging from the same day to
2 wk, with an average of 5.8 ± 4.5 d (Table 1).
Chief complaint
The chief complaint requiring a visit to the hospital
was pain in the right upper abdomen in seven patients
(32%), pain in the right upper abdomen and pain in
the lower abdomen in seven cases (32%), pain in the
lower abdomen in six cases (27%), fever in one case
(4.5%), and epigastric pain in one case (4.5%). With the
exception of one case, fever was absent in the patients
(Table 1).
First impression
After the first impression of the clinicians that examined
the patients initially, 10 patients were diagnosed with
acute cholecystitis or a GB stone, eight patients were
diagnosed with acute appendicitis or pelvic inflammatory
disease, and four patients were diagnosed with acute
pyelonephritis, acute hepatitis, acute gastritis, or peptic
ulcer disease (Table 1).
Test results
Various test methods were used for diagnosis. In 21
patients (95.5%), an abdominal CT scan was performed
and Fitz-Hugh-Cur tis syndrome was diagnosed
according to its characteristics, the finding of contrast
enhancement in the hepatic capsules. One of the patients
was diagnosed as having Fitz-Hugh-Curtis syndrome by
an abdominal CT scan and was treated; however, due
to deterioration in her symptoms, laparoscopic surgery
was performed and adhesion between the anterior side
of the liver and the abdominal wall was confirmed. The
remaining patient developed acute peritonitis during
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Table 1 Clinical manifestation of 22 patients with Fitz-HughCurtis syndrome

Table 2 Laboratory and radiographic study of 211 patients
with Fitz-Hugh-Curtis syndrome, which was diagnosed by
abdominal CT

mean ± SD (range)
Age (yr)
Last intercostal history (d)
Hospital visit duration (d)
Chief complaints
RUQ pain
RUQ and lower abdominal pain
Lower abdominal pain
Epigastric pain
Fever and lymphadenopathy
First impression
Acute cholecystitis
Acute appendicitis
Pelvic inflammatory disease
Peritonitis
Hepatitis
Gastric ulcer

mean ± SD (range)

31.0 ± 8.1 (19-49)
11.0 ± 10.9 (3-30)
5.8 ± 4.5 (0-14)
Number (%)

Laboratory study (n = 21)
WBC (1000/mm3)
AST (IU/L)
ALT (IU/L)
ESR (mm/h)
CRP (mg/L)

7 (32)
7 (32)
6 (27)
1 (4.5)
1 (4.5)

Serologic test or PCR (n = 21)
C. trichomatis
T. vaginalis
U. urealyticum
M. hominis
Microbiologic culture (n = 21)
S. agalactiae
U. urealyticum
S. aureus
C. albicans
E. coli

10 (46)
5 (23)
3 (13)
1 (4.5)
1 (4.5)
2 (9)

pregnancy and was diagnosed by laparoscopic surgery
without abdominal CT scan. Among the 21 patients
diagnosed by abdominal CT scan, abdominal sonography
was performed in 10 of them prior to abdominal CT
scan and the results were normal in all cases.
According to blood chemistry tests, the number of
leukocytes averaged 11.532/mm 3, which was slightly
higher than normal. Liver function test results were
within the normal range in most patients, with the
exception of 1 patient with a result 4 times greater
than the upper normal limit. ESR averaged 51.3 mm/h
which was elevated five times more than nor mal
(normal value, 0-10 mm/h). C-reactive protein (CRP)
averaged 52.3 mg/L, which was over 10 times higher
than normal (normal value, less than 5 mg/L). The
serological antibody tests to C. trichomatis and PCR tests
to six common sexually transmitted disease pathogens
indicated the presence of C. trichomatis in 18 patients,
T. vaginalis in one patient, U. urealyticum in one patient,
and M. hominis in one patient. One patient was diagnosed
during emergency surgery and, thus, the serology tests
were not performed. Direct specimen smears were all
negative. A cell culture test was performed for seven
patients (three cases for Streptococcus agalactiae, one case
for U. urealyticum, one case for Staphylococcus aureus, one
case for Candida albicans, and one case for Escherichia
coli) and the findings concurred with the results of the
serological chlamydia antibody tests of and PCR tests
performed to determine the presence of pathogens
(Table 2).
Treatment and progress
Of 22 patients, 20 patients (91%) improved following
general or combinatorial antibiotic therapy and
conservative care. One patient did not respond to
antibiotic therapy; her pain became more severe but her
symptoms improved after adhesiotomy by laparoscopic
surger y. One patient developed acute peritonitis
during pregnancy and, thus, laparoscopic surgery was
performed for the purpose of diagnosis and treatment;

Radiographic study2
Abdomen CT (n = 21)
Abdomen ultrasonography (n = 10)

11.5 ± 3.4 (3.5-16.2)
22.1 ± 30.1 (10-156)
17.0 ± 24.8 (5-126)
51.2 ± 28.9 (18-120)
52.1 ± 41.9 (2-154)
Positive result of number (%)
18 (85.7)
1 (4.8)
1 (4.8)
1 (4.8)
3 (14.3)
1 (4.8)
1 (4.8)
1 (4.8)
1 (4.8)
Positive result of number (%)
21 (100)
0 (0)

1

Among the 22 patients, one was diagnosed by laparoscopic surgery
without a study; 2Abdominal CT was performed in 21 patients, and only
10 patients among them were investigated by abdominal ultrasonography.

she improved after adhesiotomy. Doxycycline was
administered as a single antibiotic to five patients,
and in combination to 14 patients. For those patients
that received combination therapy, triple drug therapy
consisted of metronidazole and aminoglycoside with
ampicillin/sulbactam or cephalosporin and dual drug
therapy consisted of an aminoglycoside with ampicillin/
sulbactam or metronidazole with cephalosporin. Three
patients received 2 drug therapy for 1 wk and their
clinical symptoms were improved (Table 3).

DISCUSSION
Fitz-Hugh-Cur tis syndrome is characterized by
perihepatic inf lammation appearing with pelvic
inflammation primarily in women of childbearing age. It
occurs in 12.0%-13.8% of pelvic inflammation cases[8,9].
In 1930, Curtis[1] reported the violin-string appearance
between the anterior hepatic surface and the abdominal
wall in gonorrhea patients. Furthermore, in 1934, FitzHugh[2] reported gonococcal peritonitis accompanied
by pain in the right upper abdomen. Previously,
N. gonorrhoeae was considered to be the major pathogen
of this syndrome; however, in 1985, Lopes-Zeno et al[4]
showed that C. trachomatis, not N. gonorrhoeae, was the
major pathogen. In the past, the definitive diagnosis
was made using methods that confirmed adhesion in
the vicinity of the liver by laparoscopic surgery or open
abdominal surgery. Recently, the disease was diagnosed
and experienced infrequently as it was diagnosed by noninvasive methods such as serological tests for specific
antibodies to pathogens that induce pelvic inflammation,
www.wjgnet.com
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Table 3 Clinical characteristics of 22 patients with Fitz-Hugh-Curtis syndrome
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Age
39
23
35
19
22
29
26
21
37
41
49
33
45
32
34
27
31
25
38
33
22
27

Symptom (pain)
Low abdomen
RUQ
RLQ
Low abdomen
RUQ
RUQ + low abdomen
RUQ
Epigastrium
Fever
RUQ
Low abdomen
RUQ + low abdomen
RUQ
RUQ
RUQ + low abdomen
RUQ + low abdomen
Low abdomen
RUQ + low abdomen
RUQ + low abdomen
RLQ
RUQ + low abdomen
RUQ pain

Duration
5
7
5
5
7
6
3
3
10
14
10
0
1
5
14
2
14
1
1
4
1
10

Impression

Diagnosis

Treatment

PID
Cholecystitis
Appendicitis
Appendicitis
Cholecystitis
Appendicitis
Cholecystitis
Gastric ulcer
Hepatitis
Cholecystitis
PID
Cholecystitis
Cholecystitis
GB stone
PID
GB stone
Pyelonephritis
Cholecystitis
Appendicitis
Appendicitis
Cholecystitis
Gastritis

CT
CT
CT + Sono
CT + Sono
CT + Sono
CT + Sono
CT
CT + Sono
CT
CT
CT
CT
CT + Sono
CT + Sono
CT + Sono
CT + Sono

Doxycycline
Doxycycline
Cepha + Amino + Metro
Doxycycline
Cepha + Amino + Metro
Cepha + Metro
Cepha + Amino + Metro
Cepha + Amino + Metro
Doxycycline
Amp + Amino + Metro
Amp + Amino + Metro
Doxycycline
Cepha + Metro
Amp + Amino+ Metro
Cepha + Amino + Metro
Cepha + Amino + Metro
Amp + Amino
Amp + Amino + Metro
Amp + Amino + Metro
Amp + Amino + Metro
Amp + Amino + Metro
Amp + Amino + Metro

CT
CT + Sono
CT
CT
CT

Prog

Lapa
Lapa

RUQ: Right upper quadrant abdominal; RLQ: Right lower quadrant abdominal; PID: Pelvic inflammatory disease; GB: Gallbladder; CT: Computed
tomography; Sono: Ultrasonography; Cepha: Cephalosporin; Amino: Aminoglycoside; Metro: Metronidazole; Amp: Ampicillin/sulbactam; Prog:
Prognosis; Lapa: Laparoscopic adhesiolysis.

PCR, and abdominal CT scan.
It has been sug gested that the mechanisms of
development of Fitz-Hugh-Curtis syndrome include
inflammation in hepatic capsules caused by inflammation
in the reproductive system through the peritoneal cavity;
migration of pathogens from the peritoneal membrane
to the liver via blood; migration of pathogens from
the peritoneal membrane to the liver through lymph
ducts; and a hyperimmune response to C. trichomatis;
nonetheless, the precise mechanism has not been
elucidated yet[10].
The pain in the right upper abdomen that appears as
the main symptom during the acute phase develops as a
sudden sharp pain that becomes more severe in response
to deep breathing, body movements, coughing, etc, and
it develops as a result of congestion of hepatic capsules,
spotted hemorrhage, and fibrous exudates. Occasionally,
the pain may radiate to the right shoulder. Lower
abdominal pain may appear simultaneously with the right
upper abdomen pain or intermittently with the abdominal
pain. If pain progresses to a chronic state without pain in
the lower abdomen, the pain in the right upper abdomen
generally appears continuously or may become dull.
In our study, 14 of 22 patients (64%) showed right
upper quadrant (RUQ) pain; the typical symptom of
Fitz-Hugh-Curtis syndrome. Seven of 14 patients
displayed only RUQ pain, and in the other seven
patients RUQ pain was accompanied by pain in the
lower abdomen. The other eight patients (36%) had
no typical RUQ pain symptom but experienced pain in
the epigastrium or only in the lower abdomen, or they
had fever and other systemic symptoms. Even when
there is no pain in the right upper abdomen, which is
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the characteristic of Fitz-Hugh-Curtis syndrome when
it occurs as perihepatic inflammation, the possibility
of Fitz-Hugh-Curtis syndrome can not be ruled out
completely[11,12]. Though it is not typical, diagnosis of
Fitz-Hugh-Curtis syndrome with the major symptom
of pain in the lower abdomen with pelvic inflammation
or systemic symptoms should be considered. It has
been reported that cases in which pain in the upper
abdomen develops without pain in the lower abdomen
are rare[13,14]; however, in this study, seven patients (32%)
developed pain only in the right upper abdomen. This
takes place in patients who have recovered from an
acute episode of pelvic inflammatory disease without
appropriate treatment [10] . These cases have to be
cautiously differentiated from diseases for which the
major symptom is pain in the right upper abdomen,
such as acute cholecystitis. Although our study did not
explore this, there are cases that display pain in the left
upper abdomen by perisplenitis as the main symptom of
Fitz-Hugh-Curtis syndrome. Hence, we think that cases
of non-typical symptoms should be fully considered[15].
For the diagnosis of Fitz-Hugh-Curtis syndrome
and the earlier findings of laboratory tests, the only
method for definite diagnosis used to be assessment
of adhesions in the vicinity of the liver by invasive
laparoscopic surgery; however, diagnosis has recently
been made possible by a non-invasive abdominal CT
scan resulting in contrast enhancement in hepatic
capsules caused by perihepatic inflammation during the
acute phase of Fitz-Hugh-Curtis syndrome[7,16,17]. In this
study, 21 cases (95.5%) were diagnosed by abdominal
CT scan. Laparoscopic surgery was perfor med in
only two patients for the purpose of diagnosis and

Woo SY et al . Fitz-Hugh-Curtis syndrome

A

B

Figure 1 Contrast-enhanced CT. A: Linear enhancement of the surface at
both lobes of the liver (arrow); B: CT images 1 mo after treatment indicate
normal liver.

treatment. In addition, differential diagnosis of FitzHugh-Curtis syndrome from hepato-biliary diseases
was performed for patients presenting with pain in the
right upper abdomen by abdominal sonography. In our
study, abdominal sonography was performed on 10
patients in the emergency room. All of these patients
showed normal findings. Because abdominal sonography
observations are mainly concentrated on the GB or
liver, which are usually considered major causes of pain
in the right upper abdomen, there is a failure to notice
pelvic inflammatory disease which can be observed
in the pelvic cavity. There may also be discrepancies
in the expertise of different sonographers. Although
abdominal sonography is of great help as a primary
diagnostic tool to prove the causality of pain in the
right upper abdomen, there are clear limitations in using
only abdominal sonography to diagnose Fitz-HughCurtis syndrome. Therefore, in sexually active women of
childbearing age presenting with pain in the right upper
abdomen or pain in the right upper abdomen together
with pain in the lower abdomen, that have normal liver
function test results and for whom Fitz-Hugh-Curtis
syndrome is strongly suspected, an abdominal CT scan
may diagnose the syndrome more rapidly and accurately.
For the identification of causative pathogens, uterine
cervical specimens have been used most frequently,
although rectal, urinary tract and salivary specimens
can be used[10]. To confirm the presence of the major
pathogen C. trachomatis, a culture test is widely applied
and, more recently, ligase chain reaction (LCR), PCR,
and a specific antibody test have been used to identify
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the pathogen. In our study, PCR and specific antibody
tests were performed to identify the pathogen; tests
were positive for C. trichomatis in 18 patients (82%), and
testing for N. gonorrhoeae, which has been known to be
the most prevalent pathogen in the past, was negative.
Other pathogens were detected in the remaining three
patients and it is thought that pathogens other than
C. trichomatis that induce pelvic inflammation could be
causative of Fitz-Hugh-Curtis syndrome. Lactobacilli
maintain normal vagina flora, but if normal vagina
flora is altered, an inflammation is usually induced
by G. vaginalis, C. albicans, T. vaginalis, M. hominis, and
the cervix becomes inflamed due to C. trichomatis, N.
gonorrhoeae, T. vaginalis, and C. albicans. C. trichomatis and
N. gonorrhoeae cause pelvic inflammation. Generally, the
culture test is the basic test for the identification of
causative pathogens; however, in our study, the major
causative pathogen C. trichomatis was not identifiable by
culture tests. C. trichomatis cannot be identified in general
bacterial culture tests as culture tests for C. trichomatis
require special media that is not used in general bacterial
culture. Therefore, for cases suspected to be Fitz-HughCurtis syndrome, culture tests should be performed
using the special media for C. trichomatis to enable
accurate diagnosis. Hepatic enzyme values are normal
or slightly elevated in Fitz-Hugh-Curtis syndrome,
which is of help in differentiating it from hepatitis[18].
In Fitz-Hugh-Curtis syndrome, the liver function test is
normal or slightly elevated and the ESR, although still
controversial, has been reported to be increased in some
cases[19]. Recently, CRP has been reported to be a marker
that reflects the clinical course of this disease[20,21]. In
most of our cases, the results of liver function tests were
normal except for one patient with a result four times
greater than the upper normal limit, and leukocyte values
were slightly increased. ESR were elevated five times and
CRP was elevated over 10 times more than the normal in
our study. However, it is difficult to diagnose Fitz-HughCurtis syndrome definitely by serum biochemistry and
serological tests; therefore, they are only partially able to
aid in the diagnosis of Fitz-Hugh-Curtis syndrome.
Antibiotics against the identified causative bacteria
were administered as treatment and, for cases that
were unresponsive to antibiotic therapy, surgery was
performed to remove the adhesion in the vicinity of
the liver. Standardized treatments were not available
so antibiotics targeting C. trichomatis, N. gonorrhoeae,
gram negative bacilli, and anaerobic bacteria were
administered. Oral antibiotics were administered for 2
wk and non-oral antibiotics were administered for 48 h
after the improvement of clinical symptoms[22]. It has
been reported that treatment reactions in most patients
are good. This was the case in our study, with the
exception of one case in which laparoscopic surgery was
performed following the deterioration of symptoms.
Most patients improved following antibiotic treatment.
Moreover, the lesions were absent on abdominal CT
scan performed after the treatment (Figure 1).
The diagnosis rate of Fitz-Hugh-Curtis syndrome
has increased due to the recent development of
www.wjgnet.com
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imaging tests. Most patients recover completely after
treatment with appropriate antibiotics. Nevertheless, this
syndrome is often misdiagnosed as other diseases with
similar clinical symptoms which results in unnecessary
treatment and hospital stays. Therefore, if sexually active
women visit a hospital because of pain in the right
upper abdomen or pain in the right upper abdomen and
pain in the lower abdomen, Fitz-Hugh-Curtis syndrome
should be considered. For patients suspected to have
Fitz-Hugh-Curtis syndrome, an abdominal CT scan,
rather than abdominal sonography, may be helpful since
it provides a more rapid and accurate diagnosis.
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Abstract

INTRODUCTION

AIM: To investigate the impact of mucin production
on prognosis in colorectal cancer, in terms of overall
survival (OS) and time to disease progression (TTP) in
patients with mucinous compared to those with nonmucinous colorectal cancer (NMCRC), matched for age,
gender, and tumor stage.
METHODS: Thirty five patients with mucinous colorectal cancer (MCRC) were matched for age, gender, and
tumor stage with 35 controls having NMCRC. OS and
TTP were compared among 4 groups divided according
to mucin content: group A (50%-75% mucin), group
B (75%-100% mucin), group C or controls (< 50%
mucin). Group D consisted of all patients with tumors
having < 75% mucin (controls and groups A together).
RESULTS: Median survival in MCRC and NMCRC groups
was 46.2 and 112.9 mo, respectively (P = 0.26). OS in
groups A and B was 70.1 and 32.8 mo (P = 0.46), and
in groups B and D was 32.8 and 70.1 mo, respectively
(P = 0.143). TTP in MCRC and NMCRC was 50.17 and
44.77 mo, respectively (P = 0.795). TTP in groups A,
B, and D was 70.1, 24.8, and 65.5 mo, respectively.
Twenty-eight percent of patients with MCRC had poorly
differentiated adenocarcinoma versus 8.6% in NMCRC
patients (P = 0.028).
CONCLUSION: MCRC is associated with a non-significant decrease in median survival and TTP, particularly

Mucinous adenocarcinoma is a histological variant that
accounts for 5% to 15% of cases of primary colorectal
cancer[1]. It is defined as a tumor displaying extracellular
mucin in more than 50% of the tumor volume. There is
evidence that mucinous colorectal cancer (MCRC) may
be a distinct biological and genetic entity compared with
non-mucinous adenocarcinoma (NMCRC)[2,3]. Thus patients with MCRC may be younger[4,5], their tumors are
more likely to be right-sided[6-8], and they present at a more
advanced stage[3,4,6,8]. In addition, these tumors may have
distinct mutations and cytogenetic abnormalities[2,9] and
may be less likely to respond to chemotherapy[10-12]. There
is, however, a lack of consensus in the published literature
on whether the presence of mucin in colorectal tumors
portends a poorer prognosis and worse survival or not.
Many studies suggest that MCRC is associated with
poorer outcome and lower survival rates[10,13-15], but others deny this association[3,8,16,17]. The reasons for the conflicting reports are not clear. In many studies, there was
no control for, age, sex, tumor stage or location[4,6,7,10]. In
addition, the prognostic significance of having an extracellular mucinous component that is much larger than
50% is not known.
The aim of our study was to compare time to disease progression and overall survival (OS) of patients
www.wjgnet.com
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with mucinous to those with NMCRC after matching all
patients for age, gender, and tumor stage. We also evaluated the effect of increasing mucin percentage in tumor
body on survival.

MATERIALS AND METHODS
A retrospective review of patients with colorectal cancer
treated at the American University of Beirut-Medical
Center between 1986 and 2003 identified 35 patients
with MCRC and 750 patients with NMCRC.
For each patient with MCRC, a control with NMCRC
was matched for age, gender and tumor stage, resulting
in 70 cases and controls.
The patients’ gender, age, comorbid medical illnesses,
tumor location, stage, grade, organ metastasis, surgical
resection, chemotherapy regimen, radiological intervention, and survival data were obtained from hospital
medical records and recorded for each patient.
Patients were classified as having MCRC if mucin
constituted more than 50% of the tumor volume by histological examination.
An average of 4 slides per patient was reviewed to
determine mucin content.
To determine the correlation between the percentage of mucin component and tumor stage and survival,
histological slides from all patients (cases and controls)
initially reported as mucinous tumors were reviewed by
two pathologists from AUB-MC to determine the percentage of mucin in the studied sections.
To study the impact of increasing mucin content on
survival, two cut-off points (50% and 75% mucin) were
chosen. Accordingly, MCRC patients were further divided into 2 subgroups: group A (50%-75% mucin) and
group B (75%-100% mucin). Furthermore, NMCRC
patients (controls) were designated as group C (< 50%
mucin). Moreover, all patients with less than 75% mucin
(including groups A and C) were combined into a new
group (group D).
Primary tumors were divided into four locations:
right-sided (if arising in the cecum, ascending colon or
hepatic flexure), transverse colon, left-sided (arising in
the splenic flexure, descending colon, or sigmoid colon),
and tumors arising in the rectum or rectosigmoid junction of the colon.
Patients with signet-ring colorectal cancer were excluded from the study.
Statistical analysis
The study design was a retrospective case-control study
and the case-to-control ratio was 1:1. The Kaplan-Meier
method was used to estimate survival. Univariate analysis
was performed using the chi-squared testing in SPSS 14.0
software. P < 0.05 was considered statistically significant.
Univariate analysis was performed to determine if increasing mucin production had an effect on survival that is
independent of age, gender, and tumor stage. The median
follow-up time was 42 ± 31 mo for non-mucinous (median:
27) and 38 ± 23 (median: 32) for mucinous tumors.
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Table 1 Demographic data of patients with MCRC and
controls
MCRC (%), n = 35 NMCRC (%), n = 35
Mean age		
Gender (M:F)
Comorbid conditions
Heart disease
Diabetes mellitus
Hypertension
Other cancer
Family history
Colon cancer
Other cancer

56.8 (22-83)
20:15

P

56.7 (28-81)
20:15

4 (11.4)
2 (5.7)
3 (8.6)
2 (5.7)

2 (5.7)
2 (5.7)
9 (25.7)
1 (2.9 )

0.673
1.000
0.110

4 (11.4)
8 (22.9)

2 (5.7)
11 (28.6)

0.673
0.785

Table 2 Distribution of the tumor by location in the colon
		

MCRC (%), n = 35 NMCRC (%), n = 35

Location
Right colon		
Transverse colon		
Left colon		
Rectum/Rectosigmoid
Grade
Poor			
Moderate			
Well			
Missing			
Stage
Ⅰ			
Ⅱ			
Ⅲ			
Ⅳ			

8 (22.8)		
2 (5.7)		
14 (40)		
10 (28.6)		

7 (20)
1 (2.9)
16 (45.7)
10 (28.6)

10 (28.6)		
16 (45.7)		
6 (17.1)		
3 (8.6)		

3 (8.6)
26 (74.3)
3 (8.6)
3 (8.6)

2 (5.7)		
12 (34.3)		
14 (40)		
7 (20)		

2 (5.7)
12 (34.3)
13 (37.1)
8 (22.8)

RESULTS
Demographic data
Patients with MCRC in our study accounted for 4.7% of
all colorectal cancers. The study included 70 patients, 40
males and 30 females. The mean age at diagnosis for all
patients was 56.8 (22-83) years, 56.8 (28-81) years for the
MCRC group, and 56.7 (28-81) years for the NMCRC
group. Males constituted 57% of the patients in both
groups.
Patients in the two groups showed similar concomitant medical problems, mostly heart disease, diabetes
mellitus type Ⅱ, and hypertension (Table 1).
Clinical characteristics of the tumor
Both MCRC and NMCRC subgroups showed similar
distributions of tumor location; the majority of tumors
in both groups were located in the left colon and rectum
(Table 2). The location of the tumor was not available in
one patient.
Most tumors in both the MCRC and NMCRC groups
were moderately or poorly differentiated (Table 2). Interestingly, 28.6% of tumors in the MCRC group were
poorly differentiated versus 8.6% of those in the NMCRC
group. (P = 0.0028). Moreover, 40% of group B tumors
were of poor grade as compared to 11% of group D tumors (P = 0.001). Lymph nodes were involved in 37% of
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Table 3 Colorectal recurrence and patterns of metastasis in
patients with MCRC and controls

Log rank P = 0.26

MCRC (%), n = 35 NMCRC (%), n = 35

Colorectal recurrence
Metastasis on presentation
Metastasis on follow up
Sites involved by metastasis
Liver
Lung
Bone
Brain
Other
Lymph node involvement

6 (17)		
5 (14.3)		
7 (20)		

7 (20)
4 (11.4)
14 (40)

8 (22.8)		
4 (11.4)		
2 (5.7)		
1 (2.9)		
7 (20)		
13 (37.1)		

12 (34.3)
4 (11.4)
1 (2.9)
2 (5.7)
6 (17.1)
13 (37.1)

1.0

0.8
Cumulative survival

		

A
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NMCRC

0.6

0.4
MCRC

0.2

0.0
0.00

Table 4 Treatment offered to patients with MCRC and
controls

B

50.00

100.00 150.00 200.00 250.00 300.00

1.0
Log rank P = 0.795

NMCRC (%), n = 35

0.8
Cumulative survival

MCRC (%), n = 35

Treatment
Surgery		
35 (100)		
35 (100)
Chemotherapy
20 (57.1)		
19 (54.3)
Neoadjuvant
5 (14.3)		
3 (8.6)
Adjuvant		
15 (42.9)		
16 (45.7)
Type 5-Fu + leucovorin ± oxaliplatin 5-Fu + leucovorin ± oxaliplatin
Radiotherapy
11 (31.4)		
8 (22.9)

MCRC

0.6

0.4

NMCRC

0.2

Therapy
Patients in both groups were treated similarly. All patients
were treated with surgical resection. Twenty patients from
the mucinous group (57%) and 19 patients (54%) from
the control group received neoadjuvant or adjuvant chemotherapy. Chemotherapy regimens were all 5-FU based,
as a monotherapy or in combination. Radiotherapy was
mainly given to patients with rectal cancer (Table 4).
Characteristics of mucinous subgroups
The exact mucin percentage was obtained on all 35
patients with MCRC.
Eleven patients had 50%-75% of tumor volume displaying mucin and were classified as group A. Mean age
at presentation was 55 (36-73) years.
Twenty-Four patients had more than 75% of tumor
volume displaying mucin and were classified as group B.
Mean age at diagnosis was 59.5 (24-81) years.
Subgroup analysis shows that more than half of the
patients in groups A, B, and controls (group C) presented at advanced disease stages (stages Ⅲ and Ⅳ): 54.5%,
66.7%, and 60%, respectively.
Survival analysis
Compared to patients with NMCRC, there was a non-

0.0
0.00

C

50.00

100.00

150.00

200.00
Grade of
colorectal
cancer

1.0
Well
0.8

Cumulative survival

patients in both subgroups (Table 3).
The liver was the most common organ affected by
distant metastasis (22% vs 34%) followed by the lungs
(11%) in cases and controls, respectively.
The two groups were similar in terms of local disease recurrence: 17% of MCRC patients versus 20% of
NMCRC patients (P > 0.05).

P = 0.028

0.6

0.4

Mod.

0.2

Poor

0.0
0.00

50.00

100.00 150.00 200.00 250.00 300.00

Figure 1 String diagram analyzed. A: Median survival of MCRC group: 46.2
mo compared to NMCRC group: 112.9 mo; B: Time to disease progression
in MCRC and NMCRC patients; C: Survival of both MCRC and NMCRC as a
function of tumor grade (well, moderate, and poor differentiation).

significant decrease in survival in patients with MCRC.
Median survival of patients in the MCRC subgroup was
46.2 mo compared to 112.9 mo in the NMCRC subgroup (P = 0.26) (Figure 1A). Mucinous subgroups A
and B had median OS of 70.1 and 32.8 mo, respectively
(P = 0.46). Median OS was 32.8 and 70.1 mo in groups
B and D, respectively (P = 0.143). TTP in MCRC and
NMCRC was 50.17 vs 44.77 mo, respectively (P = 0.795)
(Figure 1B). TTP in groups A, B, and D was 70.1, 24.8,
www.wjgnet.com
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Table 5 Studies matching mucinous cases to non-mucinous
controls
P

Case:
control

Matched
for

Survival in
MCRC vs
NMCRC

Symonds et al[14]
Connelly et al[16]
Green et al[13]
Consorti et al[3]

120/120
60/60
52/343
29/54

Decreased Significant
Same
NS
Same
NS
Decreased
NS

Kang et al[8]

16 991/
146 115
35/35

Age, sex, stage
Stage
Stage
Age, sex,
location, stage
Age, grade,
stage, location
Age, sex, stage

Farhat

Same

NS

Decreased

NS

NS: Not significant.

and 65.5 mo (P > 0.05), respectively.
When survival of all patients was analyzed in relation
with tumor grade, no difference in survival was noted
among the various degrees of differentiation (Figure 1C).

DISCUSSION
Our results show that MCRC is associated with a nonsignificant decrease in median OS and TTP, compared
to NMCRC. Similar results were obtained when OS and
TTP were compared in patients with more than 75%
mucin to those with less than 75% mucin.
In our report, we matched patients for age, gender,
and stage of disease at presentation. Moreover, we
found that patients in the two subgroups were similar
in terms of tumor location. Furthermore, there was no
difference in both arms with respect to presence of comorbid illnesses, chemotherapy regimens received or radiotherapy administration. However, we noted that more
MCRC patients presented with a higher tumor grade
than NMCRC patients (P = 0.028).
The prognostic significance of mucin content in
colorectal cancer remains a controversial issue. While
some authors reported that patients with MCRC show
no difference in survival outcome compared to patients
with NMCRC[3,8,16-18], others found that MCRC is associated with worse survival[4-7,10,14].
The difference in survival was attributed to the advanced stage at which these tumors present[3,4,6,8,13], more
invasion of adjacent viscera and more extensive lymph
node involvement[7,15,16], increased incidence of distant
metastasis[4,17], and decreased response to chemotherapy[10].
Most of the published series compared mucinous to
nonmucinous subgroups of colorectal cancer without
matching for age, stage, grade and location. Comparing
non-matched groups may confound survival data since
the difference in survival could be related to differences
in tumor location, grade or stage, and not due to the
presence of mucin in the tumor.
Five studies compared matched groups of patients[3,8,13,14,16] (Table 5). One study reported a statistically
significant decrease in survival in MCRC[14] while the other
four showed no difference in survival outcome[3,8,13,16].
The importance of matching for stage is reflected
www.wjgnet.com
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in the large population-based study done by Kang et al[8]
where MCRC did show worse OS but similar stage-tostage survival as the other non-mucinous subtypes of
colorectal cancer. The difference in OS between MCRC
and NMCRC was attributed to the difference in stage at
presentation, with more mucinous tumors presenting at
advanced disease stages. That study did not, however,
examine the impact of high mucin content (> 75%) on
survival, a factor that may be associated with an adverse
prognosis.
In patients with mucin producing colon cancer, few
studies have examined the clinical impact of increasing mucin content in colorectal cancer on progression
free and OS. Tumors with high mucin content (80%)
were associated with worse clinicopathological behavior,
more aggressive phenotype, and poorer prognosis[5,19,20].
By contrast, tumors with moderate mucin content
(60%-80%) were found to be indistinguishable from
non-mucinous tumors. However, the different subgroups
were not matched for age, stage, grade, or location.
The prognostic value of tumor grade in MCRCs has
not been adequately investigated in matched studies. In a
non-matched study by Enríquez et al[21], MCRC showed
higher tumor grade that did not affect survival, which is
in agreement with our data. Moreover, Connelly et al[16]
excluded the poorly differentiated histology from their
MCRC study because tumors with high grade tend to exhibit a distinct biological behavior and a worse prognosis[22,23]. However, Kang et al[8] controlled for tumor grade
and concluded that MCRC and NMCRC patients show
similar risks of dying.
Although our patients with MCRC had more poorly
differentiated tumors (P = 0.0028), there was no apparent significant effect of grade on prognosis. Due to the
small number of patients in our study, matching for tumor grade was not possible.
There are several limitations in our study. First, this
was a case-control study with a relatively small number
of subjects. The inability to adequately perform more
subgroup analyses or to control for additional confounders because of small sample size is to be noted.
Second, this is a retrospective assessment with all
the attendant limitations of this approach including the
missing data, which leads to fewer patients included in
multivariable models, generally increasing the risk for
both type one and type two errors. Third, the cases seen
represent a single tertiary center experience which might
reduce the prevalence rate of MCRC reported here as
compared to the higher prevalence rates in some studies
that used data from national registries. Fourth, some of
the trends observed in the study might have reached statistical significance if the study sample had been larger.
However, despite the limitations of our study, very few
studies have examined the effect of increasing mucin
content on survival in colorectal patients which adds
more value to the results of our study and others’.
In conclusion, high mucin content in colorectal cancer
is associated with a nonsignificant decrease in OS and
TTP. However, the presence of mucin in more than 75%
of tumor volume may indicate a more aggressive pheno-
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type that presents with a higher tumor grade and a possible subsequent decrease in OS and TTP. Larger studies
in patients with MCRC with matching for stage and grade
are warranted to examine the impact of mucin content
on survival, especially those with more than 75% mucin
content.
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Gene-environment interaction analysis showed that
MTHFR677 gene polymorphism was correlated with
consumption of green vegetables and fresh fruit, while
CYP4502E1 C1/C1 was correlated with alcohol drinking and unsafe drinking water. MTHFR and CYP4502E1
analysis of gene-gene interaction showed that individuals with the MTHFR677 (C/T + T/T) and CYP4502E1C1/
C1 genotypes had a 7.41-fold (95% CI: 3.60-15.25) risk
of developing EC compared with those who carried the
MTHFR677C/C and CYP4502E1 RsaI C1/C2 + C2/C2
genes, and the interaction rate was higher than that of
the two factors alone.
CONCLUSION: Low consumption of green vegetables
and fresh fruits, alcohol drinking, and unsafe water
(shallow well, or river) and polymorphisms in MTHFR
and CYP4502E1 genes are important risk factors for EC.
There is a synergistic interaction among polymorphisms
in MTHFR and CYP4502E1 genes and environment factors. MTHFR and CYP4502E1 genes can be used as biomarkers for prevention of EC in Kazakh, Xinjiang Uygur
Autonomous Region, China.

Abstract

© 2008 The WJG Press. All rights reserved.

AIM: To evaluate the association and interaction of
genetic polymorphisms in methylenetetrahydrofolate
reductase (MTHER) and cytochrome P4502E1 (CYP4502E1), environment risk factors with esophageal
cancer (EC) in Kazakh, a high EC incidence area of Xinjiang Uygur Autonomous Region, China.
METHODS: A 1:2 matched case-control study was
conducted with 120 cases of EC and 240 populationor hospital-based controls. The controls were matched
for sex, nationality, area of residence and age within a
5-year difference. MTHER and CYP4502E1 genotypes
were identified by PCR-based restriction fragment length
polymorphism (RFLP). A conditional logistic regression
model was established to identify risk factors. The strata
method was adopted in interaction analysis.
RESULTS: Low consumption of green vegetables and
fresh fruits, alcohol drinking, and unsafe water (shallow
well, or river) were found to be the risk factors for EC.
Individuals with the MTHFR677 (C/T + T/T) genotype
had a 2.62-fold (95% CI: 1.61-4.28) risk of developing
EC compared with those who carried the C/C genotype.
Individuals with the CYP4502E1C1/C1 genotype had a
3.00-fold (95% CI: 1.82-4.96) risk compared with those
who carried the CYP4502E1 (C1/C2 + C2/C2) genotype.

Key words: Kazakh; Esophageal Cancer; Methylenetetrahydrofolate reductase C677T; Cytochrome P4502E1;
Genetic polymorphism; Environment risk factors; Interaction; Case control study
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INTRODUCTION
Kazakh is an ethnic group with a high incidence and
mortality rate of esophageal cancer (EC) in China. A
national survey in 1990-1992 showed that the age-adjusted
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mortality rate was 68.88 per 100 000 population for EC
in Kazakh, and the rate was 14.95 per 100 000 population
in Chinese nationality. The mortality rate for the same
Kazakh population was 67.60 per 100 000 population in
2004-2005. The mortality rate of esophageal cancer in
Kazakh has never been decreased over the last 15 years.
Different risk factors for esophageal cancer have been
reported in the world[1-5]. It was reported that deficiency in
folate is caused by low consumption of green vegetables
and fresh fruits, unsanitary drinking water, smoking,
alcohol drinking, fast and irregular eating, eating of
peppery food, frequent engorgement, eating out of date
cake, history of esophagus or stomach illness and family
history of EC are the risk factors for EC in Kazakh[6]. EC
is caused by multi-factors, including environmental risk
factors and genetic factors. In recent years, environmental
and genetic susceptibilities and their interactions were used
in evaluating the risks of EC[7-11]. Primary candidates for
gene-environment interaction studies are those encoding
enzymes related to the metabolism of established risk
factors for cancer.
Methylenetetrahydrofolate reductase (MTHFR), a key
enzyme in folate metabolism, which catalyzes 5, 10-methylene-tetrahydrofolate to 5-methyltetrahydrofolate [12].
A substitution of C to T at nucleotide 677 in MTHFR
results in an alanine to valine substitution, which alters
enzyme activity[13]. The MTHFR C677T polymorphism
influences DNA methylation through an interaction with
folate[14]. Alteration in DNA methylation, disruption of
DNA integrity and DNA repair are believed to enhance
carcinogenesis by altering the expression of critical tumor
suppressor genes and proto-oncogenes[15]. Cytochrome
P4502E1 (CYP4502E1), a member of the cytochrome
P450 superfamily, is involved in the metabolic activation of many low molecular weight compounds, such as
N-nitrosamines, aniline, vinyl chloride, and urethane[16-17].
N-nitrosamines present in tobacco and diet are wellrecognized carcinogens involving cancer development at
various sites, including the esophagus and stomach[18-19].
The high mortality rate in Kazakh population indicates that environment factors play an important role
in the development of EC. However, only a few individuals in the high-risk Kazakh population develop EC,
although all residents share very similar environmentrelated risk factors and life style, suggesting that host
susceptibility factors, such as the MTHFR677 and CYP4502E1 gene polymorphisms, may play an important
role in the increased risk for EC. This study analyzed the
gene-environment and gene-gene interaction among the
MTHER and CYP4502E1 gene polymorphisms, and
environmental risk factors for EC in order to determine
their relevance to EC prevention.

MATERIALS AND METHODS
Specimens
The 120 cases of esophageal cancer (confirmed by pathological diagnosis) came from inpatients and outpatients of
six hospitals in the north of Xinjiang Uygur Autonomous
Region between March 2005 and May 2007. Two hundred
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and forty population- or hospital-based controls were randomly selected and matched for sex, nationality, residence
and age within a 5-year difference. The controls were
confirmed to have no history of cancer and digestive system diseases. Specially trained interviewers administered
a standardized questionnaire that included demographic
characteristics (sex, age, area of birth and residence), lifestyle, smoking status, drinking alcohol status, history of
stomach or esophagus diseases and family history of EC.
Blood samples were collected and DNA was extracted for
genotyping of MTHFR and CYP4502E1 genes.
Genotyping of MTHFR and CYP2E1
Sites MTHFR C677T and CYP4502E1 genotypes were
analyzed by PCR-based restriction fragment length
polymorphism (RFLP). The primers for MTHFR/
CYP4502E1 were synthesized by Shengong Biotechnology Company (Shanghai, China). The sequences of
PCR primers for the C677T site are 5'-TTTGAGGCTGACCTG AAGCACTTGAAGGAG-3' and 5'-GAGTGGTAGCCCTGGATGGGAAAGATCCCG-3'[20,21]. PCR
was carried out in 25.0 μL reaction mixture containing
2.5 μL 10 × PCR buffer, 1.5 μL MgCl2 (25 mmol/L),
0.5 μL dNTP (10 mmol/L ), 0.5 μL forprimer (20 μmol/L),
0.5 μL revprimer (20 μmol/L), 0.2 μL Taq DNA polymerase (5 U/μL), 1.5 μL template DNA, and 17.8 μL
nuclease free water. The reaction was initially carried out
at 94℃ for 5 min followed by 35 cycles at 94℃ for 1 min,
at 61℃ for 1 min, at 72℃ for 1 min, and a final extension at 72℃ for 8 min. The PCR products were digested
with Hinf I at 37℃ for 13 h. The digested products were
separated by electrophoresis on a 2.0% agarose gel. The
677C/C wild-type homozygotes were identified by the
presence of only a 173-bp fragment; 677C/T heterozygotes were identified by the presence of 173-, 125-, and
48-bp fragments, and 677T/T homozygotes were identified by the presence of 125- and 48-bp fragments.
The CYP4502E1 was identified by amplifying genomic DNA with the forward primer 5'-CCAGTC
GAGTCTACATTGTCA-3' and the reverse primer
5'-TTCATTCTGTCTTCTAACTGG-3'. PCR was performed in 25.0 µL mixture containing 2.5 μL 10 × PCR
buffer (including MgCl2), 2.0 μL dNTP (2.5 mmol/L),
0.5 μ L forprimer (20 μ mol/L), 0.5 μ L revprimer
(20 μmol/L), 0.2 μL Taq DNA polymerase (5 U/μL),
2.0 μL template DNA, and 17.3 μL nuclease free water.
The reaction was initially carried out at 95℃ for 8 min
followed by 35 cycles at 94℃ for 1 min, at 56℃ for 1
min, at 72℃ for 1 min, and a final extension at 72℃ for
8 min. The PCR products were digested with restriction enzyme RsaI at 37℃ for 4 h. The digested products
were separated by electrophoresis on a 2.0% agarose gel.
Three genotypes of CYP4502E1 resulting from digestion with the restriction enzyme RsaI were found: common homozygote C1/C1, heterozygote C1/C2, and rare
homozygote C2/C2.
Quality control
DNA extraction and PCR were conducted at different
time points. The genotypes of DNA samples were idenwww.wjgnet.com
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Environmental risk
factors
Consumption of
green vegetables
Frequently
Occasionally
Less
Consumption of
fresh fruits
Frequently
Occasionally
Less
Smoking status
Never
Former
Current
Alcohol drinking
frequency
Never
1-2 times/wk
3-4 times/wk
≥ 5 times/wk
Drinking water
source
Safe water
Shallow well water
River water

Case

n (%)

Control,
n (%)

42 (35.00) 126 (52.50)
45 (37.50) 90 (37.50)
33 (27.50) 24 (10.00)

P

OR
(95% CI)1

1.00
0.106 2.54 (0.91-2.59)
0.000 4.66 (2.33-9.30)

13 (10.83) 71 (29.58)
71 (59.17) 145 (60.42)
36 (30.00) 24 (10.00)

1.00
0.003 2.79 (1.43-5.43)
0.000 9.03 (3.90-20.89)

50 (41.67) 100 (41.67)
29 (24.17) 42 (17.50)
41 (34.16) 98 (40.83)

1.00
0.309 1.39 (0.74-2.62)
0.509 0.83 (0.47-1.45)

50 (41.67) 152 (63.33)
34 (28.33) 61 (25.42)
29 (24.17) 21 (8.75)
7 (5.83)
6 (2.50)

0.002
0.000
0.005

43 (35.83) 163 (67.92)
20 (16.67) 25 (10.41)
57 (47.50) 52 (21.67)

1.00
0.002 2.88 (1.47-5.66)
0.000 4.40 (2.55-7.60)

1.00
3.28 (1.54-7.01)
7.31 (3.14-17.03)
6.00 (1.71-21.02)

1

ORs, 95% CIs and P values were calculated in a conditional logistic
regression model.

tified without knowledge of the case-control status, and
a 10% random sample set of case and controls was genotyped by different investigators and the reproducibility
was 100%. Each PCR was performed with the controls
as blank (without DNA template), positive and negative
controls, respectively. When any of these controls failed,
PCR was re-conducted. Twenty percent of the questionnaires were re-administered by different investigators
and the consistency was 100%.
Statistical analysis
Statistical analyses were performed using the SPSS software. Cases and controls were compared for any differences in gender and age using c2 test and Mann-Whitney
test, respectively. The probability of Hardy Weinberg
equilibrium was assessed by c2 test. Conditional logistic regression was employed to calculate the odds ratio
(OR) of MTHFR/CYP4502E1 polymorphisms. Geneenvironment and gene-gene interactions were calculated
by stratified analysis.

RESULTS
The number of male and female patients with EC was
81 and 39, respectively, who were matched for 162 male
and 78 female controls. The mean age ( ± SD) of cases
and controls was 59.0 ± 10.0 years and 58.4 ± 10.1 years,
respectively. There was no significant difference in age
between cases and controls (t = 0.586, n = 358, P = 0.558).
The distributions of environmental risk factors in
www.wjgnet.com
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Table 2 Genotype risk assessment of EC in cases and controls
Genotype

1

Volume 14

MTHFR677
C/C
C/T
T/T

Case n (%) Control n (%)

P1

OR (95% CI)1

60 (50.00)
53 (44.17)
7 (5.83)

170 (70.83)
59 (24.59)
11 (4.58)

1.00
0.000 2.69 (1.63-4.44)
0.144 2.15 (0.77-5.98)

C/C
C/T + T/T

60 (50.00)
60 (50.00)

170 (70.83)
70 (29.17)

1.00
0.000 2.62 (1.61-4.28)

CYP2E1 RsaI
C1/C1
C1/C2
C2/C2

94 (78.33)
23 (19.17)
3 (2.50)

128 (53.33)
90 (37.50)
22 (9.17)

1.00
0.000 0.37 (0.22-0.62)
0.009 0.19 (0.05-0.66)

26 (21.67)
94 (78.33)

112 (46.67)
128 (53.33)

1.00
0.000 3.00 (1.82-4.96)

C1/C2 + C2/C2
C1/C1

1
ORs, 95% CIs and P values were calculated in a conditional logistic
regression model.

cases and controls are summarized in Table 1. Low consumption of green vegetables and fresh fruits, alcohol
drinking, and unsafe water (shallow well, or river) were
found to be the risk factors for EC. The percentage of
tobacco smoking in cases and controls was not significantly different.
The genotype distributions of the MTHFR677 and
CYP4502E1 RsaI in cases and controls are summarized in
Table 2. The observed frequencies of three MTHFR677
genotypes in controls (C/C = 70.83%, C/T = 24.59%,
and T/T = 4.58%) were not different from those detected
in Hardy-Weinberg equilibrium (χ2 = 3.34, n = 2, P =
0.188). However, they were significantly different from
those observed in cases (C/C = 50.00%, C/T = 44.17%,
and T/T = 5.83%, χ2 = 15.55, n = 2, P = 0.000). Subjects
who carried the MTHFR677C/T genotype had a 2.69-fold
(95% CI: 1.63-4.44) risk of developing EC compared
with those who carried the MTHFR677C/C genotype.
The MTHFR677T/T genotype, which was rare both in
cases and in controls, was associated only with a slightly
increased risk of EC, without statistical significance (OR
= 2.15, 95% CI = 0.77-5.98). Individuals with the MTHFR677 T allele were more prone to develop EC (OR =
2.62, 95% CI = 1.61-4.28).
The distribution of the CYP4502E1 RsaI genotypes
in controls (C1/C1 = 53.33%, C1/C2 = 37.50%, and
C2/C2 = 9.17%) was also in accordance with HardyWeinberg equilibrium (χ2 = 0.921, n = 2, P = 0.631) and
significantly different from that of the CYP4502E1 RsaI
genotypes in cases (C1/C1 = 78.33%, C1/C2 = 19.17%,
and C2/C2 = 2.50%, χ2 = 21.79, n = 2, P = 0.000). The
Odds ratio (OR) of developing esophageal cancer for
the CYP4502E1 RsaI C1/C2 and C2/C2 genotypes was
0.37 (95% CI = 0.22-0.62) and 0.19 (95% CI = 0.05-0.66),
respectively, compared to the CYP4502E1 RsaI C1/C1
genotype. Individuals with the CYP4502E1 RsaI C1/C1
genotype had a 3.00-fold (95% CI = 1.82-4.96) risk of
developing EC compared with those who carried the
CYP4502E1 RsaI C1/C2 + C2/C2 genotype.
The results of interaction between MTHFR677 gene
polymorphism and consumption of green vegetables
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Table 3 Interaction between MTHFR 677 and consumption of green vegetables, fresh fruits in EC
Consumption of vegetables and fruits MTHFR 677 genotype Case (n ) Control (n )

χ2

P

OR (95% CI)

1

Green vegetables
Frequently
Occasionally or less
Frequently
Occasionally or less

C/C
C/C
C/T + T/T
C/T + T/T

19
41
23
37

89
81
37
33

7.62
8.85
24.50

0.006
0.003
0.000

1.00
2.37 (1.27-4.42)
2.91 (1.42-5.97)
5.25 (2.66-10.39)

Freshfruits2
Frequently
Occasionally or less
Frequently
Occasionally or less

C/C
C/C
C/T + T/T
C/T + T/T

6
54
7
53

54
116
17
53

10.90
4.81
26.76

0.001
0.028
0.000

1.00
4.19 (1.70-10.34)
3.71 (1.10-12.54)
9.00 (3.57-22.71)

SIA: Synergic index of addition; RERI: Relative excess risk of interaction; API: Attributable proportion of interaction. SIA1 = 5.25/
(2.37 + 2.91 - 1.00) = 1.23, RERI1 = 5.25 - (2.37 + 2.91) + 1 = 0.97,API1 = [5.25 - (2.37 + 2.91) + 1]/5.25 = 18.48%; SIA2 = 9.00/(4.19 + 3.71
- 1.00) = 1.30, RERI2 = 9.00 - (4.19 + 3.71) + 1 = 2.10, API2 = [9.00 - (4.19 + 3.71) + 1]/9.00 = 23.33%.

Table 4 Interaction between CYP4502E1 RsaI 677 and alcohol drinking, safety drinking water in EC
CYP4502E1 rsaI genotype Case (n )
1

Control (n )

χ2

P

OR (95% CI)

Alcohol drinking

Never
Yes
Never
Yes

C1/C2 + C2/C2
C1/C2 + C2/C2
C1/C1
C1/C1

12
14
38
56

70
42
82
46

2.34
7.59
31.64

0.126
0.006
0.000

1.00
1.94 (0.82-4.60)
2.70 (1.31-5.57)
7.10 (3.44-14.68)

Safe drinking water2

Yes
No
Yes
No

C1/C2 + C2/C2
C1/C2 + C2/C2
C1/C1
C1/C1

9
17
34
60

78
34
85
43

11.12
10.11
46.80

0.001
0.001
0.000

1.00
4.33 (1.76-10.69)
3.47 (1.56-7.69)
12.09 (5.47-26.74)

SIM: Synergic index of multiplication; SIM1 = 7.10/(1.94 × 2.70) = 1.36, RERI1 = 7.10 - (1.94 + 2.70) + 1 = 3.46, API1 = [7.10 - (1.94
+ 2.70) + 1]/7.10 = 48.73%; SIA2 = 12.09/(4.33 + 3.47 - 1.00) = 1.78, RERI2 = 12.09 - (4.33 + 3.47) + 1 = 5.29, API2 = [12.09 - (4.33 + 3.47)
+ 1]/12.09 = 43.76%.

Table 5 Interaction between MTHFR 677 and CYP4502E1
RsaI gene polymorphisms in EC
MTHFR
677
genotype

CYP2E1
rsaI
genotype

C/C

C1/C2 +
C2/C2
C1/C2 +
C2/C2
C1/C1
C1/C1

C/T + T/T
C/C
C/T + T/T

Case Control
(n )
(n )

χ2

P

OR (95% CI)

-

1.00

13

82

-

13

30

5.30

0.021 2.73 (1.14-6.56)

47
47

88
40

12.91
33.44

0.000 3.37 (1.70-6.68)
0.000 7.41 (3.60-15.25)

SIA = 7.41/(2.73 + 3.37 - 1.00) = 1.45; RERI = 7.41 - (2.73 + 3.37) + 1 = 2.31;
API = [7.41 - (2.73 + 3.37) + 1]/7.41 = 31.17%.

and fresh fruit are listed in Table 3. Less consumption
of green vegetables increased the OR in MTHFR677 T
allele carriers (OR = 5.25, 95% CI = 2.66-10.39). The
corresponding SIA, RERI and API were 1.23, 0.97, and
18.48%, respectively. Among carriers of the MTHFR677
T allele with occasional or less consumption of fresh
fruits was significantly associated with an elevated risk
of developing EC (OR = 9.00, 95% CI = 3.57-22.71)
and the interaction rate was higher than that of the two
factors alone. The corresponding SIA, RERI, and API
were 1.30, 2.10, and 23.33%, respectively.
The results of interaction between the CYP4502E1
RsaI gene polymorphism and alcohol drinking as well as

safe drinking water are shown in Table 4. Among carriers
of the CYP4502E1C1/C1 genotype, alcohol drinking was
significantly associated with an elevated risk of developing
EC (OR = 7.10, 95% CI = 3.44-14.68), and the interaction rate was higher than the sum of the two factors alone.
The corresponding SIM, RERI, and API were 1.36, 3.46,
and 48.73%, respectively. Unsafe water increased the risk
of developing EC among carriers of the CYP4502E1C1/
C1 genotype (OR = 12.09, 95% CI = 5.47-26.74), and the
interaction rate was higher than that of the other two factors. The corresponding SIA, RERI and API were 1.78,
5.29, and 43.76%, respectively.
A significant interaction between the MTHFR 677
genotype and CYP4502E1 RsaI genotype was found in
EC risk (Table 5). Individuals who had both MTHFR677
(C/T + T/T) and CYP4502E1 RsaI C1/C1 genotypes had a 7.41-fold risk of developing EC (95% CI
= 3.60-15.25) compared with those who carried MTHFR677C/C and CYP4502E1 RsaI C1/C2 + C2/C2 genotypes. The corresponding SIA, RERI and API were 1.45,
2.31 and 31.17%, respectively.

DISCUSSION
The results of the current study indicate that MTHFR677
and CYP4502E1 RsaI gene polymorphisms are the susceptibility factors for EC[22,23]. Cohort studies that simultaneously consider multiple genetic and environmental
www.wjgnet.com
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factors possibly involved in esophageal carcinogenesis are
needed to ascertain not only the relative contribution of
these factors to tumor development but also the contributions of their putative interactions[24]. We observed a significant risk of having the MTHFR677 C/T + T/T and
CYP4502E1C1/C1 genotypes in EC. There is a synergistic interaction among polymorphisms in MTHFR and
CYP4502E1 genes and environment factors.
The studies conducted in high-risk areas showed
the MTHFR677T allele increases the risk of developing EC[25,26]. However, no risk change has been observed
among Caucasians in Germany and Japan[27,28]. Regional
differences in folate consumption among populations may
explain this inconsistency in the impact of T alleles[25],
suggesting that gene-nutrient environment interactions
between folate consumption and impact of the MTHFR
677T allele vary with folate intake. When folate intake is
sufficient, individuals with the MTHFR CT or TT genotype may have a decreased risk of developing cancer, since
decreased MTHFR activity associated with the 677TT
polymorphism can lead to elevation in 5,10-methylene-tetrahydrofolate, facilitating DNA synthesis, while adequate
provision of methyl donors can be ensured. In contrast, in
the presence of low folate, DNA methylation and DNA
synthesis/repair may be impaired, initiating carcinogenesis. Deficiency in folate is caused by low consumption
of vegetables and fruit in the Kazakh population and
MTHFR677 C/T + T/T genotype has a synergic interaction with less consumption of vegetables and fruit in EC.
Our results are consistent with the reported findings[25,26].
Over-representation of variant CYP4502E1 Rsa1 alleles has been reported in gastric cancer[29] and a lower frequency of the RsaI variant allele has also been observed
in patients with EC than in controls[30]. Individuals with
the variant Rsa1 allele (c1/c2 or c2/c2) have a lower basal
CYP450 2E1 activity. It was reported that the Cyp4592E1
C2/C2 genotype is associated with the decreased enzyme
activity[31], adding biological plausibility to the protective
effect of CYP4502E1 C2/C2 genotype observed in this
study. Our observation is in agreement with the finding of recent studies showing that the C1/C1 genotype
of CYP4502E1 is associated with the increased risk of
developing EC[32-35]. However, contrary results have also
been reported elsewhere[36-38]. Studies have shown inconsistent findings regarding the association between the CYP4502E1 polymorphism and EC. The reasons for these
inconsistent findings are unknown. However, it may be
due to the differences in ethnicity and life-style which can
lead to variations in enzyme activity. The present findings
indirectly support the hypothesis that environmental exposure to carcinogens plays a role in the etiology of EC. The
CYP4502E1 polymorphism is involved in metabolism
of various nitrosamines. Cigarette smoking, and alcohol
drinking, unsafe drinking water containing chemicals including nitroso compound, were found to be the risk factors for EC in this study. A significant gene-environment
interaction between the CYP4502E1 polymorphism and
alcohol drinking and unsafe water was also observed in
this study.
Selection bias and/or systematic error may occur in
www.wjgnet.com
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a case-control study because of inappropriate selection
of subjects and other confounding factors. However,
our study including a relatively large number of cases
diagnosed in hospitals was matched for potential confounding variables. Solid and reproducible genotyping
techniques can minimize systematic errors in measurement. For these reasons, the findings of our study could
not solely attribute to bias.
In summary, MTHFR677 and CYP4502E1 RsaI gene
polymorphisms are significantly correlated with EC, and
MTHFR677 C/T or T/T genotype and CYP4502E1 C1/
C1 wild type increase the susceptibility to EC in the Kazakh population of Xinjiang Uygur Autonomous Region,
China. Interaction between MTHFR677 C/T + T/T genotype and less consumption of green vegetables and fresh
fruits, as well as between CYP4502E1 C1/C1 and alcohol
and unsafe drinking water is associated with the risk of
developing EC. Gene-gene interaction between MTHFR
677 and CYP4502E1 RsaI can serve as a useful biomarker
for prevention of EC in the Kazakh population.
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Background

Kazakh is an ethnic group with a high incidence and mortality rate of
esophageal cancer (EC) in China. Epidemiological studies have demonstrated
deficiency in folate caused by low consumption of green vegetables and fresh
fruits, alcohol drinking, unsanitary drinking water (containing chemicals including
nitroso compound) are the main risk factors for EC in Kazakh population.
Genetic polymorphisms in the MTHFR677 and CYP4502E1 genes affect the
metabolism of folate, alcohol, and N-nitrosamines. There have been some
studies on the roles of folate and MTHFR677 genes, alcohol and the CYP2E1
genes in EC in Chinese Han population. However, their results were conflicting
and little study in Kazakh population. Therefore, the aim of the present study
was to evaluate the association and interaction of MTHER and CYP4502E1
and environment risk factors with EC in Kazakh population.

Research frontiers

Accumulating evidence from prior epidemiologic studies shows an association
between deficiency in folate caused by low consumption of green vegetables
and fresh fruits, alcohol drinking, unsanitary drinking water and EC in Kazakh
population. The genetic polymorphisms of MTHFR affect the metabolism of
folate and CYP4502E1 genetic polymorphisms also affect the metabolism of
alcohol and N-nitrosamines. Polymorphisms in the MTHFR and CYP4502E1
genes are associated with the risk of EC in Kazakh.

Innovations and breakthroughs

This is the first study to show significant interactions of MTHFR677 and
CYP4502E1 and consumption of green vegetables and fresh fruits,
alcohol drinking, and unsafe waters (shallow well, or river) with EC in
Kazakh population. Synergistic interactions were found in MTHFR677
gene polymorphism with consumption of green vegetables and fresh fruit,
CYP4502E1 gene polymorphism with alcohol drinking and unsafe drinking
water, MTHFR677 with CYP4502E1 genotypes for EC in Kazakh population,
and the interaction rate was higher than that of the two factors alone.

Applications

The detection of MTHFR677 and CYP4502E1 genotypes may become a useful
biomarker for EC in Kazakh population, and also help clinicians to diagnose EC
earlier.

Terminology

Methylenetetrahydrofolate reductase (MTHFR), a key enzyme in folate
metabolism responsible for circulating form of folate, 5-methyl-tetrahydrofolate,
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which converts methionine to S-adenosylmethionine, the universal methyl donor
for various intracellular methylation reactions, particularly DNA methylation.
The cytochrome P450 2E1 (CYP4502E1), a member of the cytochrome P450
superfamily metabolizes a range of small organic compounds, including aniline
and benzene as well as N-nitrosamines. Individuals frequently encounter
different environmental conditions, and the physiological and behavioral
responses to these conditions can depend on an individual’s genetic makeup.
This phenomenon is known as gene-environment interaction.
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This paper is interesting, and would accumulate new data on interaction of
genetic polymorphisms and environment factors for esophageal cancer in
Kazakh population.
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Abstract
AIM: To investigate the effects of fluoxetine on
depression-induced changes of mast cell morphology
and protease-1 (rMCP-1) expression in rats.
METHODS: A Sprague-Dawley rat model of chronic
stress-induced depression was established. Fifty
experimental rats were randomly divided into the
following groups: normal control group, fluoxetine +
normal control group, depressed model group, saline
+ depressed model group, and fluoxetine + depressed
model group. Laser scanning confocal microscopy
(LSCM) immunofluorescence and RT-PCR techniques
were used to investigate rMCP-1 expression in gastric
antrum. Mast cell morphology was observed under
transmission electron microscopy. ANOVA was used for
statistical analysis among groups.
RESULTS: Morphologic observation indicated that
depression induced mast cell proliferation, activation,
and granule hyperplasia. Compared with the normal
control group, the average immunofluorescence
intensity of gastric antrum rMCP-1 significantly
increased in depressed model group (37.4 ± 7.7 vs 24.5
± 5.6, P < 0.01) or saline + depressed model group
(39.9 ± 5.0 vs 24.5 ± 5.6, P < 0.01), while there was
no significant difference between fluoxetine + normal
control group (23.1 ± 3.4) or fluoxetine + depressed
model group (26.1 ± 3.6) and normal control group.

The average level of rMCP-1mRNA of gastric antrum
significantly increased in depressed model group
(0.759 ± 0.357 vs 0.476 ± 0.029, P < 0.01) or saline
+ depressed model group (0.781 ± 0.451 vs 0.476 ±
0.029, P < 0.01 ), while no significant difference was
found between fluoxetine + normal control group (0.460
± 0.027) or fluoxetine + depressed model group (0.488
± 0.030) and normal control group. Fluoxetine showed
partial inhibitive effects on mast cell ultrastructural
alterations and de-regulated rMCP-1 expression in
gastric antrum of the depressed rat model.
CONCLUSION: Chronic stress can induce mast cell
proliferation, activation, and granule hyperplasia in
gastric antrum. Fluoxetine counteracts such changes in
the depressed rat model.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Mast cells are now recognized as “granular cells of the
connective tissue”, whose activation exacerbates allergic
immune responses and as key players in the establishment
of innate immunity as well as modulators of adaptive
immune responses [1] . The role of mast cells in the
gastrointestinal mucosa is not only to react to antigens,
but also to actively regulate the barrier and transport
properties of the intestinal epithelium. Mucosal mast
cells respond to both IgE/antigen-dependent and nonIgE-dependent stimulation, releasing bioactive mediators
into adjacent tissues where they induce physiological
responses. Studies in models of hypersensitivity and stress
www.wjgnet.com
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have provided evidence that changes in mucosal function
are due to either direct action of mast cell mediators on
epithelial receptors and/or indirect action via nerves/
neurotransmitters[2]. Intestinal anaphylaxis is associated
with disturbances in gut function that are antigen-specific
and dependent on mast cell degranulation. During
mucosal immunoglobulin E-mediated reactions, rat mast
cell protease Ⅱ (rMCP-Ⅱ) is released and is associated
with ultrastructural changes in the intestinal mucosa. The
systemic appearance of this specific protease provides
a serum marker of intestinal anaphylaxis. Psychological
stress may trigger this sensitive alarm system via the braingut axis[3]. In clinical studies, it has become clear that
psychological factors, especially anxiety and depression,
play an important role in gastrointestinal diseases by
precipitating exacerbation of symptoms[4,5]. Several studies
have shown that the prevalence of chronic stressed
disorders in patients with gastrointestinal symptoms is
60%-85% [6,7]. Stress often worsens the symptoms of
gastrointestinal diseases, which might be explained by
altered neuroendocrine and visceral sensory responses to
stress[8].
Fluoxetine hydrochloride (fluoxetine) is a kind of
selective serotonin reuptake inhibitors (SSRIs), which
belong to a class of antidepressants used in the treatment
of depression and anxiety disorders. SSRIs increase
the extracellular expression of the neurotransmitter
serotonin by inhibiting its reuptake into the presynaptic
cells. Studies have suggested that SSRIs may promote
the growth of new neural pathways or neurogenesis[9].
SSRIs may also protect against neurotoxicity caused by
other compounds as well as from depression itself. Recent
studies showed that pro-inflammatory cytokine processes
took place during depression in addition to somatic
diseases and it was possible that symptoms manifested
in these psychiatric illnesses were being attenuated
by the pharmacological effects of antidepressants on
the immune system [10] SSRIs have been found to be
immunomodulatory and anti-inflammatory against proinflammatory cytokine processes[11,12].
The aim of this study is to investigate the effects
of fluoxetine hydrochloride (fluoxetine) on mast cell
morphology and rMCP-1 expression in gastric antrum in
a rat model of depression.

MATERIALS AND METHODS
Animals
Fifty healthy male Sprague-Dawley rats, weighing 250
± 300 g, from the Animal Center, Hubei Academy of
Preventive Medical Sciences, were used in the present
study. The animals were fed standard rat chow, allowed
access to tap water and acclimatized to the surroundings
for 1 wk prior to the experiments.
Reagents
Cy3-conjugated goat anti-rabbit IgG, rMCP-1 rabbit
anti-mouse antibody were purchased from Sigma Co.,
USA. Fluoxitine hydrochloride capsule was purchased
www.wjgnet.com
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from Lilly Co. Ltd. Other reagents used in the study
were all of analytical grade.
Experimental protocols
All procedures were approved by the Animal Care
Committee at the Medical Department of Wuhan
University. A rat model of chronic stress-induced
depression was established [13,14]. The rats received a
variety of stressors for 21 d, including tail nip for 1
min, cold water swimming at 4℃ for 5 min, heat stress
at 45℃ for 5 min, water deprivation for 24 h, food
deprivation for 24 h, 12-h inverted light/dark cycle (7:00
a.m. lights off and 7:00 p.m. lights on), paw electric
shock (electric current 1.0 mA10 s, every 1 min, lasting
10 s, 30 times). The animals were randomly divided
into five groups (10 rats per group): normal control,
fluoxetine + normal control, depressed model control,
saline + depressed model, and fluoxetine + depressed
model. The depressed animals were treated with saline
and fluoxetine (10 mg/kg), respectively. A normal
control group of rats without receiving any stress was
included and housed in a separate room; food and water
were freely available in their home cage.
Immunofluorescence histochemistry
The rats were anesthetized with urethane (5 mg/kg ip.)
and rapidly killed by decapitation. The gastric antrum
samples (1 cm × 1 cm) were perfused with 4% paraformaldehyde for immunofluorescence histology from each
group. Each sample was cut into 30 sections and each
section was cut 50-μm thick using a vibratome. Serial
sections were placed on slides, three to a slide. The sections were numbered from 1 to 30. Ten sections were
incubated. The staining procedure was as follows: (1) the
sections were washed in phosphate-buffered saline (PBS),
then pretreated with 0.25% Triton X-100 for 30 min at
37℃ and rinsed in PBS; (2) incubation for 12 h at 4℃ in
a 1:100 dilution of the primary antibody of rMCP-1 in
PBS; and (3) incubation with 1:200 diluted secondary antibody (Cy3 -conjugated goat anti-rabbit IgG) in PBS for
1 h at 37℃.The sections were washed three times for 10
min after incubation steps 1 to 3, respectively, and were
finally mounted in 50 g/L glycerin.
Detection was carried out according to the kit
instructions (Leica SP2 TCS AOBS made in Germany).
The specimens were excited with a laser beam at a
wavelength of 492 nm (Cy3). The sections were observed under a laser scanning confocal microscope
(LSCM) and analyzed with a Leica Q500IW image analysis system in terms of Cy3 fluorescent intensity.
Electron microscopic analysis
For electron microscopic analysis, gastric antrum tissue
sections were fixed in modified Karnovsky's medium
containing 2% paraformaldehyde, 3% glutaraldehyde and
0.1% tannic acid in 0.1 mmol/L phosphate buffer (pH 7.4)
and processed as before[15]. Each electron microscopic
sample was divided into 5 blocks. Each block was cut
into 10 sections (200 μm thick). Five sections selected
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Figure 1 Gastric antrum tissue staining procedure include: (1) pretreatment with 0.25% Triton X-100; (2) incubation in the primary antibody of rMCP-1; (3)
incubation with secondary antibody (Cy3 -conjugated goat anti-rabbit IgG). A: Expression of rMCP-1 in the normal control group; B: Expression of rMCP-1 in the
fluoxetine + normal control group; C: Expression of rMCP-1 in the depressed model control group; D: Expression of rMCP-1 in the saline + depressed model group; E:
Expression of rMCP-1 in the fluoxetine + depressed model group.

from 10 sections were observed. Ultrathin sections were
placed onto copper gride, stained with uranyl acetate
and lead citrate, and observed under a transmission
electron microscope (Hitachi H-600, Japan). Mast cells
were evaluated according to Letourneau[16]. Mast cells
containing many intact electron-dense granules or
containing empty granules were categorized as inactive
and active cells, respectively. All mast cells were counted at
magnification × 4000 in 30 visual fields.
Reverse Transcription-Polymerase Chain Reaction (RTPCR)
To quantify the expression of rMCP-1 RNA, we performed a RT-PCR assay as described previously[17]. Total
mRNA was isolated with TRIZOL (Invitrogen) according to the instructions of manufacturer. The primers
for RT-PCR were as follows: rMCP-1 (237 bp), forward
primer 5′-GCCTGTAAAAACTATTTT-3′; reverse primer
5 ′ - C AG G C T G G T C AG AT C C T G C - 3 ′ . G A P D H
(217bp), forward primer 5′-GAAACCTGCCAAGTATGATG-3′; reverse primer 5′-ACCAGGAAATGAGCTTGAGA-3′. The reaction mixture was added
to the RNA solution and incubated at 42℃ for 1 h,
heated at 94℃ for 5 min, and chilled at 48℃. For PCR,
the cDNA reaction mixture was diluted with 40 ml
of PCR buffer and mixed with 50 pmol of the primers. The reaction was carried out in a DNA thermal
cycler under the following conditions: 94℃ for 30 s,
58℃ for 30 s and 72℃ for 45 s. Following the reaction,
the amplified products were analyzed by 1.5% agarose gel
electrophoresis and visualized using ultravioletuorescence
after staining with ethidium bromide. The relative content
of rMCP-1 mRNA was calculated densitometrically based
on the densitometric ratio between rMCP-1 and GAPDH.

Statistical analysis
Data were expressed as mean ± SE. Statistical analysis
was performed using one-way ANOVA and the nonparametric Mann-Whitney U test between groups.
P values less than 0.05 were considered statistically
significant.

RESULTS
Immunofluorescence histochemical assay
LSCM was used to prepare immunofluorescence picture,
and LSCM imaging system was used to analyze the
rMCP-1 immunofluorescence intensity among groups.
Compared with the normal control group, the average
immunofluorescence intensity of gastric antrum rMCP-1
significantly increased in depressed model group or
saline + depressed model group (Figure 1, Table 1, P <
0.01), while there was no significant difference between
fluoxetine + normal control group or fluoxetine +
depressed model group and normal control group.
Compared with depressed model group, the average
immunofluorescence intensity of gastric antrum rMCP-1
significantly decreased in fluoxetine + depressed model
group (Figure 1, Table 1, P < 0.01), while there was no
significant difference between saline + depressed model
group and depressed model group. This confirmed that
chronic stress induced mast cells to secrete rMCP-1 and
fluoxetine inhibited this effect.
Ultrastructural morphology analysis
Compared with the normal control rats, the total number
of mast cells/30 visual fields and the percentage of
activated mast cells increased significantly, while the
percentage of normal mast cells decreased significantly
www.wjgnet.com

6996

ISSN 1007-9327 CN 14-1219/R

A

B

D

E

World J Gastroenterol

December 7, 2008

Volume 14

Number 45

C

Figure 2 Electron photomicrographs of mast cells from the rat gastric antrum among groups. A: A control group (× 4000); B: A fluoxetine + normal control group (×
4000); C: A depressed model group (× 4000); D: A saline + depressed model group (× 6000); E: A fluoxetine + control group (× 4000).

Table 1 Average immunofluorescence intensity analysis of
rMCP-1 alterations in gastric antrum of depressed rat model (n
= 10, mean ± SE)
Group
Normal control
Fluoxetine + control
Depressed
Saline + depressed
Fluoxetine + depressed

Table 2 Ultrastructural morphologic changes of gastric tissue
mast cells (n = 10, mean ± SE)
Group

Fluorescence intensity of MCP-1
24.8 ± 5.6
23.1 ± 3.4b
37.4 ± 7.7d
39.9 ± 5.0d
26.1 ± 3.6b

Normal control
Fluoxetine + control
Depressed
Saline + depressed
Fluoxetine + depressed

Mast cells/30
Normal
Activated
visual fields mast cells (%) mast cells (%)
24.0 ± 3.5
22.2 ± 3.4c
40.6 ± 3.9b
42.2 ± 3.7b
28.1 ± 3.3a,d

64.6 ± 9. 9
69.8 ± 6.1c
33.3 ± 4.7b
30.4 ± 3.7b
44.4 ± 5.6a,d

35.4 ± 3.7
30.2 ± 3.7c
66.7 ± 4.9b
69.6 ± 4.7b
55.6 ± 5.6a,d

rMCP-1: rat mast cell protease- 1. bP < 0.01 vs depressed model control
group; dP < 0.01 vs normal control group.

P < 0.05, bP < 0.01 vs normal control group; cP < 0.05, dP < 0.01 vs depressed
model control group.

in chronic stress-induced depressed rats or saline +
depressed model rats (Table 2, P < 0.01). In depressed rats
treated with fluoxetine, the changes in total number of
mast cells/30 visual fields and the percentage of activated
or normal mast cells were between normal control group
and depressed model rats (Table 2, P < 0.05).
In morphology, ultrastructural observations indicated
that gastric antrum mast cells were rich and strictly
in perivasculitis. In normal control rats or fluoxetine
+ normal control rats, the mast cells were spherical
in shape with round nucleus, and contained electrondense granules. Some secretary granules were intact with
homogeneous electron dense content (Figure 2A and
B). In chronic stress-induced depressed rats or saline
+ depressed rats, the mast cells were elongated with a
fusiform nucleus, granules maldistributed and contained
altered electron-dense content. The mast cells were
proliferative, while the granules were also hyperplastic.
Mast cell secretary granules exposed to the surface of the
target and mast cells contained fibrillar material, empty
granules and lipid bodies (Figure 2C and D). In depressed
rats treated with fluoxetine, the morphological alterations

were between normal control rats and depressed rats
(Figure 2E).
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Effects of fluoxetine on gastric antrum rMCP-1mRNA by
RT-PCR
Compared with the normal control group, the average
level of rMCP-1 mRNA of gastric antrum significantly
increased in chronic stress-induced depressed model
group or saline + depressed model group, while there
was no significant difference between fluoxetine +
normal control group or fluoxetine + depressed model
group and nor mal control group. Compared with
depressed model group, the average level of rMCP-1
mRNA of gastric antrum significantly decreased in
fluoxetine + depressed model group, while there was no
significant difference between saline + depressed model
group and depressed model group (Figure 3, P < 0.01 ).

DISCUSSION
Mast cells are immunocytes, which are widely distributed
throughout the gastrointestinal tract. Several stimuli (e.g.
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Figure 3 Photograph and the average level of rMCP-1 mRNA of rat gastric
antrum by RT-PCR among groups. A: Control group; B: Fluoxetine + control
group; C: Depressed model group; D: Saline + depressed model group; E:
Fluoxetine + depressed model group; bP < 0.01 vs normal control group; dP <
0.01 vs depressed model control group. rMCP-1: rat mast cell protease-1.

allergens, neuropeptides and stress) lead to mast cell
activation with consequent mediator release (e.g. histamine,
protease, tryptase, chymase and prostanoids) [18,19]. A
number of reports indicate that mast cells can be activated
by acute stress [20]. Mast cell activation has also been
reported in the intestine after repetitive exposure to odors,
and acute exposure to cold, which is largely used to study
gastric erosion formation induced by stress, and activates
both gastric and colonic motility and transit in rats[21]. In
this study, chronic stress induced rMCP-1 to release in
depressed rats. Chronic unpredictable heterotypic stressors
appeared to induce mast cell proliferation and activation,
while mast cell granules proliferated. Mast cell secretary
granules in depressed rats occurred more often, exposing
to the surface of the target and mast cells contained
fibrillar material, empty granules and lipid bodies. Studies
on mast cells illustrated the remarkable facility of mast cell
population to respond to the changes in the environment
by significant alterations in multiple aspects of their
phenotype, including morphology, mediator content,
degranulation pattern and proliferative potential[22].
On the other hand, fluoxetine showed partial
inhibitive effects on mast cell ultrastructural alterations
and de-regulated rMCP-1 mRNA expression in gastric
antrum tissue in a rat model of depression. Fluoxetine
is a serotonin reuptake inhibitor in the central nervous
system as well as in mast cells. It depleted mast cell
nuclear as well as cytoplasmic serotonin content [23].
Several researches found that antidepressants influenced
histamine and serotonin secretion from rat peritoneal
mast cells[24,25]. Maes[26] reported that various types of
antidepressants, including SSRIs such as fluoxetine,
had negative immunoregulatory effects. The negative
immunoregulatory effects of antidepressants result from
their effects on the cAMP-dependent protein kinase A
(PKA) pathway. Chronic unpredicted mild stress can affect
the PKA expression in rats and fluoxetine is antagonistic
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against it [27]. In addition, the effect of fluoxetine on
rMCP-1 expression was related to neuropeptide [e.g.
substance P (SP), corticotropin-releasing hormone
(CRH), vasoactive intestinal polypeptide (VIP)]. In severe
depression, SP serum levels are increased[28]. The data
indicate that SP serum levels might be related to response
to antidepressant therapy[29]. In other reports, fluoxetine
can improve depressed behavior, increase VIP expression
and decrease CRH expression in plasma and the duodenal
tissue of depressed rats. Clinically effective therapy with
antidepressants normalizes the disturbed activity of the
hypothalamic-pituitary-adrenal (HPA) axis, in part by
decreasing SP, CRH or increasing VIP synthesis[30].
These findings will conduce to understand that chronic
heterotypic stress may induce the immune responses in
gastric mucosa. Treatment with fluoxetine can ameliorate
pathological changes in gastric antrum of depressed rat
model, suggesting that SSRIs are an effective therapeutic
agent for some gastroduodenal diseases caused by
psychological factors.
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Abstract
Dietary supplements represent an increasingly common source of drug-induced liver injury. Hydroxycut is
a popular weight loss supplement which has previously
been linked to hepatotoxicity, although the individual
chemical components underlying liver injury remain
poorly understood. We report two cases of acute
hepatitis in the setting of Hydroxycut exposure and
describe possible mechanisms of liver injury. We also
comprehensively review and summarize the existing
literature on commonly used weight loss supplements,
and their individual components which have demonstrated potential for liver toxicity. An increased effort to
screen for and educate patients and physicians about
supplement-associated hepatotoxicity is warranted.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Obesity has become an increasingly important public
health problem in the United States. Recent data show
that more than 30% of adults are obese and 65%
overweight[1]. The use of dietary supplements for weight
loss has become increasingly popular, as reflected by the
$55.4 billion spent in the U.S. in 2006 for weight loss
and diet control[2,3]. Based on a study by the National
Center for Complementary and Alternative Medicine
(NCCAM), 36% of adults are using some form of
complementary or alternative medicine, which rises to
62% when including megavitamins or prayer. Although
dietary and herbal supplements are governed under the
DSHEA act of 1994, they are not presently regulated
by the U.S. Federal Drug Administration, and the safety
profiles of many are unknown. An increasing number
of case reports have emerged which suggest causative
supplement-associated liver toxicity. Hydroxycut is an
herbal weight loss supplement that has been suspected
to have possible liver toxicity. Herein we present two
patients who experienced severe acute hepatitis in
the setting of documented Hydroxycut exposure,
and without alternative etiology after comprehensive
serologic liver evaluation.

CASE REPORTS
Case 1
A 40-year-old female with a prior medical history notable
only for hypothyroidism and diet-controlled hyperlipidemia presented to the Emergency Department with
3 d of new-onset crampy, mid-epigastric abdominal
pain and non-bloody diarrhea. She noted subjective fevers and chills, and two isolated episodes of nausea and
vomiting, anorexia and profound fatigue. She did not
experience jaundice, icterus, pruritus, arthralgias, acholic
stools or dark urine. One week prior to presentation, she
began using Hydroxycut, 6 pills daily in preparation for
a bodybuilding competition. Just prior to presentation
she attended an office holiday party, although no other
persons in attendance became ill. She did not smoke or
drink. She otherwise does not take regular medications
except for levothyroxine. She denied taking any other
supplements or alternative medications. She was afebrile
with stable vital signs, and normal body mass index. Her
exam was notable only for mild mid-epigastric tenderwww.wjgnet.com
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ness to palpation. She had no liver enlargement and no
stigmata of chronic liver disease. Her laboratory profile on admission revealed an acute hepatitis with AST
1020 U/L and ALT 1150 U/L, total bilirubin 0.67 mg/dL,
alkaline phosphatase 299 U/L, INR 0.96, white cell count
5.9 × 10 3/ μ L, hemoglobin 11.9 g/dL, platelet count
228/μL, and creatinine 0.9 mg/dL. Diagnostic evaluation
was negative for hepatitis A, B, C, cytomegalovirus and
Epstein-Barr virus, autoimmune liver disorders (ANA,
ASMA), alpha-1 anti-trypsin deficiency, and ehrlichiosis.
On day 2 of admission, her transaminases decreased to
AST 399 U/L and ALT 647 U/L. On day 3, she was
clinically well and discharged from the hospital. Upon
outpatient follow-up, she had returned to her usual state
of health with normalization of transaminases with AST
46 U/L and ALT 48 U/L. She has not experienced any
further recurrence of symptoms or liver abnormalities
within 10 mo of follow-up.
Case 2
A 33-year-old female with a prior medical history of a
pituitary adenoma presented to the Emergency Department with 1 mo of new-onset jaundice. She reported a
flu-like illness of 2 wk duration with nausea and crampy
abdominal pain and began to experience jaundice, acholic
stools, dark-colored urine, pruritus, and profound fatigue.
These symptoms appeared to be improving during the
week prior to admission except for worsening jaundice
and fatigue. She noted that during the month prior to admission, she had taken Hydroxcut supplements for 2 wk
to help achieve weight loss, but discontinued this medication upon onset of symptoms. She additionally reported
eating lobster during the month prior to admission, but
could not recall other individuals who became ill. Her
only medication was Ortho-Novum contraceptive, which
she had been taking for 2.5 years. Her social history was
unremarkable without regular alcohol ingestion, and the
absence of risk factors for chronic viral hepatitis. She was
afebrile with stable vital signs, and normal body mass index. Her exam was notable only for jaundice and scleral
icterus. She had no liver enlargement and no stigmata of
chronic liver disease. Her laboratory profile at admission
was notable for acute hepatitis with AST 934 U/L and
ALT 1 570 U/L, total bilirubin 20.9 mg/dL, direct bilirubin 14.2 mg/dL, alkaline phosphatase 112 U/L, INR 1.08,
white cell count 9.2 × 103/μL, hematocrit 42%, platelet
count 414/μL, creatinine 0.8 mg/dL. Diagnostic evaluation was negative for hepatitis A, B, C, cytomegalovirus,
Epstein-Barr virus, and herpes simplex virus infections.
Her autoimmune profile revealed low titer increase in antinuclear antibody (ANA) and anti-smooth muscle antibody
(ASMA) suggestive of an immune-mediated drug-induced
hepatitis. Her jaundice eventually resolved and her liver
function normalized.

DISCUSSION
The public’s increasing demand for alternative medicine,
the newly found global interest in phytomedicine
and herbal therapies, the rising cost of conventional
www.wjgnet.com
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Table 1 Hydroxycut ingredients supplement facts (serving
size 2 caplets)
Amount per serving
Calcium (as hydroxycitrate) 156 mg
Chromium (as polynicotinate) 133 mg
Potassium (as hydroxycitrate) 218 mg
Garcinia Cambogia (66% hydroxycitric acid)
Gymnema Sylvestre (25% gymnemic acid)
Soy Phospholipids
Rhodiola rosea extract (5% rosavins)
Green Tea as Camelia Sinensis (91 mg of EGCG)
White Tea as Camelia Sinensis ( 15% EGCG)
Oolong Tea as Camelia Sinensis (15% EGCG)
Caffeine anhydrous

% daily value
161
1111
61
2
2
2
2
2
2
2
2

1
Percent daily values based on 2000 calory diet; 2 Daily values not
established.

prescription drugs, and a loss of faith in Western
medicine, have led to a rapid rise in the use of unregulated
herbal supplements and therapies. An estimated 80%
of the world population uses herbal medicines, largely
outside the U.S.[4]. In a study performed at an outpatient
liver clinic, over 21% of patients were taking herbal
supplements in the setting of chronic liver disease[5]. The
FDA describes dietary supplements as a product taken
by mouth that contains a “dietary ingredient” intended to
supplement the diet. The “dietary ingredients” in these
products may include: vitamins, minerals, herbs or other
botanicals, amino acids, and substances such as enzymes,
organ tissues, glandulars, and metabolites. Most of these
products have not been rigorously studied through
placebo-controlled, blinded, randomized trials[6].
Hydroxycut is one of the most popular dietary supplements for weight loss on the market today, including
two formulations Hydroxycut and Hydroxycut hardcore.
Hydroxycut contains several different herbs, including: Garcinia Cambogia extract, chromium polynicotinate,
Gymnema sylvestre extract and Camellia Sinenesis (C. Sinenesis)
(Table 1). Both patients in this report used the dietary
supplement Hydroxycut within a short time frame before
presenting with acute hepatitis, suggesting Hydroxycut
as the most likely etiology for acute liver injury. Neither
patient had a history suggestive of other exposures or risk
factors for viral hepatitis, alcoholic hepatitis, other toxinmediated injury, or chronic liver disease. A comprehensive
serologic and radiographic evaluation performed in both
patients did not reveal alternative sources for liver toxicity. Although causation is difficult to confirm in cases of
suspected drug-associated hepatotoxicity, the temporal
relationship to acute liver injury and rapid resolution upon
withdrawal of Hydroxycut make this likely. Hydroxycut
has previously been associated with both a cholestatic and
hepatocellular pattern of injury. The specific components
likely implicated in liver toxicity include G. Cambogia,
Chromium, and green tea root extract (Camellia Sinensis)
based on prior data suggesting liver toxicity. Patient 1 experienced a more typical hepatocellular pattern of injury,
patient 2 demonstrated an immune-mediated pattern of
injury, which has not previously been described.
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There has been one prior report of two cases of possible hepatotoxicity with Hydroxycut in the literature[7];
both cases were young males who had documented periods of Hydroxycut exposure and experienced similar
clinical syndromes marked by fatigue, jaundice, and pruritus with marked hepatocellular or cholestatic pattern
and complete resolution upon supplement withdrawal.
Our case series validates the likely causative relationship
between Hydroxycut exposure and liver toxicity, and
further suggests that an autoimmune pattern of hepatotoxicity may be observed. Although less common, drugassociated autoimmune hepatitis has been reported in
several herbal supplements including Greater Celadine,
Dai-Saiko-To, and Black Cohosh. Herein we review key
ingredients of Hydroxycut that have been implicated in
liver toxicity.
G. Cambogia is a fruit native to southeastern Asia
and western Africa used to make meals more “filling”
[8]
. Its main component hydroxycitric acid (HCA) is an
inhibitor of the citrate cleavage enzyme (ATP citrate
lyase) blocking de novo synthesis of fatty acids[9]. HCA
was initially studied in rodents for the dietary treatment
of obesity and the results seemed to be promising. Unfortunately randomized controlled trials in humans for
this purpose showed very conflicting results. Nevertheless, HCA is a primary component of many weight loss
supplements in the market, and similar to others in its
class, the toxicity profile is poorly studied. In the recent
literature a case of fatal liver failure was reported in a
patient taking HCA and montelukast suggesting the synergistic hepatotoxic effect of these two agents[10]. There
have also been reports of G. Cambogia toxicity by the
WHO database, mostly describing an increase in hepatic
enzymes[6].
Chromium is an essential trace element and cofactor
to insulin most commonly occurring in hexavalent (Ⅵ)
and trivalent (Ⅲ) states. The hexavalent form is found
in the dye and leather industry and is responsible for
occupational toxicity ranging from dermatitis to lung
cancer[11]. In 1989, the National Academy of Sciences
established an “estimated safe and adequate daily dietary
intake” range for chromium of 50 to 200 mg[12]. In 2001
the Institute of Medicine and the National Academy of
Sciences established Dietary Reference Intakes (DRI)
for Chromium, ranging from 0.2 mg for infants to a
maximum of 45 mg in lactating mothers[13]. Chromium
is used in weight loss supplements due to purported
effects of decreasing body fat and increasing basal
metabolic rate[14,15]. A recent meta-analysis of available
RCTs concluded that weight reduction with chromium
although statistically significant was not clinically meaningful [2]. There have been case reports of chromium
toxicity causing acute hepatitis, thrombocytopenia and
renal failure due to both environmental[16,17] and dietary
supplements[18]. Although renal failure requiring dialysis
is a more common concern[19], those presenting with
liver toxicity frequently elaborate aminotransferase elevations greater than 1000 mg/dL. Each Hydroxycut serving contains 133 mg of Chromium, which is taken three
times daily, resulting in a cumulative daily consumption
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grater than twice the NAS safe maximum dose.
Camellia Sinensis is the scientific name for green tea,
which is widely regarded by the public as safe, and commonly incorporated into supplements due to purported
anti-cancer potential[20], weight reduction[21] and antioxidant properties[22]. Acute hepatotoxicity from C. Sinensis
is well-described, and may range from acute hepatitis
to acute liver failure. Based on 17 published cases in
the literature[23-27], most cases appear to occur following
large ingestions of green tea, with resolution following
withdrawal, and recurrence with re-challenge[28]. Consequently, C. Sinesis has been banned in France and Spain,
although it remains unregulated in weight loss supplements commercially available in the U.S.
Other Hydroxycut components for which liver toxicity have not been described include Gymnema Sylvestre,
Rhodiola Rosea, and Withania Somnifera. Gymnema Sylvestre
has been used to control hyperglycemia[29] and hyperlipidemia[30] in rats. Toxicity studies in rodents have not
shown hepatotoxicity[31] and no case report of liver injury has been reported. Rhodiola Rosea extract is used
to decrease fatigue[32] and improve exercise tolerance[33].
Withania Somnifera has been used for its anti-inflammatory properties[34,35]. Neither R Rosea or W Somnifera have
been associated with liver toxicity, although W Somnifera
may result in renal impairment in rats[36].
Of note, the more concentrated Hydroxycut Hard
Core product contains additional herbal formulations
such as White Willow extract and Yohimbine. These
have not been demonstrated to result in liver injury,
whereas Willow bark extract may have anti-inflammatory
effects in vitro, this was not observed in patients with
rheumatoid arthritis or osteoarthritis in a randomized
controlled trial[37]. Yohimbine is an indole alkaloid from
the bark of the African Pausinystalia Yohimbe, and serves
as an alpha-2 receptor antagonist which may treat male
impotence[38]. Although nausea, vomiting and abdominal
pain have been described, liver toxicity has not been observed.
The FDA has issued warnings on several herbal supplements known to have hepatotoxic potential including
Comfrey (2001), Kava (2002) and the dietary supplement
Lipokinetix (2001). This review does not seek to provide
a comprehensive review of all known hepatotoxins, but
highlight a short list of ingredients within best selling
weight loss supplements which have been demonstrated
to have hepatotoxic potential.
Ephedra alkaloid, AKA Ma Huang, is the most commonly used weight loss supplement in the U.S.[4], and is
well-known to have potentially deleterious cardiovascular
and CNS effects[39], but has also been implicated in numerous cases of liver failure[40,41]. As such, dietary supplements containing ephedra were banned in the U.S. in April
2004[42], but remain widely available through unregulated
internet sources in various forms, including the supplement Leptoprin (previously Anorex) which contains 20 mg
of ephedrine, 200 mg of caffeine, 324 mg of aspirin, and
unknown amounts of Green tea and cayenne. Adipokinitex came to the market to replace Lipokinetix which was
removed in 2002 by Syntrax Innovations Inc. due to FDA
www.wjgnet.com
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Table 2 Components of popular weight loss supplements
Brand name
Hydroxycut
Ephedrasile
Hardcore
Zalestrim
Slim-Citi
Ephedra
Leptoril
Adipokinetix
Xenadrine
Lipovox
Lean fire
Miracle Burn
7 DFB
Curvatrim
Ambi-Slim
TrimSpaX32
Eroved
Zylorin
Jet Fuel
VPX redline
Metabolene

December 7, 2008

Cholestatic Hepatocellular Autoimmune Fulminant
failure

Garcinia Cambogia, Chromium, Camelia Sinensis
C. Sinensis, Valerian, St John’s wort

Atractylis
Gummifera[50]
Black
Cohosh [51,52]
Callilepsis
Laureola[53]
Camelia
Sinensis[24-28]
Chapparral[54]
Chromium
picolinate[18,19]
Cascara
Sagrada[55]
Dai-SaikoTo[5]
Garcinia
Cambogia[7]
Germander[56,57]
Greater
Celadine[58,59]
Jin Bu
Huan[60]
Kava[61-63]
Noni[64]
Paeonia[65]
Paulina Cupana
Penny
Royal[66,67]
Senna[68]
Shou wu
pian[5]
Syo-SaikoTo[69]
Teucrium
Polium[5]
Usnic
Acid[70,71]
Valerian[72]

C. Sinensis. Black Cohosh, Dong Quai
Hoodia
Mau Hang
C. Sinenis, Aspirin
C. Sinensis
C. Sinensis, Ma Huang
C. Sinensis
C. Sinensis
Hoodia
Noni extract
C. Sinensis, Dong Quai
C. Sinensis, Garcinia Cambogia, Chromium, Valerian
C. Sinensis, Hoodia Gordoni
Hoodia, Garcinia Cambogia, Chromium
Hoodia, C. Sinensis, Chromium
C. Sinensis, Hoodia,
C. Sinensis
C. Sinensis, Chromium, Hoodia
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Table 3 Patterns of injury in herbal hepatotoxicity

Potentially hepatotoxic components

warnings regarding reported cases of hepatotoxicity[43].
Although the Usnic acid has been removed from the formulation, this diet pill still contains Norephedrine or Norphenephrine and Green tea extracts. Ephedrasil Hardcore,
a top selling diet pill, is a newer formulation of Ephedra
following its ban in 2004, and contains many ingredients
including Chromium, Yohimbine, and green tea extract.
Hoodia Gordoni, a popular supplement used for appetite suppression, and is derived from a cactus-like bush
leaf native to southern Africa. Although initially isolated
by Pfizer in the 1970s, research was discontinued due
to liver toxicity found in early research studies. Despite
these reports, this is a common ingredient in dietary
supplements such as Slim-Citi, Trim Spa X32 and Ephedrine-P57.
Zalestrim is another top selling supplement composed
of green tea and Black Cohosh, which are described
above as known sources of potential hepatotoxicity[44-48].
It also contains Dong Quai, which increases prothrombin
time and thereby increases bleeding risk[49].
In summary, this case series and review of the literature highlight the potential hepatotoxicity of commonly
used herbal supplements including Hydroxycut. Due to
their loose regulation in the current drug marketplace,
oversight of their use by physicians and regulators alike
remains poor. Those supplements with potential liver
toxicity are summarized in Tables 2 and 3, although
further investigation is needed to better clarify the
mechanisms and patterns of injury, and inform policy
makers on those ingredients which require more vigorous regulation. The use of supplements is frequently not
queried by physicians, and may not be reported in the
same manner as prescription drugs by patients. As such,
it is advisable that physicians ask specifically about the
use of non-prescription drugs and supplements, warn
patients with known liver disease about the potential
consequences of their use, and to query patients specifi-
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cally about possible supplement exposure in cases of
acute or chronic liver injury. Increased attention to this
issue by physicians and regulatory agencies may lead to
more successful efforts to decrease the burden of drugassociated liver injury in the U.S.
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Abstract
Systemic mastocytosis (SM) is a rare disease with abnormal proliferation and infiltration of mast cells in the
skin, bone marrow, and viscera including the mucosal
surfaces of the digestive tract. Gastrointestinal (GI)
symptoms occur in 14%-85% of patients with systemic
mastocytosis. The GI symptoms may be as frequent as
the better known pruritus, urticaria pigmentosa, and
flushing. In fact most recent studies show that the GI
symptoms are especially important clinically due to the
severity and chronicity of the effects that they produce.
GI symptoms may include abdominal pain, diarrhea,
nausea, vomiting, and bloating. A case of predominantly
GI systemic mastocytosis with unique endoscopic images and pathologic confirmation is herein presented, as
well as a current review of the GI manifestations of this
disease including endoscopic appearances. Issues such
as treatment and prognosis will not be discussed for the
purposes of this paper.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Systemic mastocytosis (SM) is characterized by abnormal growth and accumulation of mast cells in various
organs[1]. SM represents a heterogeneous group of disorders with varying frequencies of GI disease[2]. Different
studies report a wide array of GI involvement with a
range from 14%-85% and more recent studies suggest
that it comes as a close second commonest symptom
next only to pruritus[2,3]. The differences in reported GI
symptoms are thought to reflect the heterogeneous population of SM studied, methodology of studies, and the
differences in the definition of mastocytosis[2]. Indeed
the involvement of the GI tract has been shown to vary
with the Metcalfe type of SM[4,5]. It must be stressed that
while most patients have pruritus or urtication, these
symptoms generally cause less significant discomfort for
patients than the GI symptoms which are more distressing chronic complaints[6,7].

CASE REPORT
A 75-year-old man with a history of colonic polyps,
hypertension, childhood tonsillectomy, and a remote
smoking history presented with a complaint of “excessive mucus in the throat” for the past several years. The
patient had a sensation of a “sore throat” for years along
with more frequent bowel movements and increased flatus. There were no other gastrointestinal complaints. The
patient subsequently had maculopapular rashes which on
biopsy showed increased numbers of dermal mast cells
highlighted by c-kit (CD 117) immunoperoxidase staining
consistent with that of dermal mastocytosis (Figure 1 A).
The haematoxylin and eosin stain (HE) is also included
(Figure 1 B).
When seen by the gastroenterologist, the patient had
no lymphadenopathy in the head and neck region but
www.wjgnet.com
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Figure 3 The biopsy in these colonic regions showed an increased number
of mast cells with recruited eosinophils in the lamina propria (HE).

did have tissues in the distal soft palate and pharynx appearing uniformly swollen and hyperemic. The respiratory, cardiovascular, and neurological exams were grossly
normal. On abdominal exam there was no organomegaly, masses, tenderness, or inguinal lymphadenopathy. A
ventral hernia was noted.
On colonoscopy a mucus type material adherent to the
mucosa was present in the right colon along with a slightly
raised appearance of the mucosa through areas of the
transverse and right colon (Figure 2). The biopsy in these
colonic regions showed an increased number of mast cells
with recruited eosinophils in the lamina propria (Figure 3
HE). The mast cells are highlighted by positive c-kit staining (Figure 4).
Common GI complaints in SM include abdominal
pain, diarrhea, nausea, and vomiting[2]. It appears that the
frequency of various GI symptoms is less variable than
www.wjgnet.com
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Figure 1 The patient
subsequently had maculopapular rashes which on
biopsy showed increased
numbers of dermal mast
cells highlighted by c-kit
(CD 117) immunoperoxidase
staining consistent with that
of dermal mastocytosis. The
haematoxylin and eosin stain
(HE) is also included.

Figure 2 On colonoscopy
a mucus type material
adherent to the mucosa
was present in the right
colon along with a slightly
raised appearance of the
mucosa through areas of
the transverse and right
colon.

Figure 4 The mast cells are highlighted by positive c-kit staining.

their prevalence[2]. These symptoms are thought to be
secondary to mast cell mediators on the GI tract. The
most common symptom is abdominal pain (mean 51%)
followed by diarrhea (mean 43%) and nausea or vomiting
(mean 28%)[2]. Abdominal pain can be classified into two
different types corresponding to different pathology. Epigastric dyspeptic pain is associated with ulcer disease and
acid hypersecretion whereas no dyspeptic pain is characterized by lower abdominal cramps[8]. Diarrhea is thought
to occur due to gastric acid hypersecretion, malabsorption
caused by mucosal injury and edema, and altered bowel
motility[8]. Moreover, diarrhea in SM can also be caused
or contributed to by tissue infiltration by mast cells[3,9]. It
is however worth noting that the mast cells themselves
do not secrete gastrointestinal peptides that directly alter
motility[3].
A common symptom in SM is facial flushing[10]. The
flushing in SM can be distinguished from the flushing
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Table 1 Endoscopic features reported in patients with systemic mastocytosis with gastrointestinal symptoms
Esophageal

Gastric and Duodenal

Small Intestine

Colon and Rectum

Esophagitis
Esophageal stricture
Varices

Peptic ulcers
Thickened gastric or duodenal folds
Nodular mucosal lesions
Urticarial lesions

Thickened jejunal folds with edema
Dilated small bowel

Nodular lesions
Urticarial lesions in the rectum
Multiple polypoid lesions
Diffuse intestinal telangiectasias

seen in the rare but more prevalent carcinoid tumors
in that carcinoid flushing is generally more widespread,
patchy, violaceous, and evanescent, lasting only a few
minutes, often occurs postprandially, and in the majority
of cases not associated with hemodynamic changes[10].
Furthermore, the response to long acting somatostatin
analogue octreotide, the specific pattern of mediator excretion, and aggravation of the flushing by epinephrine
in the carcinoid case can assist in the differentiation[10,11].
In SM, the flushing tends to be more bright red, pruritic,
and burning, and may be accompanied simultaneously by
other symptoms of systemic mast cell degranulation including GI symptoms[10,12].
Other symptoms may also occur as a result of GI
bleeding and peptic ulcer disease[2,3]. It is estimated that
GI bleeding occurs in 11% of SM[2]. Contrary to previously reports it is estimated that peptic ulcer disease is an
under diagnosed phenomena[2]. Indeed in a more recent
prospective study within which nine patients had upper
GI endoscopy, four of the nine patients had peptic ulcer
disease[3]. Interestingly, hypersecretion of gastric acid is
not consistently related to the level of serum histamine
levels measured[3]. It may however be possible that a relationship between tissue concentration of histamine and
GI manifestations may exist[3]. It is unclear what triggers
the vasoactive mediators from mast cells but certain medications such as NSAIDS, opiate analgesics, procaine, and
penicillin may be potential triggers[13].
Rarely, esophageal complaints in SM are made and
include symptoms due to esophagitis and in some reports
variceal bleeding secondary to portal hypertension that
may develop in SM[14].
Signs of GI SM include steatorrhea, malabsorption,
hepatomegaly, splenomegaly[2] and sometimes ascites
secondary to portal hypertension. Steatorrhea can be
measured by 72-h fecal fat excretion test, D-xylose tolerance test, and Shilling test. In SM steatorrhea is associated
in 5%-67% of patients[7,15,16]. Hepatomegaly was found in
41%-72% of patients[12,17]. Mast cells are known to infiltrate the liver diffusely with or without portal fibrosis and
rarely cirrhosis in 4% of patients[12]. Portal hypertension
is also reported in association with SM[18,19] and is ascribed
to pre- and post-sinusoidal block secondary to mast cell
infiltration and or fibrosis[18]. Splenomegaly attributable to
SM is thought to be due to mast cell infiltration that may
accompany hepatomegaly[20,21]. Marked splenomegaly was
found to be more common in aggressive SM[22]. Since SM
is a rare entity a low clinical suspicion is required and usually the diagnosis is made on biopsy[10].
Case reports highlight some of the more unusual pathology. One such is SM and giant gastroduodenal ulcers

associated with telangiectasia macularis eruptiva perstans
which is thought to represent a cutaneous form of mastocytosis[8]. Rarely aggressive SM can be complicated by
protein-losing enteropathy[23]. Other reports include initial
misdiagnosis as SM can mimic inflammatory bowel disease[9,24] and Zollinger-Ellison syndrome[24].
Small intestinal pathology may reveal dilated loops of
bowel and thickened, edematous or scalloped folds[6,25].
In the colon, urticarial lesions, diverticulitis, polypoid
lesions, and diffuse intestinal telangiectasia may be seen
(Figure 3)[25,26].
Diagnosis of SM is based on identification of neoplastic mast cells by morphologic, immunophenotypic, and/or
genetic criteria in various organs. Specifics of the World
Health Organization criteria for the diagnosis of SM
based on a paper by Valent et al[27] will not be discussed.
Currently there is no consensus GI biopsy criteria.
Needless to say, patients with obvious dermatological
findings are diagnosed by clinicians more quickly as having
SM. Unfortunately, patients lacking skin manifestations of
SM have a delayed diagnosis even though they often have
more aggressive disease, impaired liver function, ascites,
malabsorption, and splenomegaly[28].
Interestingly our endoscopic images (Figure 2) from
the colonic involvement look markedly different from
previously published images by Scolapio et al[25]. In the
pictures provided in this paper, the appearance of SM
in the colon would be described as small mucosal nodules with focal areas of edema, urticarial, granular, and
multiple purple-pigmented lesions. To date these are the
first endoscopic images that contain all of these features
although these findings have been reported in isolation or
in pairs[25,29,30].
An earlier review by Jensen in 2000 has reported the
following endoscopic findings which are displayed in a
table[2]. (Table 1 adapted from Jensen[2]).

DISCUSSION
This report describes an interesting case of a rare cause
of chronic diarrhea. It is important to consider this diagnosis in the work up of intractable diarrhea. The distinct
endoscopic appearance of this disorder may at times
be seen and it is recommended that this information be
communicated to the pathologist responsible so that
special stains may be performed, allowing the information to perhaps contribute to the diagnosis of SM. It is
important to identify potential triggers for GI symptoms
of SM as well as to initiate symptomatic treatments.
Presently there is no cure for SM and it is recommended
that cytoreductive therapy and ensuing management be
www.wjgnet.com
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planned carefully with expert hematologists and hematopathologists.

16

REFERENCES

17

1
2
3

4
5
6

7

8
9

10
11
12
13
14
15

Patnaik MM, Rindos M, Kouides PA, Tefferi A, Pardanani
A. Systemic mastocytosis: a concise clinical and laboratory
review. Arch Pathol Lab Med 2007; 131: 784-791
Jensen RT. Gastrointestinal abnormalities and involvement
in systemic mastocytosis. Hematol Oncol Clin North Am 2000;
14: 579-623
Cherner JA, Jensen RT, Dubois A, O’Dorisio TM, Gardner
JD, Metcalfe DD. Gastrointestinal dysfunction in systemic
mastocytosis. A prospective study. Gastroenterology 1988; 95:
657-667
Metcalfe DD. Mastocytosis. Novartis Found Symp 2005; 271:
232-42; discussion 242-249
Metcalfe DD. Classification and diagnosis of mastocytosis:
current status. J Invest Dermatol 1991; 96: 2S-4S
Tebbe B, Stavropoulos PG, Krasagakis K, Orfanos CE.
Cutaneous mastocytosis in adults. evaluation of 14 patients
with respect to systemic disease manifestations. Dermatology
1998; 197: 101-108
Horan RF, Austen KF. Systemic mastocytosis: retrospective
review of a decade’s clinical experience at the Brigham
and Women’s Hospital. J Invest Dermatol 1991; 96: 5S-13S;
discussion 13S-14S, 60S-65S
Arguedas MR, Ferrante D. Systemic mastocytosis and giant
gastroduodenal ulcer. Gastrointest Endosc 2001; 54: 530-533
Bedeir A, Jukic DM, Wang L, Mullady DK, Regueiro
M, Krasinskas AM. Systemic mastocytosis mimicking
inflammatory bowel disease: A case report and discussion
of gastrointestinal pathology in systemic mastocytosis. Am J
Surg Pathol 2006; 30: 1478-1482
Butterfield JH. Systemic mastocytosis: clinical manifestations and differential diagnosis. Immunol Allergy Clin
North Am 2006; 26: 487-513
Adamson AR, Grahame-Smith DG, Peart WS, Starr M.
Pharmacological blockade of carcinoid flushing provoked
by catecholamines and alcohol. Lancet 1969; 2: 293-297
Horny HP, Kaiserling E, Campbell M, Parwaresch MR,
Lennert K. Liver findings in generalized mastocytosis. A
clinicopathologic study. Cancer 1989; 63: 532-538
Golkar L, Bernhard JD. Mastocytosis. Lancet 1997; 349:
1379-1385
Silvain C, Levillain P, Mouton P, Carretier M, Babin P,
Beauchant M. [Systemic mastocytosis disclosed by rupture of
esophageal varices] Gastroenterol Clin Biol 1989; 13: 834-837
Soter NA, Austen KF, Wasserman SI. Oral disodium
cromoglycate in the treatment of systemic mastocytosis. N

18
19

20
21
22
23
24

25
26

27

28

29
30

December 7, 2008

Volume 14

Number 45

Engl J Med 1979; 301: 465-469
Barriere H, Dreno B, Pecquet C, Le Bodic MF, Bolze JL.
[Systemic mastocytosis and intestinal malabsorption] Sem
Hop 1983; 59: 2925-2931
Travis WD, Li CY, Bergstralh EJ, Yam LT, Swee RG. Systemic
mast cell disease. Analysis of 58 cases and literature review.
Medicine (Baltimore) 1988; 67: 345-368
Capron JP, Lebrec D, Degott C, Chivrac D, Coevoet B,
Delobel J. Portal hypertension in systemic mastocytosis.
Gastroenterology 1978; 74: 595-597
Fonga-Djimi HS, Gottrand F, Bonnevalle M, Farriaux JP.
A fatal case of portal hypertension complicating systemic
mastocytosis in an adolescent. Eur J Pediatr 1995; 154:
819-821
Travis WD, Li CY. Pathology of the lymph node and spleen
in systemic mast cell disease. Mod Pathol 1988; 1: 4-14
Gonnella JS, Lipsey AI. Mastocytosis manifested by
hepatosplenomegaly. Report of a case. N Engl J Med 1964;
271: 533-535
Metcalfe DD. The liver, spleen, and lymph nodes in
mastocytosis. J Invest Dermatol 1991; 96: 45S-46S
Mickys U, Barakauskiene A, De Wolf-Peeters C, Geboes K,
De Hertogh G. Aggressive systemic mastocytosis complicated
by protein-losing enteropathy. Dig Liver Dis 2007; 39: 693-697
Blonski WC, Katzka DA, Lichtenstein GR, Metz DC.
Idiopathic gastric acid hypersecretion presenting as a
diarrheal disorder and mimicking both Zollinger-Ellison
syndrome and Crohn‘s disease. Eur J Gastroenterol Hepatol
2005; 17: 441-444
Scolapio JS, Wolfe J 3rd, Malavet P, Woodward TA.
Endoscopic findings in systemic mastocytosis. Gastrointest
Endosc 1996; 44: 608-610
Miner PB Jr. The role of the mast cell in clinical gastrointestinal disease with special reference to systemic mastocytosis. J Invest Dermatol 1991; 96: 40S-43S; discussion
43S-44S, 60S-65S
Valent P, Horny HP, Escribano L, Longley BJ, Li CY,
Schwartz LB, Marone G, Nunez R, Akin C, Sotlar K, Sperr
WR, Wolff K, Brunning RD, Parwaresch RM, Austen
KF, Lennert K, Metcalfe DD, Vardiman JW, Bennett JM.
Diagnostic criteria and classification of mastocytosis: a
consensus proposal. Leuk Res 2001; 25: 603-625
Valent P, Akin C, Sperr WR, Mayerhofer M, Fodinger M,
Fritsche-Polanz R, Sotlar K, Escribano L, Arock M, Horny
HP, Metcalfe DD. Mastocytosis: pathology, genetics, and
current options for therapy. Leuk Lymphoma 2005; 46: 35-48
Dantzig PI. Tetany, malabsorption, and mastocytosis. Arch
Intern Med 1975; 135: 1514-1518
Mahood JM, Harrington CI, Slater DN, Corbett CL. Forty
years of diarrhoea in a patient with urticaria pigmentosa.
Acta Derm Venereol 1982; 62: 264-265
S- Editor Li JL L- Editor Logan S E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7009

			

World J Gastroenterol 2008 December 7; 14(45): 7009-7011
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

CASE REPORT

Methotrexate induced sprue-like syndrome

Marta Maia Boscá, Ramon Añón, Empar Mayordomo, Rosana Villagrasa, Nelly Balza, Cirilo Amorós,
Juan Ramon Corts, Adolfo Benages
Marta Maia Boscá, Ramon Añón, Rosana Villagrasa, Nelly
Balza, Cirilo Amorós, Adolfo Benages, Gastroenterology
Department, Hospital Clínic Universitari of València, Spain
Empar Mayordomo, Department of Anathomo-Pathology,
Hospital Clínic Universitari of València, Spain
Juan Ramon Corts, Rheumatology Department, Hospital
Clínic Universitari of València, Spain
Author contributions: Benages A supervised the article, Añón
R, Bosca MM and Corts JR visited the patient, Mayordomo E
reviewed the anathomopathology, Villagrasa R and Balza N
reviewed the patients’ story and researched the published papers
for similar cases, and Amorós C and Boscá MM wrote the case
report.
Correspondence to: Marta Maia Boscá, Gastroenterology
Department, Hospital Clínic Universitari of València, Universitat
de València Avda. Blasco Ibanez 17 46010 Valencia,
Spain. maiabosca@yahoo.es
Telephone: +34-96-3862600-51255 Fax: +34-96-3864767
Received: February 3, 2008 Revised: November 7, 2008
Accepted: November 14, 2008
Published online: December 7, 2008

Abstract
A 52 year-old male patient diagnosed of ankylosing spondylitis presented with an iron deficiency anemia after a
ten-month treatment of methotrexate. He did not respond
to treatment with oral iron not a proton pump inhibitor
and an upper endoscopy was performed. The histological study of the duodenal biopsies showed villus atrophy.
After removing the methotrexate, administrating intramuscular iron and undertaking a gluten-free diet, the histological and analytical alterations progressively resolved.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
M e t h o t r e x a t e i s a n i m mu n o s u p p r e s s ive a g e n t
commonly used in the daily practice of many specialties.
Methotrexate, in a weekly dose, can be used for years
where its use is primarily limited by toxicity. The main
side effects include renal or liver impairment, orointestinal
mucositis, bone marrow toxicity and gastrointestinal
side effects, such as nausea or vomiting, many of which
can often be avoided by using low-doses of the drug, or
combining it with folic acid supplementation[1].
Several cases of villus atrophy, after the use of
immunosuppressors[2], have been reported in the medical
literature; however, only one case of intestinal villus
atrophy secondary to Methotrexate, has been described[3].
We present a second case of a sprue-like syndrome
secondary to methotrexate treatment, this time in a
paucisymptomatic patient.

CASE REPORT
A 52 year-old male patient was refer red to our
Gastroenterology out-patient clinic from the Rheumatology
Department, as he presented with a prog ressively
increasing iron deficiency anemia, that did not respond
to proton pump inhibitors and iron taken orally.
He had been diagnosed of ankylosing spondylitis,
HLA B-27 positive, in 2000, and was initially treated
with the nonsteroidal antiinflammatory drugs (NSAIDs),
salazopyrine and omeprazol. In April, 2002, treatment
with salazopyrine was stopped, but prednisolone and
methotrexate were added in October, 2002, because the
patient had severe arthralgias. The arthralgias lessened
with the new treatment, but analytical alterations were
progresively seen. An analysis during December, 2002,
showed normal hemoglobin (Hb 13.4 g/dL, VCM 87
and HCM 30.2) and iron (70 mg/dL), but in January,
2003, the hemoglobin level had decreased to 11.7 g/dL.
By May, 2003, the asymptomatic patient presented
with iron deficiency anemia (Hb 9.9 g/dL, Hto. 31%,
VCM 71, HCM 22.9, platelets 489000, iron 22 mg/dL,
www.wjgnet.com
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Figure 1 Biopsy of duodenum. A: Year 2003, (HE, x 40); B-C: Year 2003, (HE, x 100); D: Year 2005, (HE, x 40); E-F: Year 2005, (HE, x 100).

transferrine 366, IST 5% and ferritine 2 ng/dL), for which
he received iron, taken orally, and was referred to the
Gastroenterology Department.
He had no digestive symptoms, weight loss, or
anorexia. The suspected diagnosis included: (1) gastric
erosions secondary to NSAIDs, (2) a side-effect of
Methotrexate, or (3) other causes of iron deficiency
anemia. Therefore, an endoscopy and celiac sprue
antibodies were requested, and treatment with oral iron
and proton pump inhibitors continued.
The upper endoscopy showed a stomach with
patched mucosa, alternating red and white areas, which
continued in the first and second portions of the
duodenum, in which many longitudinal erosions, covered
with fibrin, were observed, macroscopically compatible
with an Inflammatory Bowel Disease, or a Lymphoma.
However, the histological study showed intestinal
biopsy with evidence of atrophy of the wall, with
decreased thickness, increased collagenous fibers in the
interstitium, mucosal flattening of the villi and small
repare glands (Figure 1A). The mucosa shows a loss
of glandular structure, with small and round reparing
glands, covered by a cubical one-layer epithelium,
with nuclei containing reactive atypia, with mild
pleomorphism, larger in size and variable nucleoli. There
was a fibrous stroma and a heterogeneous inflammatory
infiltrate, with eosinophil leukocytes in moderate
quantity (Figure 1B-C).
In July, since the hemog ram was similar (Hb
9.2 g/dL), despite three months of oral iron, antibodies
were negative, and taking into account the results of
the upper endoscopy, an intestinal follow-through and a
colonoscopy (which were both normal) were requested
and methotrexate was discontinued.
Three months later, the iron deficiency anemia
persisted and a gluten-free diet was tested. In January,
2004, after three months of a gluten-free diet and six
months of not taking methotrexate, there was still a
www.wjgnet.com

iron deficiency anemia with a hemoglobin of 9.4 g/dL,
a new endoscopy was performed. The upper endoscopy
showed a loss of duodenal folds and the urease test
for Helicobacter pylori was negative. The histological
study confirmed the existence of an atrophic gastritis
and duodenitis. With the result of the endoscopy, the
patient returned to our out-patient-clinic in March, 2004.
He had an itchy eruption, made up of clusters of tiny
blisters in the elbows and back, which was compatible
with a Dermatitis Herpetiformis. He was referred to the
Dermatology out-patient clinic, but was not visited until
six weeks later where the skin lesions had spontaneously
disappeared.
Treatment with intramuscular iron was initiated after
the Dermatologic evaluation in April, 2004, and three
months later the hemogram was almost normal; there
was no anemia, (Hb 13.1 g/dL), but there was still a slight
hypocromia and microcytosis. The intramuscular iron was
stopped in December, 2004, when the still asymptomatic
patient reached acceptable levels of iron, ferritine and
transferrine (Fe 158 mg/dL, Transf. 275 mg/dL and FE
93 ng/mL) and had a normal hemogram (Hb 14.5 g/dL,
Hto. 43%, VCM 84, HCM 28.5).
The patient was periodically seen in our out-patient
clinic the following year. Analysis remained normal and a
control upper endoscopy was carried out on December,
2005. It showed a dramatic change from the first one,
which had been performed two years earlier, when the
patient was undergoing treatment with methotrexate.
The endoscopy was macroscopically normal.
The histological study showed an intestinal biopsy
with normal wall thickness, normal size and number
of villi, as well as normal gland and stromal density
(Figure 1D). Many intestinal glands, covered by a onelayer cylindrical epithelium with goblet cells, were
observed. Between them, the interstitium showed very
mild inflammation with a decrease in the fibrous weft.
Inflammatory cells were heterogeneously composed of
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lymphocytes and plasmatic cells (Figure 1E-F).
T h e p a t i e n t r e m a i n s a s y m p t o m a t i c, f r o m a
gastrointestinal point of view, and without anemia or
ferropenia. We have not rechallenged methotrexate for
ethical reasons.

DISCUSSION
The interest of this case is the appearance of a spruelike syndrome after the use of methotrexate, and its
complete resolution, following the removal of the drug.
Although several cases of small-bowel villus atrophy
have been described with other immunosuppresive
agents, like Azatioprine[2], to our knowledge, only one
similar case has been described regarding methotrexate[3].
The latter presented a case of diarrhea, progressive
weight loss and general malaise after two years of lowdose methotrexate. Biopsies taken during the treatment
showed small-bowel villus atrophy and confirmation of
mucosal healing was carried out months after removal
of methotrexate.
Our patient did not display any symptoms. He
only had an iron deficiency anemia. Six months after
beginning low-dose methotrexate (15 mg/wk), a iron
deficiency anemia developed. He showed no signs or
symptoms of mucositis, or symptoms of bone marrow
toxicity, or of renal or liver impairment. No diarrhea,
nausea or other gastro-intestinal symptoms were present.
We believe he had an iron malabsorption, secondary to
duodenal atrophy, which slowly resolved after removing
methotrexate, with clinical, analytical, endoscopical and
microscopical confirming the healing.
This dr ug is frequently used in patients with
rheumatological, gastroenterological and oncological
illnesses. At high doses, and without folic acid supplementation, mucositis is a side-effect in which experimental
studies have tried to understand[4,5] for prevention[6-7];
however, not many human cases have been described. Its
presentation is usually symptomatic (weight-loss, diarrhea,
nausea, general malaise, etc) and tends to appear with high
doses.
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The pathogenesis of the sprue-like syndrome is
unclear. Two mechanisms might be involved, local
antimetabolite toxicity and genetic predisposition[3].
Our case might allow other clinicians to think of an
underlying sprue-like syndrome when a iron deficiency
anemia appears when taking methotrexate, even if, like
in our case, the patient is taking low doses of the drug
and is completely asymptomatic.
This methotrexate-induced sprue-like syndrome is of
clinical interest because of its singularity in the clinical
presentation (only iron deficiency anemia), its origin (a
duodenal atrophy induced by low-dose methotrexate,
with no myelosuppression), and its complete resolution
after withdrawal of the drug, which has been confirmed
both through the periodical analysis and through the
endoscopical study.
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ulcerative colitis with positive PR3-ANCA may belong to
a subtype of refractory ulcerative colitis. The particular
Chinese medicine compound used in our study is by far
the most effective in the management of these patients,
with additional advantages of having no noticeable sideeffects and less financial burden.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Abstract
A small subset of patients with active ulcerative colitis is
non-responsive to major known non-biological therapies.
We reported 5 patients with positive serum proteinase-3
antineutrophil cytoplasmic antibody (PR3-ANCA) and
tried to (1) identify the common clinical features of these
patients; (2) investigate the efficacy of a novel therapy
using a Chinese medicine compound; and (3) attract
more gastroenterologists to be engaged in further study
of this subset of patients. The common manifestations
of disease in these 5 patients included recurrent bloody
diarrhea and inflammatory lesions involving the entire
colorectal mucosa. Initial treatment with intravenous
methylprednisolone successfully induced remission.
Four of these 5 patients were steroid-dependence,
and immunosuppressants, such as azathioprine and
cyclophosphamide, were ineffective. In 3 patients,
only the particular Chinese medicine compound could
induce and maintain remission. One patient underwent
colectomy. No vascular inflammatory lesions were found
by histopathological examination. Although more cases
are needed for confirmation, our study indicates that
www.wjgnet.com

Ulcerative colitis (UC) is a disease of chronic inflammation of colon, which is diagnosed by a combination
of clinical, colonoscopic, histopathological, radiological
findings and therapeutic response. Infectious and noninfectious colorectal diseases such as Crohn’s disease,
ischemic colitis, collagenous colitis, lymphocytic colitis
and colorectal cancers should be excluded. The principle
therapy is 5-aminosalicylic acid for mild to moderate
disease, and corticosteroids for moderate to severe disease.
If both are ineffective, cyclosporin A is considered as
a salvage therapy[1]. Colectomy has to be used in those
who fail on medical treatment. Either 5-aminosalicylic
acid or azathioprine is recommended for maintenance
of remission[2]. In clinical practice, some patients would
prefer to die rather than have a colectomy as this can
impair quality of life. These patients are the challenge
for gastroenterologists who are trying their best to seek
promising medicine.
In 2006, a refractory UC patient treated in the
Division of Gastroenterology, Shanghai Renji Hospital
was unexpectedly found to be serum proteinase-3
antineutrophil cytoplasmic antibody (PR3-ANCA)
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positive. Therefore, all UC patients admitted from Jan
2003 to Dec 2007 were screened and the PR3-ANCA
positive patients were studied and analyzed.

Table 1 Demographic data of the five patients
Case Gender Age (yr)
1
2
3
4
5

Case Report
The clinical data of 180 UC patients admitted from
Jan 2003 to Dec 2007 were analyzed, 65 patients
were investigated for ANCA and only 5 patients were
positive for PR3-ANCA. Their demographic and clinical
characteristics are summarized in Table 1. The disease
activity of UC was evaluated according to Truelove &
Witts criteria. Serum myeloperoxidase (MPO)-ANCA
was negative (< 1.4) and PR3-ANCA was positive (> 1.4)
in all 5 patients. The common disease manifestations
in these 5 patients included recurrent bloody diarrhea
and inflammatory lesions involving the entire colorectal
mucosa (Table 2).
Remission was initially and successfully induced in all 5
patients by treatment with iv Methylprednisolone (Table 3).
Four of them relapsed when the prednisone dosage
was reduced. In accordance with the principle of UC
therapy, azathioprine was prescribed in 3 patients. As
75 mg/d or 100 mg/d could not be tolerated, 50 mg/d
was adopted for more than 3 mo but remained without
effect. Cyclophosphamide 0.6 g iv was also ineffective.
Case 1 had tried cyclosporin A, but this was discontinued
because of vomiting. Her life was threatened by
bloody diarrhea more than twenty times per day, a high
temperature of 40℃, and venous thrombosis of the
left leg. She was persuaded again and again, and at last
reluctantly accepted colectomy. One patient (case 2) had
bloody diarrhea more than ten times per day and a high
temperature when prednisone was reduced in dosage
from 40 mg/d. She visited a traditional Chinese medicine
physician and successfully withdrew the prednisone by
taking a Chinese medicine compound prescribed by that
physician. Remission was successfully maintained for
more than 1 year. She discontinued the Chinese medicine
compound by herself because she thought the disease
was cured but bloody diarrhea recurred within 2 mo.
She started to take the Chinese medicine compound again
and her bloody diarrhea quickly disappeared. She returned
to her work without any side effects caused by the Chinese
medicine, but refused to undergo colonoscopy again.
As a result of this outcome, cases 3 and 4 were
recommended to visit the same traditional Chinese
medicine physician. They were able to reduce the dose of
prednisone gradually after taking the Chinese medicine
compound and successfully maintain the remission.
Repeat colonoscopies were performed in 4 of these
5 patients because of recurrent bloody diarrhea. Case 1
showed severe inflammatory lesions involving the entire
colorectal mucosa with bleeding and many large deep
irregular ulcers before therapy. After prednisone treatment,
scars in the cecum and ascending colon, pseudopolyps
in the transverse colon, and scattered erosions in the
rectosigmoid colon were observed. When bloody diarrhea
relapsed 20 times per day, colonoscopy revealed severe
inflammatory lesions of entire colorectal mucosa. Case
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Female
Female
Male
Female
Male

57
48
67
33
55

Date of admission1 Date of initial diagnosis
Dec 2006
Feb 2007
Jun 2007
May 2006
Jul 2007

Nov 2006
Jun 2006
May 2007
May 2004
May 2007

1

Patients were admitted to Division of Gastroenterology, Shanghai Renji
Hospital.

2 initially showed inflammatory lesions involving the
entire colorectal mucosa. When bloody diarrhea relapsed
during the maintenance therapy with sulphasalazine
1.5 g/d, colonoscopy revealed again inflammatory lesions
from the hepatic flexure to the rectum. Case 3 revealed
severe inflammatory lesions involving the entire colorectal
mucosa initially and limited lesions were found in the
rectosigmoid colon with several ulcers after treatment
with prednisone. Case 4 initially showed inflammatory
lesions involving the entire colorectal mucosa. Once
bloody diarrhea was alleviated, ulcers in the rectosigmoid
colon were observed. However, colonoscopy showed
inflammatory lesions involving the entire colorectal
mucosa again when she was taking prednisone 15 mg/d.
Case 5 showed mild inflammatory lesions involving the
entire colorectal mucosa with scattered erosions but no
ulcers. He was the only patient who did not relapse during
nearly 1 year follow up.
The colonoscopic biopsies of 4 patients (cases 1, 2,
3 and 5) and the surgical colon resection specimen of
case 1 were examined by 2 experienced pathologists. No
vascular inflammatory lesions were found.
Constituents of the particular Chinese medicine
compound were: Fllase Asiabell Root Tangshen, Garden
Burnet Root, Milkvetch Root, Largehead Atractylodes
Rhizome, Lignum et Radix Cudraniae, White Peony
Root, Whiteflower Patrinia Herb, Herba Violae, Common
Bletilla Tuber, Japanese Pagodatree Flower-bud, Lalang
Grass Rhizome, Whipformed Typhonium Rhizome,
Folium Isatidis, Hairyvein Agrimonia Herb and Bud, etc.

Discussion
ANCA is a group of antibodies directed against certain
proteins in the cytoplasm of neutrophils. There are 2
major categories of ANCA that can be determined
by immunofluorescence staining. Perinuclear ANCA
(pANCA) refers to the more localized perinuclear or
nuclear staining pattern; cytoplasmic ANCA (cANCA)
refers to the diffuse, granular staining pattern. It has
been shown that ANCA is associated with small-vessel
vasculitis. MPO-ANCA is related to polyangiitis or allergic
granulomatous angiitis, and PR3-ANCA is a specific
and sensitive marker of Wegener’s granulomatosis[3,4].
Wegener’s granulomatosis is a systemic and necrotizing
granulomatous vasculitis. The main manifestations of
Wegener’s granulomatosis are lung nodular infiltration,
upper respiratory tract diseases and proteinuria/
www.wjgnet.com
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Table 2 Common manifestations of disease in the five patients
Case

Bloody

Abdominal

diarrhea

Colonoscopy			

Histological		

pain							

Relapse

Activity

examination

Other colorectal
inflammation

1

20 times/d

Yes

Yes

Severe

Entire colorectum erosion, ulcer

Mucosa inflammatory

No

2

4 times/d

Yes

Yes

Moderate

Entire colorectum erosion, ulcer

Mucosa inflammatory

No

3

6 times/d

Yes

Yes

Severe

Entire colorectum erosion, ulcer

Mucosa inflammatory

No

4

7 times/d

Yes

Yes

Severe

Entire colorectum erosion, ulcer

Mucosa inflammatory

No

5

5 times/d

Yes

No

Moderate

Entire colorectum erosion		

Mucosa inflammatory

No

Table 3 Treatment of the five patients
Case

Induction of remission		

Immunosuppressant

				

Azathioprine

1

Methylprednisolone 40 mg/d, iv

50 mg/d, po

2

Methylprednisolone 40 mg/d, iv				

Maintenance of remission

Cyclophosphamide
0.6 g, iv

Colectomy
Chinese medicine compound

Chinese medicine compound
3

Methylprednisolone 40mg/d, iv

50 mg/d, po

0.6 g, iv

Chinese medicine compound

50 mg/d, po

0.6 g, iv

Chinese medicine compound

+ prednisone 20 mg/d, po
Chinese medicine compound
4

Methylprednisolone 40 mg/d
or 80mg/d, iv

5

Methylprednisolone 40 mg/d, iv				

hematuria. Kidney, nasal mucosa or lung biopsies
reveal granulomatous lesions. If the disease involves
the colon, the patient may have bloody diarrhea. The
principle treatment of vasculitis is to use prednisone or
cyclophosphamide to induce remission and then use
cyclophosphamide or azathioprine for the maintenance
of remission. Three to 6 mo therapy is usually needed for
inducing remission, but the relapse rate is high. Long-term
morbidity and mortality are high[5,6].
The 5 patients reported here did not meet the criteria
of Wegener’s granulomatosis (case 2 had a nasal polyp
but CT scan showed no lung lesion, and biopsies of the
nasal polyp and kidney did not show any granuloma).
Also, histopathological studies of the 4 patients
examined did not reveal any vascular inflammation in
either biopsy or surgical specimen of the colon.
It was re por ted that UC had a high pANCA
positivity, which was further identified as MPO-ANCA,
LF-ANCA, and BPI-ANCA, etc [7,8]. The presence of
pANCA combined with anti-Saccharomyces cerevisiae
mannan antibodies was recommended as a way to
distinguish UC from Crohn’s disease [9]. PR3-ANCA
belongs to cANCA, which is not a deep concern with
UC because of its low positivity. Liu et al reported 5
of 58 UC patients had positive PR3-ANCA, but the
significance of this finding was not mentioned [10]. In
Elzouki’s report, 17 of 141 UC patients were PR3ANCA positive, but no relationship was found between
PR3-ANCA and the severity of UC[11]. In the 5 patients
reported here, inflammatory lesions involving the
entire colorectum were seen. The probable reason for
the difference is that our patients were naive, while
corticosteroids could lessen the extent of the lesion.
Although corticosteroids could induce remission
www.wjgnet.com

Sulphasalazine 2 g/d

temporarily, maintenance of remission and recurrence
are problems that are hard to solve. What is the effective
treatment for UC with positive PR3-ANCA?
Azathioprine was employed in 3 steroid-dependent
patients. In the 3 patients, 50 mg/d had been used for
more than 3 mo, but bloody diarrhea relapsed when the
dose of prednisone was reduced to 30 mg/d. Azathioprine
has been recommended for maintenance therapy of both
UC and ANCA-associated vasculitis[4,6], but was ineffective
in our UC patients. Recurrence of bloody diarrhea
suggested that azathioprine was ineffective.
Cyclophosphamide has been recommended for the
management of active vasculitis, and it was also reported
that it could successfully induce remission in Crohn’s
disease and indeterminate colitis[12]. Cyclophosphamide
had been given in our 3 steroid dependent patients;
however it was ineffective. Anti-tumor necrosis factor-α
antibody has been reported to be effective for refractory
UC patients[13]. However, it is too expensive and could
not be afforded by ordinary Chinese patients. In our 3
patients, the Chinese medicine compound successfully
induced and maintained remission. (Case 1 had a
colectomy and did not have a chance to try the Chinese
medicine compound). It is suggested that the Chinese
medicine compound might be one of the best treatments
for UC with positive PR3-ANCA.
Our preliminary study indicates that UC with positive
PR3-ANCA may belong to a subtype of refractory UC.
The Chinese medicine compound prescribed is not
only more effective than Methylprednisolone but also
has the merit of being without noticeable side-effects.
However, more evidence is needed. We hope more
gastroenterologists can be attracted and more cases will be
accumulated. The particular Chinese medicine compound
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is worthy of further study and the effective constituents
should be identified.
8
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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, nutrition,
digestive surgery, 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
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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.
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Abstract
The limited efficacy of cytotoxic therapy for advanced
biliary tract and gallbladder cancers emphasizes the
need for novel and more effective medical treatment
options. A better understanding of the specific
biological features of these neoplasms led to the
development of new targeted therapies, which take
the abundant expression of several growth factors and
cognate tyrosine kinase receptors into account. This
review will briefly summarize the status and future
perspectives of antiangiogenic and growth factor
receptor-based pharmacological approaches for the
treatment of biliary tract and gallbladder cancers.
In view of multiple novel targeted approaches, the
rationale for innovative therapies, such as combinations
of growth factor (receptor)-targeting agents with
cytotoxic drugs or with other novel anticancer drugs
will be highlighted.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Biliary tract cancers (BTC) originate from the intraor extrahepatic bile duct epithelium[1]. They were first
described by Durand-Fardel in 1840[2,3]. The extrahepatic
type (cholangiocarcinoma), primarily cancers involving
the confluence of the right and left hepatic ducts,
accounts for 80%-90%, and the intrahepatic type
(cholangiocellular carcinoma) for the remaining
10%-20% of all biliary tract cancers. Hilar BTC as a
specific sub-entity was first reported by Klatskin in 1965,
hence their designation as Klatskin tumors[4]. BTC have
been considered rare malignancies comprising only 3%
of gastrointestinal tumors. However, interest in BTC
is growing due to a rising worldwide incidence and
associated mortality especially in intrahepatic BTC[5-8].
BTC is notoriously difficult to diagnose and is usually
fatal because of its late clinical presentation and the lack
of effective non-surgical treatment modalities[9]. Surgical
resection or liver transplantation remain the only
potentially curative therapeutic options. Unfortunately,
most patients have unresectable disease at presentation
and die within 12 mo. Liver failure and recurrent sepsis,
secondary to biliary obstruction, also contribute to the
high mortality[10]. Overall survival rate is poor, with less
than 5% of BTC patients surviving to 5 years, a rate
which has not changed significantly over the past 30
years[11]. Similar to BTC, there is currently no standard
chemotherapy regimen for patients with advanced
gallbladder cancer.
Therefore, innovative drugs are urgently needed for
effective medical treatment of biliary tract and gallbladder
cancers. This review will provide a perspective overview
of selected agents, which are currently in development,
or under consideration or testing for a more effective,
targeted treatment of BTC (Table 1; Figure 1) [12-24].
Moreover, we will discuss promising approaches, which
www.wjgnet.com
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Table 1 Current status of clinical trials with agents that target growth factor receptors and related signaling pathways for treatment
of biliary tract and gallbladder cancers
Name

Target

Mechanism

Cotreatment

Status

Clinical trials

Bevacizumab

VEGF

VEGF-neutralizing antibody

Cediranib (AZD2171)
Cetuximab

PAN-VEGFR, PDGFR, c-KIT
EGFR

Tyrosine kinase inhibitor
Monoclonal antibody

Erlotinib
Erlotinib
Radiation
Floxuridine, dexamethasone
Gemcitabine, oxaliplatin
AZD-0530
Gemcitabine, oxaliplatin

Phase Ⅱ
Phase Ⅱ
Phase Ⅰ
Phase Ⅱ
Phase Ⅱ
Phase Ⅰ
Phase Ⅱ

Erlotinib

EGFR

Tyrosine kinase inhibitor

NCT00350753[17]
NCT00356889[18]
NCT00426829[21]
NCT00410956[20]
NCT00361231[19]
NCT00475956
NCT00552149
(BINGO)[22]
NCT00033462[12]

Gemcitabine
Oxaliplatin, gemcitabine,
radiation
Lapatinib
Sorafenib

EGFR, erbB2
VEGFR, PDGFR, c-Raf, B-Raf

Tyrosine kinase inhibitor
Tyrosine kinase inhibitor

Bortezomib

Proteasome

Proteasome inhibitor

Growth factor inhibitors

Phase Ⅱ
Phase Ⅰb
Phase Ⅰ

Oxaliplatin,
Capecitabine
Gemcitabine

Phase Ⅱ
Phase Ⅱ
Phase Ⅰ/Ⅱ
Phase Ⅰ/Ⅱ

Docetaxel

Phase Ⅱ
Phase Ⅰ

NCT00266097[16]
NCT00107536[14]
NCT00238212[15]
NCT00634751[23]
NCT00661830
(GEMSO)[24]
NCT00085410[13]

Growth factors
Ligand-binding inhibitors

Growth factor receptors

PIP2

DAG

Tyrosine kinase inhibitors
PLCg

Grb2Sos-1
Shc

PI3K

Proteasome inhibitors

JAK1

IP3

PKC

Ca2+

ER

STAT3

Ca2+

Proteasome
Protein
degradation

STAT1

STAT3
STAT3

Akt

STAT1
STAT3

mTOR

Ras
Raf
MEK

Tyrosine kinase inhibitors

ERK

p70S6
mTOR inhibitors

Gene transcription

Nucleus

Endothelial proliferation
Metastasis

Survival
Angiogenesis
Cell proliferation

Figure 1 Major growth factor receptor signaling pathways. TK: Tyrosine kinase; P: Phosphorylation; MEK: Mitogen-activated protein kinase; ERK: Extracellular
signal-regulated kinase; PI3K: Phosphatidylinositol-3 kinase; mTOR: Mammalian target of rapamycin; JAK: Janus kinase; STAT: Signal transducer and activator of
transcription.

have not yet been tested in BTC or gallbladder cancer, but
warrant future evaluation.

ANTIANGIOGENIC TREATMENT
STRATEGIES
Angiogenesis plays a central role in tumor growth and
progression, and its implications have been extensively
investigated and described in the literature for various
cancers[25,26]. In the early 1970s, Folkman J[27] was the
first to develop the concept of angiogenesis-dependent
tumor growth and postulated that the specific blocking
www.wjgnet.com

of blood flow to the tumor should be a promising
strategy for cancer treatment.
Among the angiogenic factors/receptors described
so far, the vascular endothelial growth factor (VEGF)
and VEGF receptor family including the secreted
glycoproteins VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E, the placental growth factors (PlGF-1,-2), and
their cognate receptors VEGFR-1 (Flt-1) and VEGFR-2
(Flk/KDR) play major roles in not only physiological
but also in pathological angiogenesis. VEGF-A which
binds to both VEGFR-1 and -2 is a key regulator of the
development of the vascular system and is commonly
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overexpressed in a variety of solid tumors[28].
In addition, elevated levels of circulating VEGF-A
are correlated with progression and metastasis of
gastrointestinal cancers. A recent study confirmed that
elevated VEGF expression correlated with increased
metastasis of intrahepatic cholangiocarcinoma [29] .
Here upregulated VEGF-C, which plays an important
role in the lymph node metastasis of intrahepatic
cholangiocarcinoma, was the best independent factor for
a poor prognosis[30].
In this vein VEGF protein is overexpressed in
cholangiocarcinomas[31], which is paralleled by VEGFR-1,
-2 expression in the surrounding endothelial cells[32,33].
Therefore the VEGF/VEGFR system is an attractive
target for the treatment of these almost chemoresistant
cancers.

ANTIBODY-BASED ANTIANGIOGENIC
THERAPY
Anti-VEGF treatment
Bevacizumab is a humanized murine monoclonal antiVEGF antibody, which when combined with standard
cytostatic treatment significantly increased survival in
patients with metastatic colorectal cancer as compared
to standard treatment alone [34]. This positive phase
Ⅲ clinical trial led to approval of bevacizumab for
the treatment of advanced colorectal cancer in 2005.
Comparable results were obtained in a recent phase
Ⅲ clinical trial of bevacizumab in non-small cell lung
cancer. This study was interrupted prematurely because
of an obvious survival advantage in the antibody treated
patients[35].
The first clinical data on the successful treatment of
cholangiocarcinoma with bevacizumab were reported
in 2006, and described a patient whose metastasis from
cholangiocarcinoma resolved after salvage therapy with
3 cycles of bevacizumab (5 mg/kg) combined with
cisplatin (75 mg/kg) and high-dose fluorouracil and
leucovorin over a period of 2 wk[36].
Currently, several studies using bevacizumab for
combination therapy of cholangiocarcinoma are
ongoing. An ongoing phase Ⅱ trial explores the
combination of systemic bevacizumab with floxuridine
and dexamethasone given as a hepatic arterial infusion in
patients with unresectable hepatocellular carcinoma or
intrahepatic cholangiocarcinoma (NCT00410956). In this
trial, patients undergo placement of the hepatic arterial
infusion (HAI) pump and a cholecystectomy and receive
floxuridine and dexamethasone by HAI continuously for
2 wk. Bevacizumab is concomitantly given for 30-90 min
iv at the beginning and end of each cycle. Outcome
measure of the study trial is to determine the antitumor
efficacy (complete and partial response, stable and
progressive disease) as well as toxicity as measured by
Common Toxicity Criteria (CTC), which is a standard
set by the National Cancer Institute to provide standard
language for reporting adverse events which occur in
cancer clinical trials[37].
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Two other Phase Ⅱ trials are currently determining
the safety and efficacy of bevacizumab in combination
with the EGFR tyrosine kinase inhibitor erlotinib in
patients with metastatic or unresectable gall bladder
or bile duct cancers and other advanced upper
gastrointestinal carcinomas, which are refractory or
intolerant to standard chemotherapy (NCT00350753[17];
NCT00033462 [12]). This particular combination was
chosen because dual targeting of cancer cells (EGFR)
and their nutrient supply (anti-VEGF) will likely have
synergistic antitumoral effects[38]. Synergy has been shown
at the molecular level, since inhibition of the EGFR
suppressed the release of VEGF from tumor cells
in vitro[39,40]. Moreover, high levels of VEGF have been
shown to promote resistance to anti-EGFR treatment
in squamous cell carcinoma[41]. Recent clinical trials for
refractory non-small-cell lung cancer and advanced renal
cell carcinoma proved that this particular combination is
highly effective[42-44].
The combination of bevacizumab with radiation
therapy is currently being studied in inoperable
hepatocellular carcinoma and cholangiocarcinoma
in a non-randomized, open label phase Ⅰ trial
( N C T 0 0 4 2 6 8 2 9 [ 2 1 ] ) . I n r e c t a l c a n c e r p a t i e n t s,
bevacizumab was shown to enhance tumor blood flow,
to reduce tumor interstitial pressure, and to decrease
mean vessel density. These physiologic changes enhanced
the efficacy of radiation therapy in a neoadjuvant
setting [45] . It is most probable that antiangiogenic
preconditioning to normalize the tumor vasculature in
primary liver tumors will equally create a “therapeutic
window” whereby improved blood flow with enhanced
exposure to radiosensitizing oxygen is achieved.
Anti-PIGF treatment
The use of a neutralizing anti-PlGF monoclonal
antibody in VEGF-inhibitor resistant tumors is an
attractive alternative antiangiogenic strategy. A proof
of concept study has been performed in an animal
study with melanoma or pancreatic adenocarcinoma
bearing mice[46]. The antibody specifically inhibits the
binding of PlGF to its receptor VEGFR-1, present on
tumor-associated endothelial cells and macrophages.
The underlying idea of using this approach was
derived from gene inactivation studies showing that
endogenous PlGF is redundant in vascular development
and physiological vessel maintenance, but an important
contributor to the “angiogenic switch” in solid tumor
growth. This led to the hypothesis that unlike VEGF
inhibitors, PlGF inhibition might reduce pathological
angiogenesis, without disturbing physiological blood
vessel homeostasis and reduce concomitant unwanted
side effects. Hence, anti-PlGF treatment could perhaps
substitute for anti-VEGF therapy in the future.
Moreover, as PlGF levels increase in the circulation of
cancer patients receiving anti-VEGF treatment[47-49], antiPlGF should also counteract this potential downside of
anti-VEGF therapy. Accordingly, anti-PlGF-treatment
inhibits angiogenesis, lymphangiogenesis, tumor growth
and motility in anti-VEGF-resistant tumor bearing
www.wjgnet.com
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mice. Here, it blocks the so-called rescue-angiogenesis,
a major problem in current antiangiogenic approaches,
and showed excellent treatment tolerability. In addition,
anti-PlGF treatment may permit long-term treatment
of cancers in children, pregnant women, or patients at
risk for thrombotic, cardiac or other complications for
whom the adverse effects of other VEGF/VEGFRinhibitors may be excessive and prohibitive.

ANTIANGIOGENIC THERAPY WITH
SMALL MOLECULE INHIBITORS
Several agents which inhibit the tyrosine kinase activity
of angiogenic growth factor receptors like the VEGFR
or PDGFR, have been synthesized by combinatorial
chemistry. These tyrosine kinase inhibitors are small
molecules which occupy the ATP binding site of the
tyrosine kinase domain of the intracellular portion of
the receptor. Because of their effects on downstream
signaling, these inhibitors interfere with a number of key
biologic functions associated with VEGFR activation.
Although drugs that are targeted to specific VEGFR
kinases have shown clinical efficacy, the redundancy in
the angiogenesis pathways necessitates broad spectrum
inhibitors that address multiple (VEGFR) targets[50].
AZD2171
AZD2171 is a highly potent small molecule with
pan-VEGFR-tyrosine kinase inhibiting activity
(50% inhibitory concentration of < 0.002 µmol/L
for VEGFR-2 and 0.005 µmol/L for VEGFR-1,
respectively). AZD2171 also inhibits VEGFR-3,
PDGFR-β and c-Kit at nanomolar concentrations[51].
The antineoplastic potency of AZD2171 has been
demonstrated in several tumors, including lung,
hepatocellular, colorectal and prostate cancer and in all
cases the antitumor effect was associated with strong
inhibition of VEGF signaling and angiogenesis[52-54]. A
phase Ⅰ dose-finding study was conducted in 83 patients
with advanced solid tumors[52]. The study was divided
into parts A and B, with 36 patients on a dose-escalation
schema, in which 3 to 8 patients received a single oral
dose of AZD2171 ranging from 0.5-60 mg. After a
wash-out period of 2 to 7 d, the patients continued with
daily treatment at the same dose level. AZD2171 was
generally well tolerated at < 45 mg/d with common side
effects of fatigue, nausea, diarrhea, and vomiting. In part
B, an additional 47 patients were enrolled at 20, 30 or
45 mg orally daily. All patients had liver metastases and
six patients had NSCLC. The major toxicities and sideeffects included hypertension, headache, diarrhea, and
voice hoarseness. Three patients in the 60 mg cohort
each experienced one serious adverse event (grade 4
cerebral hemorrhage, grade 4 hypoglycemia, and grade
3 hypertension). Of the 83 patients enrolled, two partial
responses were observed, while stable disease was seen
in 23 patients.
At present AZD2171 is being evaluated in three
different studies (Horizon Ⅰ - Ⅲ ) in patients with
advanced colorectal cancer. In Horizon Ⅲ, which is a
www.wjgnet.com
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phase Ⅱ/Ⅲ study, AZD2171 is tested as a combination
partner for FOLFOX compared to a combination of
FOLFOX and bevacizumab in patients with previously
untreated metastatic colorectal cancer. AZD2171 has
shown encouraging signs of antitumor activity in a
clinical development program, which has included over
700 patients to date. Based on the generally encouraging
findings, AZD2171 is currently also being investigated
in cholangiocarcinoma. A pending phase Ⅰ trial
(NCT00475956) explores the effects of AZD2171 in
combination with AZD0530, a dual-specific inhibitor
of Src and Abl. Src and Abl are protein tyrosine
kinases which are overexpressed in malignancies such
as chronic myeloid leukemia (CML), where AZD0530
has already been proved to be an effective anticancer
agent[55]. The idea for using this particular combination
for the treatment of cholangiocarcinoma may have
arisen from observations that the Abl- and Src-inhibitor
imatinib (Gleevec) showed apoptosis-inducing and
growth-reducing effects in cholangiocarcinoma cells
in vitro[56]. However, imatinib also inhibits other tyrosine
kinases, such as c-kit and PDGFR-β. Thus it is not clear,
whether the effects of imatinib on cholangiocarcinomas
are related to Src-inhibition. This is doubtful as s-src
expression, which is highly correlated with the indices
of early stage hepatocellular carcinoma phenotype, is
not likely to be involved in the cholangiocarcinoma
phenotype, as no s-src activation could be detected in
cholangiocarcinoma[57].

strategies TARGETING THE EGFR
The central role of the epidermal growth factor receptor
(EGFR) in the proliferation of tumor epithelia and its
overexpression in several solid tumors have provided the
rationale for targeting this key signaling network. EGFR
blockade with monoclonal antibodies and tyrosine
kinase inhibitors has already translated into clinical
benefit in gastrointestinal tumors, including primary liver
cancer[58,59].
Over the past few years, three EGFR-specific agents
have received regulatory approval: (1) The monoclonal
anti-EGFR antibody cetuximab for metastatic colorectal
cancer, and squamous cell carcinoma of the head and
neck; (2) The tyrosine kinase inhibitor erlotinib for
advanced or metastatic pancreatic cancer and NSCLC;
and (3) The EGFR tyrosine kinase inhibitor gefitinib for
advanced or metastatic NSCLC. However, the general
FDA approval for NSCLC treatment with gefitinib
was recently withdrawn after it failed to demonstrate a
survival benefit either alone or with chemotherapy in
three phase Ⅲ trials[58,60].
Several reports indicate that the EGFR is frequently
(over-)expressed in cholangiocarcinoma. Additionally,
sustained EGFR activation due to defective receptor
internalization has been reported for cholangiocarcinoma
cells[61]. Of note, bile acids activate EGFR-signaling via a
TGF-alpha-dependent mechanism, thereby contributing
to the growth characteristics of cholangiocytes and
cholangiocarcinoma cells [62] . Clinicopathologically,
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EGFR overexpression was shown to be associated with
macroscopic tumor type, lymph node metastasis, tumor
stage, lymphatic vessel invasion, and perineural invasion
in extrahepatic cholangiocarcinoma. High levels of
EGFR expression and activation increased the risk for
tumor recurrence in intrahepatic cholangiocarcinoma[29].
EGFR-inhibitors inhibited cholangiocarcinoma cell
growth in vitro and in vivo[33,61,63].
These encouraging preliminary findings on the
general suitability of anti-EGFR-based-approaches
for the treatment of cholangiocarcinoma spawned
several clinical trials. In a cohort composed of 24
chemotherapy-refractory patients and 18 chemotherapynaive patients administered oral erlotinib (150 mg/d)
as monotherapy, the progression free survival at 6 mo
was determined[64,65]. Seventeen percent of the patients
achieved this primary end point, while disease control
was obtained in 50% of patients with a median duration
of 5.1 mo. Seven percent of the patients showed a
partial response of 4 to 14 mo duration. The results
suggest an astonishing therapeutic benefit for EGFR
blockade with erlotinib in patients with advanced biliary
cancer, however, this has to be confirmed in future
larger controlled trials and in trials which use erlotinib in
combination with other targeted agents.
An ongoing multicenter phase Ⅱ trial in patients
with advanced BTC (BINGO; NCT00552149) evaluates
the efficacy of the EGFR-antibody cetuximab (Huether
et al, 2006), combined with gemcitabine-oxaliplatin
chemotherapy (GEMOX). Patients will be randomized
1:1 to receive GEMOX (1000 mg/m² gemcitabine;
100 mg/m² oxaliplatin) alone or GEMOX + cetuximab
(500 mg/m²) every other week. The BINGO trial
also comprises ancillary basic research and functional
imaging studies, in order to identify markers that
predict treatment efficacy of bile duct cancer. The
primary outcome measure of the study is progressionfree survival at 4 mo. Secondary outcome measures
are the feasibility and toxicity of the treatments, and
an evaluation of the degree and duration of objective
tumor response or tumor control in a time frame of one
year.
A third study used cetuximab in combination with
GEMOX in a small number of nine GEMOX resistant
patients with advanced, metastatic and unresectable
intrahepatic cholangiocarcinoma [66]. Patients received
cetuximab 400 mg/m² on day 1, then 250 mg/m²
weekly, combined with gemcitabine 1000 mg/m² on
day 1 and oxaliplatin 85 mg/m² on day 2, every 3 wk.
Results of the study were encouraging. Cetuximab
was well tolerated and provided good palliative effects
in advanced cholangiocarcinoma. Moreover, adding
cetuximab bypassed tumor resistance to GEMOX[67].
Taken together, anti-EGFR-based therapies for
treating BTC appear to have their greatest potential when
given in combination either with conventional cytostatics
or with other targeted agents. The rationale for using
combination therapies is the existence of multilevel
receptor cross-stimulation or of redundant signaling
pathways which lead to neoplasia. Blocking only one of
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these pathways allows others to act as salvage or escape
mechanisms for cancer cells. Preclinical evidence of
synergistic antitumor activity achievable by combining
targeted agents that block multiple signaling pathways
has recently emerged[68-70]. The multi-target approach
can be accomplished by using either combinations of
selective agents or single agents, which address various
targets[71].

IGF/IGFR-based strategies
Activation of the insulin-like growth factor (IGF)
receptor 1 (IGF-1R) by IGF- Ⅰ and IGF- Ⅱ plays a
pivotal role in tumor cell proliferation and spread, by
promoting cell cycle progression, preventing apoptosis,
and by regulating and maintaining the metastatic
tumor phenotype [70,72-75] . A wide variety of tumors
show abnormal or enhanced expression of IGFs and
IGF-1R, which leads to auto- and paracrine growth
stimulation, and which has been correlated with
enhanced proliferation, tumor de-differentiation, disease
stage, development of metastases and reduced patient
survival. Enhanced expression of IGF-1R has also
been demonstrated in BTC, and the IGF/IGFR system
was shown to be centrally involved in proliferation and
suppression of apoptosis of cholangiocarcinoma cells[76],
making the IGF/IGFR-signaling system an attractive
target for the treatment of BTC. Thus IGF-1R blocking
antibodies, IGF-1R antisense oligonucleotides, or
IGF-1R siRNA have all been shown to effectively
interfere with IGF-1R mediated signaling in vitro and
with tumor growth and spread in vivo[76-80].
We and others validated the selective IGF-1R tyrosine
kinase inhibitor NVP-AEW541 as a promising novel
agent for the therapy of several cancers[81-85]. Moreover,
we showed that a combination of IGF-1R inhibitors
together with the multi-kinase inhibitor sorafenib, offer
additive antitumoral efficacy for cholangiocarcinoma
in vitro [86] . The antineoplastic properties of NVPAEW541 and related compounds such as NVPADW742 have been demonstrated in preclinical studies
on Ewing’s sarcoma-bearing mice, fibrosarcoma, breast
cancer and musculoskeletal sarcoma[81-83].
Specific IGFR-antibodies potently suppressed
prostate and breast cancer cell growth in vitro [87] .
The clinically most advanced anti-IGFR antibody is
CP-751871, which is currently being tested in three
phase Ⅱ trials for advanced breast cancer, NSCLC and
prostate cancer (www.clinical-trials.gov). Importantly, the
preliminary clinical data indicate that IGFR-inhibition
is well-tolerated[88-90]. Safety is important, since IGFRbased inhibition has long been regarded as a high-risk
intervention, because of the high homology of the
IGF-1R receptor with the related insulin-receptor, and
the fear that IGF-1R tyrosine kinase inhibitors may lead
to insulin resistance and overt diabetes [91]. However,
the current in vivo data do not support this assumption,
resulting in a growing interest in anti-IGFR-based
therapies[92].
Crosstalk between the signaling of the IGF/IGFR
www.wjgnet.com

7026

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

system and other growth factor receptors will likely
attenuate the antineoplastic effect of monotherapeutic
approaches, necessitating combinations of IGF/IGFRtargeting therapies with other therapies to enhance
efficacy[93,94]. This can be achieved by dual-targeting the
IGF-1R and the EGFR, since the EGFR is activated
by the IGF/IGFR-system leading to mito-oncogenic
EGFR-tyrosine kinase activity without ligand stimulation
of the EGFR [95]. In this line IGFR- combined with
EGFR-inhibition can over-additively enhance the
antineoplastic effect of the respective monotherapies in
gastrointestinal cancers[96-98].

Dual-targeting small molecule
inhibitors
The use of dual-targeting small molecule inhibitors,
simultaneously blocking less related kinases such as
VEGFR and EGFR tyrosine kinases, may also be
promising for the future treatment of BTC. These agents
inhibit both tumor cell proliferation/survival by blocking
mito-oncogenic EGFR signaling of the tumor cells and
angiogenesis by inhibiting endothelial VEGFRs. Recent
in vivo studies of non-cholangiocarcinoma models (colon,
prostate, NSCLC) demonstrated that the dual-targeting
tyrosine kinase inhibitor NVP-AEE788 displayed
significant antineoplastic efficacy[99-101]. NVP-AEE788
was recently also shown to be a potent inhibitor of
cholangiocarcinoma cell growth[33], further emphasizing
the possible suitability of EGFR/VEGFR-dual targeting
agents for the treatment of cholangiocarcinoma.
ZD6474 (Zactima) is another EGFR/VEGFR
tyrosine kinase inhibitor with potent antineoplastic
properties in phase Ⅱ/Ⅲ trials on NSCLC and thyroid
cancer. In these trials response rates of 30% in patients
with locally advanced medullary thyroid cancer [102] as
well as significant prolongation in the progression-free
survival of NSCLC patients[103,104] were observed.
Clinical studies on BTC using these dual target kinase
inhibitors have not yet been conducted. Nevertheless,
the idea of simultaneously inhibiting these two growth
factor receptor systems is currently under clinical
investigation using a combination of EGFR-inhibiting
erlotinib together with VEGF-neutralizing bevacizumab
(see before). Indeed, the University of Colorado
together with Astra Zeneca only recently started a phase
Ⅰ trial (NCT00551096) to determine the highest dose
of Zactima that can be safely given as a single agent or
in combination with gemcitabine and capecitabine in
advanced solid tumors. This study is explicitly planned
with an expanded cohort of patients with biliary cancers
(BTC and gallbladder cancer), who will be treated at the
highest determined dose in further studies.

OTHER STRATEGIES
Targeting the AKT/mTOR pathway
The activated PI3K/AKT/mTOR pathway has emerged
as a novel contributor to BTC development[105]. PI3K
associates with the intracellular domain of several
www.wjgnet.com
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growth factor receptors. Upon receptor activation,
PI3K triggers the generation of phosphatidylinositol
3,4,5-trisphosphate (PIP3), which provokes the
subsequent activation of AKT, a serine/threonine
kinase that activates multiple cellular target proteins,
such as the mammalian target of rapamycin (mTOR)
subfamily. mTOR is a serine-threonine kinase that
downregulates apoptosis, and via stimulation of cell
cycle progression enhances proliferation and cell growth.
Specifically, mTOR is involved in the activation of
mRNA-translation into proteins, which are necessary
for cell cycle progression from G1 to S-phase, including
the E4-binding protein (E4-BP1), and p70S6 kinase[106].
In nontransfor med cells the PI3K/AKT/mTOR
pathway is controlled by the phosphatase and tensin
homolog deleted on chromosome ten (PTEN), a tumor
suppressor which inhibits this pathway by reversing
PI3K and subsequent AKT activation. Mutation or
silencing of the PTEN gene leads to activation of the
mTOR pathway and promotion of carcinogenesis.
AKT-inhibition
The tricyclic nucleoside VQD-002 (triciribine phosphate
monohydrate, TCN-P, Vioquest Pharmaceuticals) is a
small molecule inhibitor of AKT signaling. Identified by
the Moffitt Cancer Center through screening the NCI
diversity set, VQD-002 was shown to be highly selective
for Akt without affecting the activation of other
related kinases, such as PI3K, PKC, phosphoinositidedependent kinase-1, serum and glucocorticoid-inducible
kinase, PKA, STAT-3 or ERK1/2. Accordingly, AKTinhibition by VQD-002 resulted in suppression of cell
growth and induction of apoptosis in human cancer
cells and in tumor xenograft mouse models, with high
selectivity for those tumors with aberrant Akt [107] .
An ongoing phase Ⅰ / Ⅱ a trial (NCT00363454) on
metastatic solid tumors overexpressing AKT, such
as pancreatic, breast, ovarian and colorectal cancer is
promising, as preliminary results indicate that VQD-002
was well tolerated and prolonged the stable disease
period of patients (http:www.vioquestpharm.com).
VQD-002 is already earmarked for combination with
the EGFR antagonist erlotinib, since preclinical studies
showed that coadministration of VQD-002 can help
to overcome resistance to EGFR-antibody therapy in
breast cancer patients with PTEN-deficiency[108].
mTOR-inhibition
The natural antibiotic rapamycin (sirolimus) is a potent
inhibitor of mTOR [109] . Recently, three analogues
of rapamycin with superior pharmacokinetic and
biological properties have emerged. The cell cycle
inhibitor-779 (CCI-779, temsirolimus) is a soluble
ester analogue. RAD001 [40-O-(2-hydroxyethyl)rapamycin, everolimus] is a derivative of rapamycin with
high oral bioavailability, and AP23573 is a non-prodrug analogue of rapamycin. These agents have been
successfully tested for their antineoplastic potency and/
or tolerability in various malignancies in early clinical
trials (e.g. CCI-779 in renal, breast and lung cancers),
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or are currently being studied in open clinical trials for
the treatment of colorectal, endometrial, and brain
tumors (RAD001, everolimus)[110-112]. AP23573 has been
successfully tested in a phase Ⅱ trial in sarcomas[113],
and two phase Ⅰ studies in patients with refractory
or advanced solid tumors showed partial responses
and disease stabilization in individual patients [114] .
In preclinical investigations, the antiproliferative,
antimigratory and anti-invasive potency of rapamycin in
cholangiocarcinoma cells has recently been described[115].
Activated mTOR was also demonstrated to be a
negative prognostic factor for patients with BTC, and
patients with activated mTOR are likely to benefit from
targeted therapy with mTOR inhibitors in the future[116].
However, so far no trials exploring mTOR-inhibitors for
BTC have been initiated.
Targeting the Ras/Raf/MARK pathway
The proliferative Ras/Raf/MEK/ERK pathway is one
the key signaling cascades that underlies the development
and maintenance of cancers. This pathway transduces
extracellular signals from the various growth factor
receptor tyrosine kinases (e.g. EGFR, IGFR, VEGFR
and PDGFR) to the nucleus with a series of specific
phosphorylation events, resulting in the expression of
proteins for cell cycle progression, apoptosis resistance,
extracellular matrix remodeling, cellular motility,
angiogenesis or drug resistance[117]. Dysregulation of this
crucial pathway occurs due to oncogenic transformation
of Ras and Raf isoforms, or to overexpression and/or
overactivation (via phosphorylation) of the Ras and Raf
genes[118,119]. Activating B-Raf mutations are relatively
common in cholangiocarcinomas and disruption of the
Raf/MEK/ERK (MAPK) kinase pathway, either by
B-Raf or Ras mutations, is detected in more than 60%
of all BTC, which is therefore one of the most frequent
defects in cholangiocellular carcinogenesis[120].
Sorafenib
The bi-aryl urea derivative sorafenib (Nexavar TM) is
an oral multi-kinase inhibitor, which targets kinases
of wild-type B-Raf, mutantV559E B-Raf and C-Raf,
and importantly receptor tyrosine kinases involved
in angiogenesis, including VEGFR-2, and -3, and
PDGFR[121]. Sorafenib has been approved by the FDA
for the treatment of advanced renal cell carcinoma and
of inoperable hepatocellular cancer.
The effect of sorafenib on several molecular targets
in addition to the Raf isoforms makes it difficult to
determine which of its targets contributes most to its
antitumor activity in a given tumor type. For instance, a
recent HCC trial suggested that inhibition of the Raf/
MEK/ERK pathway was central to sorafenib’s mode
of antitumor action[122], whereas in other cancers, such
as renal cell carcinoma or NSCLC, the antineoplastic
activity was attributed mainly to its antiangiogenic
activity[121,123].
Sorafenib alone or in combination with conventional
cytostatics (5-fluorouracil, gemcitabine, doxorubicin) or
IGF-1R inhibition induces a potent growth suppression
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of cholangiocarcinoma cells in vitro [86] . Antitumor
efficacy was even higher when sorafenib was combined
with the histone deacetylase inhibitor MS-275[124,125].
These encouraging findings have resulted in an ongoing
phase Ⅱ trial which evaluates sorafenib monotherapy
in patients with unresectable or metastatic gallbladder
cancer or BTC (NCT00238212). In an intermediate
evaluation of this study, sorafenib was well tolerated,
but as a single agent it did not lead to a clinically
significant response rate in these patients, while its
impact on survival was comparable to commonly
used chemotherapy regimens. These promising results
of sorafenib monotherapy will likely facilitate novel
therapeutic strategies which will combine multikinase
inhibition with conventional cytostatic therapy or with
unrelated pathway inhibitors, such as histone deacetylase
or proteasome inhibitors (see below) for enhanced and
well tolerated medical treatment of advanced BTC[126].
Targeting the proteasome
Another interesting therapeutic approach for innovative
cancer treatment is the inhibition of the 26S proteasome,
which is a large protease that is present in both the
nucleus and the cytoplasm of eukaryotic cells. The
proteasome functions as an identifier and proteolytic
graveyard for proteins branded for destruction by the
ubiquitin system. The so-called ubiquitin-proteasome
pathway (UPP) is the major non-lysosomal proteolytic
system in eukaryotic cells and triggers degradation of
proteins involved in cell cycle progression, apoptosis,
nuclear factor kappa B (NF-kB) activation, and
angiogenesis. UPP also degrades mutant, damaged, and
misfolded proteins[127]. Since these signaling pathways are
critical for cell survival and proliferation, especially in
cancer cells, inhibition of the proteasome has emerged
as an attractive target for cancer therapy.
Bortezomib
Bortezomib (Velcade TM) is a proteasome inhibitor,
which blocks multi-ubiquitinated protein degradation
by reversibly and competitively inhibiting the active
site threonine residue of the 26S proteasome [128] .
Antineoplastic activity of bortezomib has already been
shown in several in vitro and in vivo studies[129,130]. Only
recently we and others showed the potent apoptosis
inducing and growth inhibiting features of bortezomib
in cholangiocarcinoma cells [125,131] . Bortezomib is
the first proteasome inhibitor to be approved for
cancer therapy and based on the results of a phase
Ⅱ trial [127] has recently been approved by the FDA
for the treatment of mantle cell lymphoma [132,133] .
Other cancers, including neuroendocrine tumors,
RCC, NSCLC, or metastatic sarcomas have also been
evaluated in recent phase Ⅱ clinical trials. In some of
these studies a significant antineoplastic effect with
bortezomib monotherapy was observed, while in other
studies no or only marginal responses were found[134-136].
However, in the latter cases further investigation on
the role of bortezomib in combination with other
antitumoral drugs was recommended, since proteasome
www.wjgnet.com
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inhibition will likely sensitize cancer cells to other
therapeutic agents. Combinations with encouraging
results have been reported in two studies of lung
cancer and lymphoma[137,138]. In another phase Ⅰ trial,
bortezomib was tested in combination with the cytotoxic
agent docetaxel in advanced solid tumors, including
cholangiocarcinoma, where it showed generally good
tolerability[13]. A phase Ⅱ trial exploring bortezomib as
first-line systemic therapy of patients with unresectable
or metastatic adenocarcinoma of the bile duct or
gallbladder is currently ongoing (NCT00085410). A
comparable study in HCC was recently reported to have
resulted in disease stabilization in some patients, with
generally good tolerability. Here it was again suggested
that the focus should next be on combinations of
bortezomib with HCC-relevant cytostatics such as
doxorubicin[139]. In the in vitro studies on cholangiocellular
carcinoma cells we found that bortezomib shows
over-additive antitumoral effects when combined
with multikinase inhibitors like sorafenib or histone
deacetylase inhibitors, such as MS-275[125].

CONCLUSION
Targeted-therapies, which specifically inhibit growth
factor receptors and their related signaling pathways,
are promising approaches for the innovative medical
treatment of biliary tract and gallbladder cancers.
In particular, antiangiogenic strategies as well as
combination treatments with cytostatics have proved
particularly efficient, as they leave fewer mechanisms
of escape for the tumor cells. Combinations of these
targeted drugs are especially intriguing, and in the
future multi-kinase inhibitors such as sorafenib will be
combined with other growth factor receptor inhibitors,
proteasome inhibitors, histone deacetylase inhibitors,
farnesyltransferase inhibitors or cytostatics to effectively
control advanced biliary tract or gallbladder cancers.
The advantage of such novel combination therapies is
their higher tumor cell specificity and higher efficacy,
combined with acceptable toxicity and side effects. These
novel combination treatments will widen the therapeutic
spectrum for biliary tract and gallbladder cancers; the
results of (ongoing) clinical studies are eagerly awaited.
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Abstract
Aberrant expression and signaling of epidermal
growth factor receptor (ErbB) family receptor tyrosine
kinases, most notably that of ErbB2 and ErbB1,
have been implicated in the molecular pathogenesis
of intrahepatic cholangiocarcinoma. Constitutive
overexpression of ErbB2 and/or ErbB1 in malignant
cholangiocytes has raised interest in the possibility
that agents which selectively target these receptors
could potentially be effective in cholangiocarcinoma
therapy. However, current experience with such ErbBdirected therapies have at best produced only modest
responses in patients with biliary tract cancers.
This review provides a comprehensive and critical
analysis of both preclinical and clinical studies aimed
at assessing the role of altered ErbB2 and/or ErbB1
expression, genetic modifications, and dysregulated
signaling on cholangiocarcinoma development and
progression. Specific limitations in experimental
approaches that have been used to assess human
cholangiocarcinoma specimens for ErbB2 and/or ErbB1
overexpression and gene amplification are discussed.
In addition, current rodent models of intrahepatic
cholangiocarcinogenesis associated with constitutive
ErbB2 overexpression are reviewed. Select interactive
relationships between ErbB2 or ErbB1 with other
relevant molecular signaling pathways associated
with intrahepatic cholangiocarcinoma development
and progression are also detailed, including those
linking ErbB receptors to bile acid, cyclooxygenase-2,

i n t e r l e u k i n - 6 / g p 1 3 0 , t ra n s m e m b ra n e m u c i n s ,
hepatocyte growth factor/Met, and vascular endothelial
growth factor signaling. Lastly, various factors that
can limit therapeutic efficacy of ErbB-targeted agents
against cholangiocarcinoma are considered.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Intrahepatic cholangiocarcinoma, also known as
peripheral cholangiocarcinoma, is a primary epithelial
cancer that arises within liver and which exhibits
differentiation markers of biliary epithelial cells or
cholangiocytes [1-3] . This rare, but highly malignant
hepatobiliary cancer accounts for approximately
10%-15% of all primary liver cancer [3,4]. More than
90% of intrahepatic cholangiocarcinomas are classified
histologically as well-to-moderately differentiated tubular
adenocarcinomas, although other rare histological
variants, including papillary, adenosquamous, and
intestinal-type carcinoma also occur[1,2,5-7]. Typically, a
desmoplastic reaction of variable degrees is a common
histological feature and in some cases may be the most
prominent characteristic of the tumor[1,2].
Morphologically, intrahepatic cholangiocarcinomas
have been further classified as either having a massforming, periductular infiltrating, or intraductal growth
pattern [1,2,8-10] . Of these morphological types, the
intraductal growing cholangiocarcinoma is the least
common, but has a more favorable prognosis than either
www.wjgnet.com
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the mass-forming or periductular infiltrating types. Some
tumors may also manifest a combination of growth
patterns (i.e. mass-forming and periductular infiltrating),
thereby precluding an absolute morphology-based
classification system based solely on a single type of
growth pattern.
Intrahepatic cholangiocarcinoma typically carries a
very poor prognosis and the challenges posed by this
cancer are formidable. Most notably, early diagnosis
of intrahepatic cholangiocarcinoma is problematic,
with a vast majority of patients being diagnosed at
first presentation with advanced malignant disease.
Thus, treatment options are limited and prospects
for long-term survival are for the most part dismal.
Current epidemiological data have further indicated
a global increase over the past two to three decades
in the age-adjusted incidence and mortality rates of
intrahepatic cholangiocarcinoma[4,11-14], whereas the ageadjusted incidence and mortality rates for extrahepatic
cholangiocarcinoma have been reported to be declining
over a comparable time period [4,12]. It is of further
interest that the most significant rise in intrahepatic
cholangiocarcinoma incidence was noted among the
older ( ≥ 65 years of age) rather than younger age
groups analyzed[4,12].
It has recently been reported that only about 10%
of patients with intrahepatic cholangiocarcinoma have
been found to have a known established risk factor,
such as primary sclerosing cholangitis, hepatolithiasis,
infestation with the liver flukes Opisthorchis viverrini
or Clonorchis sinensis, and choledochal cysts[15]. Thus, a
vast majority of patients presenting with intrahepatic
cholangiocarcinoma do not have a history of these
well-recognized risk factors and the cause for the rising
incidence, particularly among older age groups, of this
often fatal hepatobiliary malignancy remains unclear.
However, in addition to the more well-established risk
factors listed above, a number of chronic liver diseases,
including alcoholic liver disease, hepatitis C and B,
human immunodeficiency virus infection, unspecified
cirrhosis, and diabetes have also been recently reported
to be associated with the development of intrahepatic
cholangiocarcinoma[12-14,16,17].
Common features of the few well-established risk
factors and the more recently analyzed pre-existing
chronic liver conditions seemingly predisposing for
intrahepatic cholangiocarcinoma include chronic
inflammation and bile duct cell injury often combined
with cholestasis and altered bile composition.
Molecular perturbations brought about by the mileau
of cholangitis and cholestasis have been linked
to the initiation, promotion and/or progression
stages of cholangiocarcinogenesis [1,18-20]. Among the
pathways affected and demonstrated to be playing
a role in the molecular pathogenesis of intrahepatic
cholangiocarcinogenesis are those mediated by the
ErbB family of receptor tyrosine kinases, most notably
involving the dysregulation of ErbB2 (HER2/neu)
and/or epidermal growth factor receptor (EGFR)
signaling. This review will critically evaluate the role
www.wjgnet.com
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played by the ErbB family receptor tyrosine kinases
in the development and progression of intrahepatic
cholangiocarcinoma. Specifically, the significance of
aberrant ErbB2 and EGFR expression and genetic
alterations in relation to the pathogenesis of human
intrahepatic cholangiocarcinoma will be assessed.
Experimental models linking constitutive overexpression
of activated ErbB2 to intrahepatic cholangiocarcinoma
development will also be described. In addition, relevant
interactive relationships between ErbB2, as well as
EGFR, with other key molecular pathways associated
with intrahepatic cholangiocarcinoma development
and/or progression and the effects of bile acids on
ErbB receptor signaling in cholangiocarcinoma cells
will be discussed. Lastly, the potential value of EGFR
and/or ErbB2 as molecular targets in intrahepatic
cholangiocarcinoma therapy will be assessed.

The ErbB Family of Receptor
Tyrosine Kinases and Their
Specific Ligands
The ErbB family of class Ⅰ receptor tyrosine kinases is
comprised of four distinct receptors: EGFR (ErbB1),
ErbB2, ErbB3 and ErbB4. Each of these plasma
membrane receptors, in turn, is composed of an
extracellular ligand-binding domain, a transmembrane
lipophilic domain, and a conserved cytoplasmic tyrosine
kinase domain [21-24]. All of these receptors, with the
exception of ErbB2, bind receptor specific ligands
belonging to the EGF-family of growth factors. These
EGF-related growth factors have been divided into
three groups [21,23]. The first group, which includes
epidermal growth factor (EGF), transforming growth
factor-α (TGF-α), and amphiregulin, binds specifically
to EGFR. A second group, which shows dual specificity
by binding to both EGFR and ErbB4, includes heparinbinding EGF, epiregulin, and betacellulin. Neuregulins
(NRGs), compose the third group, with NRG1 and
NRG2 (heregulins) being ligands for ErbB3 and ErbB4,
and NRG3 and NRG4 binding only to ErbB4[21,23,25].
EGF-family growth factors are produced in cells as
transmembrane precursors, which can then be shed as
soluble active ligands through proteolysis catalyzed by
cell surface acting proteases, most notably through the
activity of matrix metalloproteinases (MMPs)[22,26,27]. This
mechanism of cell surface growth factor shedding plays
an important role in regulating ligand availability and
receptor activation[22,27].
T he binding of EGF-family lig ands to the
extracellular domain of ErbB receptors induces homoor heterodimerization of the receptor proteins and
activation of the intrinsic tyrosine kinase domain,
resulting in the trans-phosphorylation of specific
tyrosine residues within the receptor’s cytoplasmic
tail [21-23]. The phosphorylated residues then serve as
docking or recruitment sites for a variety of signaling
proteins [22,24,28,29], which in turn, initiate downstream
signaling cascades and other molecular activities that
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Mechanisms of ErbB family receptor activation and main downstream signaling pathways
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Figure 1 Simplified scheme depicting
ErbB receptor tyrosine kinase
activation and downstream signaling
pathways relevant to intrahepatic
cholangiocarcinogenesis.
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regulate such fundamental biological responses as
cell differentiation, cell proliferation, cell survival, cell
migration, and angiogenesis (Figure 1). The type and
amplitude of the downstream signaling pathways that
are activated and their resulting biological effects are
governed by the complexity and diversity of the ErbB
network regulating these responses, and as such, are
dictated in large part by which ErbB receptors are being
expressed, the number of receptors being expressed and
their dimerization and tyrosine phosphorylation profiles,
the type and concentration of stimulating ligand,
receptor stability at the cell surface, and the potential
for receptor transactivation and/or cross-talk with other
receptor-mediated signaling pathways[22,23,30-33].
ErbB2, because of the unique conformation of
its ectodomain compared with the ectodomains of
EGFR and ErbB3, is the only member of the ErbB
receptor family that does not allow for the binding of
any of the known soluble EGF-like ligands[21-23]. The
crystal structure of a truncated ErbB2 ectodomain
has further revealed a conformation that resembles
that of an activated state poised to interact with other
ErbB receptors [21,34]. This unique structure helps to
explain why ErbB2 has an enhanced capacity for
heterodimerization and is the preferred dimerization
partner for all other ErbB receptors[23]. Moreover, by
having a fixed conformation that resembles the ligandactivated state, it is not surprising that ErbB2 exhibits
a constitutively high basal kinase activity and is closely
linked to human oncogenesis[23,35]. It is also relevant that
ErbB2 overexpression can result in ligand-independent
homodimerization and that EGFR levels may be
increased in tumors induced in association with the

constitutive overexpression of ErbB2[23,36].
ErbB2-containing heterodimers (i.e. ErbB2/EGFR
or ErbB2/ErbB3) are associated with a more robust
signaling than that generated by homodimers[23]. In this
context, it is notable that ErbB2/ErbB3 heterodimers are
most potent in terms of stimulating cell mitogenesis and
neoplastic transformation[21,23]. The dominant signaling
capacity of ErbB2/ErbB3 heterodimers appears to be
paradoxical since ErbB2 is a ligandless receptor for EGF
family growth factors, while ErbB3 has an impaired
kinase activity [21]. However, an allosteric mechanism
for the activation of the kinase domain of ErbB3
by its interaction with ErbB2 has been predicted [24].
Furthermore, the potent signaling exhibited by ErbB2/
ErbB3 heterodimers relates to their capacity to strongly
activate both the ras-raf-MEK-p42/44 mitogen-activated
protein kinase (MAPK)/extracellular regulated kinase
(ERK) and the phosphatidylinositol 3-kinase (PI3K)Akt pathways[23]. Activation of the ras-raf-MEK-MAPK
(ERK) pathway involves the recruitment of select
adaptor proteins (Grb-2 or Shc) to the receptor, and
is a key pathway for driving cellular proliferation[22,23].
The PI3K-Akt pathway, which regulates cell survival
and anti-apoptotic signals is activated by recruitment of
the p85 adaptor subunit of PI3K to the receptor[22,23].
Specifically, ErbB3 (and ErbB4) activates PI3K through
select p85 docking sites on the cytoplasmic tyrosine
kinase domain. Additional factors contributing to potent
signaling capacity of the ErbB2/ErbB3 heterodimers is
their increased stability at the cell surface and their ability
to evade downregulation mechanisms, thereby leading
to prolonged signaling[23]. ErbB2 also acts to decrease
the rate of ligand dissociation from ErbB2-containing
www.wjgnet.com
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of phospholipase Cγ to the tyrosine kinase domain of
the EGFR receptor mediates the generation of lipid
second messengers diacylglycerol and inositol 1, 4,
5-triphosphate[21].
ErbB2 and/or EGFR together with EGF-like
peptides are frequently found to be overexpressed
in various epithelial cancers of both the human and
experimental animal models. Mechanisms associated with
the aberrant constitutive activation of ErbB2 or EGFR
in malignant tumors include not only those associated
with a persistent paracrine or autocrine production of
growth factor ligands within the tumor, but also may
occur as a result of receptor gene amplification and/or
transcription-mediated protein overexpression, or by
mutational activation. As ErbB2, and to a lesser extent
EGFR, have been the most studied of the ErbB family
receptor members in intrahepatic cholangiocarcinoma,
much of the remainder of this review will focus on
establishing their relevance to the molecular pathogenesis
of intrahepatic cholangiocarcinoma and their potential
as molecular targets for therapy against this lethal cancer.
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Figure 2 ErbB2 expression in human intrahepatic cholangiocarcinoma.
A: Differences in overall reported frequencies of archival human intrahepatic
cholangiocarcinoma specimens scored as being immunohistochemicallypositive for ErbB2 expression using non-uniform experimental methods and
criteria; B: Range of reported frequencies of archival human intrahepatic
cholangiocarcinomas scored as being moderately-to-strongly positive (+2 to
+3) for ErbB2 immunoreactivity following antigen unmasking by heating of
tissue specimens in citric acid buffer, pH 6.0. Number in () = number of cases
analyzed; number in [] = reference number; In A, 1refers to Japanese cases
analyzed; 2refers to Thai cases analyzed.

heterodimeric complexes[23].
In addition to activating the intracellular ras-rafMEK-MAPK and PI3K-Akt cascades, signaling through
ErbB family receptors also activates other key cell
regulatory molecules affecting cell differentiation, cell
cycle progression, and malignant transformation and/
or progression, including transcription factors such as
c-myc, c-Jun, c-fos, Ets family members, signal transduction
and activator of transcription (STAT) proteins, and
nuclear factor-κB (NF-κB) [21-23,37-39]. Cyclin D1 is an
important cell cycle regulator downstream of ErbB
receptor signaling, which promotes G1/S phase cell
cycle progression[23,30]. Moreover, preferential binding
www.wjgnet.com

The human ErbB2 receptor tyrosine kinase is a 185 kDa
transmembrane glycoprotein encoded by the c-erbB-2
proto-oncogene localized to chromosome 17q. Since
1989, several independent studies have been published
describing the results of immunohistochemical analyses
of ErbB2 oncoprotein expression in cancerous
epithelium of human intrahepatic cholangiocarcinomas
relative to that of normal bile ducts in adult liver[40-52].
In each of these studies, ErbB2 immunohistochemistry
was perfor med on for malin-fixed, paraffinembedded tissue samples from human intrahepatic
cholangiocarcinomas of either Eastern and/or Western
origin, which were mostly obtained from surgical files,
but in some studies, also included specimens from
autopsy files[44,48]. ErbB2 immunostaining was either not
detected or only weakly detected in normal intrahepatic
bile duct epithelium in adult and in fetal human
livers[40,43,44,47,49]. On the other hand, reported incidences
of intrahepatic cholangiocarcinoma cases overexpressing
immunoreactive ErbB2 in their cancerous epithelium
were found to vary considerably. Figure 2A highlights
differences in the published frequencies (%) of analyzed
cases of human intrahepatic cholangiocarcinomas
that showed positive 1+ (weak) to ≥ 2+ (moderate
to strong) immunoreactivity for ErbB2. The obvious
disparities among these published values are likely
due, at least in part, to one or more of the following
possibilities: (1) differences in tissue processing
procedures used to optimize antigen availability, (2) use
of different ErbB2 antibody preparations, (3) variations
in the criteria or methods used to score and quantify
positive cases of ErbB2 overexpression, and (4) in
some studies, having too small of a sampling size of
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intrahepatic cholangiocarcinoma specimens in the study
to be meaningful[41,42].
Notable differences among the experimental
approaches used in these various independent studies
included the fact that antigen retrieval procedures
involving heating tissue specimens in citrate buffer, pH
6.0, were employed in only some[44,46-50,52], but not all
of the published studies. Moreover, in some of these
studies, mouse monoclonal ErbB2 antibody preparations
were used [41-46,48,49] whereas others were performed
with rabbit polyclonal anti-ErbB2 antibodies[40,47,50-52].
Furthermore, while in some studies no distinctions
were made between plasma membrane and cytoplasmic
immunostaining when scoring tumors ostensibly
positive for ErbB2 overexpression[40,47], others more
appropriately relied largely on evidence of positive
membranous immunostaining when classifying positive
cases[43,44,48-52]. Also, the methods used in these studies
to assess human intrahepatic cholangiocarcinomas
for ErbB2 overexpression have been for the most
part semi-quantitative, with no standard or uniform
guidelines having been adopted to date for quantifying
or validating ErbB2 overexpression in human
cholangiocarcinogenesis. In this context, the results
shown in Figure 2B are somewhat revealing, since they
demonstrate that a greater degree of conformity among
the reported frequency of expression values shown in
Figure 2A can be achieved when the data are reevaluated
in terms of (1) being derived only from those studies
in which antigen unmasking was accomplished through
heating of the tissue specimens in citric acid buffer,
pH 6.0, and (2) when only those tumors scored as
being moderately-to-strongly-positive (≥ 2+) in their
immunostaining reactions are used in calculating the
overall frequencies of ErbB2-overexpressing tumors.
It also follows that before further progress can be
made in using immunohistochemistry to reliably
and reproducibly assess cases of human intrahepatic
cholangiocarcinoma for ErbB2 overexpression, there is a
real need to establish rigorous clinical practice guidelines
specific for this cancer, as were recently recommended
by the American Society of Clinical Oncology and the
College of American Pathologists for ErbB2 testing and
validation in human breast cancer[53]. Less subjective and
more analytical methods, such as the use of computerassisted image analysis for quantifying immunostaining
reactions are also needed to permit more objective
measurements of ErbB2 immunoreactivity (as well as
that of other marker proteins) in fixed tissue sections
from human intrahe patic cholangiocarcinomas
and related risk conditions. In this regard, utilizing
microdensitometry measurements of immunostaining
reactions, Endo et al [49] had demonstrated a strong
positive correlation between levels of plasma membrane
ErbB2 immunoreactivity and that of cytoplasmic
cyclooxygenase-2 (COX-2) in human intrahepatic
cholangiocarcinogenesis. The data generated from this
quantitative immunohistochemical study are consistent
with a growing body of experimental evidence that
supports a strong positive relationship between ErbB2
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receptor expression and signaling and COX-2 protein
up-regulation and increased activity in the pathogenesis
of intrahepatic cholangiocarcinoma (see below).
Not surprisingly, and likely for the same reasons
described above for ErbB2, comparable immunohistochemical studies aimed at assessing EGFR
overexpression in archival specimens of human
intrahepatic cholangiocarcinomas from surgical
files also yielded disparate results. For example, in
five different published studies, the frequencies of
intrahepatic cholangiocarcinomas exhibiting 2+
to 3+ immunostaining for EGFR were reported
to be 10.7% [51] , 21.1% [46] , 21.6% [54] , 47% [55] , and
81% [50], respectively. In the positive tumors, EGFR
immunostaining, with varying degrees of heterogeneity,
was largely localized to the plasma membranes of the
cancerous epithelial cells. Ito et al[46] further observed
that 39.5% of their analyzed cases (n = 38) of human
intrahepatic cholangiocarcinoma showed 2+-positive
cytoplasmic immunostaining for ErbB3, with 10.5% of
the total tumors analyzed also found to be 2+-positive
for cytoplasmic ErbB4 immunostaining. In addition,
these investigators reported that 21.1% of the cases of
intrahepatic cholangiocarcinomas included in their study
exhibited positive immunostaining for all four ErbB
family members, while 36.8% of the tumors analyzed
were found to exhibit positive immunostaining reactions
for three of the four type Ⅰ receptors. However,
the purely descriptive nature of this study makes it
impossible to predict specific receptor dimerization
preferences that may be operative in these analyzed
tumors.
While uncommon, activating mutations in the
tyrosine kinase domain of ErbB2 have been recently
described for a subset of lung cancer patients [56] .
Likewise, a novel H878Y missense mutation in the
tyrosine kinase domain of ErbB2 has also been recently
demonstrated in 11% (2/18) of examined cases of
human hepatocellular carcinoma[57]. However, in this
same study, none of 22 analyzed cases of biliary cancer
were found to harbor the erbB2 H878Y mutation. All
hepatocellular carcinoma and biliary cancer samples
analyzed in this particular study were further observed
to be negative for gain-of-function somatic mutations
affecting the catalytic domain of the EGFR gene.
In contrast, Leone et al[58] recently described somatic
mutations in the tyrosine kinase domain of EGFR in a
subgroup of patients with either cholangiocarcinoma
or gallbladder carcinoma. Gwak et al[59] also recently
reported that 13.6% (3/22) of examined cases of
human cholangiocarcinoma exhibited EGFR mutations
in the kinase domain. While still limited in scope,
these collective findings suggest that mutations in
the tyrosine kinase domain may be playing a role
(albeit limited) in sustaining the activation of ErbB
receptors, most particularly EGFR, in a subset of
human biliary tract cancers, including some intrahepatic
cholangiocarcinomas. Thus, identifying such activating
mutations could conceivably contribute towards
predicting a positive response of a few select biliary tract
www.wjgnet.com
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Figure 3 Representative photomicrographs demonstrating c-erbB2 gene
amplification and a corresponding strong positive immunoreactivity
for activated ErbB2 oncoprotein in the neoplastic cholangiocytes of a
human intrahepatic cholangiocarcinoma. A and B: Sections of two different
intrahepatic cholangiocarcinomas with neoplastic cholangiocytes exhibiting
FISH nuclear signals for c-erbB2 (orange dots) and for CEP17 (centromeric
region of chromosome 17; green dots). Orange/green values indicate
c-erbB2/CEP17 signal ratio for each cholangiocarcinoma. An orange/green
ratio of > 2.0 = a tumor with c-erbB2 amplification (B), whereas a ratio value
at or approximating 1.0 = a tumor without c-erbB2 amplification (A). The
neoplastic cholangiocytes in the intrahepatic cholangiocarcinomas depicted
in A (immunohistochemical staining not shown) and in B (with corresponding
immunohistochemical staining shown in C) were each found to exhibit strong
positive immunoreactivity at the plasma membrane for activated ErbB2
oncoprotein, using an antibody directed against phosphotyrosine 1248 of
ErbB2. Tyrosine 1248 is the main autophosphorylation site in the carboxy
terminal domain of ErbB2 linked to downstream signaling through the ras-rafMEK-p42/44 MAPK signal transduction pathway. Thus, activation of ErbB2
via autophosphorylation at tyrosine 1248 in neoplastic cholangiocytes of
intrahepatic cholangiocarcinomas can be demonstrated either in the presence
or absence of c-erbB-2 amplification. (A, B × 330, C × 132).

cancers to ErbB targeted therapies (see below).
Presently, there have only been limited efforts
to investigate c-erbB2 gene amplification in human
intrahepatic cholangiocarcinomas. Moreover, as has been
www.wjgnet.com
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the case with immunohistochemistry, current studies
that utilized either fluorescence in situ hybridization
(FISH), exemplified in Figure 3, or chromogenic
in situ hybridization (CISH) analysis to evaluate c-erbB2
amplification in cases of human cholangiocarcinoma
have also produced variable and conflicting results.
Shiraishi et al[60], employing two-color FISH using probes
specific for c-erbB2 and chromosome 17 centromere,
did not detect evidence of c-erbB2 amplification in six
analyzed cases of human biliary tract cancers, including
two peripheral and three hilar cholangiocarcinomas
that showed a gain in 17q. In contrast, Ukita et al[48]
employing FISH to evaluate gene amplification
using only a c-erbB2 probe reported increased c-erbB2
signals in all 22 of their analyzed cases of intrahepatic
cholangiocarcinoma. In this study, putative c-erbB2
amplification was detected in the form of cluster signals
in most of the tumors. On the other hand, there was a
notable discordance between the immunohistochemical
findings for ErbB2 overexpression and the FISH data
for c-erbB2 amplification. Furthermore, since Ukita
et al[48] did not assess for changes in chromosome 17
copy number, it is not possible to determine from their
results the extent to which aneuploidy or chromosome
17 polysomy alone may have contributed to their
findings. More recently, Altimari et al [50] using CISH
detected putative c-erbB2 amplification in 4% of cases of
human intrahepatic cholangiocarcinoma that were also
found to be moderately to strongly immunoreactive for
ErbB2 oncoprotein. However, this study also did not
include an internal control for chromosome 17 copy
number. On the other hand, Nakazawa et al[51] using two
color FISH with probes for c-erbB2 and chromosome
17 centromere re por ted no evidence of c-erb2
amplification in 28 analyzed cases of human intrahepatic
cholangiocarcinomas. Contrary to the findings of
others (see Figure 2) Nakazawa et al[51] also reported
that none of their analyzed cases of intrahepatic
cholangiocarcinoma were immunohistochemically
positive for ErbB2 overexpression.
The limited scope of these reported findings
together with the fact that experimental variations and
non-standardized criteria were used in assessing c-erbB2
amplification in human intrahepatic cholangiocarcinoma
clearly indicates the need for further studies in
order to more definitively assess the extent to which
gene amplification may be contributing to ErbB2
overexpression in these tumors. Universal and reliable
standards need to be adopted for assessing c-erbB2
amplification in biliary tract malignancies, including
intrahepatic cholangiocarcinoma, leading to a more
rigorously controlled assessment of c-erbB2 gene
amplification in relation to protein overexpression. It is
also important to be able to more definitively assess if
c-erbB2 amplification might provide a more reliable and
less variable indicator than immunohistochemistry for
predicting favorable therapeutic responses of patients
with intrahepatic cholangiocarcinomas to target-based
treatments with ErbB2 inhibitors.
Another important deficiency in our current
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understanding of ErbB2 and EGFR overexpression
in human intrahepatic cholangiocarcinomas is the
noticeable lack of mRNA data. In situ hybridization
(ISH) has been used to investigate c-erbB2 mRNA
expression in the cancerous epithelium of archival
formalin-fixed, paraffin-embedded specimens of human
cholangiocarcinoma [48], but the staining pattern that
was observed was seen to be diffusely intranuclear and
to a much lesser extent cytoplasmic, suggesting some
possibility of artifact. Regardless, these reported ISH
results are descriptive and not quantitative, and have not
been validated by more definitive analytical methods,
such as real-time reverse-transcriptase polymerase
chain reaction (real-time RT-PCR). Utilizing laser
microbeam microdissection and cDNA microarray
analysis, Obama et al [61] demonstrated a more than
five-fold increase in c-erbB2 expression in 3 (14%) and
more than a two-fold increase in 6 (28%) of 21 cases
of human intrahepatic cholangiocarcinomas analyzed.
However, it was not evident if the microarray data for
c-erbB2 was validated by real-time RT-PCR. Here it may
also be relevant that Endo et al[49], utilizing computerassisted image analysis to evaluate plasma membrane
ErbB2 immunostaining, have reported strongly-positive
immunoreactivity for plasma membrane ErbB2 to be
most prominent in the cancerous epithelium of well
differentiated intrahepatic cholangiocarcinomas, whereas
most of the tumors analyzed by Obama et al[61] were
classified as being moderately to poorly differentiated.
Settakorn et al[52], on the other hand, observed a low
level of ErbB2 immunoreactivity in all (n = 9) of their
analyzed archival cases of low grade human intrahepatic
cholangiocarcinoma and strongly-positive ErbB2
immunoreactivity in 10 of 22 cases of the higher grade
tumors. The fact that different commercial antibodies
(monoclonal versus polyclonal) were used by Endo
et al[49] and Settakorn et al[52], respectively, may account,
at least in part, for the discrepancies in their reported
immunohistochemical findings. Nevertheless, it is
evident from the limited and conflicting results described
above that further studies are needed to more clearly
define the association between tumor grade and c-erbB2
mRNA and protein expression in human intrahepatic
cholangiocarcinoma.
A number of immunohistochemical studies have
demonstr ated i n c r e a s e d e x p r e s s i o n o f E r b B 2
oncoprotein in variable percentages of noncancerous
biliary proliferative disorders associated with human
cholangiocarcinogenesis, including hepatolithiasis
and PSC [44,47,49]. These findings suggest that ErbB2
overexpression associated with risk conditions
characterized by cholangitis and par tial biliar y
obstruction may represent a relatively early event
linked to human intrahepatic cholangiocarcinogenesis.
Interestingly, Su et al[62] also measured a higher mean level
of ErbB2 oncoprotein in bile collected from patients
with cholangiocarcinoma than in bile collected from
patients with biliary tract infection, biliary stone disease,
or normal controls. This study further supports ErbB2
as playing a role in human cholangiocarcinogenesis
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and suggests that elevated ErbB2 in bile might have
some use in identifying individuals with high risk
for developing biliary tract cancers. But again, these
findings are limited in scope and need to be significantly
expanded and substantiated before ErbB2 in bile can
be accepted as a possible diagnostic test for predicting
cholangiocarcinoma risk. Moreover, in none of the
studies indicated in Figure 2, was the activation status
(tyrosine phosphorylation) of the ErbB2 or EGFR
receptors determined. In this regard, there is a further
need to rigorously establish the tyrosine phosphorylation
status of ErbB2 expressed in cholangiocarcinoma
cells (i.e. see Figure 3C) compared with non-malignant
cholangiocytes in liver, together with that of other ErbB
receptor family members. Moreover, this should be done
in conjunction with determining associated changes in
receptor mRNA and protein expression levels. Such
a comprehensive analysis of ErbB receptor family
expression and activation would be more informative
than that reflected in currently published studies,
particularly when viewed in terms of contributing
towards devising and tailoring specific strategies aimed
at targeting ErbB signaling pathways for intrahepatic
cholangiocarcinoma therapy.

ErbB2 and Rodent Models of
Cholangiocarcinogenesis
Neu is the rat homologue of human ErbB2. Table 1
lists experimental rodent models in which Neu
overexpression has been demonstrated to be associated
with the molecular pathogenesis of intrahepatic
cholangiocarcinoma. Western and Northern blotting,
together with immunohistochemistry and ISH have
been used to demonstrate Neu protein and mRNA to
both be significantly overexpressed in the cancerous
epithelium of furan-induced intrahepatic intestinal-type
cholangiocarcinomas when compared with hyperplastic
bile ducts/ductules in the liver of bile duct-ligated rats
and with normal adult rat liver[63,64]. In these tumors, c-neu
was further determined not to be amplified nor to exhibit
evidence of a key activating point mutation within its
transmembrane domain[64]. In addition, Neu oncoprotein
overexpressed in furan-induced rat cholangiocarcinomas
was tyrosine phosphorylated, indicative of a constitutively
activated signaling state. Here, it would seem that
constitutive overexpression of activated Neu in furaninduced rat intrahepatic cholangiocarcinomas is the
result of an altered transcriptional event rather than to
mechanisms involving gene amplification or mutation.
Similarly, Neu protein was further demonstrated by
immunohistochemistry to be overexpressed in cancerous
epithelium of intestinal-type cholangiocarcinoma
induced in the livers of rats treated with thioacetamide
when compared with normal cholangiocytes[65].
Hepatic cirrhosis and early formed cholangiofibrotic
precursor lesions precede the development of
intrahepatic cholangiocarcinoma in both furan- and
thioacetamide-treated rats. Here it is interesting that Neu
www.wjgnet.com
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Table 1 Rodent models of intrahepatic cholangiocarcinoma constitutively overexpressing ErbB2/Neu in cancerous epithelium
Model

Tumor
Development time Incidence (%)

Furan rat model

> 1 yr

70-100

Thioacetamide rat model

16-22 wk

100

P53 deficiency/CCl4 mouse
model
Rat BDEneu orthotopic cell
transplantation model

≥ 16 wk

40

4 wk

100

ErbB2/Neu
Classification
Intestinal-type
cholangiocarcinoma
Intestinal-type
cholangiocarcinoma
Ductal
cholangiocarcinoma
Ductal
cholangiocarcinoma

c-erbB-2/neu

mRNA

Wild-type/
Increased
non-amplified
NA
NA

Tyrosine
phosphorylation

Ref.

Protein
Increased

Increased

[63,64]

Increased

NA

[65]

NA

NA

Increased

NA

[66]

Mutated

Increased

Increased

Increased

[68,69]

NA: Not assessed.

overexpression has also been observed in metaplastic/
dysplastic glands within these early cholangiofibrotic
lesions, as well as in the later developed invasive
cholangiocarcinomas, compared with negative or
marginal levels of Neu detected in normal or hyperplastic
bile ductular epithelium[64,65]. More recently, CCl4-induced
hepatic fibrosis was shown to be associated with the
promotion of intrahepatic cholangiocarcinoma in p53deficient mice [66], with strong Neu immunostaining
having also been seen in the cancerous epithelium of a
majority of the mass-forming liver tumors, as well as in
some metastatic lesions. Here too, Neu expression was
detected in early intrahepatic cholangiocarcinomas as
well, with only weak or undetected Neu immunostaining
being observed in normal bile ducts and in small bile
duct hyperplasia. Overall, these experimental results are
consistent with previously described epidemiological and
immunohistochemical findings for human intrahepatic
cholangiocarcinogenesis, which support a role for hepatic
cirrhosis as a potential risk factor in the pathogenesis
of intrahepatic cholangiocarcinoma development[13,16].
They further suggest Neu overexpression to be a
factor in both the early and later stages of intrahepatic
cholangiocarcinogenesis.
More direct evidence for the involvement of Neu in
the development of biliary tract malignancies, including
intrahepatic cholangiocarcinoma comes from geneticbased animal and cell models. Transgenic mice (BK5.
erbB2 mice) generated to constitutively overexpress wildtype rat c-neu developed gallbladder adenocarcinoma at
a 100% incidence and intrahepatic cholangiocarcinomas
at 30% incidence by 8 mo of age[36]. No mutations in
either K-ras or p53 were detected in 16 of the murine
gallbladder adenocarcinomas analyzed, with p53 being
found to be elevated in only one of these tumors.
On the other hand, Neu and EGFR protein (but not
ErbB3 or ErbB4) were found to be increased and
hyperphosphorylated on tyrosine residues in gallbladder
tissue from the BK5.erbB2 mice. Increased heterodimer
formation between Neu and EGFR and increased
p42/44 MAPK activation were also obser ved in
gallbladder from these transgenic mice when compared
with that from control mice not expressing the rat c-neu
transgene, further implicating increased Neu signaling
in development of biliary tract cancers. Consistent
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with these transgenic mouse data, it has recently been
demonstrated that when non-tumorigenic immortalized
adult rat cholangiocytes (BDE1 cells) [67] were stably
transfected with a constitutively expressed mutant rat
neu gene, they became highly tumorigenic[68,69]. These
malignant transformants, designated as BDEneu cells,
overexpressed activated Neu [68,69], as well as EGFR
(Sirica, A.E., unpublished data), and exhibited elevated
levels of phospho-p42/44 MAPK and phospho-Akt
when compared with both non-tumorigenic parent
BDE1 cells and non-tumorigenic control BDEneo cells
that were derived by stably transfecting BDE1 cells
to only express the gene for neomycin resistance [68].
BDEneu cells transplanted via bile duct inoculation
into the livers of isogenic rats rapidly formed large
moderately differentiated mass-forming intrahepatic
cholangiocarcinomas that recapitulated clinical, cellular,
and molecular features of advanced human disease[68,69]
(Figure 4). Notably, BDEneu tumors were found to
be highly invasive and metastatic, to produce bile duct
obstruction at the hepatic hilus, and to retain strong
immunoreactivity in their cancerous epithelium for Neu
constitutively phosphorylated at tyrosine 1248. Tyrosine
1248 is known to be a major autophosphorylation
site at the cytoplasmic tyrosine kinase domain of Neu
oncoprotein that reflects the activation status of the
receptor and couples Neu to the ras-raf-MEK-p42/44
MAPK signal transduction pathway[70,71].
The C611B cell line is another novel rat cholangiocarcinoma cell line that constitutively overexpresses
Neu when compared with hyperplastic rat intrahepatic
bile ducts/ductules induced in bile duct-ligated rats[72-75].
This cell line was established from a transplantable
mucin-producing cholangiocarcinoma expressing
wild-type neu that was derived from the furan rat
cholangiocarcinogenesis model[72]. Like BDEneu cells,
C611B cells express Neu protein phosphorylated at
tyrosine 1248, as well as activated Akt and p42/44
MAPK (Figure 5A). Inoculation of C611B cells into
the inguinal fat pads or livers of isogenic rats also yields
a 100% incidence of mass-forming adenocarcinomas
that closely resemble in their histopathology well
differentiated mucin-producing tubular intrahepatic
cholangiocarcinomas of the human[72]. As exemplified
by the RT-PCR data shown in Figure 5B, C611B
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Figure 4 Rat BDEneu cell transplantation model of intrahepatic cholangiocarcinoma progression. A: Gross pathology of a bisected invasive hepatic tumor (T)
formed in the liver of an isogenic Fischer 344 rat at 3 wk after bile duct inoculation of 4 x 106 tumorigenic rat BDEneu cholangiocytes overexpressing mutationallyactivated Neu, together with associated peritoneal metastases (arrows); B: Expt 1. mean tumor size ± SD (as a % of total liver weight) of hepatic tumors that formed
at a 100% incidence in isogenic rat livers at 3 wk after bile duct inoculation of 4 x 10 6 BDEneu cells (BDEneu-BD), compared with no tumors formed in rats comparably
inoculated with control non-tumorigenic BDEneo cells (BDEneo-BD) transfected to stably express the neomycin resistance gene only, in the absence of oncogenic neu
n = 6; C: Expt 2. Differences in mean wet weight ± SD of hepatic tumors (relative to that of corresponding non-tumorous liver) formed at 3 wk after bile duct inoculation
of 4 x 106 BDEneu cells (BDEneu-BD) versus the mean wet weight of hepatic tumors that formed over the same time period following inoculation of the BDEneu
cells directly into liver (BDEneu-L). bP ≤ 0.001 (BDEneu-BD tumor versus BDEneu-L tumor). n = 4; D: Representative low power photomicrograph demonstrating
neoplastic cholangiocytes within a rapidly growing BDEneu-BD intrahepatic cholangiocarcinoma to be strongly immunoreactive for plasma membrane Neu; E:
Photomicrograph showing malignant cholangiocytes within a BDEneu-BD intrahepatic cholangiocarcinoma to exhibit strong uniformly positive immunoreactivity for
activated Neu phosphorylated at tyrosine 1248; F: Photomicrograph of a BDEneu-BD tumor demonstrating positive cytoplasmic immunostaining for COX-2 in the
cholangiocytes of the neoplastic ducts. Positive immunostaining in D-F is indicated by brown reaction product. (See References 68 and 69 for a more complete
description of rat BDEneu model). (D × 66, E, F × 132).

cholangiocarcinomas simultaneously express mRNA for
ErbB growth factor ligands (i.e. TGF-α, heregulin) and
for three of the four ErbB family receptors, with the
exception of ErbB4, which is also not detected in normal
rat liver[76]. These data, although limited, suggest that
ligand-dependent activation of ErbB family receptors
are likely operative in these tumors, and that cognate
ligands, such as TGF-α, may be playing an important
role in this process[26]. EGFR immunoreactivity has also
been detected in the cancerous epithelium of 100% of

analyzed specimens of rat cholangiocarcinomas induced
by thioacetamide[55], further suggesting that signaling
through EGFR may also be a relevant contributing
factor to the genesis and progression of intrahepatic
cholangiocarcinoma[77]. However, additional mechanismbased studies are needed to more fully substantiate this
likely possibility.
It is surprising that there is a noticeable lack of
published data on the use of well established hamster
models of cholangiocarcinogenesis, such as those
www.wjgnet.com
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some recently developed rodent models of intrahepatic
cholangicarcinoma development and progression have
the potential of serving as powerful preclinical platforms
for rapidly testing novel ErbB targeted treatment
strategies for cholangiocarcinoma prevention and
therapy.
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Figure 5 Western blot (A) and RT-PCR (B) analyses. A: Relevant protein
and phosphorylation profiles associated with aberrant Neu expression in rat
C611B and BDEneu cholangiocarcinoma cell lines. C611B overexpress the
wild-type c-neu gene[64], whereas BDEneu cells overexpress mutationallyactivated neu oncogene[68,69]. Note that both cell lines are positive for phosphoNeu, phospho-Akt, and phospho-p42/44 MAPK, as well as show prominent
expression of cyclin D1; B: RT-PCR analysis of c-erbB family receptor together
with heregulin, TGF-α, and COX-2 mRNAs detected in malignant neoplastic
ducts obtained by laser capture microdissection from a hepatic tumor formed
in an isogenic Fischer 344 male rat following cell transplantation of rat C611B
cholangiocarcinoma cells directly into liver. Note that as expected, among the
ErbB family receptors, only ErbB4 mRNA is not detected in the tumor ducts.
Moreover, it is also significant that mRNA signals for both the EGFR ligand
TGF-α and for COX-2, which is known to be up-regulated in response to EGFR
and/or Neu signaling, are each shown to be prominently detected in C611B
cholangiocarcinoma.

which combine tumor initiating doses of carcinogenic
nitrosamines with Opisthorchis viverrini or Clonorchis sinensis
infection [78-82] as a means to investigate the role of
aberrant ErbB family receptor signaling in intrahepatic
cholangiocarcinoma development and progression. This
may be due to the fact that only very limited hamsterspecific immunochemical and molecular reagents are
currently available for such studies. Nevertheless, the
establishment of novel rodent models as those described
above and in Table 1 have proven to be valuable
resources for investigating the role of ErbB-family
receptors in intrahepatic cholangiocarcinogenesis. Clearly
more studies are needed in this regard, but from the
standpoint of clinical relevance, it is also apparent that
www.wjgnet.com

The interplay between the EGFR and/or ErbB2 receptor
tyrosine kinases with other diverse signaling pathways
provides multiple functional links by which intrahepatic
cholangiocarcinoma growth and/or progression
may be promoted or potentiated. Furthermore, such
interactive molecular relationships can have important
implications with respect to devising novel molecular
targeting strategies for cholangiocarcinoma therapy
or chemoprevention [1]. EGFR and/or ErbB2 have
been linked to other molecular pathways implicated
in intrahepatic cholangiocarcinoma growth, apoptosis
resistance, angiogenesis and/or invasion and metastasis.
Each of these depicted interactions will be discussed
separately, although it is important to keep in mind that
they are likely functioning in concert.
Bile acids
Secondary bile acids, such as deoxycholic acid and its
conjugated forms, which have been reported to be
increased in the serum of cholangiocarcinoma patients[83],
may be acting to promote cholangiocarcinogenesis in
the biliary tract[20,84,85] through a mechanism involving
bile acid-mediated activation of EGFR, leading to upregulation of COX-2 and protein turnover inhibition of
the potent antiapoptotic protein, myeloid cell leukemia
1 (Mcl-1). Werneburg et al[26] have demonstrated that
bile acids like deoxycholic acid can act to activate EGFR
in cultured human H-69 cholangiocyte and KMBC
cholangiocarcinoma cell lines by a TGF-α-dependent
mechanism mediated by bile acid stimulation of matrix
metalloproteinase activity catalyzing TGF-α membrane
release. Yoon et al[86] have further shown deoxycholic acid
and conjugated forms, such as taurochenodeoxycholate,
to significantly induce COX-2 expression in cultured
human KMBC cholangiocarcinoma cells via EGFR
transactivation and subsequent activation of p42/44
MAPK, p38 MAPK, and c-jun-N-terminal kinase (JNK).
In addition, deoxycholic acid was found to prolong Mcl-1
protein turnover in cultured KMBC cholangiocarcinoma
cells by an EGFR/Raf-1-dependent mechanism [87].
Comparable mechanisms have been reported for bileacid mediated induction of COX-2 and Mcl-1 in human
and rat hepatic stellate cells[88], suggesting that bile acids
might also be playing a role in enhancing the survival
and proliferation of myofibroblastic tumor stromal
cells associated with the desmoplastic reaction typically
characteristic of intrahepatic cholangiocarcinoma. It
may also be of interest that deoxycholic acid, as well as
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taurodeoxycholic, and taurochenodeoxycholic bile acids
have recently been reported to regulate the expression
of MUC4, a modulator of ErbB2 signaling (see below),
in human esophageal carcinoma cells by a promoterdependent mechanism involving activation of the PI3K
pathway[89], and in the case of taurodeoxycholic and
taurochenodeoxycholic bile acids, have also been found
to be mediated by hepatocyte nuclear factor-1α[90].
Cox-2
C ox - 2 , t h e i n d u c i b l e f o r m o f p r o s t a g l a n d i n
endoperoxidase, has been reported to be commonly
up-regulated in the malignant neoplastic epithelium
of intrahepatic cholangiocarcinomas of both the
human[49,91,92] and of experimental rodent models[68,69,73-75]
(Figures 4F and 5B). Accumulating evidence over the
past several years has further supported COX-2-derived
prostaglandin signaling as playing an important role in
cholangiocarcinogenesis as a mediator of mitogenesis,
anti-apoptosis, and angiogenesis[93,94]. Moreover, a close
relationship between COX-2-derived prostaglandin
signaling and that of EGFR or ErbB2 overexpression
and activation has been established in animal and cell
models of biliary tract carcinogenesis[36,68,74].
Vadlamudi et al[95] were the first to demonstrate the
regulation of COX-2 expression by heterodimeric
ErbB2 signaling. Furthermore, the presence of a
nuclear ErbB2 has been identified, which appears
to act as a transcriptional regulator of COX-2 [96] .
Benoit et al[97] have further demonstrated that COX-2,
through the production of its major enzymatic product
prostaglandin E 2 (PGE2), positively regulates ErbB2
expression, supporting a model in which ErbB2 and
COX-2 regulate each other in a positive loop. Cross-talk
between COX-2- derived PGE2 and EGFR has also been
demonstrated in human cholangio- and hepatocellular
carcinoma cells[33,98], and EGFR kinase inhibitors were
found to decrease COX-2 expression levels in cultured
human cholangiocarcinoma cells [77] , sug gesting a
similar positive regulatory loop for EGFR and COX-2.
In addition, the recent findings of Zhang et al [99]
have suggested that in human cholangiocarcinoma cells,
PGE2-enhanced phosphorylation of MAPK/ERK is,
at least in part, mediated through EP1 receptors and
EGFR phosphorylation that is associated with increased
intracellular calcium concentration.
As previously noted in this review, a positive
correlation between immunohistochemically-determined
ErbB2 expression and COX-2 up-regulation has
been described in human cholangiocarcinogenesis [49].
COX-2 up-regulation has also been determined to
closely parallel constitutive c-neu protein and mRNA
overexpression in cholangiocarcinoma cells and tumors
derived from the furan rat model of intrahepatic
cholangiocarcinogenesis [73,74]. Of particular interest
are the findings of Kiguchi et al [36] who observed
a prominent up-regulation of COX-2 protein and
mRNA in gallbladder tissues and tumors from BK5.
erbB2 transgenic mice constitutively overexpressing
wild-type rat c-neu, thereby adding more convincing
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support for the role of Neu (ErbB2) in COX-2
expression in biliary tract carcinogenesis. Consistent
with the findings of Kiguchi et al[36], Lai et al[68] more
recently reported COX-2 protein and mRNA, together
with a concomitant overproduction of PGE 2, to be
significantly induced in rat BDE1 cholangiocytes upon
in vitro malignant neoplastic transformation of these cells
with mutationally-activated rat neu oncogene. Neoplastic
epithelium of tumors overexpressing mutationallyactivated Neu formed from orthotopically transplanted
neu-transformed rat cholangiocytes (BDEneu cells)
were also found to be positively immunoreactive for
cytoplasmic COX-2[68] (Figure 4F).
Interleukin-6 (IL-6)/gp130
The inflammatory cytokine IL-6 has been demonstrated
to be frequently overexpressed in malignant neoplastic
cells of human well differentiated intrahepatic
cholangiocarcinomas [100] and to be increased in the
serum and bile of cholangiocarcinoma patients[101-103].
IL-6 has been further shown to function as an autocrine
growth factor for human cholangiocarcinoma cell
lines [100,104,105], and to up-regulate Mcl-1 in malignant
human cholangiocyte cell lines[106,107].
Gp130 is the signal transducing element of the IL-6
receptor. Current data support a mechanism whereby
sustained IL-6-induced phosphorylation (activation)
of gp130, leading to enhanced activation of STAT-3,
contributes to cholangiocarcinoma cell mitogenesis
and enhanced Mcl-1 up-regulation and resistance to
apoptosis[106-109]. Isomoto et al[108] have further reported
that sustained IL-6/STAT-3 signaling in human
cholangiocarcinoma cells is due to epigenetic silencing
of suppressor of cytokine signaling 3 (SOCS-3). Here,
it is also noteworthy that COX-2-derived PGE2 was
recently found by Han et al[109] to induce IL-6 production
through activation of the EP4 receptor and subsequent
phosphorylation of gp130/STAT-3 in SG231 human
cholangiocarcinoma cells, demonstrating the potential
for cross-talk between the COX-2/PGE 2 and IL-6/
gp130 pathways in cholangiocarcinoma. In this same
study, it was also found that PGE2 signaling in human
CCLP1 human cholangiocarcinoma cells could activate
STAT-3 through EP1 receptor-mediated intracellular
activation of c-Src and EGFR[109].
Qiu et al [110], utilizing human prostate carcinoma
cells, were the first to demonstrate that ErbB2 forms a
complex with the gp130 subunit of the IL-6 receptor,
thereby serving as a functional component of IL-6
receptor signaling activating the p42/44 MAPK
pathway. Grant et al[111] subsequently reported gp130 to
be constitutively associated with ErbB2 and ErbB3 in
human breast cancer cells and found EGF to induce
tyrosine phosphorylation of gp130 in these cells,
further supporting a functional interaction between
gp130 and the ErbB receptor family. Interestingly,
IL-6 overexpression was recently reported to also
decrease EGFR promoter methylation in human
cholangiocarcinoma cells, leading to enhanced EGFR
protein expression[112].
www.wjgnet.com
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MUC1 and MUC4
Aberrant overexpression of the transmembrane mucins
MUC1 and MUC 4 has been frequently observed
in human intrahepatic cholangiocarcinomas [55,113-116],
and both MUC1 and MUC4 have been reported as
being independent prognostic factors for predicting
poor outcomes in patients with mass-for ming
intrahe patic cholangiocarcinoma [113-115] . MUC1
overexpression has also been detected in rat intrahepatic
cholangiocarcinoma [55] , and more recently, MUC1
mRNA was demonstrated to be significantly increased in
the highly tumorigenic rat BDEneu cholangiocarcinoma
cell line[68] over that of non-tumorigenic parent BDE1
cholangiocytes, as well as of that expressed in a
spontaneously transformed rat cholangiocyte cell line,
designated as BDEsp, which was less tumorigenic than
the BDEneu cell line[69]. MUC4 has also been cited as
being overexpressed, as well as co-localized with Neu
protein, in gallbladder adenocarcinoma formed in BK5.
erbB2 transgenic mice overexpressing the wild-type rat
c-neu transgene[117].
The transmembrane mucins MUC1 and MUC4
interact by different mechanisms with ErbB family
receptors and each can function to potentiate ErbBdependent signal transduction[118-120]. The cytoplasmic tail
of MUC1 harbors several tyrosine residues that when
phosphorylated may provide critical docking sites for
initiating downstream cytoplasmic signaling pathways
relevant to cancer development and progression [118].
Notably, the MUC1 cytoplasmic tail has been shown
to interact with all four members of the ErbB family
of receptor tyrosine kinases [118,119]. EGFR-mediated
phosphorylation of the MUC1 cytoplasmic tail at its
YEKV motif has further been demonstrated to enhance
its affinity for β-catenin, potentially favoring decreased
cell adhesion and in the case of tumor cells, increased
invasiveness [118,119] . Heregulin was also reported to
enhance the formation of MUC1-ErbB2 complexes
in tumor cells and to induce the binding of the MUC1
cytoplasmic domain with γ-catenin and targeting of
the MUC1 cytoplasmic tail-γ-catenin complex to the
nucleolus[121]. This latter finding also supports cross-talk
between the ErbB2 receptor tyrosine kinase and MUC1.
However, the role of a MUC1 cytoplasmic tail-γ-catenin
complex in the nucleolus still needs to be elucidated,
particularly in relation to malignant neoplastic cell
transformation and progression.
MUC1’s cytoplasmic tail, through its interaction
with ErbB family receptor tyrosine kinases, has been
demonstrated to potentiate ErbB signaling mediated
through Grb2-Sos-activation of the Ras-p42/44 MAPK
signaling cascade[118,119]. More recently, MUC1 has also
been reported to modulate TGF-α-dependent cancer
progression[122], as well as to regulate EGFR stability
upon activation [123] , thereby suggesting a possible
alternative pathway whereby cancer development and
progression may be promoted via a mechanism based
on MUC1-mediated inhibition of EGFR degradation.
MUC1’s C-terminal subunit has further been reported
to be translocated to mitochondria by a mechanism in
www.wjgnet.com
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which heregulin-induced tyrosine phosphorylation of
ErbB receptors results in the activation of c-Src[124]. This
interaction, in turn, stimulates binding of the MUC1
cytoplasmic domain to the molecular chaperone HSP90,
thus forming a complex to transport MUC1 oncopeptide
to the mitochondrial outer membrane, where it may
then act to facilitate neoplastic development by blocking
activation of the intrinsic apoptotic pathway[124].
In contrast to MUC1, MUC4 has been shown to
function as a novel intramembrane ligand and modulator
for ErbB2 receptor tyrosine kinase[118-120]. Specifically, it
has been proposed that EGF-like domains on MUC4
interact with the cognate receptor portion of ErbB2[119].
However, the actual mechanism whereby MUC4 can
signal through ErbB2 is complex and still not completely
understood. Caraway and his associates [118,125] first
reported that MUC4 alone was capable of inducing
tyrosine phosphorylation of ErbB2 and up-regulation
of p27kip (a cyclin-dependent kinase inhibitor), but did
not produce activation of MAPKs or PI3K-Akt. On
the other hand, these researchers found that in the
presence of NRG1, MUC4 potentiated ErbB2/ErbB3
phosphorylation, as well as enhanced p42/44 MAPK
and Akt activation and p27 kip repression [118,125]. More
recently, it was reported by Funes et al[126] that MUC4
potentiates NRG1 signaling by making more ErbB2/
ErbB3 receptors available at the plasma membrane for
interaction with the NRG1 ligand, without affecting
the total quantity of receptors expressed by the
cell. Interestingly, in this study, without NRG1, no
evidence of MUC4-stimulated ErbB2 receptor tyrosine
phosphorylation was detected. The basis for this
difference with earlier reported results[118,125] is unclear,
but it seems that MUC4 may be acting to stabilize the
ErbB2/ErbB3-NRG1 complex at the plasma membrane
by suppressing its internalization[119,126].
MUC 4 has also been reported to suppress apoptosis
in cells in the presence or absence of NRG treatment[118].
Indeed, based on the cumulative data for MUC4
interaction with ErbB2, Carraway et al[118] have proposed
that in polarized untransformed epithelium, the MUC4ErbB2 complex in the absence of NRG1 receptor
signaling would promote cell differentiation. In contrast,
in unpolarized cancer cells, MUC4 and NRG1 could
function simultaneously to augment ErbB2/ErbB3
signaling, leading to downstream activation of both the
Ras-p42/44 MAPK and PI3K-Akt signaling pathways
and transcriptional regulation of cyclin D1, promoting
cancer cell growth, survival, and/or progression[119].

HGF/Met
Met, the heterodimeric tyrosine kinase receptor for
hepatocyte growth factor (HGF), its cognate ligand, is
commonly overexpressed in the neoplastic epithelium
of intrahepatic cholangiocarcinomas of both human
and rodent origin[47,64-66,72,127]. Positive immunoreactivity
for Met was determined to be most prominent in well
differentiated human cholangiocarcinomas and to be
low in poorly differentiated tumors[47,127]. Rat models
of intrahepatic cholangiocarcinoma overexpressing
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Neu were further found to concomitantly overexpress
Met[64,65,72]. In this context, it is noteworthy that like Neu,
constitutive overexpression of tyrosine phosphorylated
Met in the cancerous epithelium of furan-induced rat
intrahepatic cholangiocarcinomas was determined not
to be the result of gene amplification, but to correlate
with increased Met mRNA expression[64]. Constitutivelyactivated Met has also been detected in intrahepatic
cholangiocarcinomas formed in liver of p53-/- mice
following CCl4 treatment[66].
Typically, in epithelial cancers, Met activation occurs
mainly through a paracrine mechanism with stromal
cell-secreted HGF, although evidence supporting the
existence of a HGF/Met autocrine growth control
circuit in cholangiocarcinoma cell lines of both
human [105] and rat [73,128] origin has been described.
However, cross-talk between EGFR and Met has been
demonstrated to also occur in malignant epithelial
cell lines in the absence of HGF, but in the presence
of TGF-α or EGF[31]. EGFR signaling has also been
implicated in HGF-induced hepatocyte proliferation[129],
and downstream signaling from HGF/Met has been
demonstrated to synergize with ErbB2 to enhance
malignant progression[130]. Furthermore, evidence has
been provided indicating that EGFR can transactivate
the Met receptor tyrosine kinase in human hepatocellular
and pancreatic carcinoma cells [131]. PGE 2 generated
by COX-2 has also been shown in human colon and
hepatocellular carcinoma cells to transactivate the
Met receptor in a manner dependent on functional
EGFR[32,33]. Moreover, TGF-α and PGE2, factors which
are overexpressed in cholangiocarcinoma cells[74,132,133],
may function as inducers of HGF production by
tumor stromal fibroblasts[134]. Overall, these findings
support interactive functional relationships between
ErbB family receptors, HGF/Met, and COX-2
that are likely contributing in a major way towards
regulating intrahepatic cholangiocarcinoma growth and
progression.
VEGF
Moderate to strong expression of the angiogenic
factor, vascular endothelial growth factor (VEGF
or VEGF-A), as well as of the lymphangiogenic
factor VEGF-C, has been detected in the cancerous
epithelium of a significant percentage of human
intrahepatic cholangiocarcinomas[135-139] and in human
cholangiocarcinoma cell lines[135,140]. Increased VEGF
expression has been reported to be associated with
a significant vascularization of human intrahepatic
cholangiocarcinomas, as assessed by microvessel
density [135,136] . In comparison, hypovascularity of
cholangiocarcinoma may be related to a downregulation of VEGF together with an up-regulation of
the angiogenesis inhibitor thrombospondin-1[136,141,142],
although further studies are needed to validate
the likelihood of this being a primary mechanism
underlying the limited angiogenesis observed in cases of
intrahepatic cholangiocarcinoma.
Cultured rat BDE1 cholangiocytes stably transfected
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with constitutively expressed rat neu oncogene
overexpress VEGF [68]. Moreover, ErbB homo- and
heterodimers have been demonstrated to increase
VEGF expression in other tumorigenic cell types,
with EGFR/ErbB2 and ErbB2/ErbB3 heterodimers
determined to be the most potent inducers of VEGF
mRNA expression when compared with various other
paired combinations, such as EGFR/ErbB3 or ErbB2/
ErbB4[143]. Interestingly, in both mouse and human cell
models, thrombospondin-1 mRNA and protein were
down-regulated in vitro and in tumors overexpressing
specific paired combinations of ErbB receptors,
compared with cells stably transfected to overexpress
only single ErbB receptors[144].
ErbB2-mediated up-regulation of VEGF has been
shown to involve activation of PI3K-Akt, mTOR and
p70S6 kinase[145], as well as to be linked to increased
expression of hypoxia inducible factor-1α (HIF-1α),
an activator of VEGF transcription, via a PI3K-Aktdependent mechanism[146]. In addition, targeting STAT3
was found to block HIF-1 and VEGF expression
induced by ErbB2 and other oncogenic growth signaling
pathways[147]. Moreover, EGFR tyrosine kinase inhibitors
have been shown to decrease VEGF expression in
cancerous epithelial cells by both HIF-1-dependent
and HIF-1-independent mechanisms [148]. PGE 2 has
also been reported to up-regulate VEGF in cancer
cells via transactivation of EGFR[149]. Thus, aberrant
ErbB receptor signaling in malignant cells, including
cholangiocarcinoma cells, has important implications not
only for promoting cancer cell growth and progression,
but also for regulation of the tumor microenvironment.

Therapeutic Targeting of ErbB
Receptor Tyrosine Kinases in
Cholangiocarcinoma Cells
Conventional chemotherapy, which does not distinguish
between cancer cells and normal healthy cells is of
limited benefit in the treatment of unresectable or
metastatic intrahepatic cholangiocarcinoma[183]. However,
in recent years, the emergence of target-based cancer
therapies has provided the option of developing and
testing novel treatment strategies that have the potential
of improving therapeutic efficacy against cancers like
intrahepatic cholangiocarcinoma, which are typically
refractory to conventional cancer chemotherapeutic
modalities. Since ErbB receptor tyrosine kinases,
most notably EGFR and/or ErbB2, are frequently
overexpressed and/or constitutively activated in human
cancers, including intrahepatic cholangiocarcinoma,
agents that selectively target ErbB receptor family
members have generated considerable interest among
clinicians and researchers alike, with monoclonal
antibodies (mAbs) and small molecule tyrosine kinase
inhibitors (TKIs) having advanced the furthest in clinical
development[155]. Table 2 lists mAbs and TKIs targeting
ErbB family receptors that are currently approved and/
or in phase clinical trials for the treatment of various
www.wjgnet.com
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Table 2 Selected anti-cancer agents targeting ErbB family receptors
Agent
Trastuzumab (Herceptin)
Pertuzumab (Omnitarg, 2C4)
Cetuximab (Erbitux, C225)

Panitumumab (ABX-EGF,
Vectibix)
Matuzumab (EMI-72000)
MDX-447

Gefitinib (Iressa)
Erlotinib (Tarceva)
Lapatinib (Tykerb,
GW572016)
PKI-166
BMS-599626
EKB-569 (Pelitinib)
BIBW-2992
CI-1033 (Canertinib)
HKI-272

Class/Type

Target

Route of
administration

Development stage

Ref.

Recombinant
humanized mAb
Recombinant
humanized mAb
Recombinant human/
mouse chimeric mAb

Extracellular domain of
ErbB2
Dimerization domain of
ErbB2
Extracellular domain of
EGFR

Intravenous
infusion
Intravenous
infusion
Intravenous
infusion

Approved (ErbB2-positive
breast cancer)
Phase Ⅱ/Ⅲ

[150-152]

Fully human mAb

Extracellular domain of
EGFR
Extracellular domain of
EGFR
Extracellular domain of
EGFR and high affinity
IgG receptor CD64
EGFR tyrosine kinase

Intravenous
infusion
Intravenous
infusion
Intravenous
infusion

Recombinant
humanized mAb
Humanized bispecific
mAb

Anilinoquinazoline/
Reversible TKI
Anilinoquinazoline/
EGFR tyrosine kinase
Reversible TKI
Thiazolylquinazoline/ EGFR and ErbB2 tyrosine
Reversible TKI
kinases
Pyrrolopyrimidine/
Reversible TKI
Pyrrolotriazine/
Reversible TKI
Cyanoquinoline/
Irreversible TKI
Anilinoquinazoline/
Irreversible TKI
Anilinoquinazoline/
Irreversible TKI
Cyanoquinoline/
Irreversible TKI

EGFR and ErbB2 tyrosine
kinases
EGFR and ErbB2 tyrosine
kinases
EGFR tyrosine kinase
EGFR and ErbB2 tyrosine
kinases
Pan-ErbB tyrosine
kinases
Pan-ErbB tyrosine
kinases

[151,153,154]

Approved (EGFR-positive
metastatic colorectal cancer
and squamous cell carcinoma
head and neck cancer)
Approved (EGFR-positive
metastatic colorectal cancer)
Phase Ⅰ/Ⅱ

[151,155-157]

Phase Ⅰ/Ⅱ

[157,161]

Oral

Limited approval (NSCLC)

[157,162-164]

Oral

[153,155,157,165,166]

Oral

Approved (NSCLC and
pancreatic cancer)
Approved (ErbB2-positive
advanced metastatic breast
cancer)
Phase Ⅰ

[153,155,157,166,170]

Oral

Phase Ⅰ

[171,172]

Oral

Phase Ⅰ/Ⅱ

[157,166,173]

Oral

Phase Ⅰ/Ⅱ

[168,174]

Oral

Phase Ⅰ/Ⅱ

[153,157,164,168]

Oral

Phase Ⅰ/Ⅱ

[153,164,168,175]

Oral

[157-159]
[157,159,160]

[157,166-169]

mAb: Monoclonal antibody; TKI: Tyrosine kinase inhibitor; EGFR: Epidermal growth factor receptor; NSCLC: Non-small cell lung cancer.

human solid cancers.
Recent preclinical studies, summarized in Table 3,
have demonstrated that select TKIs targeting either
EGFR or ErbB2, as well as those producing dual
inhibition of EGFR and of ErbB2, are capable of
effectively suppressing cellular growth and inducing
significant apoptosis in human and rodent biliary cancer
cell lines in vitro, and in some studies were also found to
significantly inhibit tumor growth in athymic nude mice
that had been subcutaneously xenografted with select
human biliary tract carcinoma cell lines. Orally active
TKIs were also shown to exhibit both chemopreventive
and therapeutic effects in the BK5.erbB2 transgenic
mouse model of gallbladder carcinoma [182] . These
cumulative preclinical results provide a “proof of
principal” for EGFR and/or ErbB2 targeting as
being a promising strategy for the chemoprevention
and/or adjuvant therapy of biliary tract cancers. Most
importantly, select preclinical studies further indicated
that dual targeting of EGFR and ErbB2 with TKIs,
such as lapatinib [180] or NVP-AEE788 [181], as well as
treatments with EGFR or ErbB2 inhibitors administered
in combination with other small drug inhibitors, such as
the COX-2 inhibitor celecoxib[75], or the MEK inhibitor
www.wjgnet.com

CI-1040[179], were found to be significantly more potent
than corresponding treatments with the single targeting
agents alone in suppressing cholangiocarcinoma or
gallbladder carcinoma cell growth in vitro and/or the
tumorigenic growth of biliary tract cancer xenografts
in vivo. Consistent with previously described results
obtained with other carcinoma cell types[169,184], growth
suppression and induced apoptosis of cultured rat and
human cholangiocarcinoma cell lines produced by in vitro
treatments with the dual EGFR/ErbB2-TKI lapatinib
or by single agent TKIs combined to simultaneously
inhibit EGFR and ErbB2 tyrosine phosphorylation
were also observed to be correlated with prominent
dose-dependent inhibition of both p42/44 MAPK and
Akt activation[180] (Figure 6). On the other hand, while
the dual EGFR/ErbB2 inhibitor NVP-AEE788 was
reported to suppress tumorigenic growth in nude mice
subcutaneously implanted with human biliary tract
cancer cell lines by mechanisms involving downstream
blocking of p42/44 MAPK signaling, induction of
apoptosis, and inhibition of angiogenesis, treatment
with this agent had no apparent effect on reducing Akt
activation in the tumor xenografts[181]. In contrast, the
EGFR-TKI gefitinib, was determined to effectively
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Table 3 Preclinical biological effects of ErbB RTK inhibitors alone or combined with other target-based treatments for biliary tract
cancer cells
Agent

Target

Gefitinib

EGFR

Gefitinib
+ Ionizing
radiation

EGFR

Cetuximab
+ erlotinib

EGFR

Gefitinib +
CI-1040

EGFR +
MEKErk1/2

Lapatinib

EGFR/
ErbB2

NVPAEE788

EGFR/
ErbB2
and
VEGFR-2

Emodin +
Celecoxib

ErbB2
+COX-2

Gefitinib
or
GW2974

EGFR
EGFR/
ErbB2

Experimental
condition

Biliary cancer cell line/
tumor

Biological effects

Ref.

HAG-1 human
Dose-dependent in vitro cell growth inhibition by arresting cells in
[176]
gallbladder
G0/G1, followed by progressive cell apoptosis; inhibition of EGFR
adenocarcinoma cell line phosphorylation and of Erk1/2 and Akt activation; decreased cyclin D1
mRNA and induced accumulation of p27 protein, a negative cell cycle
regulator
Cell culture
HuCCT1 human
Gefitinib induced increase in radiosensitivity of HuCCT1 and TFK-1 cells [177]
intrahepatic
cholangiocarcinoma cell
line; TFK-1 human bile
duct carcinoma cell line
Cell culture and
HuCCT1 cell line
Combined treatment with cetuximab blunted erlotinib-induced EGFR
[178]
subcutaneous
up-regulation and regulated in HuCCT1 growth inhibition and apoptosis
tumor xenografts in
in vitro and HuCCT1 tumor growth arrest in vivo
athymic nude mice
Cell culture and
HuCCT1 cell line
Drug combination significantly more effective than single agent
[179]
subcutaneous
treatments in suppressing both in vitro and in vivo tumor cell growth;
tumor xenografts in
combination treatment dramatically decreased phosphorylation levels of
athymic nude mice
EGFR and Erk1/2 in cultured cells and in xenografted tumors, whereas
HuCCT1 cells were found to be resistant to treatments with gefitinib or
CI-1040 alone
Cell culture
Rat C611B and
Lapatinib was demonstrated to be a potent inhibitor of C611B and
[180]
human HuCCT1
HuCCT1 cholangiocarcinoma cell growth in vitro by a mechanism
cholangiocarcinoma cell
involving inhibition of EGFR and ErbB2 activation, suppression of
lines
p42/44 MAPK and Akt phosphorylation, and induction of apoptosis
Cell culture and
EGI-1, TFK-1, CC-SW-1, NVP-AEE788 more efficacious than the EGFR RTK inhibitors gefitinib [181]
subcutaneous
CC-LP-1 and SK-ChA-1 and erlotinib in suppressing in vitro cell growth; EGI-1 tumors in mice
tumor xenografts in human extrahepatic bile treated with NVP-AEE788 had significantly reduced volume and mass
athymic nude mice
duct cancer cell lines;
compared with those in placebo-treated mice, while erlotinib was
MZ-ChA-1 and MZwithout effect in inhibiting in vivo tumor growth; main mechanisms of
CA-2 human gallbladder NVP-AEE788 drug action were suppression of Erk1/2 phosphorylation,
adenocarcinoma cell
induced apoptosis, and inhibition of tumor angiogenesis
lines
Cell culture
C611B rat intrahepatic Emodin and celecoxib combined to synergistically suppress anchorage- [75]
cholangiocarcinoma cell dependent and anchorage-independent cell growth in vitro through a
line
mechanism involving enhanced inhibition of ErbB2 activation, decreased
phospho-Akt, and enhanced caspase-9 and -3 activation, resulting in
significantly increased apoptosis
BK5.erbB2 transgenic
Gallbladder
Both agents produce significant chemopreventative and therapeutic
[182]
mice constitutively
adenocarcinoma
effects in reducing gallbladder adenocarcinoma incidence, which was
expressing wild-type
associated with prominent decreases in both the phosphorylation and
rat ErbB2
protein levels of EGFR and ErbB2, with significantly decreased Erk1/2
acitivity and with a reduction in COX-2 protein levels in BK5.erbB2
mouse gallbladders
Cell culture

RTK: Receptor tyrosine kinase; EGFR: Epidermal growth factor receptor; VEGFR-2: Vascular endothelial growth factor receptor-2; COX-2: Cyclooxygenase-2.

block EGFR tyrosine phosphorylation and associated
downstream activation of Akt, but had a minimal
effect on inhibiting p42/44 MAP kinase activation in
cultured human HuCCT1 cholangiocarcinoma cells[179].
This TKI also failed to block p42/44 MAP kinase
phosphorylation and tumor growth in vivo in athymic
nude mice subcutaneously transplanted with HuCCT1
cells. The fact that the HuCCT1 cholangiocarcinoma cell
line expresses a mutant Kras may explain why upstream
inhibition of EGFR by gefitinib was ineffective in
blocking p42/44 MAPK activation in these cells [179].
However, gefitinib given in combination with the MEK
inhibitor CI-1040 was associated with a profound
inhibition of HuCCT1 tumor growth that appeared
to be linked to either a greater p42/44 MAP kinase

inhibition or to simultaneous inhibition of Akt and
p42/44 MAPK signaling[179]. In comparison, gefitinib
alone suppressed both the autophosphorylation of
p42/44 MAPK and to a lesser degree that of Akt in the
HAG1 human gallbladder carcinoma cell line[176].
Interestingly, the EGFR-TKI erlotinib was found
to up-regulate EGFR in HuCCT1 cholangiocarcinoma
cells, but combined treatment with the anti-EGFR
antibody cetuximab or blockage of erlotinib-induced
EGFR synthesis by a small interfering RNA abrogated
this TKI effect, and resulted in an inhibition of cell
proliferation and increased apoptosis in the HuCCT1
cells[178]. Moreover, in this study, cetuximab was shown
to be equally effective when administered alone or in
combination with erlotinib in partially suppressing
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Figure 6 Dose-dependent inhibition test. A: Western blots demonstrating
dose-dependent suppression by the dual ErbB1 (EGFR)/ErbB2 (Neu)
inhibitor lapatinib of phospho-EGFRTyr 1173 and/or of phospho-ErbB2/NeuTyr 1248,
together with concomitant downstream inhibition of phospho-Akt and of
phospho-p42/44 MAPK expressed in cultured human HuCCT1 and in rat C611B
cholangiocarcinoma cells, respectively. Note that the lapatinib treatment in vitro
did not affect corresponding total protein levels, but in both cell lines induced a
dose-dependent activation of the apoptotic enzyme, caspase-3; B: Dose response
curves for lapatinib on suppressing anchorage-dependent growth of cultured rat
C611B and human HuCCT1 cholangiocarcinoma cells. Each value represents
the mean ± SD (n = 3). Note the close relationship between the lapatinib
concentrations required to induce prominent suppression of EGFR and/or ErbB-2/
Neu signaling (≥ 5 μmol/L) and those associated with marked inhibition of in vitro
cholangiocarcinoma cell growth (≥ 6 μmol/L). Lapatinib-induced suppression
of C611B and HuCCT1 growth in vitro correlated with both a down-regulation of
cyclin D1 protein expression and with a prominent apoptosis being induced in
these respective cultured cholangiocarcinoma cell lines (data not shown).

tumorigenic growth in HuCCT1 bearing mice, suggesting
that antibody-induced down-regulation of EGFR may
provide an effective strategy for circumventing resistance
www.wjgnet.com
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to specific EGFR-TKI inhibitors in cholangiocarcinoma
and other EGFR-expressing cancer cell types.
In the BK5.erbB2 transgenic mouse model, decreased
g a l l b l a d d e r c a r c i n o m a i n c i d e n c e p r o d u c ed by
chemopreventive or therapeutic treatments involving
single targeting of EGFR with gefitinib or dual targeting
of EGFR/ErbB2 with GW2974 were each demonstrated
to not only reduce tyrosine phosphorylation levels, but
also total protein levels of EGFR and ErbB2 in the
gallbladders of responsive mice[182]. Of further note,
these targeted treatments were also associated with
decreases in COX-2 protein level and of MAPK activity
in gallbladders from both the gefitinib and GW2974treated BK5.erbB2 mice, with GW2974 showing a greater
inhibitory effect than gefitinib on the development
of gallbladder carcinoma and also a strong reduction
in the tyrosine phosphorylated forms of both EGFR
and ErbB2. Interestingly, gallbladder adenocarcinomas
refractory to the gefitinib treatment were reported to
exhibit sustained activation of EGFR and ErbB2.
ErbB2-TKI emodin in combination with the COX-2
inhibitor celecoxib was further demonstrated to act
synergistically to suppress anchorage-dependent andindependent growth of rat C611B cholangiocarcinoma
cells overexpressing activated wild-type ErbB2 through a
mechanism involving enhanced Akt inactivation leading
to increased apoptosis[75]. From a clinical standpoint,
targeted treatments, including the use of select EGFRand/or ErbB2-TKIs combined with other agents that
act to suppress the phosphorylation of Akt are likely to
prove to be more effective than single agent treatments
for the therapy of biliary tract cancers. In this context,
it is noteworthy that both the EGFR-TKI gefitinib
and the Akt inhibitor LY294002 were each determined
in a preclinical study to increase the radiosensitivity
of human HuCCT1 and TFK1 biliary carcinoma cell
lines by suppressing Akt activation[177]. Thus, preclinical
testing of various paradigms utilizing select targeting
of aberrant EGFR and/or ErbB2 signaling affecting
MAPK and/or Akt activation, in combination with other
classes of agents that act to suppress Akt activation,
would seem to be warranted as a potential strategy
for developing new adjuvant therapies for biliary tract
carcinomas, including cholangiocarcinoma.
As reflected in Table 4, there have been to date
only a limited number of published clinical studies on
EGFR and/or ErbB2 targeting in human biliary tract
cancers. Unfortunately, while the various treatments
described in these studies were determined in most cases
to be well tolerated, the anti-tumor effects produced
by such treatments in which ErbB receptor targeting
was included as part of the therapeutic regimen, was
at best modest, and mostly without effect in the vast
majority of biliary tract cancer patients who presented
with unresected or metastatic disease. Moreover, the
extent of EGFR expression was reported not to be
significantly associated with outcome[185]. In one case
report, a patient with metastatic cholangiocarcinoma
was described as having a response to cetuximab-based
therapies; however, the patient’s tumors were determined
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Table 4 Outcomes of ErbB-targeted therapies in patients with advanced biliary cancer
Assessable patients

Tumor

ErbB status

ErbB inhibitor

Target

Administration

Response

Ref.

Unresected or metastatic
biliary tract cancers
(gallbladder, intra- and
extrahepatic bile duct)
Metastatic
cholangiocarcinoma

29/36 (81%) assessable
tumor samples positive
for EGFR expression

Erlotinib

EGFR

Single agent

[185]

Negative EGFR
expression in tumor

Cetuximab

EGFR

1

Unresected
cholangiocarcinoma with
peritoneal carcinomatosis

Positive EGFR
expression in tumor

Cetuximab

EGFR

In combination
with 5'flurouracil,
folic acid, and
radiotherapy
In combination
with gemcitabine

PR-3 patients; SD-17
patients; median time to
disease-progression of
2.6 mo
PR in intrachemotherapeutic state

9

Unresected
cholangiocarcinoma
with disease progression
after at least 3 cycles of
gemcitabine-oxaliplatin

9/9 (100%) tumor
samples positive for
EGFR expression, with
all being negative for
membranous ErbB2

Cetuximab

17

Unresected advanced
biliary tract cancers
(gallbladder, bile duct)

Not reported

Lapatinib

Not investigated

Lapatinib

40

1

6 with biliary tract
Advanced
cancers out of a
cholangiocarcinoma (5) or
total of 34 with
gallbladder cancer (1)
various types of
solid tumors

PR with 30% reduction
in hepatic mass and
disappearance of peritoneal
carcinomatosis as shown
by computed tomography
EGFR
In combination
After 6 mo, CR-1 patient;
with gemcitabine- PR-1 patient; SD-1 patient;
oxaliplatin
progressive disease-6
patients; all patients
relapsed, with a median
time to disease progression
of 4 mo
EGFR/
Single agent
No observed responses; 5
ErbB2
patients with SD; cohort
closed due to no noted
lapatinib activity
EGFR/ In combination
PR-1 patient with
ErbB2 with oxaliplatin/ cholangiocarcinoma and
5-flurouracil/
1 patient with gallbladder
leucovorin
cancer

[186]

[187]

[188]

[189]

[190]

CR: Complete response; PR: Partial response; SD: Stable disease.

by immunohistochemistry not to express EGFR [186].
Also, while immunohistochemistry was used in some of
these clinical therapeutic studies to confirm a positive
EGFR status[185,187,188] of the tumors prior to treatment,
unlike some of the preclinical in vivo studies described
above[179,181,182] (Table 3), no effort was made in any of
the studies listed in Table 4 to investigate the effects
of the ErbB-target agents being tested on markers of
biological activity (i.e. suppression of EGFR tyrosine
phosphorylation; inhibition of p42/44 MAPK and/or
Akt activation, suppression of cyclin D1) in tumors of
responsive versus non-responsive patients.
In view of the promising preclinical results obtained
with ErbB-targeting agents against human and rodent
biliary tract cancer cells, including cholangiocarcinoma
cells in vitro as well as in vivo in tumor xenograft and
transgenic models, it is disappointing that the current
clinical experience with ErbB-directed therapies have
resulted in only very limited anti-tumor activity having
been demonstrated in select patients with biliary tract
cancers. However, these (albeit limited) clinical findings
are also quite consistent with an increasing body of
data from different clinical trials demonstrating at
best, only modest therapeutic responses of various
other epithelial tumor types to single-drug treatments
with ErbB inhibitors. In addition, the discrepancies
between current preclinical and clinical data point out
a real need to establish “patient-like” in vivo models
of cholangiocarcinoma progression that would more

closely mimic the advanced human disease, and which
could better serve to more accurately predict the clinical
efficacy of ErbB-directed therapies. In this context, it is
noteworthy that very recent preliminary studies in the
author’s laboratory have demonstrated that when the dual
EGFR/ErbB2-TKI lapatinib was administered to rats by
gavage over a three week period, beginning at 2 d after
bile duct inoculation of oncogenic neu-transformed rat
cholangiocytes (BDEneu cells), this treatment produced
an approximately 70% inhibition in mean intrahepatic
tumor wet weight compared with that of tumors formed
in the livers of vehicle control-treated rats. In contrast,
when the lapatinib treatment was delayed and given to
rats with more advanced tumors that resulted in bile
duct obstruction, it was without any anti-tumor effect
(Sirica AE, Zhang Z, and Campbell DJ, unpublished
data). As already indicated above, a similar lack of
clinical response was reported by Ramanathan et al[189]
in a Phase Ⅱ study evaluating the anti-tumor efficacy
of lapatinib as a single agent treatment in patients with
advanced biliary tree cancer. Thus, the rat model of
intrahepatic cholangiocarcinoma progression based on
bile duct inoculation of highly tumorigenic BDEneu
cholangiocytes[68,69] would appear to closely reproduce
certain relevant clinical (i.e. bile duct obstruction, icteric
liver, elevated serum bilirubin), pathologic (moderately
differentiated invasive ductal cholangiocarcinoma
with desmoplasia, peritoneal carcinomatosis), and key
molecular features (i.e. overexpression of tyrosine
www.wjgnet.com
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Table 5 Factors affecting ErbB-targeted therapies for
intrahepatic cholangiocarcinoma and other biliary tract
cancers
Factors
Patient selection and sampling size
Suboptimal drug dosing and/or scheduling
Tumor microenvironment and bioavailability
Intratumoral heterogeneity in receptor expression and activation
Receptor dynamic effects
Mutational effects
Different mechanisms of acquired resistance
Constitutive overexpression of ErbB family ligands
Co-activation of multiple receptor tyrosine kinases resulting in signaling
redundancy and interplay
Lack of uniform biomarkers to effectively predict therapeutic response
Co-morbid disease and toxicity

phosphorylated p185 neu, COX-2, and MUC1) of the
progressive human disease, as well as permit for a rapid
preclinical assessment within a three-to-four week period
of innovative molecular targeting strategies that include
specific targeting of ErbB2 (and EGFR) regulated
signaling pathways. Validating such target-based ErbBtargeting strategies in this “patient-like” model may
prove to be most useful in developing new paradigms for
adjuvant therapies for intrahepatic cholangiocarcinoma.
However, more definitive basic and translational studies
are now required to determine the significance of this
preclinical rat model of intrahepatic cholangiocarcinoma
progression for predicting the clinical efficacy of ErbBdirected therapies against the early versus advanced
human malignant disease.

Factors Affecting Therapeutic
Responses to ErbB-Target Agents
Table 5 lists various factors that should be considered
when devising strategies for ErbB-target-based therapies
against intrahepatic cholangiocarcinoma. Obviously,
patient selection is important and there is a real need
now for clinical trials aimed at identifying biological
markers that would better predict which of those with
this malignant disease would best benefit from such
ErbB-directed therapies. It also seems apparent from
the limited clinical data that is currently available that
single agent testing in cholangiocarcinoma patients
with advanced disease that is refractory to conventional
therapeutic modalities may not be the best way to assess
the therapeutic value of agents that target ErbB receptor
signaling pathways. Here again, it can be restated that
preclinical models of intrahepatic cholangiocarcinoma
that closely recapitulate clinical and molecular features
of human disease progression are needed to test novel
therapeutic paradigms that combine ErbB-targeted
therapies with other target-based therapies in an effort
to maximize the inhibition of redundant signaling
pathways that aberrantly regulate malignant tumor
growth and survival. In addition, preclinical testing of
paradigms that combine ErbB target-based therapies
www.wjgnet.com
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with current conventional modalities could further
lead to more rational approaches to developing new
strategies for adjuvant management of tumor cell
resistance, recurrence or progression. Because this
cancer is relatively rare, it is also apparent that for the
testing of ErbB-targeted therapies against intrahepatic
cholangiocarcinoma to be statistically meaningful and
rigorously controlled, multi-center trials set in well
established treatment centers for hepatobiliary cancer
located in both Eastern and Western countries would
be needed to achieve appropriate patient selection.
Furthermore, well controlled preclinical and multi-center
clinical trials should also be directed towards evaluating
the chemopreventative effects of ErbB-directed targeted
treatments alone and/or in combination with other
therapies in select patient populations with known
high risk premalignant conditions for intrahepatic
cholangiocarcinoma.
Data on optimum dosing and scheduling of ErbBtargeted agents alone and in combination with other
target-based or conventional treatments against
intrahepatic cholangiocarcinoma are severely lacking
and need to be developed, both preclinically and
clinically. Tumor microenvironment and bioavailability
is also an impor tant factor in deter mining the
potential therapeutic effectiveness of ErbB-targeted
therapies against intrahepatic cholangiocarcinoma.
For example, intrahepatic cholangiocarcinomas are
often hypovascularized [136,141,142,191], thereby limiting
the possibility of ErbB-targeted agents of reaching
the malignant cells in sufficient concentrations to be
therapeutically effective. In addition, hypoxic tumor
microenvironments inducing HIF-1α[192,193] and tumor
extracellular matrix components, like laminin 5[194], may
alter the effectiveness of ErbB directed antineoplastic
therapies. Moreover, intratumoral heterogeneity of
expression for tyrosine kinase growth factor receptors
(i.e. EGFR and ErbB2) indicate that targeting of
single ErbB family receptor tyrosine kinase receptors
in adenocarcinoma types, including intrahepatic
cholangiocarcinoma, may not in itself be sufficient to
elicit a strong therapeutic response[195]. ErbB receptor
dynamics have also been shown to influence response to
ErbB-targeted agents. For example, as described above,
exposure of HuCCT1 human cholangiocarcinoma cells
to erlotinib was shown to induce EGFR protein and
mRNA expression in these cells, leading to resistance
to EGFR tyrosine kinase inhibition [178] . However,
cetuximab or blockage of EGFR synthesis in HuCCT1
cells by small interfering RNA (siRNA) was found to
abrogate erlotinib-induced EGFR up-regulation in
these cells, suggesting that resistance and sensitivity to
EGFR-targeted agents are dynamic events, and that
combinations of more than one type of ErbB-directed
therapy may be needed to elicit a positive therapeutic
outcome.
Mutational events play a key role in mediating
resistance or sensitivity to cell-based ErbB-targeted
therapies [196-202]. The efficacy of EGFR-TKIs, such
as gefitinib or erlotinib, has been linked to activating
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mutations in lung cancer cell EGFR [199,201], whereas
secondary mutations, such as EGFR T790M mutation,
can also lead to resistance to EGFR-TKI therapy[197,201]
and to lapatinib-mediated inhibition of receptor
autophosphor ylation [202] . Kras mutation has also
been demonstrated to be an important predictor of
resistance to therapy with ErbB-TKIs in some solid
tumors[197,199,200]. In addition, tumor cells with ErbB2
mutations were reported to be resistant to EGFR-TKI
treatment, but sensitive to ErbB2 inhibitors, both in vitro
and in vivo[198,199].
In addition to secondary mutations, various other
mechanisms of acquired resistance to ErbB-targeted
therapies have also been described, including EGFR
ubiquitination[203], signaling interplay between the EGFR
and IGF-1 receptors[204], steric hindrance of ErbB2 by
MUC4[205], and flexibility of the ErbB receptor family
signaling system in the face of inhibition of a single
member, such as EGFR [206]. Moreover, it has been
hypothesized that co-activation of multiple receptor
tyrosine kinases, (i.e. EGFR and/or ErbB2, Met,
PDGFR, IL-6R) in solid malignant tumors results in
redundant inputs that drive downstream signaling,
therefore limiting the effectiveness of therapies that
target just a single receptor tyrosine kinase [207]. For
example, Met/c-Src signaling has been recently shown to
mediate EGFR tyrosine phosphorylation and cell growth
in cultured SUM229 breast cancer cells in the presence
of EGFR-TKIs[208].
Presently, there is no uniform set of biomarkers
that can be used to accurately predict a therapeutic
response in solid tumors, including intrahepatic
cholangiocarcinoma, to ErbB-directed therapies.
TGF-α expression has recently been reported to drive
constitutive EGFR pathway activation and sensitivity
to gefitinib in human pancreatic cancer cell lines[209].
Elevated TGF-α also appeared to predict for a partial
response to lapatinib in patients with advanced EGFR
and/or ErbB2 solid malignancies[210]. However, Ishikawa
et al[211] have also presented data to suggest that increased
levels of TGF-α and of amphiregulin in serum may
serve as predictors of poor response to gefitinib among
patients with advanced non-small cell lung cancer. More
recently, Jimeno et al[212], utilizing global gene expression
profiling together with gene set enrichment analysis,
defined an EGFR pathway-based signature that was
predictive of a therapeutic response to erlotinib and
cetuximab in a subset of xenografted human pancreatic
cancers. Further studies are needed, however, to
determine if this approach can be effective in a clinical
setting as a means of defining biomarkers of ErbBdirected therapies.
Impaired liver function and cirrhosis, together with
older age, genetic background, co-morbitities, such
as cardiovascular disease, and immune-status all need
to also be considered as factors that may affect the
potential use and/or effectiveness of ErbB target-based
treatments for intrahepatic cholangiocarcinoma therapy.
Presently, only a very few clinical trials have investigated
cardiotoxicities of the various ErbB target agents,
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using defined cardiac endpoints, such as left ventricular
function [213], although it is now well established that
herceptin when administered in combination with
anthracyclines, can induce significant cardiotoxicity[153,213].
On the otherhand, treatments with small drug TKI, like
lapatinib, erlotinib, and gefitinib, or with the anti-EGFR
mAbs cetuximab and panitumumab, have been reported
to be associated with low cardiotoxicity[213]. Skin rash is
a classic adverse effect of ErbB-targeted therapy and
diarrhea is relatively common in patients treated with
EGFR antibodies, or with TKIs, including lapatinib,
erlotinib, and gefitinib[153,213,214]. Interstitial lung disease,
elevated hepatic transaminases, and nephritic syndrome
have also been rarely reported to occur with small drug
EGFR-TKIs[214], and a high prevalence of hypersensity
reactions to cetuximab, including anaphylaxis, has
been reported in some areas of the United States[215].
Thus, ErbB target-based therapies are not without risk,
although the current clinical experience has indicated
that such therapies are generally well tolerated.

Final Remarks
While it now seems apparent that aberrant EGFR
and/or ErbB2 expression and signaling is associated
with the molecular pathogenesis of intrahepatic
cholangiocarcinoma, there is still a significant gap in
our knowledge as how to best exploit such alterations
in ter ms of targeted therapies that can then be
successfully translated into positive clinical outcomes.
More definitive approaches, including cDNA microarray
analysis, quantitative immunohistochemistry, and
possibly proteomics, need to be evaluated in terms of
their potential for profiling individual patient samples
(cholangiocarcinoma tumor tissue and cytological
specimens and corresponding serum and/or bile
samples) for select molecular biomarkers that would be
predictive of a therapeutic response to ErbB targeted
therapies. In addition, there is a need to develop more
effective drug delivery systems for these agents, in order
to maximize their bioavailability. Preclinical animal
platforms for rapidly testing target-based treatments of
intrahepatic cholangiocarcinoma that closely mimic key
clinicopathological and molecular features of the human
disease also need to be more fully developed and assessed
for their ability to more effectively predict therapeutic
responses in human clinical trials. Furthermore, based on
the complex interactive growth factor receptor signaling
and microenvironment properties of solid tumors like
intrahepatic cholangiocarcinoma, it seems evident that
novel therapeutic strategies involving multiple targeted
therapeutics aimed at both cancer and tumor stromal
cell targets should be rigorously explored as a means
of achieving more effective molecular therapies for this
devastating cancer.
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Abstract
This review focuses on current knowledge on hepatocyte aquaporins (AQPs) and their significance in bile
formation and cholestasis. Canalicular bile secretion
results from a combined interaction of several solute
transporters and AQP water channels that facilitate water flow in response to the osmotic gradients created.
During choleresis, hepatocytes rapidly increase their
canalicular membrane water permeability by modulating the abundance of AQP8. The question was raised
as to whether the opposite process, i.e. a decreased
canalicular AQP8 expression would contribute to the
development of cholestasis. Studies in several experimental models of cholestasis, such as extrahepatic
obstructive cholestasis, estrogen-induced cholestasis,
and sepsis-induced cholestasis demonstrated that the
protein expression of hepatocyte AQP8 was impaired.
In addition, biophysical studies in canalicular plasma
membranes revealed decreased water permeability associated with AQP8 protein downregulation. The combined alteration in hepatocyte solute transporters and
AQP8 would hamper the efficient coupling of osmotic
gradients and canalicular water flow. Thus cholestasis
may result from a mutual occurrence of impaired solute transport and decreased water permeability.
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INTRODUCTION
Bile secretion is the main function of the exocrine
liver, and the maintenance of normal bile formation
and delivery into the intestinal lumen is essential
for physiological processes such as digestion and
absorption of dietary lipids and elimination of endo- and
xenobiotics. Cholestasis is a pathologic condition defined
as an impairment of normal bile formation, bile flow
obstruction or both[1]. There have been major advances
in the understanding of the molecular mechanisms
underlying bile secretion and cholestasis, and much
of this work has been focused on the study of solute
membrane transporters[2,3]. However, considering that
bile is composed of more than 95% water, less attention
has been paid to the molecular basis and regulatory
mechanisms of water transport in hepatocytes during bile
formation. The cloning and functional characterization
of a family of proteins that works as membrane water
channels, named aquaporins (AQPs)[4], challenged the
former concepts of water transport and contributed to
the better understanding of bile physiology. The aim of
this work is to give a concise overview of the current
knowledge and recent advances in the role of AQPs
during bile formation as well as the significance of AQPs
in the development of bile secretory failure.

AQUAPORINS OVERVIEW-GENERAL
STRUCTURE AND FUNCTION
AQPs are small integral proteins which belong to
a family of homologous tetrameric proteins widely
www.wjgnet.com
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Figure 1 Topology, organization and functioning of the aquaporin water channel molecule. A: Each AQP monomer consist of six transmembrane domains (Ⅰ-Ⅵ)
connected by five loops (a-e) with two NPA boxes shaping the water pore, and the amino and carboxy termini oriented toward the cytoplasm; B: Aquaporins are arranged
in tetramers. The water pore does not reside in the center of the molecule, but is formed by connecting loops b and e in each subunit that functions as a unique water
pore allowing bidirectional water movement; C: The hourglass model for aquaporin structure. The channel consist of an extracellular and intracellular vestibule containing
water in bulk solution joined in the center by a central constriction 20 Å in length where water molecules pass in single file. The a/R constriction delimited by arginine in
the position 195 (R195) and histidine in the position 180 (H180) provides fixed positive charges which prevent proton passage. The second constriction is bounded by two
asparagine residues from the highly conserved NPA motif. The single water molecule passes through the constriction with no resistance as it forms transient hydrogen
bonds with the nearby asparagines.

distributed in mammals, plants, and lower organisms[4].
The first AQP was purified from human erythrocytes
and was initially named CHIP28. Following expression
studies in Xenopus oocytes the protein was functionally
identified as a water channel and renamed AQP1[5]. The
discovery of AQPs triggered an immense number of
studies which advanced the current understanding of
water permeation across biological membranes. At least
13 AQP isoforms have been identified from mammalian
tissues (AQP0-AQP12) [4,6,7] . While AQPs function
primarily as water-transporting channels, some of these
proteins also exhibit permeability to certain small solutes
such as glycerol, ammonia[8], hydrogen peroxide[9] and
some gases such as carbon dioxide and nitric oxide[10].
AQP1 was the first member of the AQP water channel
family to be identified[5]. The functional unit of AQP1 is
a homotetramer, but in contrast to ion channels where
the permeation site is placed in the center of the tetramer,
each AQP subunit contains a distinct aqueous pore. The
monomers, composed of approximately 270 amino acids,
possess six transmembrane alpha-helix regions connected
by five loops, with the amino- and carboxy-termini
oriented towards the cytosol. Among the five connecting
loops, two enclose the strictly conserved three-amino acid
motif (asparagine-proline-alanine, NPA), which overlap in
the center of the pore and are responsible for the water
channel selectivity (Figure 1A and B).
Cryoelectron microscopy in combination with
atomic force microscopy and X-ray analysis confirmed
the so-called “hourglass model”. It consists of a wide
extracellular and intracellular vestibule, joined in the center
by a narrow region of approximately 20 Ǻ in length that
shapes the filter responsible for water selectivity[11]. In the
vestibules water exists in bulk solution, while in the center
of the channel water transits in single file. Actually it has
been identified as a two-stage filter in the central region of
the pore: an outer barrier termed the aromatic/arginine
www.wjgnet.com

constriction (ar/R), and the central constriction or NPA
region. Both stages of the filter add to the remarkable
efficiency and selectivity of the AQPs[12] (Figure 1C).
The filter selectivity appears to be based on size
exclusion, as the central constriction of the filter is
slightly wider than the water molecule (~2.8 Å) and
represents a steric limit for bigger molecules through the
channel. The ar/R constriction is composed of a highly
conserved arginine residue in the 195 position and a
nearby histidine residue in the 180 position. This filter
provides supplementary criteria for solute selection, as
the conserved residues have a strong positive charge
that repels protonated water. In the NPA region, waterwater interactions are distorted so water molecules
remain isolated from their solvation shell in the bulk,
a process essential for the filter selectivity[13]. As water
molecules approximate to the constriction, the oxygen
atom rotates towards the asparagine residues from the
NPA motifs (asparagines 76 and 192) and creates new
hydrogen bonds between the oxygen and the asparagine
residues. The dipole reorientation breaks the hydrogen
bonds among water molecules and avoids the passage of
protonated water[13,14].
The hourglass model also explains the reversible
inhibition caused by mercurial compounds. Mercury
reacts with sulfhydryl groups from cysteine residues.
Among the 4 cysteine residues present in AQP1, only
that located in the 189 position reacts with mercurial
compounds producing water transport inhibition[15]. This
residue is located in the E loop, next to the NPA motif
inside the pore[13].

Hepatocyte AQPs: EXPRESSION AND
SUBCELLULAR LOCALIZATION
There has been much interest in the localization and
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Table 1 Cellular and subcellular localization and permeability characteristics of hepatic AQPs
Cell type

Aquaporin

Subcellular localization

Permeability

Ref.

Hepatocytes

AQP0
AQP8
AQP9
AQP11

ICV
ICV-CPM-Mitochondria-SER
BLM
ND

Water
Water/NH3/H2O2
Water/glycerol/urea/certain small uncharged molecules
ND

[16]
[9,16-20,28,29,32]
[16,21,22,30,31]
[6]

APM-BLM-ICV
BLM
APM-BLM
APM
APM-BLM

Water
Water
Water
Water/NH3/H2O2
Water

[23,25,36]
[26]
[27]

Cholangiocytes

AQP1
AQP4
Gallbladder
AQP1
epithelia
AQP8
Peribiliary vascular AQP1
endothelia

[24]

ICV: Intracellular vesicles; CPM: Canalicular plasma membrane; BLM: Basolateral plasma membrane; APM: Apical membrane; SER: smooth
endoplasmic reticulum; NH3: Ammonia; H2O2: Hydrogen peroxide; ND: Not determined.

physiological role of AQPs in the liver. We and others
have recently shown that rat hepatocytes express mRNA
and protein for AQP0[16], AQP8[16-20], AQP9[16,21,22] and
AQP11[6]. In addition, other cells of the hepatobiliary
tract such as cholangiocytes, gallbladder epithelia and
peribiliary vascular endothelia also express AQPs[23-27].
The cellular and subcellular distribution and permeability
characteristics of AQPs in the hepatobiliary tract are
summarized in Table 1. We will focus essentially on the
hepatocyte AQPs that play a role in bile formation and
secretory failure, i.e. AQP8 and AQP9.
Typically, AQP8 has a varied subcellular localization,
which probably correlates with broad physiological
roles in the hepatocyte. Accordingly, it was estimated
that under basal (unstimulated) conditions most of the
hepatocyte AQP8 (75%) reside in intracellular structures,
while the remainder reside in the plasma membrane[19].
Detailed biochemical, confocal immunofluorescence
and immunoelectron microscopy analyses revealed that
the intracellular AQP8 is mostly located in transport
vesicles[17,19], smooth endoplasmic reticulum[28] and in
the inner membrane of some mitochondria [29]. The
protein expression in the plasma membrane is specifically
located in the canalicular domain[16,17] and it is regulated
by cAMP. Based on immunoblot analysis it was found
that hepatocyte AQP8 can be present in two forms of
different molecular weight: a N-glycosylated protein
of about 34 kDa, and a non-glycosylated protein of
28 kDa[19,29]. According to this, it can be assumed that
hepatocytes exhibit two intracellular subpopulations
of AQP8 with different physiological functions. A 34
kDa AQP8 in transport vesicles and canalicular plasma
membrane domains involved in the formation and
regulation of bile (see below); and a 28 kDa AQP8,
located in the inner mitochondrial membrane with still
uncharacterized functions[29]. Regarding AQP8 distribution
in the liver, there is evidence that it has a differential
lobular localization. Accordingly, immunohistochemical
studies showed staining predominantly in the hepatocytes
surrounding the central vein of rat liver[16]. Different
results were shown in mouse hepatic lobules, where AQP8
seems to be predominantly distributed in the periportal
and midlobular hepatocytes with some immunostaining in
the pericentral region[28].

AQP9 is a water channel of approximately 32 kDa that
allows the passage of water and a wide variety of neutral
solutes such as urea, glycerol, purines and pyrimidines[30,31].
Immunolocalization studies performed in rodent liver
revealed that AQP9 is exclusively restricted to the
hepatocyte sinusoidal plasma membrane domain[21], with
an expression pattern strongest around the perivenous
zone[32].
Hepatocytes also express AQP0, formerly named
major intrinsic protein [16]. AQP0 is mainly localized
to intracellular vesicular compartments, but it is not
responsive to cAMP and so far, there is no evidence that
its trafficking is regulated[14]. The function of AQP0 in
hepatocytes has not yet been determined.
The last member to be identified was AQP11 [6].
However, the study showed protein levels in total liver
membranes, thus the AQP11 cellular and subcellular
localization remains to be elucidated.

REGULATION OF HEPATOCYTE AQP
TRAFFICKING
Certain epithelia adjust their transport capacity in the
short term (i.e. min) by rapid insertion of specific
transporters in the secretory membrane. Therefore,
the epithelial secretory or absorptive activity can be
regulated by handling the number of transport molecules
in the plasma membrane. AQP2 is the vasopressinregulated water channel of the kidney collecting duct[33].
Accordingly, the vasopressin-induced exocytic insertion
and endocytic retrieval into and out of the plasma
membrane represents a rapid mechanism to regulate its
water membrane permeability[34]. Likewise, AQP5 is the
main AQP expressed in the acinar cells of the salivary
gland. While the water channel is normally sequestered in
intracellular vesicles, it redistributes to the apical plasma
membrane upon stimulation by muscarinic agonists[35].
Furthermore, it was demonstrated in cholangiocytes
that AQP1 is located in intracellular vesicles and
undergoes secretin-induced exocytic insertion into the
apical membrane[25,36]. Thus, fluid-transporting epithelia
can regulate the rate of water transport across cell
membranes by rapid relocalization of AQP molecules.
www.wjgnet.com
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By using isolated rat hepatocytes, it was found that the
water channel AQP8 is localized largely in intracellular
vesicles and can be redistributed to the plasma membrane
in a mechanism stimulated by cAMP. This was the first
evidence that hepatocytes were able to regulate their
membrane water permeability[19]. Furthermore, confocal
immunofluorescence microscopy and functional studies
in polarized isolated rat hepatocyte couplets showed
that the insertion of AQP8 occurs specifically in the
hepatocyte canalicular membrane domain, a mechanism
that facilitates the osmotically-driven canalicular water
secretion in response to a choleretic stimulus [16]. The
microtubule blocker colchicine specifically inhibits the
dibutiryl cAMP effect on both AQP8 translocation to
plasma membrane and water transport, suggesting that
the hormone-dependent AQP8 trafficking relies on
microtubules[19].
Glucagon is a choleretic hormone, and its actions in
hepatocytes are mostly mediated by cAMP-dependent
protein kinase A (PKA). We found that glucagon induces
the translocation of intracellular AQP8-containing
vesicles to the canalicular domain in hepatocytes, and
that this mechanism is dependent on the activation of
PKA and the integrity of the microtubular network[37].
Because AQP8 lacks consensus PKA phosphorylation
sites[38], we suggested that unidentified protein mediators
might be involved in the vesicle trafficking induced by
glucagon. The understanding of the precise mechanisms
by which glucagon stimulates AQP8 translocation
requires further investigation. Because AQP1 also
lacks phosphorylation sites for PKA, the mechanisms
involved in AQP8 translocation are probably similar to
those involved in the secretin-mediated AQP1 trafficking
in cholangiocytes[25,36,39].
It has been shown that glucagon is able to induce
phosphatidylinositol-3-kinase (PI3K) activation in
rat hepatocytes [40]. PI3K mediates several signaling
transduction pathways in hepatocytes, including some
involved in the regulation of vesicle trafficking and in the
process of bile formation[41-44]. In fact, we showed that
PI3K is involved in the hepatocyte trafficking of AQP8
stimulated by glucagon [45]. Thus our studies indicate
that there is a dual requirement of PKA and PI3K for
glucagon-induced AQP8 trafficking. The cross-talk
between PKA and PI3K signaling pathways has already
been suggested for the regulated translocation of Bsep to
the hepatocyte canalicular membrane[46]. This may reflect
the need for a cooperative action between PKA and
PI3K on a single downstream effector. Consistent with
this, it has been reported that in rat hepatocytes, cAMP
can activate protein kinase B/Akt, a downstream PI3K
effector[44,46]. Interestingly, it has recently been shown
that cAMP-PKA mediated phosphorylation of the p85
regulatory subunit of PI3K which was suggested to be
an important point of convergence of cAMP-PKA and
PI3K signaling pathways[47]. Thus, the glucagon-induced
AQP8 trafficking in hepatocytes seems to involve both
the cAMP/PKA and PI3K signaling pathways in a
cooperative manner.
Therefore, during active choleresis, hepatocytes
www.wjgnet.com
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rapidly increase their canalicular membrane water
permeability by vesicle trafficking and thus modulate the
abundance of AQP8 in the membrane.

PHYSIOLOGICAL SIGNIFICANCE OF
HEPATOCYTE AQPs: BILE FORMATION
Hepatocytes are highly polarized epithelial cells
characterized by two definite plasma membrane domains:
a basolateral domain in contact with the sinusoidal blood
and a bile canalicular domain, defining a sealed apical
compartment. The asymmetric distribution of protein
transporters to the apical and basolateral membrane
domains is the basis of vectorial flux of solutes and
water from blood into the bile canaliculi and therefore
for the generation of bile[1-3]. Canalicular bile formation
is an osmotic secretory process resulting from the inflow
of water into the biliary space in response to osmotic
gradients created by the active secretion of solutes. The
excretion of bile salts via the bile salt transporter Bsep,
glutathione via the organic anion transporter Mrp2, and
HCO3- via the Cl-/HCO3- exchanger AE2 are known
to be the major driving forces for water movement from
the sinusoidal blood to the bile canaliculus[2]. While the
generation of bile flow depends on the molecular and
functional canalicular expression of the aforementioned
solute transporters, the molecular route for water
movement has been largely disregarded albeit the
majority of canalicular bile is water.
Theoretically, water can flow through the hepatocyte
epithelial barrier either across tight junctions between
adjacent hepatocytes (paracellular route) or across
hepatocyte plasma membranes (transcellular route).
The paracellular route was traditionally proposed as
the major pathway for water movement. Nonetheless,
the experimental data supporting this view remained
limited and largely indirect[48]. Experimental evidence
supporting the transcellular pathway came from AQP
inhibitory experiments in polarized rat hepatocyte
couplets. Under choleretic stimuli, the AQP blockers
prevented osmotically-driven water transport into the
bile canaliculus[16]. Direct osmotic water permeability
assessment by stopped-flow spectrophotometry in
canalicular and sinusoidal plasma membrane vesicles
revealed the presence of both lipid (non-channel) and
AQP-mediated pathways for sinusoidal and canalicular
water movement [49] . The study demonstrated that
the canalicular plasma membrane domain has lower
water permeability than the sinusoidal membrane, and
thus it is rate limiting for transcellular water transport
in hepatocytes. However, upon cAMP stimulus the
intracellular AQP8 inserts to the canalicular domain
and so this membrane becomes highly water permeable.
Approximate estimations of transcellular hepatocyte
water permeability suggest it to be similar to rat kidney
proximal tubule, in which water flow seems to be largely
transcellular[49]. Therefore, the transcellular pathway via
water channels seems to account for most of the water
entering the bile canaliculus.
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As stated above, hepatocytes express AQPs in
intracellular compartments as well as in the basolateral
and canalicular plasma membrane domain. In the
canalicular membrane, AQP8 was shown to be localized
in lipid microdomains (“rafts”) enriched with cholesterol
and sphingolipids [50,51] . These rafts are thought to
promote the assembly of specific proteins into definite
regions of the plasma membrane. Because other
canalicular transporters such as AE2 and Mrp2 are
also localized in membrane microdomains[51], it seems
plausible that in the apical membrane, AQP8 is clustered
with functionally associated solute transporters, which
would generate the driving force necessary for osmotic
water transport mediated by AQP8.
The hor mone glucagon is known to modulate
canalicular bile formation[52]. Although the actual osmotic
driving force involved in glucagon-induced choleresis is
currently unknown, the solute gradients are thought to
be created by active HCO3-excretion mediated by the
canalicular transporter AE2[52]. In line with this, it was
shown that glucagon (via cAMP) is able to stimulate
the microtubule-dependent vesicle insertion of AE2 to
hepatocyte plasma membrane [52]. This mechanism, in
association with an increased activity of the exchanger,
may account for the bicarbonate-rich choleresis induced
by glucagon. Furthermore, recent immunofluorescence
studies carried out in the hepatoma-derived hybrid cell
line WIF-B, showed that AQP8 and AE2 are packaged
in the same vesicle population, possibly conforming to a
functional bile secretory unit[53]. Thus our findings provide
evidence that AQP8 may improve the efficient coupling
of canalicular water transport to the HCO3- secreted
by AE2 during glucagon-stimulated hepatocyte bile
formation.
Further evidence for the role of AQP8 in bile secretion comes from ontogenic expression studies during
mice liver development. It was shown that at the time
of weaning, there is a rapid increase in AQP8 mRNA
and protein expression when the hepatobiliary transport
systems complete their maturation, suggesting that AQP8
is necessary for canalicular bile formation[28].
Although the mentioned studies support a role
for AQP8 in canalicular water secretion, conclusive
evidence should come from studies perfor med in
hepatocytes lacking AQP8 expression. With regard to
this, experimental evidence against a role for AQP8
in canalicular bile formation came from data obtained
from AQP8 knockout mice[54]. This study revealed that
AQP8-null mice challenged with a high-fat diet did not
show a significantly different phenotype when compared
to their wild-type counterpart. The lack of dietary fat
misprocessing could suggest that the excretion of bile
salts required for proper lipid digestion was at least
preserved. However, direct studies on bile formation in
AQP8-null mice are mandatory, in order to determine if
these animals develop cholestasis. On the other hand, as
hepatocytes express several members of the AQP water
channel family, the normal AQP8-null mice phenotype
could result from a compensatory overexpression or
functional modification of other genes.
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Functional studies from our laboratory provided
further evidence supporting the notion that canalicular
water transport during bile secretion is AQP8-mediated.
Indeed, we found that AQP8 gene suppression by RNA
interference is able to inhibit osmotically-driven and
cAMP-induced canalicular water secretion in the human
hepatocyte cell line HepG2[55].
Therefore, while according to our model, AQP8
modulates the canalicular, rate limiting water flow,
AQP9 would contribute to the sinusoidal uptake. In
agreement with this, functional studies in rat hepatocyte
basolateral membrane indicate that sinusoidal water
transport is AQP-mediated[49]. As bile secretion requires
the transcellular movement of water to the bile canaliculi
and AQP9 is the only sinusoidal water channel described
so far, it is logical to believe that water moves from the
sinusoidal blood, at least in part, through AQP9.

PATHOPHYSIOLOGICAL SIGNIFICANCE
OF HEPATOCYTE AQPs: CHOLESTASIS
Bile secretion failure is a consequence of several
pathologic conditions with the risk of producing severe
liver injury and systemic disease. There have been
major advances in the understanding of the molecular
pathogenesis of bile secretory failure[1-3]. It is well known
that hepatocyte canalicular bile secretion results from
the coordinated interaction of several solute membrane
transport systems together with, as detailed above, AQP
water channels. Hence, it is conceivable that defective
AQP membrane expression may lead to alterations in
normal bile physiology. The significance of liver AQPs in
bile secretory failure are summarized in Table 2.
Extrahepatic cholestasis is a pathologic condition
caused by a mechanical obstruction of the biliary
tree secondary to a wide variety of acute and chronic
conditions including gallstones, pancreatic carcinoma and
cholangiosarcoma[56]. If uncorrected, the obstruction may
lead to hepatocyte damage, secondary biliary cirrhosis
and portal hypertension. The experimental model of
bile duct ligation (BDL) in the rat has been extensively
used to assess modifications in the molecular expression
of hepatocyte membrane transporters in obstructive
cholestasis. In a recent study, we examined the effect of
BDL on the protein expression and subcellular localization
of the hepatocyte water channel AQP8[57]. Biochemical
and immunohistochemical studies determined that BDLinduced extrahepatic cholestasis caused downregulation
of hepatocyte AQP8 at the protein level (Figure 2). In
opposition, the AQP8 mRNA steady-state levels in BDL
were increased, possibly as a compensatory mechanism in
response to AQP8 protein reduction. The fact that AQP8
protein downregulation was not associated with reduced
levels of the mRNA may indicate the involvement of
posttranscriptional regulatory mechanisms. Additionally,
the AQP8 translocation to the hepatocyte plasma
membrane in BDL was found to be impaired. Hence
it was concluded that the defective hepatocyte AQP8
functional expression as well as impaired translocation
www.wjgnet.com
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Table 2 Molecular and functional expression of AQPs in cholestasis
Experimental model

AQP8

AQP9

Ref.

Protein

mRNA

CPM P f

Protein

mRNA

BLM P f

↓↓

↑

ND

↓↓↓

↓

↓

↓↓↓
↓↓↓
↓↓↓

↑
↑
ND

↓
↓
ND

↔
↔
↔

ND
ND
ND

ND
ND
ND

Obstructive cholestasis
BDL
Intracellular cholestasis
EE-induced cholestasis
LPS-induced cholestasis
CLP-induced cholestasis

[57,58]
[59]
[64]
[66]

→

→

→

→

→

Arrows depict significant protein and mRNA changes in treated rats compared with controls: ↑,
increased; ↓, decreased; ↔, without change. ND: Not determined; Pf: Osmotic membrane water
permeability; CPM: Canalicular plasma membrane; BLM: Basolateral plasma membrane; BDL: Bile
duct ligation; EE: 17a-ethinylestradiol; LPS: Lipopolysaccharide; CLP: Cecal ligation and puncture.
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→

→
→
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Control: 65 ± 1

Scattered light intensity
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Cholestasis: 49 ± 1

20
0

0.0
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may contribute to the secretory dysfunction caused by
obstructive cholestasis.
In addition, very recent work suggested a potential
involvement of sinusoidal AQP9 in the pathogenesis
of obstructive cholestasis. Detailed biochemical studies
demonstrated that in BDL there is a decrease in AQP9
protein in basolateral membranes with a simultaneous
intracellular increase of the protein [58]. In addition,
functional studies performed in sinusoidal hepatocyte
membrane found a close correspondence between the
AQP9 decreased membrane protein levels and impaired
osmotic water permeability. It was concluded that
downregulation of AQP9 in the hepatocyte basolateral
plasma membrane affects sinusoidal water uptake during
bile formation, thus contributing along with AQP8
downregulation to the bile flow dysfunction in obstructive
cholestasis.
Estrogens are known to cause intrahepatic cholestasis
in susceptible women. The most common clinical
www.wjgnet.com
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Figure 2 Functional expression of AQP8
in normal and cholestatic liver. Superior
panel: Immunogold electron microscopy for
AQP8 in liver from control (left) and 7-d BDL
rats (right). Arrowheads indicate AQP8 in bile
canalicular (bc) membranes. Arrows indicate
AQP8 in the pericanalicular cytoplasm. The
upper inset shows an AQP8-containing vesicle,
and the lower insert shows AQP8 in the tip of
a microvillus and in the intermicrovillar plasma
membrane region. (Original magnification
X 60 000) Modified and reproduced with
permission[57]. Inferior panel: On the left, antiAQP8 immunoblot of the canalicular plasma
membranes from normal and LPS-induced
cholestatic liver. On the right, water permeability
assessment of canalicular membranes from
LPS-induced cholestatic liver. Typical tracings
of a time course of scattered light intensity
(osmotic water transport), along with single
exponential fits in canalicular plasma membrane
vesicles in response to a 250 mosM hypertonic
sucrose gradient. Calculated Pf values (μm/s)
are shown under each curve. Data are mean ±
SE from 3 independent vesicle preparations. aP
< 0.05 vs conrtol. Modified and reproduced with
permission[64].

t /s

features of this disorder are oral contraceptive-induced
cholestasis and cholestasis associated with pregnancy or
postmenopausal replacement therapy[2]. Experimental
cholestasis induced by 17α-ethinylestradiol (EE) has
been widely used to investigate in vivo alterations in
the expression of hepatocyte membrane transporters
in this pathological condition. In a recent work, we
found that the protein expression of hepatocyte AQP8
is downregulated in estrogen-induced cholestasis
possibly by posttranscriptional mechanisms, without
significant changes in the sinusoidal AQP9 [59] . In
fact, complementary studies in primary cultured rat
hepatocytes with protease inhibitors indicated that
estrogen-induced AQP8 downregulation was mediated
by increased lysosomal degradation. Of note, the
canalicular AQP8 downregulation was correlated
with a 22% reduction in the canalicular membrane
water permeability. Previous reports have estimated
that under basal conditions the AQP-mediated water
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pathway contributes to approximately 30% of the total
canalicular water transport[49]. For that reason, the 22%
water permeability decrease caused by estrogens may
be enough to impair the efficient canalicular coupling
between osmotic solutes and water transport during bile
formation. On the other hand, it is worth mentioning
that the contribution of AQP8 in acute cholestasis
appears to be less significant. A recent study showed
that experimental acute cholestasis in rats caused by the
estrogen metabolite estradiol-17-d-glucuronide (E217G)
failed to cause endocytic internalization of canalicular
AQP8 [60], in contrast to that observed for Bsep and
Mrp2 [61,62] . Therefore the rapid retrieval of solute
transporters, but not that of AQP8, seems to be the
main cause of acute cholestasis induced by E217G.
It is well known that sepsis, a systemic inflammatory
response secondary to bacterial infection, is frequently associated with intrahe patic cholestasis [62] .
Lipopolysaccharides (LPS) are endotoxins released
into the circulation from bacterial sites of infection
and are responsible for the macrophage secretion of
proinflammatory cytokines, primarily tumor necrosis
factor α (TNF α), interleukin 1-β and interleukin-6. These
cytokines are the principal mediators of bile secretory
failure[63]. In a study performed using a rodent model of
endotoxemia, we demonstrated that LPS reduced the
functional expression of hepatocyte canalicular AQP8[64].
As shown in Figure 2, a decrease in canalicular AQP8
protein expression of approximately 70% was associated
with a 25% decrease in water canalicular permeability
measured by stopped-flow spectrophotometry. This
result is in good agreement with the above-mentioned
studies of estrogen-induced cholestasis. Thus, LPSinduced cholestasis may ultimately be caused by impaired
transient osmotic gradients generated by defective
canalicular expression of the solute transporters Bsep
and Mrp2[65], together with reduced canalicular water
permeability secondary to defective AQP8 expression.
The impairment in AQP8 expression was found to be
posttranscriptional and mediated by the cytokine TNFα.
Indeed, the passive immunization in vivo with anti-TNFα
antibody prevented LPS-induced cholestasis and AQP8
protein downregulation. These results were confirmed in
cultured rat hepatocytes treated with recombinant TNFα.
Complementary in vitro studies using lysosome and
proteasome inhibitors showed that AQP8 degradation was
mediated via both lysosomal and proteasomal pathways.
It was concluded that LPS induces posttranscriptional
AQP8 downregulation and an associated decrease in
canalicular membrane water permeability, a mechanism
that is likely to contribute to the molecular pathogenesis
of LPS-induced cholestasis.
As clinical sepsis is commonly polymicrobial, the
above-mentioned results were further confirmed in an
animal model of peritoneal sepsis characterized by a
focus of infection with mixed intestinal flora instead
of an endotoxic challenge. Thus liver AQP8 expression
was studied in rats with sepsis induced by cecal ligation
and puncture (CLP)[66]. In agreement with the endotoxic
model, immunoblotting and immunohistochemical
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Figure 3 Proposed contribution of hepatocyte AQP8 to the development
of cholestasis. On the left a normal hepatocyte is illustrated with AQP8
expressed at the canalicular membrane domain and in intracellular vesicles.
Bile is formed by the active secretion of solute transporters (ST) such as
Bsep and Mrp2, which generate the osmotic driving forces for water transport
through canalicular AQP8. On the right, a cholestatic hepatocyte is illustrated
with decreased expression and functioning of ST. AQP8 is downregulated at
the canalicular domain, which impairs the water osmotic permeability thus
contributing to decreased bile formation.

studies revealed a significant decrease in AQP8 protein
level in canalicular membranes, without any significant
reduction in AQP9 expression. These results are in
agreement with the findings in LPS-treated rats, and
further support the notion that the defective expression
of hepatocyte AQP8 contributes to the development of
bile secretory dysfunction in sepsis.
Based on the cumulative evidence described above, a
schematic model for the hepatocyte AQP8 contribution
to the development of bile secretory failure is depicted
in Figure 3.

CONCLUSION
In conclusion, this review summarized recent progress
in research and current available data on the expression
and pathophysiological significance of AQP water
channels in the hepatocyte. It has long been established
that canalicular bile secretion is the result of a combined
interaction of several solute transporters. However, in the
last few years further insight has been provided on the
molecular basis of water movement during bile secretion.
The functional expression of AQP8 is impaired in several
experimental models of cholestasis such as extrahepatic
obstructive cholestasis, estrogen-induced cholestasis
and sepsis-induced cholestasis. A combined alteration
in solute transporters and AQP8 would hamper the
efficient coupling of osmotic gradients and canalicular
water flow. Therefore, the common association of
impaired solute transport together with decreased water
permeability would ultimately lead to bile secretory failure.
Nevertheless, more research is needed to expand the
current knowledge underlying AQP expression regulation
and water transport in cholestasis.
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INTRODUCTION
Abstract
The canalicular membrane represents the excretory pole
of hepatocytes. Bile is an important route of elimination of potentially toxic endo- and xenobiotics (including
drugs and toxins), mediated by the major canalicular
transporters: multidrug resistance protein 1 (MDR1,
ABCB1), also known as P-glycoprotein, multidrug resistance-associated protein 2 (MRP2, ABCC2), and the
breast cancer resistance protein (BCRP, ABCG2). Their
activities depend on regulation of expression and proper
localization at the canalicular membrane, as regulated
by transcriptional and post-transcriptional events, respectively. At transcriptional level, specific nuclear receptors (NR)s modulated by ligands, co-activators and
co-repressors, mediate the physiological requirements
of these transporters. This complex system is also responsible for alterations occurring in specific liver pathologies. We briefly describe the major Class Ⅱ NRs,
pregnane X receptor (PXR) and constitutive androstane
receptor (CAR), and their role in regulating expression
of multidrug resistance proteins. Several therapeutic
agents regulate the expression of relevant drug transporters through activation/inactivation of these NRs. We
provide some representative examples of the action of
therapeutic agents modulating liver drug transporters,
which in addition, involve CAR or PXR as mediators.
© 2008 The WJG Press. All rights reserved.
www.wjgnet.com

Hepatocytes are polarized cells and represent 80%
of the liver mass. The basolateral and canalicular
membranes differ in their composition and functions
and are separated by tight junctions that seal off the bile
canaliculi. The basolateral membrane is in contact with the
sinusoidal blood. The canalicular membrane represents
the excretory pole of hepatocytes. Bile formation is largely
dependent on active transport of solutes such as bile
acids, glutathione and bicarbonate through the canalicular
membrane followed by the passive movement of water.
Canalicular excretion is the rate-limiting step of bile
formation since biliary constituents are secreted into bile
against concentration gradients. The canalicular primary
bile is further modified by absorptive and secretory
processes along the biliary tree. Considerable species
specific differences in bile formation exist, including the
contribution of ductular bile and bile acid composition[1].
In mammals, bile is essential for solubilization and
digestion of dietary lipids.
The sinusoidal uptake and canalicular excretion of
most biliary constituents is mediated by several transport
systems expressed at the two polar surface domains of
liver cells. Basolateral transport systems are responsible
for the translocation of molecules across the sinusoidal
membrane, whereas active canalicular transport systems
are in charge of the biliary excretion. Numerous transport proteins involved in basolateral transport have been
identified including the Na+-taurocholate co-transporting
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polypeptide (NTCP, SLC10A1), organic anion transporting polypeptides (OATPs: SLCO family), multidrug
resistance-associated proteins 1, 3 and 4 (MRP1, 3 and 4;
ABCC1, 3 and 4), and organic anion and cation transporters (OATs, OCTs: SLC22A family). Canalicular transport
of osmotically active solutes, contributing to bile formation, is mediated by MRP2 (ABCC2), the bile salt export
pump (BSEP, ABCB11), and the organic anion 2 (AE2,
SLC4A2), which are involved in biliary excretion of glutathione and glucuronide conjugates, monoanionic bile
salts, and bicarbonate, respectively[1-4]. Biliary elimination
of drugs is mediated by the multidrug resistance protein 1 (MDR1, ABCB1), also known as P-glycoprotein,
MRP2, and the breast cancer resistance protein (BCRP,
ABCG2)[5-11]. Though they all belong to the superfamily
ABC, in contrast to the majority of its members, BCRP
is present as a monomer and consists of only one ATPbinding site and 6 transmembrane regions.
In this review we focus our attention only on the
hepatic drug transporters and their regulation by nuclear
receptors activated by compounds habitually used as
therapeutic agents.

APICAL DRUG TRANSPORTERS AND
NUCLEAR RECEPTORS
Drug transporters are constitutively expressed in several
organs playing an important role in the efflux of xenobiotics and their metabolites; the apical membrane of epithelial secretory tissues, and particularly the liver, being
the most relevant sites. Substrates recognized by P-glycoprotein, MRP2 and BCRP represent a wide spectrum
of endo- and xenobiotics, including contaminants and
therapeutic drugs, either neutral, cationic or anionic, and
of hydrophobic or hydrophilic nature. P-glycoprotein
is a member of the ABC superfamily of transporters
originally described in cancer cell lines, conferring resistance to therapeutic agents. It was the first ABC transporter identified in canalicular membranes of normal
hepatocytes. MDR1 functions as an efflux pump for a
wide range of amphiphilic, bulky type Ⅱ cationic drugs
together with other hydrophobic compounds, including endogenous and exogenous metabolites or toxins,
steroid hormones, hydrophobic peptides and even glycolipids[12]. MRP2 mediates the biliary elimination of different organic anions, including glutathione-S-conjugates
(e.g. of leukotriene C4), glucuronides (e.g. of bilirubin
and estrogens), and oxidized glutathione[2,13]. MRP2 also
mediates the canalicular transport of glucuronidated and
sulfated bile salts[14]. In addition, MRP2 was found to
transfer reduced glutathione, though with very low affinity. MRP1 but not MRP2 was the first member of the
superfamily of ABC (ATP Binding Cassette) transporters dependent on ATP hydrolysis, and was initially identified in a human lung cancer cell line[15]. BCRP that was
initially found to confer resistance to breast cancer treatment was more recently found to be expressed normally
in epithelial tissues and transport sulfated metabolites of
drugs with high specificity[16-18].
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Expression of these canalicular drug transporters
are subject to transcriptional and post-transcriptional
regulation in response to endogenous and exogenous
compounds and different pathologic situations. The
short-term changes in transporter activity and expression
are generated at post-transcriptional level. An intensive
regulation mediated by second messenger and proteinkinases modulates the recruitment of the transporters
from intracellular reservoirs to plasmatic membrane or
alters the activity by phosphorylation-dephosphorylation
and protein-protein interactions. All these factors
act in association to regulate the functional state of
drug transporters, which were found to be affected
to different degrees by liver disease [1,4,19]. Particular
interest has been given recently to proper localization
of BSEP and MRP2 in the normal situation, which is
disrupted in cholestatic disease as a consequence of their
internalization and abnormal localization to subapical
membrane. This was observed not only in experimental
animals such as the rat, but also in humans[20,21].
At transcriptional level, a wide variety of nuclear receptors (NR)s activated by ligands, co-activators and corepressors, mediate the physiological requirements of
these transporters. This complex system is also responsible for alterations occurring in specific liver pathologies. The biotransformation systems (phaseⅠand Ⅱ
reactions) that act in coordination with efflux proteins
are also regulated by this same network of NRs [22,23].
Transcriptional regulation of drug transporters by NRs
is a complex process involving: (1) ligand binding, (2) the
association of NRs with regulatory sites in the genome
through their DNA sites, (3) co-regulator recruitment,
(4) the regulation of polymerase Ⅱ binding and activity
at target promoters, and (5) the ending or attenuation of
NR-dependent signaling[24-26].
Co-activators and co-repressors represent key factors in modulation of NR activity. Co-activators are
implicated in chromatin relaxation due to their intrinsic
histone acetyltransferase or methyltransferase activity.
After binding to the activated (agonist-bound) NR, coactivators contribute to the full activation of expression
of the target genes. Several co-activators were shown to
cooperate with nuclear receptors: the p160 family (SRC-1,
TIF-2, GRIP, ACTR), p/CIP and CBP/p300. On the
other hand, co-repressors, such as NcoR and SMRT,
preferentially bind to inactivated receptors (absence of
ligand, antagonist-bound, reverse agonist-bound) and recruit various forms of histone deacetylases, thus leading
to chromatin condensation and ultimately, to repression
of the target gene expression[27].
As anticipated above, NRs comprise a superfamily of
transcription factors activated by ligands which can both
activate and repress gene expression. According to their
dimerization and DNA binding properties, NRs can be
classified into four groups. ClassⅠcomprises the classical receptors of steroid hormones (estradiol, testosterone, progesterone, cortisol). These form homodimers
before binding to response elements in the promoter
regions of target genes. NRs belonging to Class Ⅱ, such
as pregnane X receptor (PXR), constitutive androstane
www.wjgnet.com
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receptor (CAR), and farnesoid X receptor (FXR), form
heterodimers with the retinoid X receptor (RXR), prior
to interacting with target genes. Since RXR is the obligated partner in the heterodimer formation, its low
availability may result in a trans-repressive effect. Receptors with no ligand can exist, and have been found to
bind DNA as homodimers. They belong to Class Ⅲ (e.g.
RXR, and the nuclear hepatic factor 4, HNF4). Class IV
consists of NRs that act as monomers, like the liver receptor LRH1[28].
We will focus on class Ⅱ receptors since they represent the best characterized. More specifically, we will briefly describe those receptors involved in regulating drug
transporters, i.e. PXR and CAR. Originally, these NRs
were identified as sensors able to respond to a wide variety
of environmental xenobiotics to promote detoxification
by phaseⅠCYP450 genes[29]. Lehmann et al[30] showed that
hPXR receptor binds to the rifampicin/dexamethasone
response element in the CYP3A4 promoter region as a
heterodimer with the 9-cis-retinoic acid receptor (RXR).
They also reported that hPXR is activated by many
CYP3A4 inducers, including several steroids, lovastatin,
clotrimazole, rifampicin and phenobarbital. Increasingly at
present, data reveals the involvement of NRs in the regulation of PhaseⅠand Ⅱ enzymes, along with the proteins
effluxing their metabolites[31].
PXR
In 1998, Kliewer et al[32] identified a new member of the
nuclear hormone receptor family activated primarily by
pregnanes: PXR (NR1I2). It was principally cloned from
mouse liver and later from rabbit, rat and human. PXR
is predominantly expressed in liver and intestine, and to
a lower extent, in lung and kidney[32,33]. PXR dimerizes
with RXRα immediately after its activation by ligand
binding. It was originally believed to be localized mainly
at the nucleus, but later it was found that it is present
at the cytoplasm, interacting with a protein complex
and that, after activation, it translocates to the nucleus
to regulate gene transcription[34]. One relevant feature
of this receptor is that it recognizes a wide variety of
xenobiotics such as ligands, dexamethasone, rifampicin,
spironolactone, and pregnenolone 16α-carbonitrile being
among the best characterized. It can also bind some
specific bile acids such as litocholic, 3-ketolitocholic,
cholic and deoxycholic acids[32-34]. PXR regulates genes
involved in phaseⅠmetabolism (e.g. CYP3A) and several
genes associated with drug transport such as MDR1,
OATP2, MRP2, and MRP3 [35-37]. PXR is remarkably
divergent between species, with the rabbit, rat and
human receptors sharing only approximately 80% of
the amino acid identity in their ligand-binding domains.
This feature is reflected by marked pharmacological
differences in PXR activation profiles. PXRs from
different species are differentially activated by specific
compounds, thus cor relating well with speciesspecific induction of CYP3A gene expression. For
example, the hypocholesterolemic drug SR12813, the
macrolide antibiotic rifampicin and the antidiabetic
drug troglitazone are effective activators of the human
www.wjgnet.com
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and rabbit PXR but have modest activity on the rat and
mouse PXR. On the contrary, pregnane 16α-carbonitrile
is a more potent activator of the rat and mouse than
the human and rabbit receptor [33]. In addition, PXR
polymorphism has been described and it is assumed to
contribute to the observed interindividual variability
of gene expression and atypical responses to drugs or
altered sensitivity to carcinogens[38,39].
CAR
Also known as NR1I3, this NR was identified in 1994
as a receptor interacting with a subset of retinoic acid
response elements[40]. It was originally defined as a constitutively activated receptor since it forms a heterodimer
with RXR and binds to retinoic acid response element
in the absence of ligand[41]. It was demonstrated more
recently that CAR activation is a multistep process. The
initial step is translocation to the nucleus and interaction
with RXRα, a process that can be independent of ligand
binding[37,42]. It is known that CAR participates in regulation of transcription of drug transporter genes such as
MRPs (MRP2, 3, and 4) and Oatp2[23,43,44].
CAR is found mainly in liver and it is also detected
in certain extrahepatic tissues such as the intestine[40,45].
Pathophysiological conditions such as trauma, sepsis,
inflammation[46] or drugs[47] can modify CAR expression.
In vivo, CAR is sequestered in the cytoplasm forming
a complex with proteins such as heat shock protein
90 (HSP90) and CAR cytoplasmic retention protein
(CCRP) [48] . In addition, phosphatase 2A (PP2A) is
recr uited to the HSP90-CCRP-CAR complex [49] .
Translocation of CAR to the nucleus, most likely
dependent on the activity of PP2A, is followed by
association with RXR and binding to the phenobarbital
responsive enhancer modules (PBREM). Thus, CAR
activation can imply direct binding of an agonist,
recr uitment of co-activators, dissociation of corepressors, and the subsequent nuclear translocation and
heterodimerization with RXRα[50], prior to DNA binding
and induction of gene expression[51]. CAR co-activators
so far identified are GRIP1/TIF2, PGC-1, SRC-1,
Sp1, ASC-2 and SMC-1. CAR transcriptional activity
correlates well with its concentration in the nucleus. The
blockage of phenobarbital-mediated induction of CYP2B
gene in rodents by okadaic acid, a protein phosphatase
inhibitor, has provided an additional indication of the
importance of CAR nuclear accumulation in the increase
of transcription rate [52] . Some ligands of CAR like
androstenol act as inverse agonists, affecting the protein in
such a way that co-repressors instead of co-activators are
recruited, and the transcriptional activity of the receptor is
decreased[53]. Estrogen derivatives display both agonist and
antagonist nature by inducing the recruitment of both
SRC-1 and NcoR after binding to CAR[54]. Alternatively,
some CAR activators are not ligands in vitro. Among
others, phenobarbital and bilirubin can modulate CAR
activity by indirect activation, promoting the nuclear
translocation of the receptor without binding to the
ligand domain, although the mechanism is not totally
understood[49,55].
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MODULATION OF DRUG TRANSPORTERS
BY THERAPEUTIC AGENTS: ROLE OF
NUCLEAR RECEPTORS
Synthetic drugs, natural products, endogenous substances, and environmental toxicants are chemicals known to
modulate the activity of major Class Ⅱ nuclear receptors, CAR and PXR[56,57]. It is widely recognized that
CAR and PXR are major determinants in the regulation
of an extensive spectrum of genes involved in the metabolism and disposition of xeno- and endobiotics[37,58-60].
Thus, among other factors, drug exposure can influence
the activity of these NRs, affecting the metabolism,
toxicity and drug-drug interactions of many xenobiotics
or endogenous substances. The following paragraphs
describe some representative examples of the action of
therapeutic agents modulating drug transporters and involving CAR or PXR as mediators.
Pharmaceutical agents that are agonists of PXR and
CAR had been used for treatment of human diseases long
before their mechanism of action was clarified. Rifampicin, a human PXR agonist, was found to be effective in
the treatment of pruritus in cholestatic disorders[61,62]. Furthermore, administration of rifampicin to healthy human
volunteers significantly induced UDP-glucuronosyltransferase 1A1 (UGT1A1), involved in bilirubin glucuronidation, and MRP2 expression, leading to reduction in serum
bilirubin levels[63]. Certain traditional Chinese herbs are
powerful CAR activators and have been used extensively
for management of neonatal jaundice[64]. Phenobarbital, in
addition to rifampicin, has been empirically used to treat
hyperbilirubinemia[65,66] due to its inductive properties on
UGTs. These compounds are activators of PXR and CAR
and the identification of the UGT locus as a direct target
for hPXR and hCAR has relevance in both xenobiotic/
endobiotic metabolism and disposition in human disease.
Simultaneous induction of biotransformation and transport systems by these same agents was also effective in
increasing the disposition of a variety of carcinogens, as
well as estrogen and thyroxin[67]. MRP2 is one of the best
characterized drug transporters to act in coordination with
biotransformation systems to increase drug elimination[22].
This is in part due to its universal capacity to respond to
NR activators, which in turn activate a wide spectrum of
phaseⅠand Ⅱ reactions. Indeed, Kast et al[36] have reported that MRP2/Mrp2 genes are modulated by PXR, FXR
and CAR in human and rodents. Interestingly, these three
distinct nuclear receptor signaling pathways converge on
a common response element in the 5’-flanking region of
these same genes.
Glucocorticoids are also well known inducers of
several biotransformation and transport systems. In acute
cholestasis, as well as in chronic cholestatic disorders
such as primary biliary cirrhosis, the beneficial effects
of steroids could be attributed not only to their antiinflammatory and immune-modulatory actions but also to
the effects mediated by alterations in biotransformation
enzymes and transporters, these latter systems being
regulated by NRs [68]. CAR seems to act as a primary
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glucocorticoid receptor (GR)-response gene, since the
CAR gene promoter harbors a GR response element[69]. In
addition, glucocorticoids such as dexamethasone induce
CAR nuclear translocation. Glucocorticoids also induce
PXR expression and nuclear translocation and thus induce
target genes expression like CYP3A4, BSEP and MRP2.
These latter findings explain the improvement of liver
cholestatic diseases such as that induced experimentally by
endotoxin administration[70].
As was demonstrated for the steroids pregnenolone
16α-carbonitrile, 5 β-pregnane-3, 20-dione and dexamethasone[71], spironolactone, widely used as a diuretic, also
binds to PXR[72]. Rats treated with spironolactone, exhibit
up-regulation of Mrp2 and P-gp in liver[73,74] along with
increased phase Ⅱ biotransformation reactions[75,76]. Data
on increased expression of Mrp2 (protein and mRNA)
are consistent with transcriptional regulation of the target genes and with spironolactone-PXR interaction. The
potentiality of spironolactone to counteract alterations in
biliary secretory function emerges from studies demonstrating that this steroid was able to prevent the decrease
in bile flow and biliary secretion of Mrp2 substrates induced by the cholestatic ethynylestradiol[77]. It is interesting to note that spironolactone also leads to up-regulation
of PXR mRNA and protein levels (ML Ruiz, SSM Villanueva, MG Luquita, AD Mottino, and VA Catania, unpublished results), reinforcing a role for this nuclear receptor
as a modulator of the action of spironolactone. This finding also suggests that an adaptive response to prolonged
treatment with therapeutic drugs may result from changes
in expression of the NR gene, and consequently from its
availability for binding to the respective ligands. Clearly,
the binding of an agonist or antagonist to NRs can directly translate physiological and pathophysiological requirements into alterations of gene expression[1,78,79]. These
effects can be additionally modulated by transcriptional or
post-transcriptional regulation of the transcription factor
itself[80,81].
Acetaminophen is a widely used therapeutic drug
which can produce hepatotoxicity when administered
at high doses. CAR is a key regulator of acetaminophen
metabolism and hepatotoxicity. CAR activators, as well as
high doses of acetaminophen, induce expression of key
drug metabolizing enzymes in wild-type but not in Car-/mice, and administration of the inverse agonist ligand
androstanol after treatment with acetaminophen blocks
hepatotoxicity in wild-type but not in Car-/- mice[82]. In
addition, Car-/- mice are resistant to acetaminophen hepatotoxicity. In contrast, mice deficient in Nrf2 are highly
susceptible to acetaminophen hepatotoxicity and were unable to increase the hepatic basolateral drug transporters
Mrp3 and Mrp4, as detected in wild type animals[83]. These
transporters may represent an attractive target to reduce
acetaminophen hepatotoxicity. Indeed, pretreatment of
rats with acetaminophen was shown to increase Mrp3
expression, and thereby induced a shift from biliary to urinary elimination of acetaminophen glucuronide; the subsequent decreased enterohepatic recirculation was postulated to decrease exposure of the liver to acetaminophen
and thereby protect against hepatoxicity[84]. Whether CAR
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or PXR, in addition to NrF, are involved in modulation of
key drug transporters regulating acetaminophen toxicity,
at toxic or subtoxic doses, needs further exploration.
Whereas a number of drugs targeting different NRs,
which form heterodimers with RXR, have been approved for treatment of metabolic diseases[85], finding
new therapeutic compounds that could modulate drug
efflux in a similar way still represents a major challenge.
Our increasing understanding of the molecular regulation of transport and detoxification systems, including
mediation of NRs, should help significantly.

CONCLUSION
Major drug transporters in the liver, either at the
apical or basolateral level, are extensively regulated by
therapeutic agents, and likely involve mediation of NRs.
Targeting NRs such as CAR and PXR to improve liver
diseases, particularly those involving alterations in biliary
secretory function, represents a promising perspective.
Most of the studies referenced in this current review,
which clearly support this possibility, were performed
either in rodents or in human cell lines. To what extent
the results obtained in these experiments apply to
humans is poorly known and needs further exploration.

REFERENCES
1
2
3

4
5

6

7

8
9

10
11

Trauner M, Boyer JL. Bile salt transporters: molecular
characterization, function, and regulation. Physiol Rev 2003;
83: 633-671
Borst P, Elferink RO. Mammalian ABC transporters in
health and disease. Annu Rev Biochem 2002; 71: 537-592
Crocenzi FA, Mottino AD, Roma MG. Regulation of synthesis
and trafficking of canalicular transporters and its alteration in
acquired hepatocellular cholestasis. Experimental therapeutic
strategies for its prevention. Curr Med Chem 2004; 11: 501-524
Stieger B, Meier Y, Meier PJ. The bile salt export pump.
Pflugers Arch 2007; 453: 611-620
Paulusma CC, Bosma PJ, Zaman GJ, Bakker CT, Otter
M, Scheffer GL, Scheper RJ, Borst P, Oude Elferink RP.
Congenital jaundice in rats with a mutation in a multidrug
resistance-associated protein gene. Science 1996; 271:
1126-1128
Gerk PM, Vore M. Regulation of expression of the
multidrug resistance-associated protein 2 (MRP2) and its
role in drug disposition. J Pharmacol Exp Ther 2002; 302:
407-415
Matsushima S, Maeda K, Kondo C, Hirano M, Sasaki M,
Suzuki H, Sugiyama Y. Identification of the hepatic efflux
transporters of organic anions using double-transfected
Madin-Darby canine kidney II cells expressing human
organic anion-transporting polypeptide 1B1 (OATP1B1)/
multidrug resistance-associated protein 2, OATP1B1/
multidrug resistance 1, and OATP1B1/breast cancer
resistance protein. J Pharmacol Exp Ther 2005; 314: 1059-1067
Krishnamurthy P, Schuetz JD. Role of ABCG2/BCRP in
biology and medicine. Annu Rev Pharmacol Toxicol 2006; 46:
381-410
Sarkadi B, Homolya L, Szakacs G, Varadi A. Human
multidrug resistance ABCB and ABCG transporters:
participation in a chemoimmunity defense system. Physiol
Rev 2006; 86: 1179-1236
Nies AT, Keppler D. The apical conjugate efflux pump
ABCC2 (MRP2). Pflugers Arch 2007; 453: 643-659
Gradhand U, Kim RB. Pharmacogenomics of MRP

www.wjgnet.com

12
13

14

15

16
17

18

19
20

21

22

23
24
25
26
27
28

29
30

31
32

December 14, 2008

Volume 14

Number 46

transporters (ABCC1-5) and BCRP (ABCG2). Drug Metab
Rev 2008; 40: 317-354
Muller M, Jansen PL. Molecular aspects of hepatobiliary
transport. Am J Physiol 1997; 272: G1285-G1303
Konig J, Nies AT, Cui Y, Leier I, Keppler D. Conjugate export
pumps of the multidrug resistance protein (MRP) family:
localization, substrate specificity, and MRP2-mediated drug
resistance. Biochim Biophys Acta 1999; 1461: 377-394
Akita H, Suzuki H, Ito K, Kinoshita S, Sato N, Takikawa
H, Sugiyama Y. Characterization of bile acid transport
mediated by multidrug resistance associated protein 2 and
bile salt export pump. Biochim Biophys Acta 2001; 1511: 7-16
Cole SP, Bhardwaj G, Gerlach JH, Mackie JE, Grant CE,
Almquist KC, Stewart AJ, Kurz EU, Duncan AM, Deeley RG.
Overexpression of a transporter gene in a multidrug-resistant
human lung cancer cell line. Science 1992; 258: 1650-1654
Suzuki M, Suzuki H, Sugimoto Y, Sugiyama Y. ABCG2
transports sulfated conjugates of steroids and xenobiotics. J
Biol Chem 2003; 278: 22644-22649
Choudhuri S, Klaassen CD. Structure, function, expression,
genomic organization, and single nucleotide polymorphisms
of human ABCB1 (MDR1), ABCC (MRP), and ABCG2
(BCRP) efflux transporters. Int J Toxicol 2006; 25: 231-259
Zamek-Gliszczynski MJ, Nezasa K, Tian X, Kalvass JC,
Patel NJ, Raub TJ, Brouwer KL. The important role of Bcrp
(Abcg2) in the biliary excretion of sulfate and glucuronide
metabolites of acetaminophen, 4-methylumbelliferone, and
harmol in mice. Mol Pharmacol 2006; 70: 2127-2133
Haussinger D, Schmitt M, Weiergraber O, Kubitz R. Shortterm regulation of canalicular transport. Semin Liver Dis
2000; 20: 307-321
Mottino AD, Cao J, Veggi LM, Crocenzi F, Roma MG, Vore
M. Altered localization and activity of canalicular Mrp2
in estradiol-17beta-D-glucuronide-induced cholestasis.
Hepatology 2002; 35: 1409-1419
Kojima H, Nies AT, Konig J, Hagmann W, Spring H,
Uemura M, Fukui H, Keppler D. Changes in the expression
and localization of hepatocellular transporters and radixin
in primary biliary cirrhosis. J Hepatol 2003; 39: 693-702
Catania VA, Sanchez Pozzi EJ, Luquita MG, Ruiz ML,
Villanueva SS, Jones B, Mottino AD. Co-regulation of
expression of phase II metabolizing enzymes and multidrug
resistance-associated protein 2. Ann Hepatol 2004; 3: 11-17
Eloranta JJ, Meier PJ, Kullak-Ublick GA. Coordinate
transcriptional regulation of transport and metabolism.
Methods Enzymol 2005; 400: 511-530
Glass CK, Rosenfeld MG. The coregulator exchange in
transcriptional functions of nuclear receptors. Genes Dev
2000; 14: 121-141
Acevedo ML, Kraus WL. Transcriptional activation by
nuclear receptors. Essays Biochem 2004; 40: 73-88
Metivier R, Reid G, Gannon F. Transcription in four
dimensions: nuclear receptor-directed initiation of gene
expression. EMBO Rep 2006; 7: 161-167
Nishioka K, Reinberg D. Transcription. Switching partners
in a regulatory tango. Science 2001; 294: 2497-2498
Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schutz
G, Umesono K, Blumberg B, Kastner P, Mark M, Chambon
P, Evans RM. The nuclear receptor superfamily: the second
decade. Cell 1995; 83: 835-839
Fuhr U. Induction of drug metabolising enzymes: pharmacokinetic and toxicological consequences in humans. Clin
Pharmacokinet 2000; 38: 493-504
Lehmann JM, McKee DD, Watson MA, Willson TM, Moore
JT, Kliewer SA. The human orphan nuclear receptor PXR
is activated by compounds that regulate CYP3A4 gene
expression and cause drug interactions. J Clin Invest 1998;
102: 1016-1023
Roy-Chowdhury J, Locker J, Roy-Chowdhury N. Nuclear
receptors orchestrate detoxification pathways. Dev Cell 2003;
4: 607-608
Kliewer SA, Moore JT, Wade L, Staudinger JL, Watson MA,

Mottino AD et al . Drug transporters and nuclear receptors		

33

34

35

36

37

38

39

40

41

42
43

44

45

46

47

Jones SA, McKee DD, Oliver BB, Willson TM, Zetterstrom
RH, Perlmann T, Lehmann JM. An orphan nuclear receptor
activated by pregnanes defines a novel steroid signaling
pathway. Cell 1998; 92: 73-82
Jones SA, Moore LB, Shenk JL, Wisely GB, Hamilton
GA, McKee DD, Tomkinson NC, LeCluyse EL, Lambert
MH, Willson TM, Kliewer SA, Moore JT. The pregnane
X receptor: a promiscuous xenobiotic receptor that has
diverged during evolution. Mol Endocrinol 2000; 14: 27-39
Squires EJ, Sueyoshi T, Negishi M. Cytoplasmic localization of pregnane X receptor and ligand-dependent
nuclear translocation in mouse liver. J Biol Chem 2004; 279:
49307-49314
Staudinger J, Liu Y, Madan A, Habeebu S, Klaassen CD.
Coordinate regulation of xenobiotic and bile acid homeostasis
by pregnane X receptor. Drug Metab Dispos 2001; 29:
1467-1472
Kast HR, Goodwin B, Tarr PT, Jones SA, Anisfeld AM,
Stoltz CM, Tontonoz P, Kliewer S, Willson TM, Edwards
PA. Regulation of multidrug resistance-associated protein
2 (ABCC2) by the nuclear receptors pregnane X receptor,
farnesoid X-activated receptor, and constitutive androstane
receptor. J Biol Chem 2002; 277: 2908-2915
Maglich JM, Stoltz CM, Goodwin B, Hawkins-Brown D,
Moore JT, Kliewer SA. Nuclear pregnane x receptor and
constitutive androstane receptor regulate overlapping but
distinct sets of genes involved in xenobiotic detoxification.
Mol Pharmacol 2002; 62: 638-646
Zhang J, Kuehl P, Green ED, Touchman JW, Watkins PB,
Daly A, Hall SD, Maurel P, Relling M, Brimer C, Yasuda
K, Wrighton SA, Hancock M, Kim RB, Strom S, Thummel
K, Russell CG, Hudson JR Jr, Schuetz EG, Boguski MS.
The human pregnane X receptor: genomic structure and
identification and functional characterization of natural
allelic variants. Pharmacogenetics 2001; 11: 555-572
Gardner-Stephen D, Heydel JM, Goyal A, Lu Y, Xie W,
Lindblom T, Mackenzie P, Radominska-Pandya A. Human
PXR variants and their differential effects on the regulation
of human UDP-glucuronosyltransferase gene expression.
Drug Metab Dispos 2004; 32: 340-347
Baes M, Gulick T, Choi HS, Martinoli MG, Simha D,
Moore DD. A new orphan member of the nuclear hormone
receptor superfamily that interacts with a subset of retinoic
acid response elements. Mol Cell Biol 1994; 14: 1544-1552
Honkakoski P, Zelko I, Sueyoshi T, Negishi M. The nuclear
orphan receptor CAR-retinoid X receptor heterodimer
activates the phenobarbital-responsive enhancer module of
the CYP2B gene. Mol Cell Biol 1998; 18: 5652-5658
Wang H, LeCluyse EL. Role of orphan nuclear receptors
in the regulation of drug-metabolising enzymes. Clin
Pharmacokinet 2003; 42: 1331-1357
Geier A, Wagner M, Dietrich CG, Trauner M. Principles
of hepatic organic anion transporter regulation during
cholestasis, inflammation and liver regeneration. Biochim
Biophys Acta 2007; 1773: 283-308
Urquhart BL, Tirona RG, Kim RB. Nuclear receptors and
the regulation of drug-metabolizing enzymes and drug
transporters: implications for interindividual variability in
response to drugs. J Clin Pharmacol 2007; 47: 566-578
Wei P, Zhang J, Dowhan DH, Han Y, Moore DD. Specific
and overlapping functions of the nuclear hormone receptors
CAR and PXR in xenobiotic response. Pharmacogenomics J
2002; 2: 117-126
Beigneux AP, Moser AH, Shigenaga JK, Grunfeld C,
Feingold KR. Reduction in cytochrome P-450 enzyme
expression is associated with repression of CAR (constitutive
androstane receptor) and PXR (pregnane X receptor) in
mouse liver during the acute phase response. Biochem Biophys
Res Commun 2002; 293: 145-149
Gerbal-Chaloin S, Daujat M, Pascussi JM, Pichard-Garcia L,
Vilarem MJ, Maurel P. Transcriptional regulation of CYP2C9
gene. Role of glucocorticoid receptor and constitutive

48
49

50

51
52
53

54

55

56
57
58
59

60
61
62
63

64
65

66

67

68

		

7073

androstane receptor. J Biol Chem 2002; 277: 209-217
Qatanani M, Moore DD. CAR, the continuously advancing
receptor, in drug metabolism and disease. Curr Drug Metab
2005; 6: 329-339
Yoshinari K, Kobayashi K, Moore R, Kawamoto T, Negishi
M. Identification of the nuclear receptor CAR:HSP90 complex
in mouse liver and recruitment of protein phosphatase 2A in
response to phenobarbital. FEBS Lett 2003; 548: 17-20
Cai Y, Konishi T, Han G, Campwala KH, French SW, Wan
YJ. The role of hepatocyte RXR alpha in xenobiotic-sensing
nuclear receptor-mediated pathways. Eur J Pharm Sci 2002;
15: 89-96
Goodwin B, Moore JT. CAR: detailing new models. Trends
Pharmacol Sci 2004; 25: 437-441
Timsit YE, Negishi M. CAR and PXR: the xenobioticsensing receptors. Steroids 2007; 72: 231-246
Forman BM, Tzameli I, Choi HS, Chen J, Simha D, Seol W,
Evans RM, Moore DD. Androstane metabolites bind to and
deactivate the nuclear receptor CAR-beta. Nature 1998; 395:
612-615
Makinen J, Reinisalo M, Niemi K, Viitala P, Jyrkkarinne
J, Chung H, Pelkonen O, Honkakoski P. Dual action of
oestrogens on the mouse constitutive androstane receptor.
Biochem J 2003; 376: 465-472
Huang W, Zhang J, Chua SS, Qatanani M, Han Y, Granata
R, Moore DD. Induction of bilirubin clearance by the
constitutive androstane receptor (CAR). Proc Natl Acad Sci
USA 2003; 100: 4156-4161
Willson TM, Kliewer SA. PXR, CAR and drug metabolism.
Nat Rev Drug Discov 2002; 1: 259-266
Handschin C, Meyer UA. Induction of drug metabolism:
the role of nuclear receptors. Pharmacol Rev 2003; 55: 649-673
Waxman DJ. P450 gene induction by structurally diverse
xenochemicals: central role of nuclear receptors CAR, PXR,
and PPAR. Arch Biochem Biophys 1999; 369: 11-23
Rosenfeld JM, Vargas R Jr, Xie W, Evans RM. Genetic
profiling defines the xenobiotic gene network controlled by
the nuclear receptor pregnane X receptor. Mol Endocrinol
2003; 17: 1268-1282
Klaassen CD, Slitt AL. Regulation of hepatic transporters
by xenobiotic receptors. Curr Drug Metab 2005; 6: 309-328
Bachs L, Pares A, Elena M, Piera C, Rodes J. Comparison of
rifampicin with phenobarbitone for treatment of pruritus in
biliary cirrhosis. Lancet 1989; 1: 574-576
Prince MI, Burt AD, Jones DE. Hepatitis and liver
dysfunction with rifampicin therapy for pruritus in primary
biliary cirrhosis. Gut 2002; 50: 436-439
Marschall HU, Wagner M, Zollner G, Fickert P, Diczfalusy U,
Gumhold J, Silbert D, Fuchsbichler A, Benthin L, Grundstrom
R, Gustafsson U, Sahlin S, Einarsson C, Trauner M.
Complementary stimulation of hepatobiliary transport and
detoxification systems by rifampicin and ursodeoxycholic
acid in humans. Gastroenterology 2005; 129: 476-485
Huang W, Zhang J, Moore DD. A traditional herbal
medicine enhances bilirubin clearance by activating the
nuclear receptor CAR. J Clin Invest 2004; 113: 137-143
Yaffe SJ, Levy G, Matsuzawa T, Baliah T. Enhancement of
glucuronide-conjugating capacity in a hyperbilirubinemic
infant due to apparent enzyme induction by phenobarbital.
N Engl J Med 1966; 275: 1461-1466
Cancado EL, Leitao RM, Carrilho FJ, Laudanna AA.
Unexpected clinical remission of cholestasis after rifampicin
therapy in patients with normal or slightly increased levels of
gamma-glutamyl transpeptidase. Am J Gastroenterol 1998; 93:
1510-1517
Xie W, Yeuh MF, Radominska-Pandya A, Saini SP, Negishi
Y, Bottroff BS, Cabrera GY, Tukey RH, Evans RM. Control
of steroid, heme, and carcinogen metabolism by nuclear
pregnane X receptor and constitutive androstane receptor.
Proc Natl Acad Sci USA 2003; 100: 4150-4155
Marschall HU, Wagner M, Zollner G, Trauner M. Clinical
hepatotoxicity. Regulation and treatment with inducers of
www.wjgnet.com

7074

69

70

71
72

73

74

75

76

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

transport and cofactors. Mol Pharm 2007; 4: 895-910
Pascussi JM, Busson-Le Coniat M, Maurel P, Vilarem MJ.
Transcriptional analysis of the orphan nuclear receptor
constitutive androstane receptor (NR1I3) gene promoter:
identification of a distal glucocorticoid response element.
Mol Endocrinol 2003; 17: 42-55
Kubitz R, Wettstein M, Warskulat U, Haussinger D.
Regulation of the multidrug resistance protein 2 in the
rat liver by lipopolysaccharide and dexamethasone.
Gastroenterology 1999; 116: 401-410
Kliewer SA, Willson TM. Regulation of xenobiotic and bile
acid metabolism by the nuclear pregnane X receptor. J Lipid
Res 2002; 43: 359-364
Schuetz EG, Brimer C, Schuetz JD. Environmental
xenobiotics and the antihormones cyproterone acetate and
spironolactone use the nuclear hormone pregnenolone X
receptor to activate the CYP3A23 hormone response element.
Mol Pharmacol 1998; 54: 1113-1117
Ruiz ML, Villanueva SS, Luquita MG, Sanchez-Pozzi EJ,
Crocenzi FA, Pellegrino JM, Ochoa JE, Vore M, Mottino
AD, Catania VA. Mechanisms involved in spironolactoneinduced choleresis in the rat. Role of multidrug resistanceassociated protein 2. Biochem Pharmacol 2005; 69: 531-539
Ghanem CI, Gomez PC, Arana MC, Perassolo M, Delli
Carpini G, Luquita MG, Veggi LM, Catania VA, Bengochea
LA, Mottino AD. Induction of rat intestinal P-glycoprotein
by spironolactone and its effect on absorption of orally
administered digoxin. J Pharmacol Exp Ther 2006; 318:
1146-1152
Catania VA, Luquita MG, Sanchez Pozzi EJ, Mottino AD.
Differential induction of glutathione S-transferase subunits
by spironolactone in rat liver, jejunum and colon. Life Sci
1998; 63: 2285-2293
Catania VA, Luquita MG, Sanchez Pozzi EJ, Ikushiro S,
Emi Y, Iyanagi T, Mottino AD. Effect of spironolactone on
the expression of rat hepatic UDP-glucuronosyltransferase.

77

78
79
80

81

82
83

84

85

December 14, 2008

Volume 14

Number 46

Biochem Pharmacol 2003; 66: 171-177
Ruiz ML, Villanueva SS, Luquita MG, Ikushiro S, Mottino
AD, Catania VA. Beneficial effect of spironolactone
administration on ethynylestradiol-induced cholestasis in the
rat: involvement of up-regulation of multidrug resistanceassociated protein 2. Drug Metab Dispos 2007; 35: 2060-2066
Karpen SJ. Nuclear receptor regulation of hepatic function.
J Hepatol 2002; 36: 832-850
Eloranta JJ, Kullak-Ublick GA. Coordinate transcriptional
regulation of bile acid homeostasis and drug metabolism.
Arch Biochem Biophys 2005; 433: 397-412
Beigneux AP, Moser AH, Shigenaga JK, Grunfeld C,
Feingold KR. The acute phase response is associated with
retinoid X receptor repression in rodent liver. J Biol Chem
2000; 275: 16390-16399
Pascussi JM, Drocourt L, Fabre JM, Maurel P, Vilarem MJ.
Dexamethasone induces pregnane X receptor and retinoid X
receptor-alpha expression in human hepatocytes: synergistic
increase of CYP3A4 induction by pregnane X receptor
activators. Mol Pharmacol 2000; 58: 361-372
Zhang J, Huang W, Chua SS, Wei P, Moore DD. Modulation
of acetaminophen-induced hepatotoxicity by the xenobiotic
receptor CAR. Science 2002; 298: 422-424
Aleksunes LM, Slitt AL, Maher JM, Augustine LM,
Goedken MJ, Chan JY, Cherrington NJ, Klaassen CD,
Manautou JE. Induction of Mrp3 and Mrp4 transporters
during acetaminophen hepatotoxicity is dependent on Nrf2.
Toxicol Appl Pharmacol 2008; 226: 74-83
Ghanem CI, Ruiz ML, Villanueva SS, Luquita MG, Catania
VA, Jones B, Bengochea LA, Vore M, Mottino AD. Shift
from biliary to urinary elimination of acetaminophenglucuronide in acetaminophen-pretreated rats. J Pharmacol
Exp Ther 2005; 315: 987-995
Shulman AI, Mangelsdorf DJ. Retinoid x receptor
heterodimers in the metabolic syndrome. N Engl J Med 2005;
353: 604-615
S- Editor Li LF L- Editor Logan S E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7075

			

World J Gastroenterol 2008 December 14; 14(46): 7075-7085
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

COLORECTAL CANCER

Acute and persisting Th2-like immune response after
fractionated colorectal γ-irradiation

Olivier Grémy, Marc Benderitter, Christine Linard
Olivier Grémy, Marc Benderitter, Christine Linard, Institute
for Radioprotection and Nuclear safety, B.P. n°17, F-92262
Fontenay aux Roses Cedex, France
Author contributions: Grémy O and Linard C contributed
equally to this work; Linard C designed research; Grémy O
and Linard C performed research, analyzed data and wrote the
paper; Benderitter M contributed to the scientific discussion.
Correspondence to: Christine Linard, Institute for Radioprotection and Nuclear safety, B.P. n°17, F-92262 Fontenay-auxRoses Cedex, France. christine.linard@irsn.fr
Telephone: +33-1-58359186 Fax: +33-1-58358467
Received: July 29, 2008
Revised: November 14, 2008
Accepted: November 21, 2008
Published online: December 14, 2008

This suppression was associated with an overexpression
of SOCS3, which inhibits the feedback of the Th1 polarization and regulates IL-10 production.
CONCLUSION: Colorectal irradiation induces Th2 polarization, defective IL-10/STAT3 pathway activation and
SOCS3 overexpression. These changes, in turn, maintain a immunological imbalance that persists in the long
term.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate if an immune imbalance may account for the development and progression of chronic
radiation enteritis. We analyzed the Th1/Th2 immune
response profile early and 6 mo after fractionated
colorectal irradiation.
METHODS: A rat model of fractionated colorectal
γ-irradiation (4-Gy fractions, 3 fractions per week) was
designed to investigate the effects of cumulative dose
on inflammatory mediators (cytokines and chemokines) and immune response (Th1/Th2 profile and immunosuppressive mediator IL-10) during acute (early)
response and 6 mo after the end of fractionated irradiation (chronic response). Analyses were performed 1 d
after the cumulative doses of 16 Gy and 36 Gy and 1 d,
3 d, and 26 wk after the cumulative dose of 52 Gy.
RESULTS: Without causing histological damage, fractionated radiation induced elevated expression of IL-1β,
TNFα, MCP-1, and iNOS in distal colonic mucosa during the early post-irradiation phase. At that time, a Th2
profile was confirmed by expression of both the Th2specific transcription factor GATA-3 and the chemokine
receptor CCR4 and by suppression of the Th1 cytokine
IFNγ/IP-10 throughout the irradiation protocol. After
6 mo, despite the 2-fold reduction of iNOS and MCP-1
levels, the Th2 profile persisted, as shown by a 50% reduction in the expression of the Th1 transcription factor
T-bet, the chemokine receptor CCXCR3, and the IFNγ/
STAT1 pathway. At the same time-point, the immunosuppressive IL-10/STAT3 pathway, known to regulate
the Th1/Th2 balance, was expressed, in irradiated rats,
at approximately half its level as compared to controls.
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INTRODUCTION
During radiation therapy for pelvic or abdominal
cancer, the intestines are a critical dose-limiting organ.
Despite precautions in treatment planning (e.g. multiple
fields) and delivery, patients develop radiation-induced
bowel injury during and after therapy [1] . Radiation
enteropathy therefore remains an important obstacle to
the radiocurability of abdominal tumors and continues
to impair patients’ “quality of life”. Symptoms of acute
bowel toxicity occur among about 80% of these patients,
and include vomiting, diarrhea, hemorrhages and
ulcerations due to the direct effects of radiation on the
intestinal mucosa[2]. Explanations based on recognition
that irradiation induces changes in cellular functions have
recently replaced the concept attributing the severity of
acute intestinal radiation toxicity to disruption of the
epithelial barrier and mucosal inflammation.
Acute (early) effects are those observed during the
course of radiation therapy: they are usually transient
www.wjgnet.com
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and cease shortly after its completion. In some patients,
persistent acute damage causes consequential effects
to appear later on, i.e. after radiation exposure[3]. These
delayed effects, called chronic radiation enteritis, concern
fewer patients (50%) but are important clinically because
of their chronic progressive nature and their significant
long-term morbidity. Delayed radiation enteropathy
typically presents, from the clinical standpoint, 6 mo to
3 years after irradiation. It is characterized by dysmotility
and malabsorption, sometimes developing into fibrosis
and eventually, in some cases, bowel obstruction, years or
even decades after radiation exposure. A latency period
was previously thought to exist between the time of
radiation treatment and the onset of radiation-induced
damage, but many studies now show that this is not the
case. Experimental evidence indicates that the onset of
delayed radiation effects is a continuous process that
starts immediately at irradiation[4]. The process includes
the production of cytokines and reactive oxygen species
(ROS), which cause responses in the surrounding tissue,
including cell infiltration. These “waves” of response may
be interpreted as the result of failed attempts at adaptation
and then later as the evidence of dysregulated tissue
response. Recent studies show that irradiation induces the
synthesis of various cytokines in several tissues, including
the intestines[5] and lungs[6]. These cytokines lead to cell
infiltration and fibroblast stimulation, thus enhancing
collagen synthesis[7]. In addition, cytokine production by
immune cells is crucial to immune response to infectious
agents and disease prevention.
Many diseases, including inflammatory bowel disease[8],
are associated with imbalances between Th1 (T helper cell
type 1) and Th2 (T helper cell type 2) cytokines. Because
these cell subpopulations tend to function antagonistically
towards each another, the persistence of disease
susceptibility and resistance depends on the profiles of
the cytokines that each type secretes. Several reports
show that ionizing radiation induces the preferential
differentiation of Th cells into Th2 cells in the spleen[9,10]
and more recently, in the intestines[11], where this Th2
dominance is characterized by repression of IFNγ. Th2
cells play a critical role in the pathogenesis of radiationinduced pneumonitis, which precedes lung fibrosis[12].
Th1 and Th2 cells were originally distinguished from
each other by their specific cytokine expression profiles.
In vivo analysis of these polarized Th cells has revealed
differential sets of molecular expression, including
specific chemokine/chemokine receptors. Typically, the
chemokine receptor CXCR3 is expressed exclusively on
Th1 lymphocytes, which migrate to the inflammatory sites
in response to CXCR3 ligands and interferon-inducible
protein (IP)-10 [13,14]. Likewise, CCR4 is preferentially
expressed on Th2 cells [15] . Specific expression of
transcription factors leads to differential expression
of polarized Th cells. For example, T-bet, expressed
specifically in Th1 cells, mediates IFNγ production, while
GATA-binding protein 3 (GATA-3), which suppresses
this production, is thought to be the most important
factor associated with the development of the Th2
phenotype and inhibition of the Th1 phenotype[16]. Th1
cytokines can activate macrophages, regulate cell-mediated
www.wjgnet.com
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immune responses, and promote tumoricidal activity.
Th2 cells, in contrast, promote humoral immunity. Each
Th subset mutually inhibits the growth and function of
the other one. Members of the suppressor of cytokine
signaling (SOCS) family of proteins are described
as feedback inhibitors of a broad range of cytokine
signaling pathways, regulating the amplitude and duration
of the polarization influenced by T-bet or GATA-3[17].
Notably, SOCS3 inhibits the signal transduction pathway
implicating IFNγ[18].
Deter mining Th1/Th2 balance during the
radiotherapy protocol and, in particular, its long-term
balance requires a longitudinal study. In this study, a
rat model of fractionated colorectal-irradiation was
designed to investigate the effects of cumulative dose on
the inflammatory mediators and the immune response.
Our study suggests that the downregulation of Th1-type
cells, induced by γ-irradiation, persists for at least 6 mo
after the end of the irradiation protocol. This supports
the hypothesis that the radiation-induced impairment of
inflammation control mechanisms plays a critical role in
both acute and late effects.

MATERIALS AND METHODS
Animals
Adult male Wistar rats (Elevage Janvier, France) weighing
200-250 g were housed (three per cage) with food and
water ad libitum. All experiments were conducted in
accordance with the French Ministry of Agriculture
regulations for animal experimentation (No. 2001-464,
May 2001).
Radiation schedule
Anesthetized rats were sham-irradiated or exposed to a
60
γ-ray source ( Co, 1 Gy/min). The radiation field was
confined to the colorectum (field size: 2 by 2.5 cm).
Radiation was delivered 3 times a week (4-Gy fractions)
for a total dose of 16, 36, or 52 Gy. The cumulative
doses of 16 and 36 Gy correspond nearly to one third
and two thirds of the total fractionated dose (52 Gy),
respectively. Radiation response was assessed on the first
day after the cumulative dose of 16 and 36 Gy, and day
1 and day 3 of the cumulative dose of 52 Gy, and 26 wk
after it reached 52 Gy.
Tissue isolation
After the rats were anesthetized, distal colon tissue in
the irradiation field was excised and rinsed with saline.
Whole-tissue samples were collected and fixed with 4%
formaldehyde for immunostaining assays, while scraped
mucosa layers were snap-frozen and then stored at -80℃
for RNA extraction.
PCR analysis
The mRNA levels of inflammation-related cytokines and
chemokines and of the housekeeping gene hypoxanthineguanine phosphoribosyltransferase (HPRT) were
measured by real-time polymerase chain reaction (RTPCR). Total RNA was extracted from the colon mucosa
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Table 1 Specifications of the primer sets used for gene expression analysis by RT-PCR
Gene		

Forward primer		

Reverse primer

IL-1b		

CAACAAAAATGCCTCGTGC		

TGCTGATGTACCAGTTGGG

TNF-a 		

CATCTTCTCAAAATTCGAGTGACAA

TGGGAGTAGACAAGGTACAACCC

MCP-1 		

CAGCCAGATGCAGTTAATGCC		

AGCCGACTCATTGGGATCAT

INOS		

GATTTTTCACGACACCCT		

GGTCCTCTGGTCAAACTC

IL-10		

GTTGCCAAGCCT-TGTCAGAAA

TTTCTGGGCCATGGTTCTCT

IFN-g		

CACGCCGCGTCTTGGT

TCTAGGCTTTCAATGAGTGTGCC

Suppressors of cytokine signalling proteins
SOCS3		

CCTCCAGCATCTTTGTC-GGAAGAC

TACTGGTCCAGGAACTCCCGAATG

T-Bet		

TCCTGTCTCCAGCCGTTTCT

CGCTCACTGCTCGGAACTCT

GATA-3		

GGCGGCGAGATGGTACTG		

TCTGCCCATTCATTTTATGGTAGA

CXCR3		

AGGTCAGTGAACGTCAAGTGCTAG

CAAAAAGAGGAGGCTGTAGAGGA

CCR4		

GCCTCCAAGACAGACTTCCTTG

AGCGTTCGGTTCTAGTTTCCAC

GCTCGAGATGTCATGAAGGAGA

TCAGCGCTTTAATGTAATCCAGC

Transcription factors

Chemokine receptors

Housekeeping
HPRT		

samples with the RNeasy kit (Qiagen). RNA purity and
integrity were checked by spectrophotometric analysis
and agarose gel electrophoresis. In accordance with
the manufacturer’s instructions, 1 μ g of total RNA
was reverse-transcribed into cDNA with random
hexamers and the SuperScript II RNase H (GibcoBRL)
in a 20-μL reaction volume. SYBR chemistry (Applied
Biosystems) was used to amplify PCR in the ABI-Prism
7000 detection system (Applied Biosystems), under the
following conditions: 50℃ for 2 min, 95℃ for 10 min
and 40 cycles at 95℃ for 15 s and 60℃ for 1 min. The
primer sequences, designed with Primer Express software
(Applied Biosystems), are listed in Table 1.
Immunoblot analysis
Total proteins were obtained by colon homogenization
in a cold RIPA buffer (Sigma) containing a standard
protease-inhibitor cocktail. Protein concentrations of
cytoplasmic and nuclear extracts were measured with a
modified Bradford method from Biorad Laboratories
(Biorad, France). The samples were then stored at -80℃.
Proteins (25 μg) were boiled in SDS and mercaptoethanol buffer and then separated on a 120 g/L
polyacrylamide gel (NuPAGE gels; Invitrogen, France)
and electroblotted. Polyvinylidene difluoride membranes
were incubated with a blocking solution (50 g/L
skimmed milk in TPBS containing 1 mL/L Tween 20),
washed with TPBS and incubated with rabbit polyclonal
STAT1 p84/p91 (1/700, Santa Cruz), STAT3 (1/300,
Santa Cruz) and SOCS3 (1/200, Santa Cruz) for 1 h at
room temperature. After washing, immunodetection
was performed with the respective horseradish-linked
secondary antibodies (1/1000; Santa Cruz). GAPDH
protein was detected similarly with a rabbit antiGAPDH polyclonal antibody (1/1000, Santa Cruz) to
verify uniformity in gel loading. Chemiluminescence was
detected according to the manufacturer’s protocol (ECL,
Biorad). Mean band densities were quantified with a Las
3000 apparatus (Fugifilm) and normalized to the total
amount of protein in the control.

Immunostaining
Neutrophils and macrophages: Fixed distal colon
specimens were dehydrated, embedded in paraffin and
then sectioned into 5 μm thick slices. After dewaxing in
xylene and rehydration by exposure to graded ethanols,
sections were processed to reveal immunoreactivity to
myeloperoxidase (MPO), a marker of neutrophils, or
were prepared for macrophage detection. All sections
were subjected to an endogenous peroxidase blocking
solution (3% H 2O 2). For macrophage staining only,
the slides were boiled in 10% citrate buffer for antigen
retrieval. To reduce non-specific binding, all slides were
pre-incubated with the protein blocker (Dako) before
treatment for 1 hour at 26℃ with anti-rat MPO antibody
(NCL-MYELOp; 1:300, Novocastra) or at 37℃ with an
antibody binding the activated macrophage marker ED1
(MCA341; 1:50, Serotec). Secondary reagents were a
secondary antibody, followed by the Vector Elite ABC kit
(Dako) for neutrophil detection, and the LSAB 2 system
HRP kit (Dako) for macrophages. Whenever necessary,
slides were washed with a Tris buffer (50 mmol/L TrisHCl; 0.3 mol/L NaCl; 0.1% Tween 20; pH 7.6). For
both the primary and secondary staining, sections were
treated with a NovaRED kit (Vector Laboratories Inc.)
for color development, and then counterstained with
Mayer’s hemalum. For MPO staining, positive cells were
counted under a light microscope in a blinded fashion
and expressed as the mean number of marked cells per
ten random crypts (100 crypts).
Apoptotic cell detection: Apoptotic cells were
visualized by the terminal deoxynucleotidyltransferase
(TdT)-mediated dUTP-biotin nick-end labeling assay
(TUNEL) using the In Situ Cell Death Detection kit
(Roche Molecular Biochemicals, France) according to the
manufacturer’s instructions. Briefly, deparaffinized and
rehydrated tissue sections were incubated in proteinase
K (20 mg/L in 10 mmol/L Tris-HCl, pH 7.6) for 10 min
at 37℃. Sections were exposed to the TUNEL reaction
mixture at 37℃ for 1 h. After washing in PBS buffer,
www.wjgnet.com
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Figure 1 Effects of colorectal fractionated irradiation protocol on inflammatory mediator expression. Levels of IL-1b (A), TNFa (B), MCP-1 (C) and iNOS (D)
mRNA were assessed in distal colon mucosa one day after cumulative doses of 16 Gy, 36 Gy, 52 Gy as well as 3 d after 52 Gy. The quantification of target genes was
normalized to the reference gene HPRT. Data are mean ± SE, aP < 0.05; bP < 0.01; cP < 0.005; dP < 0.001 vs control.

POD (peroxidase) was added to react for 30 min at
37℃. For both stainings, the slides were treated with a
NovaRED™ kit (Vector Laboratories Inc, Burlingame,
CA) for colour development and counterstained with
Meyer’s hemalun.
Result expression and statistical analysis
For the real-time PCR, we used the comparative ΔΔCTmethod for the relative mRNA quantification of target
genes, normalized to the reference gene HPRT, and
the relevant sham-irradiated sample. Specifically, we
determined 2-ΔΔCT, with ΔΔCT the difference between
ΔC T(irradiated sample) and ΔC T(sham-irradiated sample) and ΔC T the
difference between the mean CT(gene of interest) and the mean
CT(HPRT reference gene). CT is the threshold cycle of fluorescence
intensity. Each experimental group consisted of 6
animals. Values of PCR and MPO-positive cell counts are
expressed as the mean ± SE.
All data are expressed as the mean ± SE for 6 animals.
Data were analyzed by one-way ANOVA followed by
a Bonferroni test to determine the significance of the
differences.

RESULTS
Pattern of inflammatory mediators during fractionated γ
irradiation
Overexpression of pro-inflammatory cytokines is often
a sign of the onset of inflammation and has been
www.wjgnet.com

characterized as an early effect of intestinal radiation[5]. To
test whether fractionated irradiation induces a persistent
and progressive inflammatory process, we assessed the
expression of inflammatory mediators, relative to the
housekeeping gene HPRT, in rat colon mucosa on D1 in
irradiated rats in all 3 dose groups (16, 36 and 52 Gy) and
on D3 in the 52 Gy group. IL-1β expression increased
by a factor of 4.5 (P < 0.05) on D1 after colorectal
γ-irradiation to 16-Gy exposure, compared with controls.
On the other hand, 24 h after the 36-Gy cumulative dose,
IL-1β expression did not differ from that in the shamexposed rats. Finally, after the 52-Gy dose, IL-1β mRNA
rose to levels dramatically higher than in controls (11-fold,
P < 0.01) on D1 and still higher (25-fold, P < 0.005) on
D3 (Figure 1A). TNFα expression after the total 52-Gy
dose was also 13.5 times higher than in controls on D1
(P < 0.005) and remained elevated at D3 (P < 0.001)
(Figure 1B). Similarly, the level of MCP-1, known to
recruit and activate monocytes and macrophages in tissue,
increased significantly during the fractionated protocol
(Figure 1C). In addition, the expression of iNOS, strongly
secreted by macrophages, remained high throughout the
protocol (Figure 1D).
Histology and assessment of inflammatory cell
accumulation
Histological analysis of distal colons showed no distinct
difference between the sham-irradiated group and
the rats with cumulative doses of 16, 36, and 52 Gy.
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Figure 2 Effects of colorectal fractionated irradiation protocol on inflammatory cells and apoptotic cell presence. Recruitment of ED-1-positive and MPOpositive cells (A) was assessed in distal colon mucosa in the normal distal colon (control) and three days after cumulative doses of 52 Gy. MPO-positive cells were
correlated with the average number of neutrophils one day after cumulative doses of 16 Gy, 36 Gy, and one day and three days after 52 Gy. The presence of apoptotic
cells was confirmed by the terminal deoxynucleotidyltransferase (TdT)-mediated dUTP-biotin nick-end labeling (TUNEL) staining at each timepoint of the fractionated
protocol (B). Data are mean ± SE, aP < 0.01; bP < 0.005; cP < 0.001 vs control values. (× 20).

Immunostaining of macrophages showed an increase in
ED1-positive macrophages in the lamina propria on D1
and D3 after the maximal cumulative dose of 52 Gy (Figure
2A). This macrophage accumulation may be related to
the overexpression of TNF α , MCP-1 and iNOS. In
addition, the number of MPO-positive neutrophils was
nearly twice as high as in controls on D1 after the 16-Gy
exposure (P < 0.01) and remained elevated throughout
the protocol, about 3 times higher than in controls in the
36-Gy group (P < 0.001) and in the 52-Gy groups on D1
and D3 (Figure 2A). In addition, TUNEL assay showed
no significant modification of the apoptotic cell number
during fractionated irradiation (Figure 2B).
Imbalance of Th1/Th2-associated genes during
fractionated irradiation
As previously reported [11] , abdominal ir radiation

initiated a Th2-cell immune response characterized by
suppression of IFNγ expression. Here too, we observed
that fractionated irradiation induced a wave suppressing
IFNγ expression, reducing it significantly (3-fold decrease,
P < 0.005) (Figure 3A). This decrease was associated
with reduction of IFN-inducible genes by the end of the
protocol, including IFNγ-inducible 10 kDa protein (IP-10)
(P < 0.05).
We measured Th cell populations present in the
mucosa during the fractionated protocol more directly
by taking into account the fact that activated Th cells
acquire and maintain high levels of specific patterns of
chemokine receptors: CXCR3 is thus a marker of Th1
and CCR4 of Th2[15]. Fractionated irradiation modified
the chemokine receptor profile (Figure 3B). CXCR3
levels fell by 50% (P < 0.05) after a 16-Gy cumulative
dose and 80% (P < 0.01) after a 36-Gy dose. The
www.wjgnet.com
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Figure 3 Early Th1/Th2 polarization
by fractionated irradiation protocol
within 1 and 3 d of irradiation.
Colorectal fractionated irradiation
protocol induced suppression of Th1
cytokines (IFNg and IFN-inducible
genes (IP-10)) (A). Gene expression
of the chemokine receptors CXCR3
and CCR4 (B) and transcription factors
T-bet and Gata3 (C) implicated in the
Th1/Th2 balance was analyzed one
day after cumulative doses of 16 Gy, 36
Gy, 52 Gy and 3 d after 52 Gy in colon
mucosa. Data are mean ± SE, aP < 0.05;
b
P < 0.01; cP < 0.005 vs control.

B
1.00
0.75
a
0.50
b

0.25
0.00

l
ro

t
on

C

TBet mRNA (Arbitrary units)

C

CCR4 mRNA (Arbitrary units)

3.0

16

Gy

D1
36

Gy

D1
52

Gy

D1
52

Gy

b

2.0
1.5
1.0
0.5
l

tro

n
Co

1.50

16

Gy

D1
36

Gy

D1
52

Gy

D1
52

Gy

4.0

1.00
0.75
0.50
a
0.25

l

ro
nt

Co

16

Gy

D1
36

Gy

D1
52

Gy

D1

a

52

Gy

3.0
2.5
2.0
1.5
1.0
0.5
0.0

D3

l
ro

nt

Co

16

Gy

D1
36

Gy

D1
52

Gy

D1
52

Gy

D3

1.0

Ratio CXCR3/CCR4

1.00

D3

b

3.5

1.25

0.00

Ratio TBet/GATA3

a

2.5

0.0

D3

GATA3 mRNA (Arbitrary units)

CXCR3 mRNA (Arbitrary units)

1.25

0.75

0.50

0.25

0.8
0.6
0.4
0.2
0.0

l

tro

0.00

l
ro

nt

Co

16

Gy

D1
36

Gy

D1
52

Gy

D1
52

Gy

D3

n
Co

CXCR3 level remained low after a cumulative dose of
52 Gy, but CCR4 expression increased significantly
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(P < 0.01). The CXCR3/CCR4 ratio, which serves
as an indicator of the Th1/Th2 balance[15], fell about
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70% during the course of treatment, thus confirming
that irradiation induced Th2 dominance. Further
confirmation comes from analysis of the transcription
factors T-bet and GATA-3, respectively, selectively
expressed in Th1 and Th2 cells. The T-bet profile
closely resembled that of CXCR3 (Figure 3C). GATA-3
expression increased more than T-bet expression did at
every period, and the ratio of T-Bet to GATA-3 ratio
fell, decreasing 4-fold by the end of the protocol.
Long-term impairment of inflammatory response
Histological analysis of the colon 26 wk after the last
delivered fraction showed no changes. To investigate the
inflammatory response, we analyzed the expression of
mediators related to macrophage infiltration. No change
in TNFα expression was observed during this period.
Surprisingly, however, expression of MCP-1 and iNOS
decreased significantly, by 60 and 50% respectively. No
increase in macrophage infiltration and no significant
modification of apoptotic cell umber were observed at
6 mo (Figure 4).
Persistence of the imbalance in the immune response
The fractionated schedule may increase the probability
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Figure 4 Long-term impairment of inflammatory response. Delayed effects
of the radiation schedule on expression of TNFa, MCP-1 and iNOS in colon
mucosa 26 wk after the end of cumulative dose of 52 Gy (A). The quantification
of target genes was normalized to the reference gene HPRT. Immunostaining
for macrophages (B) and apoptotic cells (C) in the colon: Fractionated irradiated
group shows no intense ED1-positive macrophages in the lamina propria and no
significant modification of the apoptotic cell number 26 wk post-irradiation. Data
are mean ± SE, aP < 0.01; bP < 0.005 vs control.
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Figure 5 Persistence of Th2 polarization at 6 mo. Expression of chemokine
receptors CXCR3 and CCR4 (A) and transcription factors T-bet and Gata3
expression (B) in colon mucosa was assessed 26 wk after the end of cumulative
dose of 52Gy. Aspects of immune response that changed long after irradiation
included IFNg and IP-10 expression and downregulation of signal transducer
and activator 1 (STAT1) (C). Immunoblot showing STAT1 in total protein extracts
from mucosa colon. GAPDH levels are used as internal standards and relative
densitometric data are analysed following normalization to the control. Dot plots of
four experiments on different samples are shown. Data are the mean ± SE; aP <
0.05 vs control.

that radiation-induced inflammation will become chronic
and/or induce damage at intermediate times postirradiation. No previous report has prospectively identified
changes in the Th1/Th2 balance according to expression
of chemokine receptors and transcription factors over
time after irradiation. Analysis of the Th1 profile showed
a significant 2-fold reduction (P < 0.05) in both CXCR3
and T-bet expression compared with the controls 26 wk
after the end of the protocol (Figure 5A and B). Levels of
CCR4 and GATA3 (both Th2 markers) did not change.
The consequence of the Th1/Th2 imbalance was
seen in the significant reduction in IFNγ and IP-10 (P
< 0.05): expression of both fell by half. Because IFNγ
delivers signals through the STAT family of signal
transducers, such as STAT1, we sought to determine
if reduced IFNγ expression in irradiated mucosa was
correlated with a reduction in STAT1. Western blot
www.wjgnet.com
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protein levels (P < 0.001). These data show that elevated
SOCS3 levels modify expression of IL-10 and STAT3.
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Figure 6 Fractionated irradiation-modified SOCS3, IL-10 and STAT3
expression. SOCS3 mRNA and protein (A), IL-10 mRNA and STAT3 protein (B)
were measured in the colonic mucosa 26 wk after the end of cumulative dose
of 52 Gy. Western blot analyses are showing SOCS3 and STAT3 in total protein
extracts from mucosa colon. GAPDH levels are used as internal standards and
relative densitometric data are analysed following normalization to the control. Dot
plots of four experiments on different samples are shown. Data are expressed as
the mean ± SE; aP < 0.05; bP < 0.001 vs control.

analysis showed that STAT1 immunoreactivity was
also lower at 26 wk than in controls (Figure 5C). Taken
together, these data indicate that the shift towards Th2
dominance is maintained 26 wk after irradiation.
Irradiation induced expression of SOCS3 and regulated
expression of IL-10 and STAT3 in the long term
The relative decrease of STAT1 protein levels prompted
us to investigate the possible role of the SOSC proteins,
which inhibit STAT signaling. A particularly interesting
candidate from this family is SOCS3, known to interfere
with the IFNγ/Stat-1 pathway[19,20]. Western blot analysis
showed the SOCS3 protein levels remained high at 26
wk after irradiation (P < 0.05) (Figure 6A). Because
SOCS3 regulates production of the immunoregulatory
cytokine IL-10 by modulating STAT3 signaling[21], we
assessed IL-10 and STAT3 expression (Figure 6B).
IL-10 expression (P < 0.05) 26 wk after the end of the
protocol was half as much compared to the control rats
and was correlated with a similar decrease in STAT3
www.wjgnet.com

The pathological process of radiation injury begins
immediately after radiation exposure, but its clinical and
histological features may not become apparent for weeks,
months, or even years after treatment. In this study, we
investigated whether fluctuations in cytokine levels after
radiation treatment continue over a relatively long period
6 mo after the end of treatment, and whether they
predict late effects. Identifying the critical factors could
provide useful tools for selecting patients for treatment
to prevent late damage or to reduce its severity. If we
knew how early cytokine responses modify downstream
late effects, we might be able to target cytokines for
prevention. The results showed that each dose fraction
influenced tissue inflammatory responses and led to
long-term persistence of the immune imbalance.
Fractionated radiation produces a series of repeated
insults to healthy tissues: these lead to inflammatory
events that do not dissipate within 24 h, so that repetitive responses accumulate over the period of radiation
therapy[22]. During our fractionated protocol in the rat, we
identified inflammatory reactions in the colon induced by
a cascade of inflammatory mediators, including IL-1β,
TNFα, MCP-1, and iNOS, with levels and latency periods
specific for each mediator. In addition, histological observations showed infiltration of inflammatory cells (macrophages and neutrophils). TNFα is known to be a key
mediator of pathogenesis in a broad range of infectious
and predominantly Th-mediated inflammatory diseases,
possibly via macrophage induction of iNOS and thus
NO synthesis. However, iNOS has also been shown to
enhance induction of TNFα synthesis[23], contributing to
local tissue destruction during the chronic inflammation
that is one of the direct consequences of inflammatory
processes. A previous study found a positive correlation between iNOS activity levels and disease severity in
patients with ulcerative colitis, but this association is less
clear in Crohn’s disease[24]. The involvement of iNOSderived NO in acute radiation syndrome is suggested by
an increase in iNOS gene expression or enzyme activity in
the intestines[25]. The present study revealed a biphasic pattern of iNOS expression: early overexpression during the
fractionated protocol, followed by delayed suppression,
seen at 6 mo. In particularly, iNOS regulates chemokine
expression involved in leukocyte (especially neutrophil)
trafficking: the absence of iNOS enhances lung inflammatory responses, associated with increased production of
MCP-1 by endothelial cells and macrophages[26]. Reports
about iNOS regulation of the production of this CC
chemokine are contradictory. In vitro studies show that inhibition of endogenous NO synthesis by a NOS inhibitor
increases MCP-1 levels in endothelial cells[27], whereas, in a
rat model of pulmonary granulomatous inflammation, inhibition of NO production reduced MCP-1 expression[28].
Our results are consistent with the hypothesis that iNOS
can regulate MCP-1 expression, because increased levels
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of iNOS were associated with both increased neutrophil
recruitment and MCP-1 expression during the fractionated treatment. Moreover, at a later phase, the expression
of both iNOS and MCP-1 was cut in half. At this time,
no explanation is given, but additional attention is being
placed on macrophages, the essential iNOS producers
that are inactivated with regard to inflammatory mediator
production. A more general suppression is achieved with
IL-10, but exposure to IL-4 or related cytokines initiates
a so called “alternatively activated macrophage” or M2
macrophages[29]. These cells have distinct functional properties that integrate them into polarized type 2 responses,
tissue remodeling and repair. These cells show diminished
capacity to produced iNOS. Furthermore, the maturation
stage of the macrophage population may be worth considering in the later phase.
The immunomodulatory activity of iNOS is reported
to influence Th cell development and to downregulate the
induction of Th1 responses, thereby promoting a Th2
response[30]. Multiple pathways appear to be involved in
initiating the type 2 T-cell responses. Gu et al[31] reported
an impaired Th2 response in MCP-1 knockout mice, thus
demonstrating that MCP-1 is necessary for the generation
of Th2 cells. A possible feedback loop for Th2 activation
might be the production of IL-4 and IL-13 by Th2 cells:
these cytokines stimulate MCP-1 production and lead to
further recruitment of Th2 cells[13]. Our results corroborate previously published work reporting on the initiation
of a Th2 response in the early phase of abdominal radiation[11]. In that study, we identified a Th2 response during
the fractionated protocol. It included suppression of the
Th1 cytokine profile, that is, of both IFNγ and the IFNinducible gene IP-10. These are also identified by the
specific pattern of chemokine receptors (CXCR3 and
CCR4) and the specific transcription factors (T-bet and
GATA-3), selectively expressed in Th1 cells and Th2 cells,
respectively, that control the differentiation and the functions of these Th cell subsets. The correlation between
the suppression of CXCR3 and T-bet observed in the
present study also corroborates a previous report[32] that
deletion of T-bet reduces CXCR3 expression: CXCR3 is
both a direct transcription target of T-bet and the chemokine receptor of IP-10. IFNγ may act upstream of T-bet
to drive CXCR3 expression[32]. Consequences of T-bet
deletion include the failure of primary CD4+ T cells generated under Th1 polarizing conditions to migrate to the
site of inflammation because of defects in several specific
mechanisms of the T-cell trafficking pathway. Surprisingly,
suppression of CXCR3 and T-bet continued during the
later phase, for reasons that we could not determine.
An essential role of STAT1 is the activation of Th1
production of T-bet and IFNγ. Analysis of the expression
of IFNγ and STAT1 showed that the persistent suppression of the IFNγ/IP-10 was correlated with low STAT1
protein levels at 6 mo. Taken together, the low ratios of
CXCR3/CCR4 and Tbet/Gata3, as well as the defective
IFNγ/STAT1 expression, indicate a prolonged Th2 dominance 6 mo after irradiation. Experiments with STAT1
knockout mice have demonstrated the crucial importance
of this protein for macrophage activation and NK cy-
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tolytic activity in vivo: as a consequence, these mice have
elevated susceptibility to viral and bacterial infections[33,34].
The differentiation of the IFNγ-producing Th1 cells is
crucial for the resistance to intracellular infections, notably
by “alternatively activated macrophage” inactivation.
Some reports describe families of cytokines that
induce inhibition of the STAT1 signal cascade, such as
SOCS. SOCS3 impairs IFNγ-induced STAT1-dependent
gene activation[35]. We recently showed that acute irradiation induces SOCS3 overexpression[36]. In this study,
immunoblot analysis showed that the protein levels of
SOCS3 remained high in the later post-irradiation phase.
Berlato et al[37] reported that constitutive expression of
SOCS3 diminishes the quantities of TNF α and NO
produced by the transduced cells in response to LPS
stimulation. Crespo et al[38] confirmed that SOCS3 inhibits transcription of the iNOS gene, apparently by suppressing interaction between STAT1α and IFNγ. SOCS3
might also block the signaling pathways required to
activate the posttranscriptional mechanisms that regulate
TNFα synthesis[39]. Thus, the low levels of MCP1 and
iNOS and the unchanged amount of TNFα observed 6
mo after irradiation suggest a possible role for SOCS3 in
the suppression of these genes.
Previous studies report discovered that IL-10 rapidly
induces SOCS3 in a STAT3-dependent manner [40,41].
Because SOSC3 can negatively regulate responses to different activating cytokines and bacterial products, it is
speculated that the anti-inflammatory action of IL-10 is
due to induction of SOCS3[42]. Here, however, our analysis of the expression of IL-10/STAT3 signaling shows
that the irradiation-induced SOCS3 overexpression was
instead associated with suppression of IL-10 mRNA
and STAT3 protein. Berlato et al[37] found previously that
constitutive expression of SOCS3 can block the capacity
of IL-10 to activate STAT3, and Kinjyo et al[43] showed
that STAT3 is hyperactivated in SOCS3-deficient T cells
during T cell differentiation.
The development and persistence of chronic inflammatory disorders such as inflammatory bowel disease can
be induced by defects in IL-10 production or in STAT3
signaling molecules or by overexpression of SOCS3[44].
Accordingly, suppression of T-cell expression of SOCS3
and the identification of this protein intracellular target
may be the mechanisms to introduce tolerance and thus
prevent the immune dysregulation induced by radiotherapy protocols. These results raise the question whether
the presence of Th2 immune cells in the intestines after
irradiation (acute and delayed) may result from changes
in the dynamics of lymphocyte recirculation, involving
the alteration of the microvasculature and the presence
of differential chemokines.
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transcriptional regulation of the level of cytokine mediators, via modification of
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Peer review

17
18

The paper is technically well done and well written and presents novel data.

REFERENCES
1
2
3
4
5

6

7

8
9

10
11

12

Stone HB, Coleman CN, Anscher MS, McBride WH.
Effects of radiation on normal tissue: consequences and
mechanisms. Lancet Oncol 2003; 4: 529-536
Andreyev HJ. Gastrointestinal problems after pelvic
radiotherapy: the past, the present and the future. Clin
Oncol (R Coll Radiol) 2007; 19: 790-799
Dorr W, Hendry JH. Consequential late effects in normal
tissues. Radiother Oncol 2001; 61: 223-231
McBride WH, Chiang CS, Olson JL, Wang CC, Hong JH,
Pajonk F, Dougherty GJ, Iwamoto KS, Pervan M, Liao YP. A
sense of danger from radiation. Radiat Res 2004; 162: 1-19
Linard C, Marquette C, Mathieu J, Pennequin A, Clarencon
D, Mathe D. Acute induction of inflammatory cytokine
expression after gamma-irradiation in the rat: effect of an
NF-kappaB inhibitor. Int J Radiat Oncol Biol Phys 2004; 58:
427-434
Hong JH, Chiang CS, Tsao CY, Lin PY, McBride WH, Wu
CJ. Rapid induction of cytokine gene expression in the lung
after single and fractionated doses of radiation. Int J Radiat
Biol 1999; 75: 1421-1427
Strup-Perrot C, Mathe D, Linard C, Violot D, Milliat F,
Francois A, Bourhis J, Vozenin-Brotons MC. Global gene
expression profiles reveal an increase in mRNA levels of
collagens, MMPs, and TIMPs in late radiation enteritis. Am J
Physiol Gastrointest Liver Physiol 2004; 287: G875-G885
MacDonald TT, Monteleone G, Pender SL. Recent
developments in the immunology of inflammatory bowel
disease. Scand J Immunol 2000; 51: 2-9
Park HR, Jo SK, Paik SG. Factors effecting the Th2-like
immune response after gamma-irradiation: low production
of IL-12 heterodimer in antigen-presenting cells and small
expression of the IL-12 receptor in T cells. Int J Radiat Biol
2005; 81: 221-231
Han SK, Song JY, Yun YS, Yi SY. Effect of gamma radiation
on cytokine expression and cytokine-receptor mediated
STAT activation. Int J Radiat Biol 2006; 82: 686-697
Gremy O, Benderitter M, Linard C. Caffeic acid phenethyl
ester modifies the Th1/Th2 balance in ileal mucosa after
gamma-irradiation in the rat by modulating the cytokine
pattern. World J Gastroenterol 2006; 12: 4996-5004
Westermann W, Schobl R, Rieber EP, Frank KH. Th2 cells
as effectors in postirradiation pulmonary damage preceding

www.wjgnet.com

19

20

21

22
23

24

25

26

27

28

December 14, 2008

Volume 14

Number 46

fibrosis in the rat. Int J Radiat Biol 1999; 75: 629-638
Moser B, Loetscher P. Lymphocyte traffic control by
chemokines. Nat Immunol 2001; 2: 123-128
Garcia-Lopez MA, Sanchez-Madrid F, Rodriguez-Frade
JM, Mellado M, Acevedo A, Garcia MI, Albar JP, Martinez
C, Marazuela M. CXCR3 chemokine receptor distribution
in normal and inflamed tissues: expression on activated
lymphocytes, endothelial cells, and dendritic cells. Lab Invest
2001; 81: 409-418
Bonecchi R, Bianchi G, Bordignon PP, D’Ambrosio D, Lang
R, Borsatti A, Sozzani S, Allavena P, Gray PA, Mantovani A,
Sinigaglia F. Differential expression of chemokine receptors
and chemotactic responsiveness of type 1 T helper cells
(Th1s) and Th2s. J Exp Med 1998; 187: 129-134
Ritz SA, Cundall MJ, Gajewska BU, Swirski FK, Wiley RE,
Alvarez D, Coyle AJ, Stampfli MR, Jordana M. The lung
cytokine microenvironment influences molecular events in
the lymph nodes during Th1 and Th2 respiratory mucosal
sensitization to antigen in vivo. Clin Exp Immunol 2004; 138:
213-220
Langberg CW, Hauer-Jensen M, Sung CC, Kane CJ.
Expression of fibrogenic cytokines in rat small intestine after
fractionated irradiation. Radiother Oncol 1994; 32: 29-36
Egwuagu CE, Yu CR, Zhang M, Mahdi RM, Kim SJ, Gery I.
Suppressors of cytokine signaling proteins are differentially
expressed in Th1 and Th2 cells: implications for Th cell
lineage commitment and maintenance. J Immunol 2002; 168:
3181-3187
Federici M, Giustizieri ML, Scarponi C, Girolomoni G,
Albanesi C. Impaired IFN-gamma-dependent inflammatory
responses in human keratinocytes overexpressing the
suppressor of cytokine signaling 1. J Immunol 2002; 169:
434-442
Schreiber S, Rosenstiel P, Hampe J, Nikolaus S, Groessner
B, Schottelius A, Kuhbacher T, Hamling J, Folsch UR,
Seegert D. Activation of signal transducer and activator
of transcription (STAT) 1 in human chronic inflammatory
bowel disease. Gut 2002; 51: 379-385
Kinjyo I, Inoue H, Hamano S, Fukuyama S, Yoshimura
T, Koga K, Takaki H, Himeno K, Takaesu G, Kobayashi
T, Yoshimura A. Loss of SOCS3 in T helper cells resulted
in reduced immune responses and hyperproduction of
interleukin 10 and transforming growth factor-beta 1. J Exp
Med 2006; 203: 1021-1031
Denham JW, Hauer-Jensen M. The radiotherapeutic injury--a
complex ‘wound’. Radiother Oncol 2002; 63: 129-145
Huang FP, Niedbala W, Wei XQ, Xu D, Feng GJ, Robinson
JH, Lam C, Liew FY. Nitric oxide regulates Th1 cell
development through the inhibition of IL-12 synthesis by
macrophages. Eur J Immunol 1998; 28: 4062-4070
Guihot G, Guimbaud R, Bertrand V, Narcy-Lambare B,
Couturier D, Duee PH, Chaussade S, Blachier F. Inducible
nitric oxide synthase activity in colon biopsies from
inflammatory areas: correlation with inflammation intensity
in patients with ulcerative colitis but not with Crohn's
disease. Amino Acids 2000; 18: 229-237
Freeman SL, Hossain M, MacNaughton WK. Radiationinduced acute intestinal inflammation differs following
total-body versus abdominopelvic irradiation in the ferret.
Int J Radiat Biol 2001; 77: 389-395
Speyer CL, Neff TA, Warner RL, Guo RF, Sarma JV,
Riedemann NC, Murphy ME, Murphy HS, Ward PA.
Regulatory effects of iNOS on acute lung inflammatory
responses in mice. Am J Pathol 2003; 163: 2319-2328
Desai A, Miller MJ, Huang X, Warren JS. Nitric oxide
modulates MCP-1 expression in endothelial cells: implications
for the pathogenesis of pulmonary granulomatous vasculitis.
Inflammation 2003; 27: 213-223
Setoguchi K, Takeya M, Akaike T, Suga M, Hattori R,
Maeda H, Ando M, Takahashi K. Expression of inducible
nitric oxide synthase and its involvement in pulmonary
granulomatous inflammation in rats. Am J Pathol 1996; 149:

Grémy O et al . Th2 immune response and colorectal radiation		

29
30

31
32

33

34
35

36

37

2005-2022
Gordon S. Alternative activation of macrophages. Nat Rev
Immunol 2003; 3: 23-35
Lawrence CE, Paterson JC, Wei XQ, Liew FY, Garside P,
Kennedy MW. Nitric oxide mediates intestinal pathology
but not immune expulsion during Trichinella spiralis
infection in mice. J Immunol 2000; 164: 4229-4234
Gu L, Tseng S, Horner RM, Tam C, Loda M, Rollins BJ.
Control of TH2 polarization by the chemokine monocyte
chemoattractant protein-1. Nature 2000; 404: 407-411
Lord GM, Rao RM, Choe H, Sullivan BM, Lichtman AH,
Luscinskas FW, Glimcher LH. T-bet is required for optimal
proinflammatory CD4+ T-cell trafficking. Blood 2005; 106:
3432-3439
Meraz MA, White JM, Sheehan KC, Bach EA, Rodig SJ,
Dighe AS, Kaplan DH, Riley JK, Greenlund AC, Campbell
D, Carver-Moore K, DuBois RN, Clark R, Aguet M,
Schreiber RD. Targeted disruption of the Stat1 gene in mice
reveals unexpected physiologic specificity in the JAK-STAT
signaling pathway. Cell 1996; 84: 431-442
Lee CK, Rao DT, Gertner R, Gimeno R, Frey AB, Levy
DE. Distinct requirements for IFNs and STAT1 in NK cell
function. J Immunol 2000; 165: 3571-3577
Ekchariyawat P, Pudla S, Limposuwan K, Arjcharoen S,
Sirisinha S, Utaisincharoen P. Burkholderia pseudomalleiinduced expression of suppressor of cytokine signaling 3
and cytokine-inducible src homology 2-containing protein in
mouse macrophages: a possible mechanism for suppression
of the response to gamma interferon stimulation. Infect
Immun 2005; 73: 7332-7339
Linard C, Gremy O, Benderitter M. Reduction of peroxisome
proliferation-activated receptor gamma expression by gammairradiation as a mechanism contributing to inflammatory
response in rat colon: modulation by the 5-aminosalicylic acid
agonist. J Pharmacol Exp Ther 2008; 324: 911-920
Berlato C, Cassatella MA, Kinjyo I, Gatto L, Yoshimura

38

39

40
41

42

43

44

		

7085

A, Bazzoni F. Involvement of suppressor of cytokine
signaling-3 as a mediator of the inhibitory effects of IL-10
on lipopolysaccharide-induced macrophage activation. J
Immunol 2002; 168: 6404-6411
Crespo A, Filla MB, Murphy WJ. Low responsiveness to
IFN-gamma, after pretreatment of mouse macrophages
with lipopolysaccharides, develops via diverse regulatory
pathways. Eur J Immunol 2002; 32: 710-719
Kontoyiannis D, Kotlyarov A, Carballo E, Alexopoulou
L, Blackshear PJ, Gaestel M, Davis R, Flavell R, Kollias
G. Interleukin-10 targets p38 MAPK to modulate AREdependent TNF mRNA translation and limit intestinal
pathology. EMBO J 2001; 20: 3760-3770
Ding Y, Chen D, Tarcsafalvi A, Su R, Qin L, Bromberg JS.
Suppressor of cytokine signaling 1 inhibits IL-10-mediated
immune responses. J Immunol 2003; 170: 1383-1391
Williams L, Bradley L, Smith A, Foxwell B. Signal
transducer and activator of transcription 3 is the dominant
mediator of the anti-inflammatory effects of IL-10 in human
macrophages. J Immunol 2004; 172: 567-576
Donnelly RP , Dickensheets H, Finbloom DS. The
interleukin-10 signal transduction pathway and regulation
of gene expression in mononuclear phagocytes. J Interferon
Cytokine Res 1999; 19: 563-573
Kinjyo I, Inoue H, Hamano S, Fukuyama S, Yoshimura
T, Koga K, Takaki H, Himeno K, Takaesu G, Kobayashi
T, Yoshimura A. Loss of SOCS3 in T helper cells resulted
in reduced immune responses and hyperproduction of
interleukin 10 and transforming growth factor-beta 1. J Exp
Med 2006; 203: 1021-1031
Suzuki A, Hanada T, Mitsuyama K, Yoshida T, Kamizono
S, Hoshino T, Kubo M, Yamashita A, Okabe M, Takeda K,
Akira S, Matsumoto S, Toyonaga A, Sata M, Yoshimura
A. CIS3/SOCS3/SSI3 plays a negative regulatory role in
STAT3 activation and intestinal inflammation. J Exp Med
2001; 193: 471-481
S- Editor Tian L L- Editor Negro F

E- Editor Ma WH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7086

World J Gastroenterol 2008 December 14; 14(46): 7086-7092
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

CLINICAL RESEARCH

Web-based system for training and dissemination of a
magnification chromoendoscopy classification

Mário Jorge Dinis-Ribeiro, Ricardo Cruz Correia, Cristina Santos, Sónia Fernandes, Ernesto Palhares,
Rui Almeida Silva, Pedro Amaro, Miguel Areia, Altamiro Costa-Pereira, Luis Moreira-Dias
Mário Jorge Dinis-Ribeiro, Rui Almeida Silva, Luis MoreiraDias, Gastroenterology Department, Portuguese Oncology
Institute, Porto 4200-072, Portugal
Mário Jorge Dinis-Ribeiro, Ricardo Cruz Correia, Cristina
Santos, Sónia Fernandes, Ernesto Palhares, Altamiro
Costa-Pereira, Center for Research in Information Systems and
Health Technologies (CINTESIS)/Department of Biostatistics
and Medical Informatics, Porto Faculty of Medicine, Porto
4200-319, Portugal
Pedro Amaro, Miguel Areia, Gastroenterology Department,
Coimbra University Hospital, Coimbra 3000-075, Portugal
Author contributions: Dinis-Ribeiro M was responsible
for the design, implementation, data analysis and writing
of the manuscript; Correia R, Fernandes S and Palhares E
developed and implemented the web-system, its improvement
and critically reviewed the manuscript; Santos C and CostaPereira A participated in the design of study and data analysis;
Silva RA, Amaro P and Areia M participated in the study and
critically reviewed the manuscript for discussion; Moreira-Dias
L participated in the design, implementation and discussion of
results.
S u p p o r t e d b y Sociedade Portuguesa de Endoscopia
Digestiva (Research Grant 2002) and the European Society for
Gastrointestinal Endoscopy
Correspondence to: Mário Jorge Dinis-Ribeiro, MD, PhD,
Gastroenterology Department, Portuguese Oncology Institute,
Rua Dr. Bernardino de Almeida, Porto 4200-072,
Portugal. mario@med.up.pt
Telephone: + 351-22-5084000-3348 Fax: +351-22-5084055
Received: July 28, 2008
Revised: September 9, 2008
Accepted: September 16, 2008
Published online: December 14, 2008

Abstract
AIM: To evaluate the use of web-based technologies to
assess the learning curve and reassess reproducibility
of a simplified version of a classification for gastric
magnification chromoendoscopy (MC).
METHODS: As part of a multicenter trial, a hybrid
approach was taken using a CD-ROM, with 20
films of MC lasting 5 s each and an “autorun” file
triggering a local HTML frameset referenced to a
remote questionnaire through an Internet connection.
Three endoscopists were asked to prospectively and
independently classify 10 of these films randomly
selected with at least 3 d apart. The answers were
centrally stored and returned to participants together
with adequate feedback with the right answer.
RESULTS: For classification in 3 groups, both
www.wjgnet.com

intra- [Cohen’s kappa (κ) = 0.79-1.00 to 0.89-1.00]
and inter-observer agreement increased from 1st
(moderate) to 6th observation (κ = 0.94). Also,
agreement with reference increased in the last
observations (0.90, 1.00 and 1.00, for observers A, B
and C, respectively). Validity of 100% was obtained
by all observers at their 4th observation. When a 4th
(sub)group was considered, inter-observer agreement
was almost perfect (κ = 0.92) at 6th observation.
The relation with reference clearly improved into κ
(0.93-1.00) and sensitivity (75%-100%) at their 6th
observations.
CONCLUSION: This MC classification seems to be
easily explainable and learnable as shown by excellent
intra- and inter-observer agreement, and improved
agreement with reference. A web system such as the
one used in this study may be useful for endoscopic or
other image based diagnostic procedures with respect
to definition, education and dissemination.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The dissemination and teaching of image based medical
technologies depend on adequate training. Mostly,
medical doctors perform specific training by visiting
experts. New information technologies, namely those
based on the internet, may circumvent such difficulties
at least at early phases of training.
Gastric cancer is the second most lethal cancer in
the World. Early stages at diagnosis are related to better
prognosis[1]. Minute flat non-invasive neoplastic lesions
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(dysplasia)[2] may be found during screening programs
(in Japan) or during the follow-up of patients with
atrophic chronic gastritis (ACG) or intestinal metaplasia
(IM)-the milieu where neoplastic changes develop[3-6].
However, for patients with lesions such as ACG or IM
there is not a definite proposal for their management.
The difficulty in proposing a guide of practice for the
management of patients with atrophic chronic gastritis
and intestinal metaplasia may be related to the fact that
conventional endoscopy used in most studies shows a
low reproducibility and poor relation with histology at
diagnosing these diffuse mucosal changes and minute
lesions of cancer[7,8]. For the last ten years, several studies
considered magnification and high-resolution endoscopy
in conjunction with chromoendoscopy for the diagnosis
of precancerous[9-14] and neoplastic lesions[15-22], in the
gastrointestinal tract. However, mostly authors focused
on the validity assessment and rarely were reliability
or the learning of each group description defined[16,17].
Furthermore, several classifications were defined and
the need for standardization stressed[23]. In fact, aimed at
improving the evaluation of patients with precancerous
g astric conditions, our own g roup described a
classification for the diagnosis of intestinal metaplasia
and minute dysplastic lesions using magnification
chromoendoscopy with methylene blue[17].
As part of a multicenter trial, the training of
endoscopists and teaching of this classification was
planned using a web-based system. This manuscript
reports the feasibility of such a system for the learning
and dissemination of endoscopic classifications.

MATERIALS AND METHODS
Study design
Three endoscopists (A, B and C), independently and
blinded to other endoscopists’ answers, were asked
to prospectively classify 20 endoscopic videos of
magnification chromoendoscopy using a web-based
learning system, a hybrid system composed of a CDROM and a dynamic website connected to a database,
aiming at classifying each video 6 times (1st to 6th time).
Endoscopic videos selection
Endoscopic videos were selected according to a
modified version of a magnification chromoendoscopy
pattern classification of gastric mucosa[17]. For video
selection the records of magnification chromoendoscopy with methylene blue (1%) using an Olympus
Q240Z magnification endoscope (Olympus Corp.,
Tokyo, Japan), perfor med in a cohort of patients
under follow-up at our institution, were used[6]. Videos
were recorded using a S-Video interface wih a digital
DVCAM Sony Recorder (DSR-20MDP, Sony, Tokyo,
Japan). Endoscopic patterns were obtained using the
maximum magnification power possible with this
endoscope, defined according to differences in color and
homogeneity: Group Ⅰ definition was when the mucosa
showed a regular mucosal pattern and no change in
color after staining with methylene blue; Group Ⅱ if
the mucosa presented a regular pattern and was stained
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Figure 1 Graphical user interface for movie classification. The right frame
is used to play a video clip loaded from the distributed CD; the left frame shows
the patterns at the top and a form to retrieve user classifications.

in blue. Subgroup Ⅱ E, for areas of mucosa with blue
irregular marks [initially (Dinis Ribeiro GIE 2003) called
ⅡA] or blue round and tubular pits (ⅡB); and subgroup
ⅡF when blue villi (formerly ⅡC) or blue small pits (Ⅱ
D) were described in the observed mucosa; Group Ⅲ
was the definition if neither a clear pattern nor a change
in color (heterogeneous staining) were noticeable.
Web-based learning system
The expected download time for each 5 s film (Windows
Media Player video clips with 36 Mbytes) of about
120 min (at a 56 Kbits/s connection) and the user’
s physical location were instrumental in choosing the
hybrid system architecture [24,25] . Using an Internet
connection, a CD-ROM including all 20 selected
endoscopic movies and an “autorun” file used to trigger
a local HTML frameset (with two frames) referenced to
the remote questionnaire on the classification of each
film were developed for this project (on the left)[26]. The
right frame was used to play the films stored on the CDROM (Figure 1). At the top, a schematic representation
of each pattern was always visible.
Each endoscopist was asked to classify 10 videos
randomly selected from the 20 videos included in the
CD, with a minimum interval of 3 d. Before classifying
each video, the user could run the film as many times as
necessary before the decision was taken. After deciding,
the user had to lock his answer in order to advance to the
next question, not allowing subsequent videos to influence
previous responses. After each questionnaire, ie for
each 10 film sets classified, their answer or classification
together with the proposed answer (to be used as
reference, see below) was returned to participants. By this
time, all videos included in that set could again be seen.
The HTML questionnaire was stored on an Oracle
database using a PHP script. The web-server is run
on RedHat Linux 7.2 (Enigma), Apache 1.3, PHP 4.0
compiled with GD Graphics Library 1.8 and Oracle
8 DBMS. Answers were centrally stored on an Oracle
database using a Hypertext Pre-Processor (PHP) script.
Endoscopists
Endoscopists (M.A., P.A., R.S.) were invited to
participate as they belonged to two different centers (POI
www.wjgnet.com
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Table 1 Reproducibility for the classification in groups (Ⅰvs
Ⅱ vs Ⅲ) and in subgroups (Ⅰvs ⅡE vs ⅡF vs Ⅲ) according
to number of times observers (A, B and C) classified the films
of magnification chromoendoscopy
Number of
classification (nth)
Classification in groups
1st observation
2nd observation
3rd observation
4th observation
5th observation
6th observation
Classification in subgroups
1st observation
2nd observation
3rd observation
4th observation
5th observation
6th observation

Inter-observer agreement (95% CI)
Proportion of
agreement

Weighted
kappa

0.60 (0.36-0.81)
0.85 (0.62-0.97)
0.85 (0.62-0.97)
0.95 (0.75-1.00)
0.80 (0.56-0.94)
0.90 (0.68-0.99)

0.52 (0.26-0.75)
0.73 (0.53-0.87)
0.71 (0.51-0.86)
0.97 (0.94-0.99)
0.71 (0.50-0.86)
0.94 (0.89-0.98)

0.45 (0.23-0.69)
0.55 (0.31-0.77)
0.45 (0.23-0.69)
0.70 (0.46-0.88)
0.60 (0.36-0.81)
0.75 (0.51-0.91)

0.49 (0.23-0.73)
0.69 (0.48-0.85)
0.66 (0.42-0.83)
0.90 (0.81-0.96)
0.66 (0.43-0.83)
0.92 (0.84-0.96)

in Porto, and CUH in Coimbra) inclined to implement
this technology, but with no previous experience of it
or without previous participation in the development of
the classification.
Statistical analysis
For each image, proposed classification (Group Ⅰ,
Group Ⅱ, Subgroup ⅡE or ⅡF, or Group Ⅲ) was
considered as if another observer would have classified
it, and, also, as a reference classification or gold
standard. This allowed us to consider both agreement
and validity measures, respectively, in the evaluation of
reproducibility and learning curve.
Inter-observer agreement and agreement with the
reference agreement were estimated using different
measures of agreement [27] , simple proportions of
agreement (Pa) and proportions of specific agreement,
and quadratic weighted Cohen’s kappa coefficient (Kc)
(estimated by intra-class correlation coefficient)[28-33].
The confidence intervals for proportions of agreements
were estimated with binomial distribution[33]. Strength
of agreement was considered as follows: 0.01-0.2 slight,
0.21-0.4 fair, 0.41-0.6 moderate, 0.61-0.8 substantial,
0.81-1 almost perfect[34]. No bias was observed [McNemar
test (P = 1.0); bias index (0.117, = 0.2891)][35,36].
Estimates of sensitivity (Se), specificity (Sp) and
validity were also calculated comparing the classification
for each film against the proposed classified as reference.
For classification in groups, true positives were defined
if the observer correctly classified each film as group Ⅲ.
For classification in subgroups, diagnostic positivity was
considered in cases of Subgroups ⅡF and Ⅲ. These
options and the decision to use weighted kappa coefficient
were based upon the relation of these patterns with both
dysplasia and incomplete intestinal metaplasia, named as
being high-risk lesions for adenocarcinoma[4-6].
The learning curve was defined by visual analysis of a
plot of both validity and agreement measures. Statistical
estimates were performed with r-project v2.1.1, SPSS®
and MedCalc®.
www.wjgnet.com
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RESULTS
Reproducibility
Both classification in g roups (Ⅰ vs Ⅱ vs Ⅲ) and
subgroups (Ⅰ vs ⅡE vs ⅡF vs Ⅲ) showed substantial
to excellent inter-observer agreement. In fact, at 6th
observation, proportion of agreement is 0.90 and
0.75 respectively and weighted kappa is 0.94 and 0.94,
respectively (Table 1).
As far as intra-observer agreement is concerned
this was substantial in all observers, initially from first
to second observation (κ = 0.79 to 1.00), and excellent
from 5th to 6th observation (0.89 to 1) considering
the classification in Groups (Ⅰ vs Ⅱ vs Ⅲ); and for
classification in subgroups (Ⅰ vs ⅡE vs ⅡF vs Ⅲ),
0.74-0.85 to 0.75-1.00.
Specific proportions of agreement were also very
high varying from 0.43, 0.79 and 0.82 (for groups Ⅲ, Ⅱ
and Ⅰ, respectively) to 0.96, 0.92 and 0.92 (Ⅲ, Ⅱ andⅠ)
at last classification. Concerning specific proportions
of agreement, only a slight increase was observed from
0.50 and 0.50 (ⅡE and ⅡF) to 0.64 and 0.60 (at last
observation).
Learning curve
An increase was obser ved in both proportions of
agreement and kappa values, as far as agreement with
original classification was concerned, from moderate
to substantial/excellent in all observers (Table 2). Also
inter-observer agreement varied from Kc = 0.52 or 0.49,
respectively for groups and subgroups classification,
from 1st to 6th classification (Figure 2). Excellent
agreement was obtained by the 4th time for all observers
irrespective of institution or time between classifications,
by the time they had evaluated 80 videos.
Also, concerning validity measures, paired sensitivity
and specificity of 100% were achieved at 4th classification
for all observers, at 4th time for classification in groups
and at 6th for classification in subgroups by observer A.
Observers B and C achieved a validity of 0.85 and 0.90 at
their 6th classification (Figure 2).

DISCUSSION
T he conce pt of ‘lear ning by doing’ in invasive
procedures such as endoscopy, even though current
and acceptable, may be affected by the continuous
research in this field leading to new endoscopes and
gastrointestinal mucosal description availability.
In a preliminar y for m, we have described the
feasibility of a hybrid approach of Internet and CDROM/DVD technology as a web-based education
system[37]. Such desktop virtual reality systems[38] were
described in several fields of knowledge[24,25] as recently
in endoscopy by de Lange[39].
According to our study, the classification proposed
is both easily explainable and learnable. The simplicity
of this classification, the fact that it includes in the
instrument description the phenomenon itself (i.e.
intestinal metaplasia) and the feedback given to each
observer at the end of a single classification[40,41] may

Dinis-Ribeiro M et al . Web-based training and endoscopy
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Table 2 Agreement with reference and validity measures for the classification in groups (Ⅰvs Ⅱ vs Ⅲ) and in subgroups (Ⅰvs ⅡE
vs ⅡF vs Ⅲ) according to number of times observers (A, B and C) classified the films of magnification chromoendoscopy (95% CI)
Classification in groups Ⅰvs Ⅱ vs Ⅲ
Observer A
1st observation
2nd observation
3rd observation
4th observation
5th observation
6th observation
Observer B
1st observation
2nd observation
3rd observation
4th observation
5th observation
6th observation
Observer C
1st observation
2nd observation
3rd observation
4th observation
5th observation
6th observation

Classification in Subgroups Ⅰvs ⅡE vs ⅡF vs Ⅲ

Pa

wK

Se

Sp

V

Pa

wK

Se

Sp

V

0.90
(0.68-0.99)
0.95
(0.75-1.00)
0.90
(0.68-0.99)
1.00
(0.86-1.00)
0.95
(0.75-1.00)
1.00
(0.86-1.00)

0.66
(0.32-0.85)
0.84
(0.64-0.93)
0.79
(0.54-0.91)
1.00

0.75
(0.56-0.94)
1.00

0.94
(0.83-1.00)
0.94
(0.83-1.00)
0.94
(0.83-1.00)
1.00

0.90
(0.77-1.00)
0.95
(0.85-1.00)
0.95
(0.85-1.00)
1.00

1.00

0.94
(0.83-1.00)
1.00

0.95
(0.85-1.00)
1.00

0.63
(0.29-0.84)
0.76
(0.50-0.90)
0.79
(0.55-0.91)
0.97
(0.92-0.99)
0.85
(0.66-0.94)
1.00

0.75
(0.56-0.94)
0.75
(0.56-0.94)
1.00

0.83
(0.63-0.93)
1.00

0.75
(0.51-0.91)
0.70
(0.46-0.88)
0.80
(0.56-0.94)
0.90
(0.68-0.99)
0.95
(0.75-1.00)
1.00
(0.86-1.00)

1.00

0.75
(0.56-0.94)
0.67
(0.46-0.88)
0.75
(0.56-0.94)
0.83
(0.67-1.00)
0.92
(0.79-1.00)
1.00

0.75
(0.56-0.94)
0.70
(0.50-0.90)
0.85
(0.69-1.00)
0.90
(0.85-1.00)
0.95
(0.85-1.00)
1.00

0.90
(0.51-0.91)
0.90
(0.68-0.99)
0.90
(0.68-0.99)
0.95
(0.75-1.00)
0.90
(0.68-0.99)
1.00
(0.86-1.00)

0.80
(0.57-0.92)
0.77
(0.52-0.90)
0.77
(0.52-0.90)
0.96
(0.90-0.98)
0.77
(0.52-0.90)
1.00

0.75
(0.56-0.94)
0.75
(0.56-0.94)
0.75
(0.56-0.94)
1.00

1.00

0.95
(0.85-1.00)
0.95
(0.85-1.00)
0.95
(0.85-1.00)
1.00

0.75
(0.56-0.94)
0.75
(0.56-0.94)

1.00
1.00

0.95
(0.85-1.00)
1.00

0.65
(0.41-0.85)
0.80
(0.56-0.94)
0.70
(0.46-0.88)
0.65
(0.41-0.85)
0.65
(0.41-0.85)
0.85
(0.62-0.97)

0.71
(0.42-0.88)
0.78
(0.52-0.90)
0.69
(0.37-0.86)
0.82
(0.60-0.92)
0.73
(0.45-0.88)
0.95
(0.87-0.98)

0.50
(0.28-0.72)
0.75
(0.56-0.94)
0.63
(0.41-0.84)
0.5
(0.28-0.72)
0.63
(0.41-0.84)
0.75
(0.56-0.94)

0.83
(0.67-1.00)
0.92
(0.79-1.00)
0.75
(0.56-0.94)
0.75
(0.56-0.94)
0.92
(0.79-1.00)
0.92
(0.79-1.00)

0.70
(0.50-0.90)
0.85
(0.69-1.00)
0.70
(0.50-0.90)
0.65
(0.44-0.86)
0.80
(0.62-0.98)
0.85
(0.69-1.00)

0.75
(0.51-0.91)
0.95
(0.75-1.00)
0.85
(0.62-0.97)
0.95
(0.75-1.00)
0.85
(0.62-0.97)
0.90
(0.68-0.99)

0.80
(0.57-0.92)
0.96
(0.89-1.00)
0.72
(0.42-0.88)
0.96
(0.89-0.98)
0.74
(0.47-0.89)
0.92
(0.81-0.97)

0.75
(0.56-0.94)
1.00

0.81
(0.64-0.99)
1.00

0.80
(0.62-0.98)
1.00

1.00

0.84
(0.67-1.00)
1.00

0.85
(0.69-1.00)
1.00

0.94
(0.83-1.00)
0.94
(0.83-1.00)

0.90
(0.77-1.00)
0.95
(0.85-1.00)

0.60
(0.36-0.81)
0.60
(0.36-0.81)
0.50
(0.27-0.73)
0.70
(0.46-0.88)
0.65
(0.41-0.85)
0.80
(0.56-0.94)

0.82
(0.60-0.92)
0.85
(0.67-0.94)
0.65
(0.31-0.84)
0.89
(0.74-0.95)
0.73
(0.45-0.88)
0.93
(0.84-0.97)

0.75
(0.56-0.94)
0.50
(0.28-0.72)
0.38
(0.16-0.59)
0.5
(0.28-0.72)
0.63
(0.41-0.84)
0.88
(0.73-1.00)

0.83
(0.67-1.00)
0.75
(0.56-0.94)
0.75
(0.56-0.94)
0.92
(0.79-1.00)
0.83
(0.67-1.00)
0.92
(0.79-1.00)

0.80
(0.62-0.98)
0.65
(0.44-0.86)
0.60
(0.38-0.82)
0.75
(0.56-0.94)
0.75
(0.56-0.94)
0.90
(0.77-1.00)

1.00
1.00

1.00

1.00
0.75
(0.56-0.94)
1.00

1.00
1.00
1.00

1.00
1.00

Pa: Proportion of agreement; wK: Weighted kappa, Se: Sensitivity; V: Validity.

justify the excellent results.
Learning cur ves for most procedures concern
efficacy and time to achievement of such efficacy. For
example, in surgical procedures how fast trainees achieve
the ability to get surgery adequately performed without
complications[42,43]. Also in endoscopy some reports use
colonoscopy models[44] and endoscopic ultrasound fine
needle aspiration[45] with similar methodology.
A single report exists on the learning curve for
the diagnostic performance of endoscopy. Besides
simplification of any visual categorization, Tung and
Tagashi defined the need of a steep learning curve for
magnifying colonoscopy. They used for that evaluation
the evolution of validity measures, that is sensitivity,
specificity and global accuracy. However, there is no one
particular statistical procedure for learning assessment,
to be named in diagnostic technologies outcomes as a
measure of reality[46].
Diagnostic procedures are aimed at being both valid,
ie to measure what they are supposed to. However,

even though most studies concern validity assessment,
reliability of a measure should be a condition to
be verified before any other quality feature. For
dichotomic, nominal or ordinal variables, proportion
of agreement (Pa) or Kappa statistics may be used.
Pa is easily acceptable and interpretable. However, it
is not corrected to the amount of agreement that was
expected by chance (Pe)[47]. With the aim of solving this
problem, Cohen developed the named Kappa statistics
(Kc); a method which takes into consideration the socalled agreement by chance. In ordinal variables, distance
from total agreement may be weighted, either linearly or
exponentially[48]. Therefore, kappa is a global index of
agreement and easy to calculate. However, some concern
has been raised by others[48,49]. Cohen’s Kappa varies with
the distribution of cases for each category, namely as
far as the total number of cases or prevalence[50] and if
unbalanced marginal totals is present. Additionally, bias
can influence kappa’s interpretation[51]. Therefore, some
authors recommend the estimation of both prevalence
www.wjgnet.com
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Figure 2 Variation of agreement with reference (Kappa) and inter-observer
agreement (Black) (top graphic) and validity (bottom graphic) along
sequential observations (1st to 6th) for the classification in subgroups
[dashed line marks for 0.80 as the cutoff for almost perfect agreement (top
graphic) and validity (bottom graphic)].

and bias adjusted kappa[35,36] and others advocate the use
of either McNemar’s test or the bias index (proportion
of deviated ratings) to assess bias, following which
Cohen’s kappa could then be used. It seems reasonable
to consider that both agreement measures (proportion
of agreement and weighted Cohen’s kappa) and validity
measures. Thus, the proposed original classification
could be considered either as the classification by
a different observer and agreement with it by each
observer would be evaluated for reliability or it may
be considered as reference and common measures of
validity would be used similarly to the paper of Tung
and Tagashi.
In the present study, although 20 selected nonconsecutive films were assessed, no observer bias was
noticeable and the fact that all categories of classification
groups were included for evaluation, may allow us, even
though cautiously, to consider our classification of
gastric mucosa both reliable and easily learnable.
The follow-up of patients with atrophic chronic
gastritis and intestinal metaplasia[52,53] may lead to early
diagnosis of gastric neoplastic lesions and improvement
of patients’ prognosis. Following the non-existence
of distinctive symptoms[54-56], most authors based their
studies (mostly) on morphologic evaluation through
endoscopically performed multiple biopsies, because
of the patchy characteristics of atrophic chronic
gastritis and intestinalization of gastric mucosa [57-59].
However, with the exception of atrophic vascularization,
most studies found that for conventional endoscopy,
descriptions of ‘gastritis’ showed suboptimal validity[60-63]
and unsatisfactory reliability[7,8,63].
New endoscopic methods are expected to optimise
both the identification, in a (more) reproducible and valid
measure for such lesions-‘optic biopsy’. An increasing
number of expert opinion texts, reviews and studies
report the use of magnification chromoendoscopy
through the gastrointestinal tract.
www.wjgnet.com
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As far as colorectal lesions are concerned, in 1996
Kudo et al[15] defined a 7 patterns classification (type
Ⅰ, Ⅱ, Ⅲs, ⅢL, Ⅳ, Ⅴn, Ⅴi) that showed consistently
good sensitivity but highly heterogeneous results in
its specificity[15,22]. Eight years have past and recently
reproducibility was demonstrated [16] , in an altered
simplified three patterns classification with management
consequences or prognosis implications: I and Ⅱ as
non-neoplastic; ⅢL and IV as neoplastic; and Ⅲs and V
as neoplastic possibly invasive.
However, in upper gastrointestinal tract, both
for Barrett’s mucosa and stomach mucosa, diverse
classifications have been published and the need for their
standardization stressed[23].
Endo et al[10] and Yagi et al[21] using methylene blue,
Guelrud et al[12,14] and Toyoda et al[64] using acetic acid, and
Sharma et al[13] using indigo carmine, described features of
intestinal metaplasia and Sharma also reported endoscopic
dysplasia. Good validity results were published by all
authors, but Meining et al[11] showed a low inter-observer
agreement, both for Endo and for Guelrud classifications
(Cohen’s kappa of 0.017 and 0.162).
In the stomach, our own group described the use of
magnification chromoendoscopy with methylene blue
for the diagnosis of intestinal metaplasia and gastric
epithelial dysplasia in 2003. We subsequently found that a
substantial agreement was observed on the classification
of endoscopic images into groups (Ⅰ, Ⅱ, or Ⅲ), both
for intra-observer (Pa = 0.91, Kc = 0.86) and for interobserver agreement (Pa = 0.84, Kc = 0.74)[17]. Hereby,
the stomach size and the presence of inflammation
were considered limitations for chromoendoscopy and
particularly for magnification[65].
However, concurrent results by others working in
the field of gastric mucosa were consistent with ours.
Recently, Yagi et al[66] described aspects for normal antral
mucosa and for gastritis with H pylori similar to our
group Ⅰ. Also Yang types A through D [67] and Kim
types 1 through 3[18] may be compared with our group
classification as Group Ⅰ. Furthermore, Kim’s type 4
and Yang types D and E are very similar to Subgroups
[19,20]
stressed that this procedure
ⅡE and ⅡF. Tajiri et al
may have marked impact in the diagnosis of minute
neoplastic flat ‘gastritis-like’ lesions and they described
very similar features to our own research group’s Group
Ⅲ or pattern-less.
This means that, as with Kudo’s classification in
the colon, the existence of a unique and standardized
classification for magnification chromoendoscopy (both
in Barrett’s and in the stomach) may have contributed to
the dissemination of this technique and further use in
even newer technologies.
In conclusion, a modified version of our classification
for gastric mucosa diffuse changes and minute dysplastic
lesions seems to be reliable and easily learnable. The
web-based system hereby developed can be used for
new diagnostic technology teaching and dissemination
and for assessing the similarity between our own and
other classifications, with the aim of the achievement of
consensus.
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compared to sham. Bilirubin showed no differences
between the sham and 70% resection. After PH, early
NF-κB activation was detected 12 h after surgery (313.21
± 17.22 ng/mL), while there was no activation after SH
(125.22 ± 44.36 ng/mL) compared to controls (111.43 ±
32.68 ng/mL) at this time point. In SH, however, NF-κB
activation was delayed until 24 h (475.56 ± 144.29
ng/mL). Stat3 activation was similar in both groups.
These findings correlated with suppressed and delayed
induction of regenerative genes after SH (i.e. TNF-a 24
h postoperatively: 2375 ± 1220 in 70% and 88 ± 31 in
90%; IL-6 12 h postoperatively: 2547 ± 441 in 70% and
173 ± 82 in 90%). TUNEL staining revealed elevated
apoptosis rates in SH (0.44% at 24 h; 0.63% at 7 d)
compared to PH (0.27% at 24 h; 0.15% at 7 d).
CONCLUSION: The molecular events involved in liver
regeneration are significantly influenced by the extent
of resection as SH leads to suppression and delay of
liver regeneration compared to PH, which is associated
with delayed activation of NF- κ B and suppression of
proregenerative cytokines.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the molecular events involved in

liver regeneration following subtotal hepatectomy (SH)
as previous studies have largely focused on partial
hepatectomy (PH).
METHODS: Male Wistar rats were subjected to 70%
PH or 90% SH, respectively, and sacrificed at different
times after surgery. Untreated and sham-operated
animals served as controls. Serum and liver samples were
obtained to investigate liver function, apoptosis (TUNEL
assay) and transcription factors (NF-κB, Stat3; ELISA) or
cytokines (HGF, TNF-a, IL-6, TGF-a, TGF-b; quantitative
RT‑PCR) involved in liver regeneration.
RESULTS: Serum levels of ALT and AST in animals with
70% PH differed significantly from sham-operated and
control animals. We found that the peak concentration
12 h after surgery returned to control levels 7 d after
surgery. LDH was increased only at 12 h after 70% PH
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INTRODUCTION
Major hepatectomy is primarily used to treat malignant
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liver disease and in living donor liver transplantation
(LDLT). After resection the remaining liver can
regenerate to a fully functional organ[1-3]. Tissue damage
due to the surgical process further decreases the amount
of healthy remnant liver tissue leading to an additional
reduction in functional liver capacity in the postoperative
period[4,5]. This situation can lead to liver insufficiency
and, ultimately, to liver failure and death[6-8]. Therefore,
patients have to fulfil certain criteria, such as the absence
of end-stage liver disease, in order to be eligible for
extended hepatectomy[1].
The same is tr ue for donors in LDLT. While
LDLT is a life saving procedure for the recipient, it is
a potentially lethal operation for the donor. Therefore,
very stringent criteria have to be fulfilled prior to
hepatectomy to ensure donor safety [9-11] . For the
donor, fast liver regeneration is imperative to reduce
the probability of liver insufficiency [12,13]. Thus, an
improvement in regenerative capacity would enhance
donor safety and increase the possibility of including
individuals who are not eligible for donation due to
insufficient liver size[8,14].
As already stated the major concern in major
hepatectomy or in the LDLT setting, is efficient
regeneration of the remnant or transplanted partial liver,
respectively. It has been demonstrated that graft size
is of high importance in regenerative processes in the
recipient[12]. Liver function parameters and regeneration
are significantly better in patients undergoing a small
resection than in patients undergoing a liver resection
of more than 60% [15]. This effect exceeds a linear
size correlation, which led to the conclusion that
graft or remnant liver size influences regeneration.
The underlying molecular mechanisms, however, are
not well understood [16-19]. In particular, the role of
proregenerative cytokines (e.g. IL-6 and TNF-a) and
the role of transcription factors such as NF-kB are
ambiguous[5,20-22].
While previous studies have largely focused on the
molecular events after partial hepatectomy, the aim
of this work was to investigate liver regeneration after
subtotal hepatectomy. We analyzed whether the extent
of liver resection has an impact on the activation of
transcription factors and the expression of pro- and
anti-regenerative cytokines using a rat resection model
and compared 70% (partial hepatectomy, PH) and 90%
resection (subtotal hepatectomy, SH), respectively.

MATERIALS AND METHODS
Resection
Six to eight-week-old male Wistar rats were anaesthetized
with isoflurane. Seventy percent PH and 90% SH were
performed under isoflurane anesthesia as described by
Higgins et al[23] and Emond et al[24]. The rats were divided
into 4 groups: control group (untreated), sham operation,
70% PH and 90% SH. Serum and liver tissue samples
were obtained during surgery and 2 h, 12 h, 24 h,
48 h, 72 h and 7 d after resection (n = 4 at each time
point, per group).
www.wjgnet.com
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ALT, AST, LDH and bilirubin
Ser um concentrations of liver related enzymes
(ALT, AST, LDH and bilirubin) were assessed using
commercially available enzyme activity tests [ALAT
(GPT) FS (IFCC mod.); ASAT (GOT) FS (IFCC mod.);
Bilirubin Auto Direct FS; LDH FS IFCC; DiaSys
Diagnostic Systems; Holzheim, Germany].
Liver to body weight ratio
After the observation period, the remnant, regenerated
liver was resected and weighed (A) and total body weight
(B) was measured. The acquired data were expressed as a
percentage of the ratio between the remnant liver weight
divided by the total body weight multiplied by 100. Liver
body weight ratio (LBW-r, %) = A/B × 100.
RNA isolation from liver tissue
Samples of liver tissue (approximately 2-5 g) were
placed in 5 mL Trizol and homogenized with an Ultra
Turrax (Janke & Kunkel, Staufen, Germany). One mL
aliquots of the homogenized samples were used for
RNA isolation using chloroform. RNA precipitation
was performed using 100% isopropanol. The dry RNA
pellet was resuspended in 100 µL Rnase-free water
and purified with Rneasy® Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions.
RNA concentration in the samples was measured by OD
260, purity was determined by OD 260/280.
Protein isolation
Samples of liver tissue (approximately 2-5 g) were placed
in 3 mL lysis buffer (10 mmol/L HEPES, 10 mmol/L
NaCl, 0.1 mmol/L EDTA, 1 mmol/L DTT, 0.4%
NP-40) and homogenized with an Ultra Turrax. One mL
aliquots of the homogenized tissue were centrifuged at
4℃, 800 g for 5 min. Supernatants were centrifuged again
at 4℃, 20 000 g for 30 min and the protein concentration
was measured using a Bradford assay (BioRad, Munich,
Germany). This fraction was referred to as the cytosolic
fraction. The pellet obtained by centrifugation was
resolved in 350 µL extraction buffer (20 mmol/L
HEPES, 400 mmol/L NaCl, 1 mmol/L EDTA,
1 mmol/L DTT, 0.2% NP-40) and repeatedly vortexed
over a 30 min period. After centrifugation at 4 ℃ ,
20 000 g for 20 min, the supernatant was collected and
the protein concentration measured with the Bradford
assay. This fraction was referred to as the nucleic
fraction. Proteinase inhibitors (Complete Mini EDTA
free, Roche) were added to the extraction and lysis
buffers 30 min prior to use.
Quantitative real-time PCR
Changes in mRNA expression were analyzed by
quantitative real-time RT-PCR using the iCycler system
(Bio-Rad, Munich, Germany). RT-PCR was performed
with the QuantiTect SYBR Green RT-PCR kit (Qiagen,
Hilden, Germany) to determine the cytokines involved
in liver regeneration (TNF-a, IL-6, HGF, TGF-a, and
TGF-b; Quantitect Primer Assays, Qiagen, Hilden,

Sowa JP et al . Liver regeneration after extended hepatectomy

ELISA
NF-kappaB (NF- κ B p65 ELISA KIT, BioSource TM
CA, USA), and STAT3 [STAT3 (pY705) ELISA KIT,
BioSource TM , CA, USA] ELISAs were conducted
according to the manufacturer’s instructions. Negative
and positive controls were included and a standard
curve was determined for each assay. Sample size of the
nucleic protein extract was 10 µL. Normalization was
carried out by calculating relative protein concentrations.
TUNEL staining
Sections of paraffin-embedded tissue were dewaxed
by heating to 60℃ for 30 min and subsequent washing
in xylene. The slices were rehydrated through a grade
series of ethanol (100%, 90%, 70%), permeabilized
with permeabilization solution (0.1% Triton X-100,
0.1% sodium citrate) and washed twice in PBS. Positive
controls were incubated with DNase I for 10 min at room
temperature prior to labeling. TUNEL reaction mixture
was prepared according to protocol (In Situ Cell Death
Detection Kit, Fluorescein; Roche, Germany). Labeling
was conducted as described in the assay manual, samples
were subsequently embedded in ProLong® Gold antifade
reagent with DAPI (Invitrogen, CA, USA). Labeled cells
per 10 fields of vision were counted on a fluorescence
microscope and absolute numbers were compared.
Statistical analysis
Data are shown as mean ± SE. Differences between
any two groups were determined by the Wilcoxon test
for ELISA, qrt-PCR, TUNEL-assay and bilirubin.
P < 0.05 was considered to be statistically significant.
For differences between any two groups regarding the
serum parameters ALT, AST and LDH the variance
test was used and F < 0.05 was considered statistically
significant.

RESULTS
Liver regeneration
The overall mean LBW-r was 4.06% ± 0.35% in control
and sham-operated animals. After 70% resection,
animals showed a continuous increase in LBW-r over 7 d
starting from 0.74% ± 0.06% at the time of surgery, and
reaching 2.70% ± 0.15% 7 d postoperatively. The earliest
significant increase in LBW-r occurred between 2 h
(0.88% ± 0.15%) and 12 h (1.39% ± 0.07%) with
P = 0.006 (Figure 1).

5

Control

Sham op

70% resection

4
LBW-r in %

Germany). Each PCR was performed using a total 30 µL
volume of a mixture containing 2 µL of total RNA
(20 ng to 200 ng). Beta-actin expression was chosen
for normalization. The quantification was performed
using the Pfaffl method[25] by calculating copy numbers
from the ct-value for each gene per sample. Beta-actin
mRNA levels were calculated in the same manner and
the relation of target gene copies/100 000 copies of b
actin are given. The data are shown as the mean of four
separate experiments.
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Figure 1 Liver-body-weight-ratio of control animals, sham-operated and
70% resected animals given in g per 100 g body weight. Controls had a
LBW-r of 4.04% ± 0.15%.

Serum levels of liver enzymes
AST and ALT were significantly raised in the 70%
resected animals compared to sham-operated rats
(Figure 2A and B). Peak levels were found for both
enzymes at 12 h postoperatively (AST, 12 h: 1055 ± 55
for 70% and 2204 ± 739 for 90%, F = 0.011; ALT, 12 h:
753 ± 110 for 70% and 1706 ± 725 for 90%, F = 0.011).
Serum levels of both enzymes diminished over time,
reaching control levels 7 d after surgery. LDH after 70%
resection did not differ significantly from sham animals
except at 7 d postoperatively (Figure 2C). LDH 7 d after
70% resection was 2060 U/I while the level in shamoperated animals was 890 U/I (F = 0.033). Seventy
percent resection did not lead to a significant increase in
bilirubin serum levels when compared to sham-operated
animals (Figure 2D).
NF-κ B activation
As described in the literature, NF- κ B activation
was observed after PH during the early phase of
regeneration (0 h: 273.33 ± 24.45 pg, P = 0.024;
2 h : 2 8 5 . 3 4 ± 3 6 . 4 9 p g , P = 0 . 0 0 9 ) a n d 12 h
postoperatively (313.21 ± 17.22 pg, P = 0.001). NF-κB
remained activated until 7 d after surgery in this
group. After SH, however, NF- κ B activation was
delayed until 24 h after the operation. NF- κ B
was significantly activated in the SH group 24h after
surgery (475.66 ± 144.29, P = 0.048) with a peak at 48 h
(747.18 ± 146.36 pg, P = 0.02). NF-κB activation was
comparable in both groups at day 7 (Figure 3A).
STAT3 activation
Because we utilized a STAT3(pY705) ELISA, only
phosphorylated STAT3 was measured in the assay.
Activation of STAT3 occurred during surgery in
both the 70% (16-fold) and 90% (3-fold) resections.
Two hours after surgery, STAT3 activation increased
significantly in the PH (138-fold) and in the SH
group (197-fold), decreasing thereafter and reaching
preoperative levels 24 h after surgery. The differences
between the two groups did not reach statistical
significance (Figure 3B).
www.wjgnet.com
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Figure 2 Serum levels of liver related enzymes, each given in U/L and
mg/dL for bilirubin, respectively. A: ALT, base level in serum was 36.2 ±
5.2 U/mL; B: AST in controls was 84.0 ± 31.1 U/mL in serum; C: LDH, basal
release of LDH into serum was 2416 ± 1088 U/mL; D: Bilirubin, with a baseline
serum level of 0.3 ± 0.3 mg/dL.

Expression of pro- and anti-regenerative cytokines
In the group with 70% PH, 6 h after resection a rise in
www.wjgnet.com

TNF-a expression was detected compared to controls,
reaching a maximum after 24 h and decreasing thereafter
to preoperative levels. In contrast, a significant rise in
TNF-a expression was not detected after SH (Figure
4A). For IL-6, a biphasic expression pattern occurred
in PH with high levels of expression at 2 h and 12 h
postoperatively, while after SH a significant upregulation
was only detected at 2 h after surgery (Figure 4B).
Postoperatively, HGF expression increased steadily
reaching a maximum at 12 h after surgery and returning
to preoperative levels after 24 h in both groups (Figure
4C). A significant increase in early postoperative
TGF-a expression was only detected after PH (12 h).
A t l a t e r t i m e p o i n t s, T G F - a e x p r e s s i o n wa s
downregulated in this group while it increased up to 7 d
after resection in SH (Figure 4D). We detected a slight
upregulation in TGF-b expression in both resection
groups at early time points (2 h, 6 h) with a strong peak
at 12 h postoperatively which was detectable only in the
PH group (8.25-fold compared to controls). Thereafter,
TGF-b expression returned to control levels (Figure 4E).
Apoptosis
Control animals had a TUNEL index (percentage of
TUNEL-positive cells) of approximately 0.12%. After
PH, the rate of apoptosis reached a peak directly after
surgery (0.44%), followed by a decrease to 0.27% at 24 h
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Figure 4 mRNA was isolated from regenerating liver tissue of rats at different time points after 70% or 90% resection, respectively. A: TNF-a
(< 50 copies/100 000 copies b-actin); B: IL-6 (< 15 copies/100 000 copies b-actin); C: HGF (50 000 copies/100 000 copies b-actin); D: TGF-b (< 2500 copies/100 000
copies b-actin); E: TGF-b (< 5500 copies/100 000 copies b-actin). Measurement of cytokine and growth-factor expression was performed by quantitative real-time (rt)
PCR. Copy numbers of each gene were calculated from ct values. Data shown are the mean of four separate experiments with standard error of mean. All statistical
significances were calculated against control animals. Baseline expression of each gene is given in parentheses.

and to 0.20% at 48 h and returned to control levels at
7 d (0.15%). After SH, however, the apoptotic peak was
delayed until 24 h after surgery, declining to 0.18% at
48 h. In contrast to PH, a second apoptotic peak (0.63%)
was detected at 7 d in this group (Figures 5 and 6).

DISCUSSION
In this study, we analyzed the molecular events in
liver tissue after subtotal hepatectomy (expression of
proregenerative cytokines, activation of transcription
factors and apoptosis) which are, in contrast to partial
hepatectomy, not well understood. Our data indicate that
activation of proregenerative genes like TGF-a and IL-6
is stronger after PH compared to SH. TNF-a which
is also involved in liver regeneration, is induced by PH

but not by SH. In addition, HGF expression was higher
in PH than in SH. This was associated with stronger
activation of NF-κB in PH during the early phase of
regeneration. Finally, the apoptotic peak was delayed
until 24 h after surgery and had a biphasic course in SH.
In PH, apoptosis had a monophasic course and peaked
directly after surgery.
These data are in accordance with other experiments
from our g roup, in which we obser ved higher
regenerative capacities and better liver function tests
(ALT, AST, bilirubin) after 70% PH compared to
90% SH (Benkö et al, submitted). The time course
of liver regeneration differed significantly between
70% PH and 90% SH. Animals with 70% resection
showed a significant increase in LBW-r as early as 12 h
after surgery. In the PH group, liver weight reached
www.wjgnet.com
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Figure 5 Representative images of TUNEL staining in liver tissue from the following groups. A: Positive control; B: Negative control; C: 70% resection, 24 h
after surgery; D: 90% resection, 24 h after surgery; E: 70% resection 7 d after surgery; F: 90% resection, 7 d after surgery.
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Figure 6 Results of TUNEL staining from paraffin embedded tissue
sections. Paraffin embedded tissue slides from regenerating rat liver were
dewaxed, washed and stained using the TUNEL method. The slides were
covered in anti-fade medium with DAPI and analysed with a fluorescence
microscope. False positive results were ruled out by comparison of the images
with DAPI counterstaining (not shown). The TUNEL index is the number of
TUNEL-positive cells divided by the total cell number. Cells were counted in
ten fields of vision per section. Numbers shown are mean of four separate
experiments in each group. TUNEL index for control animals (no resection) was
approximately 0.12%.

65% of sham-operated controls 7 d after surgery. In
contrast, after 90% resection, LBW-r started to increase
24 h after surgery and reached only 30% of the liver
weight compared to controls at day 7. The time course
in both groups for AST and ALT was similar although
the release of both enzymes into serum was significantly
higher after 90% SH, 12, 24 and 48 h postoperatively.
LDH levels were similar in both groups until 12 h
after surgery where the increase was more prominent
in the 90% SH group than in the 70% PH group. At
all later time points, LDH decreased in animals with
www.wjgnet.com

90% resection compared to controls and the 70%
group. Serum bilirubin in the 70% resection group did
not differ from the sham group. In animals with 90%
resection we found a significant increase in bilirubin
from 12 h to 72 h postoperatively. These findings
show that damage to liver cells is increased after 90%
hepatectomy compared to 70% resection.
Genes related to the initial phase of regeneration,
such as TNF-a and IL-6, which prime hepatocytes
into a state in which they are susceptible to growth
factors[16,17], were expressed at later time points in our
model. Nonetheless, both cytokines were expressed at
lower levels or were delayed after SH compared to PH.
As described previously[18,26-28], growth factors relevant to
liver regeneration (HGF and TGF-b) were upregulated
in PH, whereas no or only a reduced induction was
observed after SH. This suggests that the expression of
the factors relevant to the regeneration of liver tissue is
influenced by the extent of resection.
For TGF-b we detected a distinct peak at 12 h after
PH but not after SH. Since TGF-b has antiregenerative
properties[18], high expression levels would be expected
to counteract regeneration in this group. On the other
hand, regeneration is a very tightly regulated process[19],
which implies that high expression of TGF-b could lead
to attenuation of ongoing regenerative processes in the
PH group, whereas the regenerative stimuli which induce
TGF-b expression are lacking in the SH group. This
concept is supported by a very tight downregulation
of TGF-b in the 70% hepatectomy group at later time
points after surgery.
TUNEL indices were significantly raised directly
after PH. Although we found a decrease in apoptosis
over time, TUNEL indices remained elevated compared
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to controls. Thus, the data indicate that apoptosis occurs
earlier and in parallel with regeneration in animals with
70% resection. In contrast to this, animals with 90%
hepatectomy showed slightly higher TUNEL indices
at earlier time points and a strong increase in apoptosis
7 d after surgery. This could on the one hand, indicate
that there was more tissue damage, which led to a higher
number of apoptotic cells during the early postoperative
phase. On the other hand, the significant rise in TUNEL
indices 7 d after surgery leads to the conclusion that the
main phase of remodelling occurs at later time points.
Our data suggest that liver regenerative processes
after 90% SH are impaired by reduced or delayed
activation of proregenerative factors compared to
70% PH. Activation of NF-κB as well as expression
of important cytokines and growth factors depend on
the amount of resected liver tissue. The underlying
mechanisms are not yet clear, although they may be
associated with the liver’s ability to regenerate and to
reduce tissue to fit current requirements[16,28].
It is still unclear, which role NF-κB plays during
the regenerative process in the setting of extended
hepatectomy. A continuous activation was detected
at low levels after PH while a delayed and more
pronounced activation could be seen after SH. While
basal activation of NF- κ B may be sufficient and
important for regeneration and structural reformation
after 70% resection [29], the strong NF- κ B activation
in animals with 90% hepatectomy may also favor
inflammatory processes in the damaged tissue, which
counteract the restoration of a functional liver[21,30,31].
In conclusion, our data suggest that the molecular
events involved in liver regeneration are significantly
influenced by the extent of resection, as subtotal
hepatectomy leads to delayed activation of NF-κB and
suppression of proregenerative cytokines compared
to partial hepatectomy. Therefore, strategies to
improve the activation of proregenerative transcription
factors and the early production of proregenerative
cytokines may improve clinical outcome after extended
hepatectomy.

compared to PH regarding serum parameters and LBW-r. For the known
cytokines and growth factors involved in liver regeneration, we detected
reduced and/or delayed expression after SH. Furthermore, the SH group
displayed a delayed activation of NF-kB. Until this work it was not known if the
extent of liver resection had a direct influence on the regenerative capacity at
a molecular and cellular level. Here, we demonstrated that the regenerative
processes in the liver depend, at least partially, on the extent of resection.

Applications

A deeper insight into the molecular events underlying liver regeneration
as well as into the relationship between the extent of resection and the
regenerative processes may increase the possibility of enhancing regeneration
pharmacologically. This would not only improve outcome for patients undergoing
extensive hepatectomy but also make this therapeutic measure available for
patients with severe liver tissue damage (i.e. cirrhosis), who otherwise would
not be eligible for surgery.

Terminology

We used two models of liver resection. A 70% liver resection described as
partial hepatectomy (PH) and a 90% liver resection model of extensive surgical
intervention referred to as subtotal hepatectomy (SH).

Peer review

This manuscript focuses on the regulation of liver regeneration by the extent of
resection. The authors of this study provide evidence that SH leads to delayed
activation of NF-kB and suppression of proregenerative cytokines compared to
PH. The manuscript is clearly written and findings are very interesting.
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Abstract
AIM: To investigate the effects of resveratrol on liver
ischemia/reperfusion (I/R) injury in rats.
METHODS: A total of 40 male Sprague-Dawley rats
weighing 240-290 g were randomized into four groups
of ten: (1) controls: data from unmanipulated animals; (2)
sham group: rats subjected to the surgical procedure,
except for liver I/R, and given saline; (3) I/R group: rats
underwent liver ischemia for 45 min followed by reperfusion for 45 min; (4) I-R/Resveratrol group: rats pretreated with resveratrol (10 µmol/L, iv). Liver tissues were
obtained to determine antioxidant enzyme levels and for
biochemical and histological evaluation.
RESULTS: Plasma aminotransferase activities were
higher in the I/R group than in the I-R/Resveratrol
group. Malondialdehyde levels and the hepatic injury
score decreased, while superoxide dismutase, catalase,
and glutathione peroxidase levels increased in group
4 compared to group 3. In group 4, histopathological
changes were significantly attenuated in resveratroltreated livers.
CONCLUSION: These results suggest that resveratrol
has protective effects against hepatic I/R injury, and is
a potential therapeutic drug for ischemia reperfusionrelated liver injury.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatic injury caused by ischemia/reperfusion (I/R)
has been proposed as a key clinical problem associated
with liver transplantation and major liver surgery [1].
Additionally, hepatic I/R injury also occurs in diverse
situations, including heart failure, liver trauma, and blood
occlusion to the liver [2,3]. The production of reactive
oxygen species (ROS), including superoxide, hydrogen
peroxide, and hydroxyl radical, has been demonstrated
in reperfusion injury[4]. I/R activates Kupffer cells (KC),
the resident macrophages in the liver, to generate ROS,
proinflammatory cytokines, and chemokines and to
upregulate inducible nitric oxide synthase[5].
Resveratrol (3,4,5 tri-hydroxystilbene) is a naturally occurring phytoalexin present in high concentrations in the
skin and seeds of grapes[6]. It occurs naturally in a trans-or
cis-isoform[7-9]. Resveratrol has been reported to have several biologic effects such as a potent antioxidative effect
via prevention of lipid peroxidation[10,11], anti-platelet activity[12], an estrogenic activity[13], and anti-inflammatory activity attributed to cyclooxgenase inhibition[6,14]. Previously,
it was suggested that resveratrol stimulated nitric oxide
production in endothelial cells, has a vasodilatory effect
on blood vessels[15], and improves the energy metabolism
system after spinal cord trauma[16].
The aim of this study was to evaluate the possible protective effect of resveratrol against I/R-induced hepatic
injury, using biochemical and histological parameters.

MATERIALS AND METHODS
Forty male Sprague-Dawley rats weighing 240-290 g
www.wjgnet.com
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were used in the study. All of the experimental protocols
were performed according to the guidelines for the
ethical treatment of experimental animals.
Animals and experimental protocol
The rooms where the animals were housed were
windowless and were under controlled temperature (22
± 2℃) and lighting conditions. The rats were housed
individually in cages, and allowed free access to standard
rat chow and water before and after the experiments. The
animals were fasted overnight before the experiments, but
were given free access to water. They were anesthetized
using 100 mg/kg ketamine and 20 mg/kg xylazine body
weight (ip), The right femoral vein was cannulated to
administer drugs and saline.
The animals were randomized into four groups (n =
10 in each group): (1) controls: Unmanipulated animals,
rats not subjected to any surgical procedure or liver
manipulation; (2) sham group: Rats subjected to the surgical
procedures described below, except for liver I/R, and
administered saline vehicle and maintained under anesthesia
for an equivalent duration (i.e. 45 min plus 45 min); (3) I/R
group: Rats subjected to the surgical procedures described
below and underwent liver ischemia for 45 min followed
by reperfusion for 45 min (n = 10); (4) I-R/Resveratrol
group: Rats received resveratrol 10 mg/kg dissolved in 2
mL 50% alcohol (Sigma Chemicals, St. Louis, MO, USA)
by infusion pump 15 min before liver reperfusion.
Liver ischemia/reperfusion
As described previously [17], the ligament attachments
connecting the liver, diaphragm, abdominal wall, and
neighboring organs were divided. After the organ was
carefully isolated, the liver hilus was exposed to find
the common hepatic artery and portal vein. A vascular
microclamp was used to interrupt the blood supply to threequarters of the liver for 45 min, and this was followed
by 45 min of reperfusion. Other rats were subjected to a
sham operation (sham-operated), which was identical to
the surgical procedure used for the I/R group rats without
clamping; the rats were kept under anesthesia for the same
length of time. At the end of the experiments, the rats
were killed with an overdose of sodium pentobarbital.
Measuring serum liver enzymes
The abdominal aorta was punctured and 5 mL of blood
was taken and placed in heparinized tubes. Plasma was
separated by centrifugation (3000 r/min for 10 min
at room temperature) for biochemical studies. The
activities of alanine aminotransferase (ALT, a specific
marker for hepatic parenchymal injury), and aspartate
aminotransferase (AST, a nonspecific marker for hepatic
injury) in plasma were determined in units per liter using
standard auto-analyzer methods on an Abbott Aeroset
(Abbott Laboratories, Abbott Park, IL, USA). Just
before the rats were sacrificed, the livers were removed
for histopathological evaluation.
Histopathological study
The livers were divided into two pieces. One was
www.wjgnet.com
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immediately placed in 10% formalin solution, left
overnight, and then embedded in paraffin blocks. The
blocks were cut into 4-μm sections and stained with
hematoxylin-eosin, using standard protocols. The
severity of hepatic injury in the sections was evaluated
using a point-counting method on an ordinal scale as
follows: grade 0, minimal or no evidence of injury; grade
1, mild injury consisting of cytoplasmic vacuolation
and focal nuclear pyknosis; grade 2, moderate to severe
injury with extensive nuclear pyknosis, cytoplasmic
hypereosinophilia, and loss of intercellular borders; and
grade 3, severe necrosis with disintegration of hepatic
cords, hemorrhage, and neutrophil infiltration[18].
Biochemical analyses
The other piece of liver was washed in ice-cold 0.9%
saline solution, weighed, and stored at -70℃. Tissue
homogenates were prepared as 0.1 g/mL in 250 mmol/L
sucrose, 1 mmol/L EDTA, 1 mmol/L dl-dithiothreitol,
and 15 mmol/L Tris HCl (pH 7.4), using an all-glass Potter
Elvehjem homogenizer (Selecta, Barcelona, Spain). Each
homogenate was centrifuged for 20 min at 800 r/min.
The resulting supernatant fraction was used to determine
enzyme activities. The protein concentrations in the
supernatant were determined using the Bradford method[19].
Malondialdehyde determination
Liver malondialdehyde (MDA) levels were determined
using the method of Wasowicz et al [20] based on the
reaction of MDA with thiobarbituric acid at 95 to
100℃. Fluorescence intensity was measured in the upper
n-butanol phase using fluorescence spectrophotometry
(F-4010; Hitachi, Tokyo, Japan) adjusted for excitation
at 525 nm and emission at 547 nm. The arbitrary values
obtained were compared with a series of standard
solutions (1,1,3,3-tetramethoxypropane). The results are
given in nanomoles per gram of wet tissue.
Superoxide dismutase, catalase, and glutathione
peroxidase determination
Superoxide dismutase (SOD) activity was measured using
the xanthine-oxidase-cytochrome c method, as described
by McCord and Fridovich[21]. The final concentrations in
the cuvettes were 50 mmol/L potassium phosphate (pH
7.8), 0.1 mmol/L EDTA, 10 mmol/L cytochrome c, 50
mmol/L xanthine, 50 or 2 mmol/L cyanide, 1 U catalase
(CAT), and 0.05-0.1 mg of tissue. The reaction was
initiated by adding 1 U xanthine-oxidase. The inhibition
of xanthine-oxidase was followed spectrophotometrically
at 550 nm. One unit of SOD activity was defined as the
amount of enzyme that produced 50% inhibition of the
control rate of cytochrome c reduction.
CAT activity was assayed according to the method
of Beers and Sizer[22]. The final concentrations in the
cuvettes were 500 mmol/L potassium phosphate (pH
7), 100 mmol/L H2O2, and 0.05-0.1 mg of tissue. The
decrease in the absorbance at 240 nm after adding the
substrate was followed spectrophotometrically.
GSH activity was assayed using a coupled enzyme
system in which oxidized glutathione (GSSG) reduction
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in groups 3 and 4 in comparison with groups 1 and 2
(P < 0.05 in all cases). Moreover, the ALT and AST
levels were significantly decreased in group 4 compared
to group 3 (P < 0.05) (Figure 1).
The MDA, SOD, CAT, and GSH values for the
different groups are shown in Figure 2. In group 3,
MDA was significantly increased compared with groups
1, 2, and 4 (P < 0.05 in all cases). In addition, SOD,
CAT, and GSH significantly decreased in group 3
compared with groups 1, 2, and 4 (P <0.05 in all cases).
The liver histopathological scores were 0.1 ± 0.2,
0.1 ± 0.2, 2.8 ± 0.1, and 1.1 ± 0.2 in groups 1 to 4,
respectively. The histopathological scores were higher
in groups 3 and 4 than in groups 1 and 2 (P < 0.05 in
all cases). Moreover, the histopathological score was
lower in group 4 than in group 3 (P < 0.05). Normal
findings were obtained on histological examination of
rats in groups 1 or 2 (Figure 3A and B). In group 3,
focal necrosis with sinusoidal congestion and neutrophil
accumulation were observed at the midzonal region
(Figure 3C). In contrast, these changes were markedly
attenuated in resveratrol-treated livers (Figure 3D).

DISCUSSION

500

0

				

Group 1

Group 2

Group 3

Group 4

ALT

Figure 1 Effects of liver I/R and resvera-trol on liver function. A: The
AST values; B: The ALT values aP < 0.05 compared with Group 1 and 2; cP
< 0.05 compared with Group 3. The values are the mean ± SE. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase.

was coupled to NADPH oxidation by glutathione
reductase[23]. The assay mixture contained 50 mmol/L
potassium phosphate (pH 7.5), 1 mmol/L EDTA,
1 mmol/L NaN3, 1 mmol/L reduced glutathione (GSH),
0.2 mmol/L NADPH, 1 U glutathione reductase,
and tissue (0.05-0.2 mg). After a 5-min preincubation
period (20-25℃), the reaction was initiated by adding
0.25 mmol/L H 2O 2. The decrease in absorbance at
340 nm was followed spectrophotometrically.
Protein assays
The protein content of the homogenates was determined
using the procedure of Lowry et al[24].
Statistical analysis
Data were entered and analyzed on an IBM-compatible
personal computer using SPSS version 9.0. All values
were expressed as the mean ± SE. The significance
of the data obtained was evaluated using analysis of
variance (ANOVA). Differences between means were
analyzed using the post-ANOVA test (Tukey’s b). P < 0.05
was considered significant.

RESULTS
The ALT and AST levels were significantly increased

Hepatic ischemia and reperfusion injury is observed
following major liver surgery, transplantation, trauma and
sepsis and may cause metabolic and structural hepatic
damage[25,26]. This remains a significant problem in surgical
procedures, and is a limitation of liver transplantation[27].
Several mechanisms have been considered to explain
I/R injury of the liver. Activation of KC with enhanced
formation of ROS and secretion of inflammatory
cytokines and proteolytic enzymes are considered to
play an important role in liver reperfusion injury[28,29].
Additionally, migration of activated polymorphonuclear
leukocytes at the injury site may prolong the injury as
a result of the production of inflammatory cytokines,
adhesion molecules, and ROS[30,31]. The formation of
ROS may initiate oxidative stress which can lead to
lipid peroxidation[32]. Removal of oxidative stress is the
primary intervention to decrease tissue injury. Superoxide
dismutase, catalase, glutathione, α -tocopherol, and
carotene are known endogenous antioxidants, but none
of these endogenous antioxidants are sufficient to
compensate oxidative stress. Several antioxidants have
been studied and reported to decrease oxidative stress
in hepatic and renal tissue in experimental obstructive
jaundice, septic shock, and I/R models.
Resveratrol is a polyphenol phytoalexin (trans-3,5,4trihydroxystilbene) that possesses diverse biochemical and
physiological actions, including estrogenic, antiplatelet,
and anti-inflammatory properties[33,34]. Recently, resveratrol
was found to be a highly potent antioxidant which could
inhibit free radical generation in brain, spinal cord, kidney,
liver and red cell membrane[35-38]. It has been shown that
resveratrol inhibits lipid peroxidation[39], and prevents
apoptotic cell death induced by oxidative stress[40]. The
end production of lipid peroxidation includes aldehydes,
hydrocarbon gases, and MDA. MDA is a sensitive index
of lipid peroxidation[18,41]. Bertelli et al[33] suggested that
www.wjgnet.com
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Figure 2 Effects of ischemia/reperfusion and resveratrol on the MDA (A),
SOD (B), CAT (C), and GSH (D) levels in liver tissue. aP < 0.05 compared
with groups 1 and 2. cP < 0.05 compared with group 3. The values are the
mean ± SE. MDA: Malondialdehyde; SOD: Superoxide dismutase; CAT:
Catalase; GSH: Glutathione peroxidase.
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Figure 3 Effect of resveratrol on hepatic tissue injury after I/R evaluated
by histological examination. In groups 1 and 2, normal findings were obtained
on histological examination (A and B, respectively) (HE, x 200); C: In group 3,
swollen hepatocytes with marked vacuolization and congestion were observed
(HE, x 200); D: In group 4, the hepatocytes and sinusoids showed normal
morphology, reflecting a well preserved liver parenchyma (HE, x 200).

MDA formation was reduced in the ischemic-reperfused
myocardium of resveratrol-treated rats. In an experimental study by Kirimlioglu et al[42], MDA levels in liver tissue
and plasma were higher in group B subjected to 70%
partial hepatectomy than those of group A treated with
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resveratrol before and after 70% partial hepatectomy. Although the exact mechanism is not known, it is thought
that this was probably due to the antioxidant and inhibitory effects of resveratrol on ROS, which might be a biochemical mechanism related to the anti-inflammatory and
anticarcinogenic properties of resveratrol[43]. To control
the detrimental effects of ROS, organisms have developed
a variety of antioxidant defense systems, especially the
endogenous antioxidant enzymes system including SOD,
CAT and GSH. The activities of these enzymes are higher
in the liver than in other tissues. CAT is an oxidoreductase
enzyme, which transforms H2O2 into H2O and O2. It can
protect cells from damage induced by ischemia reperfusion by scavenging ROS[44]. GSH is considered to be the
principal mitochondrial antioxidant and its depletion
markedly enhances the sensitivity of mitochondrial structures to ROS-mediated injury[45]. A decrease in GSH level
after reperfusion could reflect ROS-mediated consumption[46]. SOD catalyses dismutation of the superoxide anion (O2-) into H2O2; H2O2 can be transformed into H2O
and O2 by CAT; GSH is a selenoprotein, which reduces
lipidic or nonlipidic hydroperoxides as well as H2O2 while
oxidizing GSH[47]. Plin et al[48] showed that resveratrol
protects mitochondria and cells against cold preservationwarm reperfusion (CPWR)-induced injury. Resveratrol
improved both mitochondrial coupling and ATP synthesis
measured after CPWR as demonstrated by the increase in
respiratory control ratio and ADP/oxygen values, respectively. These protective effects could be related to the antioxidant properties of the molecule which has been shown
to be able to scavenge ROS[49].
In our study, liver tissue MDA levels in the I/R group
increased compared with normal and sham groups. With
resveratrol administration, liver tissue MDA levels decreased. Additionally, our results suggest that increased
SOD, GSH and CAT activities may be attributed to reactive oxygen products such as superoxide anions and H2O2
in the resveratrol-treated group. These data indicate that
resveratrol may provide protection to the liver during I/R
injury, in part by improving activities of the endogenous
antioxidant enzymes, which scavenge ROS and reduce
their effects. Histopathologically, the resveratrol-treated
group showed well preserved liver parenchyma with hepatocytes arranged radially around the central vein. In a study
by Hassan-Khabbar et al[50], the effect of trans-resveratrol
on liver injury induced by I/R was investigated. While
Hassan-Khabbar performed measurements after 3 h
of reperfusion, in the present study, measurements were
performed after less than 1 h. Thus, the present study
suggests that the protective effect of resveratrol may occur more rapidly than previously thought.
In conclusion, this study is the first to evaluate the
hepatoprotective effects of resveratrol in hepatic I/R.
The protective effects of resveratrol may be associated
with its antioxidant activity and free radical scavenging
activity which are released during the reperfusion period.
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Abstract

INTRODUCTION

A I M : To i n v e s t i g a t e t h e p r e s e n c e o f h u m a n
papillomavirus (HPV) in esophageal squamous
papilloma (ESP) and determine p16, p53 and Ki67
expression in a Mexican cohort.
METHODS: Nineteen cases diagnosed as ESP,
corresponding to 18 patients were reviewed; nineteen
cases of normal esophageal mucosa were used as
negative controls. HPV detection was performed by
amplified chromogenic in situ hybridization (ACISH)
using a wide spectrum-cocktail probe and PCR.
RESULTS: The average age at presentation was 46.3
years (range 28-72 years). Patients included four
(22.22%) males and 14 (77.77%) females. The most
frequent location was upper third (11 cases), followed
by middle third (3 cases) and unknown site (5 cases).
Immunohistochemistry (IHC) revealed basal and focal
p53 expression in 17 cases (89%); p16 was expressed
in eight cases (42.10%) and the Ki67 index ranged
from 10% to 30%. HPV was detected in 14 out of
16 cases (87.5%) by ACISH: Twelve showed diffuse
nuclear patterns and two showed granular patterns.
HPV DNA was identified by PCR in 12 out of 14 cases
(85.7%). Low-risk HPV types were detected in the
most of the cases.
CONCLUSION: This study provides identification
of HPV infection in almost 80% of ESP using either
ACISH or PCR; overall, all of these lesions show low
expression of cell-cycle markers. We suggest ACISH as
an alternative diagnostic tool for HPV detection in ESP.

Esophageal squamous papillomas (ESPs) are
uncommon benign lesions, usually asymptomatic
and often discovered as incidental findings. ESPs
were first described by Adler in 1959[1-5]. The etiology
and pathogenesis of ESP appear to be related to an
inflammatory-reparatory type, such as chronic gastroesophageal reflux, esophagitis, trauma, chemical irritants,
and viruses[6,7]. Their malignant potential is still unclear,
and it has been proposed that Human Papillomavirus
(HPV) plays an etiopathogenic role; however, HPV is
not consistently identified[8,9]. The detection of HPV in
ESPs may have a great value, in terms of follow-up of
lesions associated to genotypes implicated in the genesis
of premalignant and malignant lesions in squamous
epithelial-lined tissues, including nasal cavity, pharynx
and the anogenital tract[7].
The Mexican population possesses a high prevalence
of HPV-related cervical lesions. Previous studies have
demonstrated high expression rates of p16 INK4a in
cervical lesions[10]; however, little is known on p16INK4a
and the etiologic role of HPV in the development of
ESPs. The purpose of this study is to investigate the
presence of HPV through molecular techniques in a
cohort of 19 ESPs cases and determine the relationship
between HPV and the expression of cell cycle proteins.

© 2008 The WJG Press. All rights reserved.
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Table 1 Esophageal squamous papillomas: Clinical and pathological features
Age

Gender

33
62
28
72
40
57
46
39
32
45
36
66
42
61
40
40
62
28
28

F
F1
F
M
F
F
M
F
F
M
F
F
F
F
F
M
F1
F
F

Endoscopic indication

Location

ACISH

PCR

p16

p53

Ki67

Abdominal pain
Abdominal pain and reflux
Abdominal pain
Abdominal pain
Abdominal pain
Reflux
Abdominal pain
Abdominal pain
Abdominal pain and reflux
Reflux
Abdominal pain
Abdominal pain
Abdominal pain
Abdominal pain
Reflux
Reflux
Abdominal pain and reflux
Abdominal pain
Abdominal pain

Upper third
Upper third
Upper third
Upper third
Upper third
Upper third
Upper third
Upper third
Upper third
Upper third
Upper third
Unknown
Unknown
Unknown
Unknown
Unknown
Mid third
Mid third
Mid third

Diffuse
Diffuse
Diffuse
Diffuse
Granular
Granular
Diffuse
Diffuse
Diffuse
Diffuse
Diffuse
Diffuse
Diffuse
Diffuse
Diffuse
Diffuse

6/11
6/11
6/11
6/11
16
16
6/11
6/11
6/11
Negative
Negative
6/11
6/11
6/11

Positive
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
NA
NA
Positive
Positive
Positive
Positive
Negative
Negative

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
NA
NA
Positive
Positive
Positive
Positive
Positive
Positive

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
NA
NA
Positive
Positive
Positive
Positive
Positive
Positive

NA: Not available; ACISH: Amplified chromogenic in situ hybridization; PCR: Polymerase chain reaction; 1Same patient.

Hospital files during a 12-year period. Endoscopic
reports and clinical charts were reviewed to obtain
information about age, gender, symptoms, endoscopic
location and past medical histor y. Clinical and
endoscopic follow-up were available for sixteen patients.
Multiple 4- µ m thick sections from for malinfixed paraffin-embedded tissue (FFPET) blocks were
obtained. In addition to hematoxylin and eosin (HE)
staining, the following immunostains were performed,
according to manufacture’s instructions: p16INK4a (Clone
EGH4; 1:25; DakoCytomation, Carpinteria, California,
USA), p53 (Clone DO-7; 1:100 DakoCytomation,
Carpinteria, California, USA) and Ki67 (Clone MIB-1;
1:150; DakoCytomation, Carpinteria, California, USA).
Negative and positive controls were reviewed. Slides
were independently evaluated by two pathologists
(OB, SSS). Discrepancies were resolved by consensus
examination.
Molecular techniques were applied depending of
availability of tissue. In 16 out of 19 cases, detection of
HPV was performed by amplified chromogenic in situ
hybridization (ACISH) (GenPoint/DakoCytomation,
Carpinteria, California, USA), using a HPV biotinylated
DNA probe. Nineteen samples of normal esophageal
mucosa were used as negative controls.
Fourteen FFPET out of 19 ESPs were examined
for HPV by PCR-RFLP, as described previously [11,12].
DNA was extracted from FFPET blocks (cases and
negative control samples). After DNA extraction,
amplifications were performed using consensus primers
MY09 and MY11. To deter mine HPV types 6/11,
16, 18 and 31, the PCR products were digested using
restriction endonucleases and analyzed by agarose gel
electrophoresis.

RESULTS
The clinical and pathological features of the patients and
www.wjgnet.com

their tumors are shown in Table 1. The average age at
presentation was 46.3 years (range 28-72 years). Patients
included four (22.22%) males and 14 (77.77%) females.
The most frequent indication for endoscopy was
abdominal pain (15 patients), followed by reflux (seven
patients). In all cases, ESPs were incidental findings,
discovered during the endoscopic procedure. In none
of the cases was Barrett’s esophagus or respiratorytract papillomatosis reported. Clinical data showed no
history of HPV-related diseases, immunosuppression or
radiotherapy. At endoscopy, some patients also presented
with Helicobacter pylori infection, chronic gastritis,
peptic ulcer disease, hiatal hernia, esophagitis and reflux
esophagitis.
Endoscopically, the most frequent location of ESP
was the upper third (11 cases), followed by the middle
third (3 cases) and unknown site (5 cases). All except one
case were present as a single lesion. Patients underwent
total endoscopic excision. Clinical and endoscopic
follow-up was done in sixteen of the patients, and no
recurrences have been documented to the date.
Grossly, ESPs present as polypoid, soft, smooth,
whitish-pink tumors, ranging from 3 to 7 mm at their
largest dimension. Histological examination revealed
exophytic lesions, composed of branched fibrovascular
core, covered by acanthotic squamous epithelium.
No other growing pattern was observed. Basal cell
hyperplasia and koilocytosis were present in all cases
(100%). Vacuolated cells in the upper layers were
detected in all cases. Parakeratosis, papillomatosis and
intraepithelial lymphocytes and some eosinophils were
also noted. Ten cases (52.63%) showed a prominent
epithelial granular layer and intraepithelial capillary
loops were present in nine cases (47.36%). Dyskeratotic
cells and multinucleated giant cells were absent and no
dysplastic changes were found in any of the patients.
HPV was detected in 14 of 16 cases (87.5%) by
ACISH: Twelve showing a diffuse and complete nuclear
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A

B

C

D

staining pattern (indicating the episomal state of the
HPV viral genome, Figure 1A) and two a nuclear
granular pattern (indicating the integrated form of
the HPV viral genome, Figure 1B). HPV DNA was
identified by PCR in 12 of 14 cases (85.7%). Infection
by a low risk type HPV (6/11) was detected in 10 of 14
cases, whereas two of the 14 cases were infected by a
high risk HPV type (16). Both high risk cases showed
a granular staining pattern on ACISH, suggesting viral
genomic infection. In two cases, ACISH demonstrated a
diffuse pattern and HPV was not documented by PCR.
p53 was expressed in 17 cases (89%). The percent
of p53-positive cells ranged from 10 to 15%, showing
a basal and focal expression (Figure 1C). There was no
difference between the p53 expression of non-infected
and HPV-detected ESPs. In two cases, IHC for p53 was
not performed (no tissue was present in the block). Eight
cases (42.10%) expressed p16 INK4a (both nuclear and
cytoplasmic). Four of these cases were infected by 6/11
serotypes. In those cases, p16INK4a revealed a low rate
of expression (< 20%), mostly at a basal layer location
and focally extending into the medium third. Ki67
proliferative index in 17 cases ranged from 10 to 30% on
basal cells (Figure 1D), and there was no difference on
expression between non-HPV-related lesions and HPV
high and low risk-related lesions.

DISCUSSION
This report of cases represents the first study performed
in Mexico to deter mine the presence of HPV in
an unusual esophageal lesion, whose relation with
esophageal carcinoma is not completely understood.
The etiology is still unclear, and the role of HPV in
squamous cell lesions of the esophagus is difficult to

7109
Figure 1 Esophageal
squamous papillomas. A:
Amplified chromogenic in
situ hybridization, episomal
infection with diffuse
nuclear staining pattern; B:
Amplified chromogenic in
situ hybridization, nuclear
granular staining pattern;
C: p53 expression; D: Ki67
expression.

establish. Since 1982, when Syrjanen et al[13] demonstrated
the presence of HPV antigens in ESP, a cer tain
percentage of ESPs have been reported as associated
with HPV [2,7,14-16]; however, this relationship has not
been consistently proven. Some authors hypothesize
that mucosal injury, followed by regeneration, is the key
role in the pathogenesis, supported by the coexistence
of ESPs and gastro-esophageal reflux, esophagitis and
hiatal hernia; also by the fact that most of the ESPs are
located in lower level of the esophagus[7,17-18]. In a study,
Talamini et al[9] found that in the Italian population, ESPs
are located mostly in the middle third and secondarily,
in the lower third; this study also reported a very low
prevalence of cases associated with HPV and implied
that alcohol intake and cigarette smoking were risks
factors.
In contrast to previous reports, our study shows
a female predominance, and a predominantly upper
third location[8,9]. These findings raise the possibility
that certain factors, including gastro-esophageal reflux,
are unlikely to be the main etiological factors or are
responsible for only a small proportion of cases. For that
reason, some others conditions or perhaps, behavioral
reasons, might be related in this specific population.
In our series of cases, we found that ten out of
11, were located in the upper third and were related to
HPV-infection. In two of them, high grade serotypes
(HPV 16) were detected. How does HPV get access to
that location? This is still unknown. Jalal et al[19] have
shown HPV DNA in the mouths of individuals with
clinically normal oral mucosa. HPV is an epitheliotropic
virus that requires the environment of a differentiating
squamous epithelium for their life cycle. Peripheral
blood mononuclear cells may serve as HPV carriers,
spreading the virus via the blood [20] . The Mexican
www.wjgnet.com
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population possesses a high prevalence of HPV-related
cervical lesions, and some mechanism of infection
probably exists, including viral transmission by direct
contact (e.g. sexual) that might involve the infection
of the upper third of the esophagus, but we could not
confirm this hypothesis due to the non-availability of
clinical information of the HPV-infection status in the
patients’ sexual partners.
According to Winkler et al[21], 31% of ESPs having
histological findings of HPV infection, show positive
reactions to HPV antigens by IHC; Odze et al[7] reported
50% positivity of HPV in 38 cases using PCR, mostly
type 16, and proposed a multifactorial etiology including
mucosal irritation and HPV association; Woo et al[18]
also suggest a multifactorial cause and Poljak et al [8]
believe that HPV DNA in ESPs is not the result of viral
infection but the result of incidental HPV colonization
which have been formed as result of other etiological
factors; genetic association has also been mentioned[2]. In
our study, we believe that presence of HPV-associated
ESPs, reflects the high prevalence of the virus in
developing countries, including Mexico, in contrast to
western countries, and is in agreement with previous
reports[22].
The malignant potential of ESPs has been described
in some studies and is controversial[18]. According to
Talamini et al [9] , ESPs appear not to have a risk of
development of malignancy or to be a marker of such
risk. We found a predominance of HPV infection
by low-risk serotypes and in two cases, high-risk
serotype infection; however, no dysplastic changes,
malignant transformation or recurrence was identified.
Furthermore, we suggest that clinical and endoscopic
follow-up should be recommended and performed on
regular basis on patients with HPV high-risk serotypes
lesions. These serotypes have been demonstrated by
numerous epidemiologic and molecular studies to be
the etiologic agents for an overwhelming majority of
premalignant and malignant cervical cases [23] and in
consequence, HPV might be related as a risk factor for
esophageal carcinoma[7].
Previous reports have shown a correlation between
p16INK4a expression in cases of cervical dysplasia HPVrelated [10] . Although we did not find a relationship
between HPV infection and protein expression of cell
cycle markers, we believe that their utility will be mainly
in the grading of dysplasia, and also in the evaluation
of esophageal lesions when dysplasia or malignancy is
suspected.
In summary, our study provides strong evidence
that most ESPs are associated with HPV infection;
however we believe that other pathogenetic mechanisms
are related to the development of these lesions. PCR is
currently considered to be the most sensitive method
for the detection of HPV infection available[8] but is
susceptible to false positives due to contamination.
Although PCR is the gold-standard for HPV evaluation,
PCR is not available in the pathological routine
evaluation and ACISH might serve as a useful and
alternative diagnostic tool for HPV detection.
www.wjgnet.com
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Background

Squamous papillomas are uncommon benign lesions of esophagus, of
unknown etiology, and controversial malignant potential. Esophageal
squamous papillomas (ESP) have been found to be associated with different
conditions, including gastro-esophageal reflux, inflammation and trauma.
Human papillomavirus (HPV) has been implicated in the genesis of malignant
neoplasms in squamous epithelial-lined tissues, including the nasal cavity,
pharynx and anogenital tract; however, previous studies have not consistently
identified HPV in ESP.

Research frontiers

This study was designed to identify the presence of HPV in a series of 19 ESPs,
from a population with high cervical HPV prevalence. Identification of HPV was
performed by molecular techniques, and cell-cycle markers expression was
assessed by immunohistochemistry.

Innovations and breakthroughs

Previous studies have not consistently identified HPV in ESP. To the best of
our knowledge, this is the first study performed in Latin America to determine
HPV infection in esophageal papillomas. In this Mexican cohort, we found that
almost 80% of ESPs were associated with HPV infection.

Applications

Due to the well-known association of HPV with premalignant and malignant
conditions, follow-up of patients with esophageal lesions with high-risk type
of HPV and viral genomic infection should be implemented and guaranteed.
Amplified chromogenic in situ hybridization (ACISH) can be used as an
alternative diagnostic tool for routine HPV identification.

Terminology

HPV are a group of more than 100 viruses. Both high and low-risk types of
HPV can cause the growth of abnormal cells, but only the high-risk types (16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 73) lead to malignant
transformation.

Peer review

This manuscript shows that the ACISH method is as useful as the standard
PCR method in detecting HPV in esophageal squamous papillomas. The
manuscript would be improved and more useful to the clinician if the author’s
would include photographs of gross esophageal squamous papillomas samples
as well as photomicrographs for the ACISH results. The study is well conducted
and the data support the conclusions of the author’s that the use of ACISH
represents an acceptable alternative to detect HPV in esophageal squamous
papillomas.
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Abstract
AIM: To localize nestin positive cells (NPC) in
pancreatic tissue of mice of different ages.
METHODS: Paraffin sections of 6-8 µm of fixed
pancreatic samples were mounted on poly-L-lysine
coated slides and used for Immunolocalization using
appropriate primary antibodies (Nestin, Insulin,
Glucagon), followed by addition of a fluorescently
labeled secondary antibody. The antigen-antibody
localization was captured using a confocal microscope
(Leica SP 5 series).
RESULTS: In 3-6 d pups, the NPC were localized
towards the periphery of the endocrine portion,
as evident from immunolocalization of insulin and
glucagon, while NPC were absent in the acinar portion.
At 2 wk, NPC were localized in both the exocrine and
endocrine portions. Interestingly, in 4-wk-old mice
NPC were seen only in the endocrine portion, towards
the periphery, and were colocalized with the glucagon
positive cells. In the pancreas of 8- wk-old mice, the
NPC were predominantly localized in the central region
of the islet clusters, where immunostaining for insulin
was at a maximum.
CONCLUSION: We report for the first time the
www.wjgnet.com

immunolocalization of NPC in the pancreas of mice of
different ages (3 d to 8 wk) with reference to insulin
and glucagon positive cells. The heterogeneous
localization of the NPC observed may be of functional
and developmental significance and suggest(s) that
mice pancreatic tissue can be a potential source
of progenitor cells. NPC from the pancreas can be
isolated, proliferated and programmed to differentiate
into insulin secreting cells under the appropriate
microenvironment.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Diabetes results from an inadequate mass of functional
pancreatic β -cells and such inadequacy can result
from a lack of selective autoimmune destruction of
pancreatic β-cells (type 1)[1,2] or a lack of compensation
to overcome Insulin resistance (type 2)[3,4]. In addition,
an intrinsic β -cell defect, fragility, or shortened life
span may be other possible impairments underlying the
pathophysiology of diabetes[5]. Recently, adult pancreatic
tissue (exocrine/endocrine) has emerged as a promising
source of pancreatic stem cells, which are capable of
differentiating into functional insulin secreting cells
(ISC) given an appropriate microenvironment[6,7]. The
introduction of new methods for in vitro generation of
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β-cells from pancreatic tissue will help to provide greater
numbers of viable ISC.
The promise of using adult tissue stem cells are
attributed to their wide distribution in almost all tissues,
modulation of their plasticity, ability to be modified
genetically or reprogrammed and they are safer for
transplantation [8]. They can also be immortalized or
multiplied in culture for a number of passages and the
ethical constraints on their use are minimal as compared
to the use of embryonic stem cells[9]. Nestin has been
unequivocally identified as a marker of neural stem
cells or progenitors[10,11]. It is abundantly expressed in
neuroepithelial cells during embryogenesis but it is nearly
absent from all mature central nervous system cells[12,13].
In addition, nestin has been demonstrated in rat bone
marrow [14], human embryonic stem cells [15,16], human
islet explants[17], human fetal pancreas[18], and adult rat
pancreas[19]. The varied expression and characterization
of nestin positive cells (NPC) in different cell types is
thought to have considerable functional significance
during the developmental process. Despite several
studies documenting the potential of NPC as stem
cells/progenitors to differentiate into ISC, some studies
have reported that NPC may not function as progenitors
for ISC[20,21]. Nestin is an intermediate filament protein
and might play a key role in imparting cytoskeletal
functions to the cell [22]. In support of these reports,
ductal epithelial cells (DEC), which comprise 10% of
the pancreatic cells expressing the intermediate filament
proteins cytokeratin 7 and 19, have been demonstrated
to function as pancreatic progenitors due to their
ability to generate ISC[7]. NPC present in the pancreas,
in addition to imparting the structural functions, also
participate in developmental regulation as progenitors,
similarly to DEC[23].
Therefore, exploring in vitro system(s) for the precise
characterization and propagation of NPC would be a
feasible approach to harness the potential of NPC as
progenitors capable of differentiation into ISC. The
present investigation has been undertaken to characterize
NPC in the pancreas of mice at different ages (3 d to
8 wk), which has not been previously reported. Hence,
understanding the localization of NPC at different ages
would help in identifying the source of the progenitors
and can further facilitate their differentiation into ISC
under an appropriate microenvironment.

MATERIALS AND METHODS
Experimental design
All animal experimental procedures were approved by
the Institutional ethical committee on animal research.
Male Swiss albino mice aged 3 d, 1, 2, 4 and 8 wk were
obtained from the National Center for Laboratory
Animal Sciences (NCLAS), National Institute of
Nutrition, Hyderabad, India.
Tissue preparation
The animals were ethically sacrificed using CO 2
asphyxiation and their pancreas were removed and
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washed with PBS. After removal of the adhered fat, the
tissue was fixed overnight in Bouins solution at room
temperature[24,25]. The fixed tissue was washed twice in
70% Ethanol and paraffin sections of 6-8 µm were cut
using a microtome before being mounted on to poly-Llysine coated slides. They were dried overnight at 37℃
before proceeding to immunolocalization.
Sample preparation and immunolocalization for nestin/
insulin/glucagon
The pancreatic sections from all the age groups were
processed under identical conditions. The samples were
de-paraffinized by heating at 60℃ for 30 min. They
were then dehydrated by passing through a series of
decreasing concentration of ethanol (100%, 90%, 70%,
50%, and 30%). This was followed by washing for 2 min
each with double distilled water and PBS. They were
then blocked with 4% Horse serum at room temperature
for 1 h. Subsequently they were incubated with primary
antibody overnight at 4℃ (Mouse anti Rat Nestin 1:200
BD Biosciences, USA, anti mouse glucagon 1:200 Santa
Cruz and anti mouse insulin 1:500 Sigma, USA). After
repeated washing with PBS containing Ca2+ and Mg2+,
the slides were treated with a secondary antibody tagged
with an appropriate fluorescent dye (Goat anti guinea pig
alexa 488, Goat anti rabbit alexa 546, Goat anti mouse
alexa 633, Molecular Probes, USA). The fluorescence
images were captured using a confocal microscope (Leica
SP5 series) and fluorescent intensities units (FIU) were
corrected using appropriate controls (primary antibody
controls). The FIU have been quantitated as relative
fluorescent units (RFU) and the experiments have been
carried out independently in three sets of mice.
Statistical test
Results are expressed as mean ± SE using three
independent experiments. One-way analysis of variance
(ANOVA) was used, followed by a post-hoc LSD test
with SPSS software to determine the significance.

RESULTS
Immunolocalization of nestin in mice pancreases at
different ages is shown in Figure 1. In the early phase of
postnatal period (3-6 d pups), the NPC were localized more
towards the periphery of the endocrine pancreas, as evident
from the colocalization of insulin and glucagon with
NPC and by the absence of NPC in the acinar fraction
(Figure 1A and B). In the 2-wk-old mice, the NPC were
seen both in the exocrine as well as the endocrine pancreas
(Figure 1C). Interestingly, in the 4-wk-old mice, the NPC
were confined to the endocrine pancreas and were located
more towards the periphery along with the glucagon
positive cells (Figure 1D). In the 8-wk-old pancreatic tissue,
the NPC localized predominantly in the central region of
the islets clusters, where immunostaining for insulin was
also predominant (Figure 1E). The RFU for the localization
of nestin is shown in (Figure 2) where the NPC showed
predominance in the insulin enriched fraction by eight
week.
www.wjgnet.com
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Figure 1 Immunolocalization of nestin in mice pancreases at different ages. A: Immunohistochemical localization of Nestin (red), Insulin (green), glucagon (blue) in
three-day-old mouse pancreatic section, the presence of nestin is more towards the periphery of the endocrine fraction, magnification (x 400); B: One-week-old mouse
pancreatic section, the presence of nestin is more towards the periphery of the endocrine fraction, magnification (x 400); C: Two-week-old mouse pancreatic section
showing Nestin staining in both the exocrine as well as endocrine fraction, magnification (x 400); D: Four-week-old mouse pancreatic section showing Nestin staining
only in the endocrine fraction confining more towards the periphery of the insulin stained cells, magnification (x 400); E: Eight-week-old mouse pancreatic section
showing the Nestin localization predominant in the central region of the islets clusters where immunostaining for insulin was also significant, magnification (x 400).
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Figure 2 Quantitative relative fluorescence units of Nestin for different
age groups performed in three different sections showing a higher level in
the 8-wk-old pancreatic tissue. aP < 0.05 in the adult as as compared to other
four ages.

DISCUSSION
The present obser vations unequivocally sug gest
heterogeneity in the distribution of NPC within
pancreatic tissue at different ages of mice (3 d to 8 wk)
and this could be of functional and developmental
significance. During embryogenesis, an increased
ex p r essio n o f n e s t i n h a s b e e n r e p o r t e d i n t h e
neuroepithelial stem cells[26]. In line with these studies,
the role of nestin has been demonstrated in the process
of cellular rearrangements in the undifferentiated
cells[27,28]. Studies in human islet explants, rat pancreatic
tissue and embryonic stem cells have explored nestin
as a marker of pancreatic progenitor stem cells, which
have the renewal property and can be regulated to
differentiate into insulin and glucagon positive cells[29,30].
www.wjgnet.com

The immunohistochemical localization of NPC
(predominantly in the insulin-enriched fraction) has been
depicted as RFU in Figure 2. These observations show
that the endocrine portion of the pancreas serves as the
primary enriched source of progenitors such as NPC,
which, like DEC, can be expanded and differentiated
into ISC with the appropriate growth factors in their
microenvironment. In the present study, the application
of reliable and specific immunocytochemical technique
using specific antibodies and confocal microscopy has
enabled the identification of NPC associated/colocalized
with insulin and glucagon cells.
We report for the first time the significant localization
of NPC (progenitors) in the endocrine pancreas at
different ages of the mice. With increasing age of mice,
the colocalization of NPC is more predominant in the
insulin positive cells in the central region, unlike that
seen at other ages. Identification of the sources and
understanding the conditions and factors within the
microenvironment of the pancreatic stem cells will be of
therapeutic importance for the generation of ISC, which
may be useful in the management of diabetes.
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Background

The present study has been undertaken to investigate the precise localization
and characterization of nestin positive cells (NPC) as a source of pancreatic
progenitors that are capable of differentiating into insulin secreting cells
(ISC). Nestin is an intermediate filament protein playing key role in imparting
cytoskeletal functions to the cell and has been demonstrated as a progenitor
in the neuronal tissue, bone marrow, embryonic stem cells, islet explants, fetal
and adult pancreatic tissue.

Innovations and breakthroughs

This paper demonstrates the immunolocalization of NPC along with insulin and
glucagon at different ages of mice for the first time.

12
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Applications

Their data demonstrates the predominance of NPC in the insulin enriched
fraction of 8-wk-old mice and these observations are significant due to the fact
that NPC are one of the progenitors of adult pancreatic tissue. The NPC can be
expanded and differentiated into ISC with the appropriate growth factors in its
microenvironment.

Terminology

NPC standed for a pancreatic progenitor; ISC means the beta cells of islet that
secrete insulin.

Peer review

The study investigates immunolocalization of nestin in the mouse pancreas.
Nestin is a known marker of neural stem cells, which is also transiently
expressed by many types of cells during development. Upon differentiation,
nestin becomes downregulated. One best known instance of nestin expression
in adult organisms, are the neuronal precursor cells of the subventricular zone.
The study by Dorisetty et al suggests that nestin is localized to the endocrine
pancreas. Based on this, the authors hypothesize that pancreatic endocrine
tissue is a potent source of progenitor cells, which could be reprogrammed into
insulin-producing cells and could be used for the treatment of diabetes. The
idea of the study is interesting, and is supported by the literature data.
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CONCLUSION: The APRI ≥ 1.5 in combination with a
HA cut-off point > 300 ng/mL can detect moderate to
severe fibrosis (stages 2-4) in CHB patients.
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Abstract
AIM: To construct a noninvasive assessment model
consisting of routine laboratory data to predict
significant fibrosis and cirrhosis in patients with chronic
hepatitis B (CHB).
METHODS: A total of 137 consecutive patients with
CHB who underwent percutaneous liver biopsy were
retrospectively analyzed. These patients were divided
into two groups according to their aminotransferase
(ALT) level. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
the likelihood ratio (LR) of aminotransferase/platelet
ratio index (APRI) ≥ 1.5 or < 1.5 in combination with
different hyaluronic acid (HA) cut-off points were
calculated for the presence of moderate to severe
fibrosis/cirrhosis (fibrosis stages 2 and 4) and no to
mild fibrosis/cirrhosis (fibrosis stages 0 and 1).
RESULTS: The APRI correlated with fibrosis stage in
CHB patients. The APRI ≥ 1.5 in combination with
a cut-off HA cut-off point > 300 ng/mL could detect
moderate to severe fibrosis (stages 2-4) in CHB
patients. The PPV was 93.7%, the specificity was
98.9%. The APRI < 1.5 in combination with different
HA cut-off points could not detect no to mild fibrosis in

INTRODUCTION
About 350 million individuals are chronically infected
with hepatitis B virus (HBV) worldwide[1]. There are
30 million patients with chronic hepatitis B (CHB) in
China, which will progress to cirrhosis or hepatocellular
carcinoma (HCC) in 10%-30% of CHB patients.
Although antiviral treatment with interferon or
nucleoside analogues has been widely adopted, it has
significant side effects. Liver biopsy can help decide
the treatment modality for patients infected with HBV,
especially for those whose alanine aminotransferase
(ALT) is under 2 of the upper limit of normal (ULN) or
normal, but its value is questioned because of its potential
risk and the concern of sampling errors[2]. Therefore,
there is a growing tendency to use noninvasive measures
instead of histopathological analysis of liver tissue for
the evaluation of disease progression in patients with
chronic liver diseases. Up to date, several laboratory tests,
scores, and indices have been proposed for noninvasive
prediction of hepatic fibrosis in CHB patients [3,4].
However, the results of such tests are different in
www.wjgnet.com
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different study populations[5]. Aminotransferase/platelet
ratio index (APRI) is easy to calculate, but it can only
predict the severe hepatic fibrosis (F3, F4). Kuroiwa
et al[6] reported that HA can predict all fibrosis stages,
but its sensitivity and specificity are not very high. We
hypothesized that APRI in combination with different
hyaluronic acid (HA) cut-off points would be a better
predictor of fibrosis than individual parameters.

Statistical analysis
Baseline demog raphic data were evaluated for
comparability of the two groups using Fisher’s exact
test for categorical variables and Student’s t test for
continuous variables. Student’s t test or analysis of
variance was used to compare the means of different
stage groups when appropriate. Correlation was
evaluated by the Spearman correlation coefficient. The
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and likelihood ratio
(LR) of APRI ≥ 1.5 and APRI < 1.5 in combination
www.wjgnet.com
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Table 1 Characteristics of patients included in this study
ALT ≥ 2ULN
Number of patients
Age (SD)
Gender
Male
Female
Stage of fibrosis (%)
F0 + F1
F2
F3
F4
Significant fibrosis (≥ F2)
APRI1(SD)
F0 + F1
F2
F3
F4
Significant fibrosis (≥ F2)
HA (SD)
F0 + F1
F2
F3
F4
Significant fibrosis (≥ F2)

MATERIALS AND METHODS
Patients
A total of 137 consecutive patients with CHB who
underwent percutaneous liver biopsy at Shanghai Public
Health Clinical Center (China) from 2005 to April 2008
were included in this study. Real-time PCR showed that
all patients were positive for HBV DNA and had no
chronic liver disease confirmed by standard clinical,
serological, biochemical, and radiological criteria.
Additional exclusion criteria were antiviral treatment
before liver biopsy, alcohol consumption in excess of
40 g/d. Liver biopsies were obtained by either blind or
ultrasound-guided techniques using a 16-gauge Klatskin
needle. The length of biopsy samples was longer than
1.5 cm. All biopsies were read by a pathologist who had
no clinical information on the CHB patients. Formalinfixed and formalin-embedded liver tissues were cut into
4-µm thick sections with a microtome. One section was
stained with hematoxylin and eosin for assessment of
hepatic inflammatory activity and the other sections
were stained with Gomori stain for evaluation of
hepatic fibrosis. Biopsy specimens with at least 4 portal
fields were considered representative and scored by a
pathologist unaware of the laboratory results. Fibrosis
was staged as no (0), mild (1), moderate (2), severe (3),
and cirrhosis (4), using the METAVIR score[7]. Hepatic
inflammatory activity was also scored.
Serum aspartate aminotransferase (AST), ALT, HA
and platelet count in all patients within 2 wk after liver
biopsy were routinely determined. The ULN for ALT
was 50 U/L, and transformed into ULN for further
analysis. The reference range for platelet count was 100
× 109-300 × 109/L. HA was measured using the RIA and
the reference range was 9-119 ng/mL. According to the
ULN of ALT, we divided the patients into two groups
with their ALT ≥ 2ULN and < 2ULN, respectively.
APRI was calculated as previously described[8,9].
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ALT < 2ULN

78
35.2 (7)

59
38.7 (7.4)

70.5%
29.5%

69.5%
30.5%

33 (42.3)
26 (33.3)
13 (16.7)
6 (7.7)
45 (57.3)

24 (40.7)
20 (33.9)
9 (15.2)
6 (10.1)
35 (59.3)

0.55 (0.82)
1.44 (1.79)
1.98 (2.34)
2.11 (1.81)
1.84 (1.38)

0.48 (0.33)
1.21 (1.57)
1.69 (1.62)
1.97 (1.73)
1.62 (1.45)

131.3 (82.7)
199.3 (158.2)
285.3 (188.6)
324.9 (212.6)
269.8 (214.1)

129.9 (79.8)
190.5 (149.9)
285.7 (187.3)
333.3 (224.1)
268.9 (187.1)

1

APRI: (AST/ULN) × 100/PLT.

with different HA cut-off points were detected for
the presence of moderate to severe fibrosis/cirrhosis
(fibrosis stages 2 and 4) and no to mild fibrosis/cirrhosis
(fibrosis stages 0 and 1). P < 0.05 was considered
statistically significant.

RESULTS
Characteristics of patients
A total of 137 patients with CHB who underwent
percutaneous liver biopsy were included in this study. In
order to adequately estimate the predictive model, the
patients were divided into 2 groups with their ALT ≥
2ULN and ALT < 2ULN, respectively. There was no
significant correlation between age, gender, HA, APRI
and disease stage. The characteristics of patients in the
two groups are shown in Table 1.
Stages of fibrosis
The distribution of fibrosis stages in the two groups is
shown in Table 1. Of the 137 patients, 57 (41.6%) had
no or only mild fibrosis (stages 0 and 1), 46 (33.6%) had
moderate fibrosis (stage 2), and 34 (24.8%) had severe
fibrosis or cirrhosis (stages 3 and 4). As expected, the
APRI and HA cut-off points increased with the stage of
fibrosis, but there was no significant difference between
the two groups. The mean APRI was ≥ 1.5 in patients
with moderate to severe fibrosis or cirrhosis (stages 2-4)
and < 1.5 in patients with no or mild fibrosis (stages 0
and 1).
Among the patients with their APRI ≥ 1.5, the
Spearman correlation coefficient was r = 0.312 and 0.344
between APRI and fibrosis stage (P < 0.05, Figure 1),
and r = -0.717 and -0.812 between HA and fibrosis stage
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APRI (mean, 95% CI)

HA count (mean, 95% CI)

2.0
1.5
1.0
0.5
0.0

B

A

r = 0.312
P < 0.05

2.5

0

2.5

1

2
Fibrosis stage

3

B

r = 0.344
P < 0.05

2.0
1.5
1.0
0.5
0.0

0

1

2
Fibrosis stage

3

Figure 1 APRI and fibrosis stage in CHB patients with their ALT ≥ 2ULN
(A) or < 2ULN (B).

Table 2 Sensitivity, specificity, PPV, and NPV of APRI >
1.5 in combination with different HA cut-off points for the
detection of liver fibrosis (stages 2-4) in CHB patients

APRI ≥ 1.5
+HA ≥ 150
+HA ≥ 200
+HA ≥ 250
+HA ≥ 300

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

+LR

-LR

44.7
46.6
46.8
47.3
45.3

84.3
95.6
97.8
98.7
98.9

41.3
88.6
90.2
93.2
93.7

84.7
89.5
89.9
90.2
91.3

2.80
10.6
21.3
36.4
41.2

0.66
0.56
0.54
0.53
0.55

Table 3 Sensitivity, specificity, PPV, and NPV of APRI ≤
1.5 in combination with different HA cut-off points for the
detection of liver fibrosis (stages 0-1) in CHB patients
Sensitivity Specificity
(%)
(%)
APRI < 1. 5
+HA < 300
+HA < 250
+HA < 200
+HA < 150

35.3
45.7
42.8
38.5
31.7

81.6
86.2
83.2
80.8
78.8

300
250
200
150
100
50

PPV
(%)

NPV
(%)

+LR

-LR

41.3
44.6
42.8
40.8
37.1

82.2
83.1
81.3
80.3
77.7

1.9
3.3
2.5
2.0
1.5

0.79
0.63
0.69
0.76
0.87

(P < 0.05, Figure 2). However, there was no significant
difference in patients with their APRI < 1.5 between
APRI or HA count and fibrosis stage.
APRI ≥ 1.5 in combination with different HA cutoff points could detect moderate to severe fibrosis
(stages 2-4) in CHB patients (Table 2). The sensitivity,
specificity, PPV, NPV, +LR and -LR were determined.
APRI alone had a PPV of 41.3% and a specificity of
84.7%. When HA was added, the PPV and specificity
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Fibrosis stage

3

   4

3

   4
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P < 0.05

350
300
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APRI (mean, 95% CI)

A

7119

0

1
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Figure 2 HA and fibrosis stage in CHB patients with their ALT ≥ 2ULN (A)
or < 2ULN (B).

increased significantly, indicating that APRI ≥ 1.5 in
combination with a HA cut-off point > 300 ng/mL can
detect moderate to severe fibrosis or cirrhosis (stages
2-4) in CHB patients. In the present study, the PPV
was 93.7% and the specificity was 98.9%. On the other
hand, not all patients with moderate to severe fibrosis or
cirrhosis could be correctly identified. The identification
methods for patients with no or mild fibrosis (stages 0
and 1) using APRI < 1.5 in combination with different
HA cut-off points are shown in Table 3. Since the
sensitivity, specificity, PPV and NPV were low, mild
fibrosis in CHB patients could not be detected using
these laboratory parameters.

DISCUSSION
It is well known that the exact staging of liver fibrosis
is crucial for the therapeutic decision and assessing
the prognosis of CHB patients. The gold standard
for fibrosis staging is liver biopsy. However, a simple
noninvasive method for detection of fibrosis would be
beneficial. Some studies have shown that APRI is only
sensitive to F3-F4 stages of fibrosis[10,11].
HA, mainly metabolized in liver, is one of the
important components of extracellular matrix, and
can reflect the level of hepatic fibrosis in some
degree. Guéchot et al[12] showed that the sensitivity and
specificity of serum HA at a cut-off point of 110 μg/L
for the diagnosis of hepatic fibrosis are 79% and 89%,
respectively. Patel et al[13] reported that as a noninvasive
valuable marker, serum HA concentration is correlated
with hepatic fibrosis. Kuroiwa et al[6] showed that the
www.wjgnet.com
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AUC value of HA for any fibrosis and cirrhosis is higher
than 0.5. Montazeri et al[14] demonstrated that serum
HA is a preferred marker of severe fibrogenesis and
inflammation in CHB patients. HA at a cutoff point of
126.4 μg/L can detect severe fibrosis with a sensitivity
of 90.9% and a specificity of 98.1%.
In this study, the APRI was correlated with fibrosis
stage in CHB patients. The sensitivity, specificity, PPV,
NPV, +LR and -LR of APRI in detecting were 35.3%,
81.6%, 41.3%, 82.2%, 1.9 and 0.79, respectively, for the
detection of mild fibrosis (stage 1) in CHB patients.
However, its sensitivity, specificity, PPV, NPV, +LR and
-LR of APRI were 44.7%, 84.3%, 41.3%. 84.7%, 2.8
and 0.66, respectively, for the detection of moderate
to severe fibrosis (stages 2-4) in CHB patients. The
sensitivity, specificity, PPV, and NPV of HA were very
low for the detection of fibrosis stages in CHB patients.
APRI does not involve a complicated formula, thus
allowing it to be quickly calculated. In addition, it uses
2 laboratory tests and is not associated with the added
expense of a reference laboratory, and does not contain
subjective parameters such as ethanol intake.
We established a noninvasive assessment model of
liver fibrosis consisting of APRI and HA. APRI ≥
1.5 in combination with different HA cut-off points
was used to predict moderate to severe fibrosis (stages
2-4) in CHB patients. APRI alone had a PPV of 41.3%
and a specificity of 84.7%. When different HA cut-off
points were added, the PPV and specificity increased
significantly, especially when a HA cut-off point was
greater than 300 ng/mL, indicating that APRI ≥ 1.5
in combination with a HA cut-off point > 300 ng/mL
can predict moderate to severe fibrosis (stages 2-4)
in CHB patients. The PPV, specificity and LR of this
model were 93.7%, 98.9% and 41.2, respectively. On
the other hand, not all patients with moderate to severe
fibrosis could be correctly identified. We want to know
if serum ALT level is correlated with HA and APRI
values. However, the APRI and HA increased with the
stage of fibrosis, but there was no significant difference
in patients with their ALT ≥ 2ULN or < 2ULN,
respectively, which may be due to the small number of
patients.
Since the rate of APRI < 1.5 in combination with
different HA cut-off points for the detection of mild
fibrosis (stage 1) in CHB patients was low in this study,
liver biopsy was needed for the detection of mild fibrosis
in CHB patients.
Finally, the model was established based on liver
biopsy as the gold standard[15]. Since sampling error and
inter-observer variability are known limitations of a liver
biopsy, we should interpret the results of noninvasive
tests for hepatic fibrosis with caution within a broader
clinical context.
In conclusion, a predictive model for assessing
the probability of significant hepatic fibrosis can be
established in CHB patients. APRI ≥ 1.5 in combination
with a HA cut-off point > 300 ng/mL can detect
moderate to severe fibrosis (stages 2-4) in CHB patients.
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COMMENTS
Background

Liver biopsy is the gold standard for hepatic fibrosis in chronic hepatitis B
(CHB) patients, especially in those whose alanine aminotransferase (ALT) is
under 2ULN or normal, but its value is questioned because of its potential risk
and sampling error. Noninvasive markers of liver fibrosis have been recently
proposed as substitutes for liver biopsy, but their reported accuracy is around
80%. They have been mostly validated in hepatitis C but not in hepatitis B. They
applied their method in a cohort of patients with chronic hepatitis B.

Research frontiers

Since sampling error and inter-observer variability are known limitations of liver
biopsy, some noninvasive methods for liver fibrosis have been proposed, but
international guidelines still do not recommend a routine use of the markers
due to lack of reproducibility and a misdiagnosis rate of 20%. Thus, a trusted
method that avoids a number of liver biopsies by maintaining an excellent
accuracy is urgently needed.

Innovations and breakthroughs

In this study, they established a noninvasive assessment model consisting of
APRI and HA for the detection of liver fibrosis and cirrhosis in CHB patients. APRI
≥ 1.5 in combination with a HA cut-off point > 300 ng/mL could detect moderate
to severe fibrosis (stages 2-4) in CHB patients. The PPV and specificity of this
model were 93.7% and 98.9%, respectively, showing that it can be used as a noninvasive marker for the detection of liver fibrosis in CHB patients.

Applications

The predictive model can be used as a first line assessment of significant
hepatic fibrosis in CHB patients, limiting liver biopsy to those who are
unclassified or show a low predictive value. In the future, priority should be
given to large scale validation studies and the most promising non-invasive
markers in patients with all major etiologies of chronic liver disease and most
frequent cofactors affecting the diagnostic performance of fibrosis markers.

Terminology

APRI: a simple test combining aspartate aminotransferase (AST) and platelet
count for non-invasive prediction of significant fibrosis and cirrhosis in hepatitis
C patients. It is a very simple and economic tool, but it is somehow less
accurate than fibrotest.

Peer review

This is an interesting paper addressing a clinical problem in the management of
chronic hepatitis B. The usefulness of this combination of non-invasive markers
of fibrosis and its place in clinical practice needs to be further studied.
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Abstract
AIM: To evaluate the efficacy and safety of Heller
myotomy (HM) for recurrent achalasia, performed after
different methods of first-line treatment.
METHODS: We searched for studies published in
PubMed from 1966 to March 2008 on treatment of
recurrent achalasia with HM after failure with different
methods of first-line treatment. The efficacy of HM was
assessed by a pooled estimate of response rate with
individual studies weighted proportionally to sample
size.
RESULTS: Sixteen studies were eligible and included
in the review. The results showed that HM has a
better remission rate for recurrent achalasia after
failure of HM [weighted mean (SD)] of 86.9%
(21.8%) compared with 81.6% (23.8%) for pneumatic
dilatation (PD). One study evaluated the efficacy of
HM after failure of PD combined with botulinum toxin
injection (83%). The most common complications
were perforation and gastroesophageal reflux.
CONCLUSION: HM has the best efficacy in patients
with recurrent achalasia who were treated with HM
as first-line treatment. Future studies should focus on
how to increase the success rate and decrease the
complications of HM.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Achalasia is a severe neuromuscular disorder of the
esophagus, characterized by the loss of peristalsis and
an inability of the lower esophageal sphincter (LES)
to reach optimal relaxation[1]. Although the etiology of
achalasia remains elusive, the mainstay of therapy is
directed towards reduction of LES pressure to improve
esophageal emptying by gravity[2].
Treatment for achalasia includes drug therapy [3],
botulinum toxin (BoTx) injection [4,5] , pneumatic
dilatation (PD)[6,7] and Heller myotomy (HM)[8-10]. Among
these, PD and HM are the most common treatment
methods for untreated achalasia[11]. However, none of
the treatments reverses the underlying neuropathology
of achalasia. There are still some patients who have
persistent or recurrent dysphagia[12].
How to select an appropriate treatment for the
patients of recurrent achalasia is a hot topic of debate.
BoTx, PD and HM are the most popular options for
recurrent achalasia. However, BoTx and PD do not
achieve a good remission rate for recurrent achalasia
in the long term. Moreover, perforation is a severe
complication for patients treated with PD as secondline treatment. Therefore, HM is becoming increasingly
popular for treatment of recurrent achalasia [13-16] .
However, the efficacy of HM is very much dependent
upon first-line treatment, for reasons of symptom
relapse or failure, and ag e and co-morbidity of
patients.
Therefore, our purpose was to compare the efficacy
and safety of HM for patients with recurrent achalasia
treated with different methods of first-line treatment,
and to evaluate the influence of first-line treatment,
including BoTx, PD and HM, on the efficacy of HM
performed as second-line treatment.
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Table 1 Clinical characteristics of studies included in the review

Ali et al[24]
Wills et al[25]
Rosati et al[26]
Pechlivanides et al[27]
Omura et al[28]
Gockel et al[29]
Ponce et al[30]
Beckingham et al[31]
Patti et al[32]
Duffy et al[33]
Iqbal et al[34]
Grotenhuis et al[35]
Glatz et al[36]
Robinson et al[37]
Rakita et al[38]
Gorecki et al[39]

No. of
patient

   Age (yr)
    (median)

Sex (M/F)

19
44
15
29
18
67
32
10
66
5
15
19
8
3
12
8

33 (14-74)
47 (12-87)
36 (12-54)
47 (12-74)
42 (16-65)
44 (14-87)
32 (18-67)
30 (18-46)
46 (20-72)
39 (15-67)
42 (20-65)
NA
52 (18-62)
34 (28-45)
40 (20-52)
38 (24-60)

12/7
20/24
9/8
12/17
10/8
40/27
14/18
4/6
36/30
3/2
8/7
6/13
3/5
1/2
5/7
4/4

First therapy Second therapy
method
method
19 PD
44 PD
15 PD
29 PD
18 PD
67 PD
32 PD
10 PD
66 PD-BoTx
5 LM
15 LM
19 LM
8 HM
3 TM
10 TM
8 LM

Operation duration Median hospital Symptom remission
time (min)
stay (d)
   rate (n /N, %)

LM
LM
LM + Dor
LM + Dor
LM + Dor
HM + Dor
HM + Dor
LM
LM + Dor
LM + Toupet
LM
HM + Dor
HM
LM
LM
8 LM

104 (50-198)
NA
114 (60-200)
82 (45-105)
150 (120-205)
104 (50-198)
120 (90-210)
90 (58-180)
156
96 (87-120)
NA
101 (90-128)
90 (78-124)
NA
98 (90-112)
NA

3.2
NA
6 (3-14)
2.6 (1-8)
8 (4-18)
3.2
6 (3-11)
3 (2-4)
3.5
2
NA
4
3.5
NA
4.5
NA

14/19 (77.8)
32/44 (72.7)
14/15 (93)
26/29 (90)
16/18 (88.9)
52/67 (77)
26/32 (81.3)
9/10 (90)
54/66 (83)
5/5 (100)
12/15 (80)
17/19 (89.5)
6/8 (74)
100
73
87.50

LM: Laparoscopic HM; NA: No analysis; HM + Dor: HM and Dor fundoplication; LM + Dor: Laparoscopic HM and Dor fundoplication; LM + Toupet:
Laparoscopic HM and Toupet fundoplication.

MATERIALS AND METHODS
Literature search
A systematic review of the literature was conducted.
Search tools included Elsevier Science Direct, Blackwell
Synergy, Medline (OVID), Pub-Med and Springerlink.
Search terms were “achalasia” combined with “treatment,
Heller myotomy, pneumatic dilatation, botulinum toxin
injection, recurrent, relapse, efficacy, or safety”. We
first reviewed the abstracts of all articles that reported
the efficacy of HM for recurrent achalasia. Then, we
retrieved the full articles when relevant. Additionally,
reference lists of articles were checked for further
relevant articles. We included studies that assessed the
influence of first-line treatment methods for HM, in
order to evaluate the efficacy and safety of HM as a
second-line treatment for recurrent achalasia.
Study selection and data analysis
A study was considered eligible for inclusion if patients
had undergone clinical, manometric, radiographic and
endoscopic evaluation to confirm achalasia. The severity
of symptoms was evaluated by a modified symptom
score [17], which consisted of the sum of the scores
for dysphagia, regurgitation and chest pain. Recurrent
achalasia is defined as recurrence of severe symptoms of
dysphagia, regurgitation or chest pain (symptom scores
of 2 or 3), and the need for intervention again, or repeat
HM[18-22].
Data regarding the first author, year of publication,
first-line treatment, operation duration, median hospital
stay, and symptoms remission rate, were extracted. Since
there was no controlled trial to analyze efficacy and
safety of HM for recurrent achalasia patients performed
with different methods as the first treatment. There
was no uniformity in assessment of efficacy among
trials; therefore, we extracted the number of individuals
with a good-to-excellent response, which was sustained
until the end of the observation period without any

further therapy after HM, regardless of criteria. These
were considered HM treatment failures, when patients
required further treatment or were converted to
esophagectomy.
Statistical analysis
The efficacy of studies included in the review was
assessed by a pooled estimate of response rate with
individual studies weighted proportionally to sample
size[23]. In calculating the weighted mean response for
each treatment modality ( p̂ ), included studies were
characterized by the number of subjects (n) and the
response rate for those subjects (p). Ellipses represent
scant data.
SE ( p̂ ) = [p1(1 - p1)/n1 + p2(1 - p2)/n2 + px(1 - px)/nx]1/2
p̂ = (n1p1 + n2p2 + nxpx)/(n1 + n2 + n3)

RESULTS
Our literature searches identified 162 studies. Of these,
16 were eligible and included in the analysis. The clinical
characteristics and efficacy of studies included in the
review are shown in Table 1.
Study characteristics
There were five studies[24-28] and three studies[29-31] that
assessed the efficacy of HM for failed PD as the firstline treatment. The remission rate was 77.8%-93%.
Operation duration was 50-210 min. Median hospital
stay was 2.6-8 d. One study[32] has reported the efficacy
of HM for achalasia patients who failed combined
treatment with PD and BoTx. The remission rate was
83%, operation duration was 156 min, and the hospital
stay was 3.5 d. There were five[33-37] studies and two[38,39]
studies that assessed the efficacy of HM for failed
HM as the first-line treatment. The remission rate was
73%-100%. Operation duration was 90-128 min. Median
hospital stay was 2-4 d. The reasons for recurrence of
www.wjgnet.com
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HM were incomplete myotomy, myotomy fibrosis and
fundoplication disruption.
Efficacy of HM for recurrent achalasia
Our review showed that HM has a better remission rate
for recurrent achalasia performed with HM [weighted
mean (SD)] is 86.9% (21.8%) effective versus 81.6%
(23.8%) for PD as the first line treatment. Only one
study evaluated the efficacy of HM for failed PD
combined with BoTx (83%). We did not evaluate the
efficacy of HM for failed BoTx injection because of the
lack of data.
It is still controversial that prior treatment measures
influence the efficacy of HM for the recurrent achalasia.
Some researchers [40] consider that HM is easy to
perform in PD patients, and the efficacy is as high as
that in patients without any previous therapy. Good
clinical results with HM are associated with a reduction
of LES pressure to < 10 mmHg. Whereas, some
studies[41-43] have shown that the technical difficulties of
performing HM increase in some patients with previous
dilatation. Preoperative PD represents a risk factor for
laparoscopic HM. There was a trend toward a higher
incidence of intraoperative esophageal perforation and
recurrent dysphagia in patients with prior PD treatment.
Moreover, some studies [44-47] have demonstrated that
reoperative laparoscopic HM can be undertaken safely
(in experienced hands), and can result in good outcomes,
with a similar level of success as that seen after primary
myotomy.
Complications of HM for recurrent achalasia
We did not evaluate the co-morbidity in patients with
recurrent achalasia treated with HM after different
methods of first-line treatment, because of a lack of
detailed data. Therefore, we used a descriptive method.
Patients who were treated with HM experienced
intraoperative and postoperative complications.
The most common intraoperative complication was
gastrointestinal perforation, including gastric and
esophageal perforation in 1.5%-20% of patients. Besides,
some patients experienced pneumothorax (1.9%-6.7%).
Early postoperative complications included pulmonary
complications (1.3%-4%). Some patients experienced
persistent and severe chest pain, which prolonged the
time to hospital discharge. Gastroesophageal reflux
is a frequent complication after HM, presenting at a
rate of 2.6%-20%. Most patients could be controlled
with medical therapy. Some patients presented with
endoscopic esophagitis without reflux symptoms.

DISCUSSION
We have performed a review to analyze efficacy and
safety of HM for recur rent achalasia perfor med
after different methods of first-line treatment. Our
results showed that HM has the best clinical efficacy
in recurrent achalasia when performed after HM as
first-line treatment (86.9%), followed by 83% for PD
combined with BoTx and 81.6% for PD. Although the
www.wjgnet.com

December 14, 2008

Volume 14

Number 46

number of patients in this review was relatively small, it
represents one of the largest series in the literature.
First, the efficacy of HM for recurrent achalasia
depends on the method of first-line treatment.
Traditionally, endoscopic therapies have been selected
for first-line treatment over surgery, because of the
morbidity associated with open or laparoscopic HM. In
patients who have had prior endoscopic therapy, there
is a notable difference in the submucosal dissection
plane, especially near the squamocolumnar junction.
Often the plane is obliterated, and it is very difficult to
confidently and easily dissect down onto the mucosa, as
can be accomplished in those who have not had prior
therapy [48]. However, some studies have shown that
previous PD does not determine a high failure rate or a
high rate of complications with HM[49]. Therefore, it is
urgent to build up a standard technique to decrease the
risk of HM for recurrent achalasia.
Second, the efficacy of HM for recurrent achalasia
depends on the reasons for symptom relapse or failure.
Reasons for failure were incomplete myotomy (33%),
myotomy fibrosis (27%), fundoplication disruption
(13%), too tight fundoplication (7%) and a combination
of myotomy fibrosis and incomplete myotomy (20%).
Third, the efficacy of HM for recurrent achalasia
depends on the age and co-morbidity of patients. There
is a strong association between age at which diagnosis
of achalasia is first established and the requirement for
HM[50]. For each year of increasing age, the odds ratio
for the eventual requirement for myotomy decreases
by 0.943 (95% CI: 0.90-0.98). As age increases, the
need for surgical therapy progressively diminishes.
The perioperative and postoperative morbidities also
influence the efficacy of HM for recurrent achalasia.
Finally, the efficacy of HM for recurrent achalasia
depends on the operative technique and postoperative
management. In recent years, laparoscopic HM, with or
without fundoplication, has increasingly been performed
because of the lower morbidity and shorter recovery
period associated with laparoscopic surgery[51]. Some
surgeons [52] prefer a posterior partial fundoplication
instead of an anterior hemifundoplication. It prevents
reflux more effectively and keeps the edges of the
myotomy separate. Whereas, some studies have shown
that laparoscopic HM without fundoplication has the
same or an even better effect on achalasia [53]. Finley
et al [54] have reported that laparoscopic HM without
anterior fundoplication shows significantly better upright
esophageal clearance, with a trend toward improved
dysphagia and regurgitation frequency, when compared
with anterior fundoplication.
Recently, there have been some new methods to
treat recurrent achalasia. Ponciano et al[55] have reported
that the Serra-Dória procedure for the treatment of
megaesophagus in patients who had already undergone
cardiomyotomy, and whose symptoms recurred, has
low morbidity and no mortality. It offered a significant
relief of symptoms, with a decrease in the caliber of
the esophagus in several patients. The patients also
improved with regards to reflux esophagitis. Oelschlager
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et al[56] have suggested that an extended gastric myotomy
(3 cm) more effectively disrupts the LES, thus improving
the results of surgical therapy for achalasia, without
increasing the rate of abnormal GER, provided that a
Toupet fundoplication is added. Postoperatively, LES
pressure was significantly lower after extended gastric
myotomy. There were no reoperations in the extended
gastric myotomy and Toupet fundoplication group.
Our review suggests that HM has the best clinical
efficacy in patients with recurrent achalasia who are
treated with HM as first-line treatment. Future studies
should focus on how to increase the success rate of HM
and decrease the complications and adverse effects. It is
necessary to promote and popularize the technique of
HM in general hospitals.
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Background

None of the treatment measures reverses the underlying neuropathology
of achalasia. Heller myotomy (HM) is the most used technique for recurrent
achalasia. However, the efficacy of HM is largely dependent on the method of
first-line treatment.

Research frontiers

Authors aimed to evaluate the efficacy and safety of HM for patients with
recurrent achalasia treated with different methods of first-line treatment.

Innovations and breakthroughs

Previous studies support the hypothesis that the efficacy of HM is very much
dependent upon first-line treatment. However, there have been no studies to
compare the efficacy of HM in patients with recurrent achalasia treated with
different methods of first-line treatment. In this study, they found that HM has
the best efficacy in recurrent achalasia treated with HM as the first-line therapy.
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Applications

The results may provide a systematic analysis of the efficacy of HM for
recurrent achalasia and identify HM as having the best efficacy in patients with
achalasia treated with HM as first-line treatment. They can also offer assistance
with the best treatment choice for achalasia in the future.

15

Terminology

Achalasia is a primary motor disorder characterized by incomplete relaxation
of the lower esophageal sphincter (LES) and aperistalsis of the esophageal
body, secondary to loss of inhibitory ganglion cells in the myenteric plexus. The
etiology of the disease is unknown, with genetic, autoimmune, infectious, and
environmental factors being implicated.

Peer review
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This study is a systematic review of HM for recurrent achalasia. The authors
show that HM achieves the best efficacy in patients with recurrent achalasia
who were treated with HM as first-line therapy. It is a very interesting study.
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Morphologically, observed by light microscope, these
cells were large with oval or irregularly shaped nuclei
and with many small dendrites. Phenotypically, FACS
analysis showed that they expressed high levels of Ia,
DEC-205, CD11b, CD80 and CD86 antigen, moderate
levels of CD40, and negative for F4/80. Functionally,
these cells gained the capacity to stimulate allogeneic
T cells in MLR assay. However, immature DCs cultured
with cytokines for 5 d did not have typical DCs
phenotypic markers and could not stimulate allogeneic
T cells. Ex vivo primed T cells with SGC-7901 tumor
cell lysate-pulsed (TP) DCs were able to induce
effective CTL activity against SGC-7901 tumor cells
(E:T = 100:1, 69.55% ± 6.05% specific lysis), but
not B16 tumor cells, and produced higher levels of
IFNγ when stimulated with SGC-7901 tumor cells but
not when stimulated with B16 tumor cells (1575.31 ±
60.25 pg/mL in SGC-7901 group vs 164.11 ± 18.52
pg/mL in B16 group, P < 0.01).
CONCLUSION: BM-derived DCs pulsed with tumor
lysates can induce anti-tumor immunity specific to
gastric cancer ex vivo .
© 2008 The WJG Press. All rights reserved.

Key words: Dendritic cells; Cytokine; Gastric cancer;
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Abstract
AIM: To investigate whether bone marrow-derived
dendritic cells pulsed with tumor lysates induce
immunity against gastric cancer ex vivo .
METHODS: c-kit + hematopoietic progenitor cells
were magnetically isolated with a MiniMACS separator
from BALB/c mice bone marrow cells. These cells
were cultured with cytokines GM-CSF, IL-4, and TNFα
to induce their maturation. They were analysed by
morphological observation, phenotype analysis, and
mixed lymphocyte reaction (MLR). Bone marrowderived DCs (BM-DCs) were pulsed with tumor cell
lysate obtained by rapid freezing and thawing at a 1:3
DC:tumor cell ratio. Finally, cytotoxic T lymphocyte
(CTL) activity and interferon gamma (IFNγ) secretion
was evaluated ex vivo .
RESULTS: c-kit+ hematopoietic progenitor cells from
mice bone marrow cells cultured with cytokines for
8 d showed the character of typical mature DCs.
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INTRODUCTION
Dendritic cells (DCs) are professional antigen presenting
cells (APCs) that both initiate and modulate the immune
response [1]. DCs are cells in the pathway of antigen
capture and presentation to T cells, with the unique
www.wjgnet.com
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ability to directly prime naïve CD4+ and CD8+ T cells.
They posses the ability to efficiently uptake, process, and
present antigens on major histocompatibility complex
(MHC) class Ⅰ and Ⅱ molecules, together with costimulatory molecules such as B7 and CD40[2]. Therefore,
DCs are believed to be essential for stimulating tumorspecific cytotoxic T lymphocyte (CTL) and inducing the
protective and therapeutic anti-tumor immunity against
cancer cells.
Gastric cancer is one of the most common cancers[3].
Although gastric cancer therapy has made great progress,
it is still difficult to treat advanced gastric cancer, as it has
spread to the lymph glands and metastasized. Currently,
radical surgery represents the standard method of
therapy. Adjuvant therapy such as chemotherapy and
radiation therapy have been widely applied, but gastric
cancer control at the advanced stage remains difficult[4,5].
A new adjuvant therapeutic method is needed in order to
improve the 5-year survival rate of patients with gastric
cancer. Currently, tumor immunotherapy for gastric
cancer has potential.
Ishigami et al[6] examined 169 patients with gastric
cancer by immunohistochemical staining of CD57 and
S-100-protein and found that DCs infiltrate in the tissue
of gastric caner, but cannot play an important role due
to lacking Th cells in the tumor microenvironment.
In addition, a poorer differentiation of gastric cancer
corresponds to a the lower amount of DC infiltration
in the tumor tissue. Patients with a high level of DCs
infiltration had a lower positivity of lymph node
metastases and lymphatic invasion than patients with
lower level of DCs infiltration[7]. The 5-year survival
rates of patients with many DCs infiltrated were 78%
better than that of patients with fewer DCs infiltrated[6].
According to the function of DCs described above,
we can state that the DCs are related to clinical stage,
invasion, metastasis and prognosis of gastric cancer.
Galetto et al [8] reported that T-cell memory against
gastric carcinoma antigens can be triggered by tumorloaded autologous DCs. Therefore, it is feasible that
DCs-based tumor vaccines will become a new effective
immunoadjuvant therapy for gastric cancer, which
can decrease the incidence and recurrence rate after
operation for gastric cancer[9].
In this study, we demonstrated that vaccination
with bone marrow-derived DCs pulsed with tumor cell
lysate induced tumor-specific CTL activity and antitumor immunity against SGC-7901 gastric cancer cell
lines, suggesting promising strategy for gastric cancer
immunotherapy.

MATERIALS AND METHODS
Animals
BALB/c and C57BL/6 (B6) mice (8-10 wk old) were
purchased from the Shanghai Experimental Animal
Center, Chinese Academy of Sciences (Shanghai, China).
All mice were kept under pathogen-free conditions in
the animal center of the Soochow University (Suzhou,
China).
www.wjgnet.com
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Cell culture
Gastric cancer cell line, SGC-7901, and melanoma
cell line, B16, were purchased from the Shanghai Cell
Biology Institutes, Chinese Academy of Sciences
(Shanghai, China). Both cell lines were cultured in
RPMI (Roswell Park Memorial Institute) medium 1640
(GIBCO, USA) containing 10% fetal calf serum (FCS),
penicillin G (100 U/mL), and streptomycin (100 µg/mL)
at 37℃ in a humidified incubator supplemented with
50 mL/L CO2.
Major
Murine granulocyte-macrophage colony-stimulating
factor (GM-CSF), IL-4, tumor necrosis factor-α
(TNFα), IL-2, and IL-7 were purchased from Becton
Dickinson (New Jersey, USA). Phenotypic analysis,
fluorescein isothiocyanate (FITC)- or phycoerythrin
(PE)-labeled monoclonal antibodies (Mabs), such as
MHC I (Ia), DEC-205, CD11b, CD40, CD80, CD86,
and F4/80, were provided by Pharmigen (CA, USA).
Mitomycin C (MMC) was purchased from Jingmei
Biothe (Shenzhen, China).
Generation of bone marrow-derived DCs
Primary bone marrow-derived DCs (BM-DCs) were
obtained from mouse bone mar row precursors
according to a previously established protocol [10] .
BALB/c mice bone marrow obtained from tibia and
femurs by flushing with media. Tissue was minced in a
single-cell suspension through a nylon mesh. BALB/c
mice bone marrow cells were stained sequentially with
biotinylated anti-c-kit MAb and Streptavidm MicroBeads
(Dynal, Norway). c-kit+ hematopoietic progenitor cells
were magnetically isolated with a MiniMACS separator
(Milteyi Biotec, Auburn, CA) from the BALB/c mice
bone marrow cells. The cells (6 × 106) were cultured
for 5 d in fresh RPMI medium 1640 containing 10%
FCS, GM-CSF (4 ng/mL), and IL-4 (10 ng/mL). Then
immature DCs were further cultured in GM-CSF
(4 ng/mL) and TNFα (5 ng/mL) for 3 d to induce their
maturation. Bone marrow-derived mature DCs were
observed by light microscope (Nikon, Japan).
Immunofluorescence staining
DCs immunofluorescence analysis was performed as
previously described[11]. In brief, DCs cultured for 5 d
or 8 d as described above (2 × 105-4 × 105 cells) were
incubated with rat anti-DEC-205 MAb followed by
FITC-labeled goat anti-rat IgG (Fab’)2 antibodies or
directly with FITC-labeled MAbs against CD40, F4/80,
CD11b, or CD80 and PE-labeled MAbs against Ia,
or CD86 followed by FACS analysis. The instrument
compensation was set in each experiment using twocolor stained samples.
Mixed leukocyte reaction assay
The mixed leukocyte reaction (MLR) assay was
performed in accordance with previously described
methods [12]. Immature DCs or mature DCs derived
from bone marrow c-kit+ cells were incubated in RPMI
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Medium 1640 containing 10% FCS and mitomycin C
(MMC; 15 µg/mL) in six-well plates at 37℃ for 3 h to
arrest their proliferation. After several washes with PBS,
these stimulator cells were suspended in RPMI-1640
containing 10% FCS at concentrations ranging from
1 × 102 to 5 × 104 cells/mL. One hundred microliters
of the above stimulator cells suspension were added
to each well of 96-well plates that contained allogeneic
CD4+ T cells (3 × 105 cells/100 µL per well) that had
been magnetically isolated from B6 mice using CD4
Microbeads. Five days later, T-cell proliferation was
determined by using an MTT assay. Fifteen µL of MTT
(5 µg/mL in PBS) was added to each well, and the
plates were incubated at 37℃ for an additional 4 h. The
resultant absorbance at 550 nm was read by a microplate
immunoreader. PBS alone was used as the negative
control. Results are expressed as the mean of three wells
from three individual experiments.
Pulsing DCs with tumor cell lysates
BM-DCs were pulsed with freeze-thawed tumor lysate
at a 1:3 DC:tumor cell ratio. SGC-7901 tumor cells
(6 × 106) were lysed by rapid freezing (liquid nitrogen)
and thawing in a 37 ℃ bath three times. BM-DCs
(2 × 106 cells/mL) were incubated in six-well plates in
the presence of SGC7901 tumor lysates (6 × 106 cell
equivalents/mL) in RPMI Medium 1640 containing 10%
FCS, GM-CSF (4 ng/mL), and IL-4 (10 ng/mL) for one
day at 37℃ and 50 mL/L CO2. These SGC-7901 tumor
cell lysate-pulsed (TP) DCs were used for vaccination
after one day. B16 TP DCs were used as control.
Assays for cytotoxic T lymphocyte activity ex vivo
To confirm that tumor-specific cytotoxic T lymphocytes
(CTLs) can be generated ex vivo, splenic CD3+ T cells
(1 × 10 6 cells/mL) were magnetically isolated from
naïve BALB/c mice using CD3 microBeads. These cells
were cultured in RPMI medium 1640 containing 10%
FCS, then primed ex vivo in the presence of cytokines
including IL-2 and IL-7 (5 ng/mL) at day 0, 7, and
14 with SGC-7901 TP DCs or B16 TP DCs at a 1:20
stimulator to responder cell ratio. Unpulsed DCs and
SGC-7901 tumor lysates were used as controls. Fresh
medium containing IL-2 and IL-7 was exchanged every
4 d. The primed T cells were effector cells; SGC-7901 or
B16 tumor cells were target cells. On day 21, target cell
suspension was added into 96 well plates, and effector
cells were titrated to dilutions of target cells by serial
dilutions (E-T mix, E:T, 1:1, 5:1, 10:1, 20:1, 50:1, 100:1).
Supernatant from each well was collected after 20 h and
cytolytic activity against target SGC-7901 tumor cells
and B16 tumor cells was measured with a Cytotoxicity
Detection Kit (LDH; Boehringer Mannheim, Mannheim,
Germany). IFNγ production was determined with the
IFNγ ELISA kit (Endogen, Woburn, MA, USA.) at a
stimulator to responder cell ratio of 1:20.
Statistical analysis
Differences were evaluated using Statistical Package for
Social Science 11.0 (SPSS11.0). Statistical analysis was
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performed using Student’s t-test. Statistical tests were
two-sided. P < 0.05 were considered to be statistically
significant.

RESULTS
Morphological character of DCs
c-kit+ hematopoietic progenitor cells from the BALB/c
mice bone marrow cells were cultured in presence of
GM-CSF, IL-4, or TNFα for 8 d, then observed by
light microscopy. Results show large cells with oval
or irregularly shaped nuclei and many small dendrites
(Figure 1).
Phenotypic markers of DCs analysis by FACS
The phenotypic profile of a representative population
of bone marrow DCs was determined by FACS. BMDCs cultured for 5 d expressed moderate levels of costimulatory molecule CD40, high levels of CD11b, and
very low levels of Ia, DEC-205, CD80, CD86, and were
negative for F4/80 (Figure 2). However, when these
cells were cultured in the presence of GM-CSF, IL-4, or
TNFα for 8 d, they differentiated into mature DCs that
expressed high levels of Ia, DEC-205, CD11b, CD80
and CD86 antigen, moderate levels of the co-stimulatory
molecule CD40, and were negative for F4/80 (Figure 2).
The capacity of BM-DCs to enhance allogeneic MLR
Allogeneic mixed-leukocyte reactions were performed
using splenic T cells purified from B6 mice as responder
cells. BM-DCs were treated with MMC to arrest cell
proliferation and were used as stimulator cells. T cell
proliferation was determined by using an MTT assay.
Results show BM-derived mature DCs have the capacity
to stimulate allogeneic T cells (Figure 3); however,
BM-derived immature DCs and PBS did not simulate
allogeneic T cells (Stimulator cells: 5 × 104 cells/mL,
OD 550 nm: 1.74 ± 0.15 in mature DCs group versus
0.22 ± 0.05 in immature DCs group or 0.16 ± 0.04 in
PBS group, P < 0.05, Figure 3).
Generation of tumor-specific cytotoxic T cells induced
by BM-DCs
To study the potential of in anti-tumor immunity in vitro,
BM-derived DCs were prepared by pulsing BM-DCs
with tumor lysates after 5 d of culture in the presence
of GM-CSF and IL-4. Naïve mouse splenic T cells
were primed in vitro with SGC-7901 TP DCs or B16 TP
DCs in the presence of IL-2 and IL-7 to elicit cytolytic
reactivity against tumor cells. The results show that T
cells in vitro primed with SGC-7901 TP DCs were able to
lyse efficiently and specifically parental SGC-7901 tumor
cells, but not B16 tumor cells, and T cells primed with
B16 TP DCs, SGC-7901 tumor lysates or unpulsed DCs
did not induce specific CTL against SGC-7901 tumor
cells (E:T = 100:1, 69.55% ± 6.05% specific lysis in the
SGC-7901 TP DCs primed T cell/SGC-7901 group
versus 15.72% ± 2.9% specific lysis in the SGC-7901 TP
DCs primed T cell/B16 group, 13.75% ± 3.14% specific
lysis in the B16 TP DCs primed T cell/SGC-7901 group,
www.wjgnet.com
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SGC-7901 TP DCs primed T cell/SGC-7901
SGC-7901 TP DCs primed T cell/B16
B16 TP DCs primed T cell/SGC-7901
SGC-7901 tumor lysates primed T cell/SGC-7901
Unpulsed DCs primed T cell/SGC-7901
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Figure 1 Morphological characteristic of BM-DCs. c-kit hematopoietic
progenitor cells from the BALB/c mice bone marrow cells were cultured
in presence of GM-CSF, IL-4, or TNFa for 8 d, and then these cells were
observed by light microscopy (× 200).
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Figure 4 Generation of tumor-specific cytotoxic T cells ex vivo. Splenic
CD3+ T cells were isolated from naïve B6 mice with MACS. T cells were primed
with SGC-7901 tumor cell lysate-pulsed BM-derived DCs as described in
Materials and Methods. Unpulsed DCs and SGC-7901 tumor lyastes were used
as controls. The primed T cells (effector cells) were titrated by serial dilution (1:1,
5:1, 10:1, 25:1, 50:1, 100:1), and mixied with SGC-7901 or B16 target cells,
and their lytic activity against SGC-7901 or B16 was assayed by a Cytotoxicity
Detection Kit. Statistical analysis used the paired Student’s t test. The results
are representative of three independent experiments. Data are given as mean
± SE. aP < 0.05, SGC-7901 TP DCs primed T cell/SGC-7901 group versus
SGC-7901 TP DCs primed T cell/B16 group or other control groups.
2000

SGC-7901 TP DCs
primed T cell

Figure 2 Immunophenotypic analysis of BM-DCs. BM-DCs (2 × 105-4 ×105
cells) cultured for 5 d or 8 d were incubated with FITC- or PE-labeled MAbs.
The phenotypes of these cells were analyzed by immunofluorescence staining
as described in the Materials and Methods. The results are representative of
three independent experiments and the data are given as mean ± SE.
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Figure 3 The capacity of BM-DCs to enhance allogeneic MLR. Allogeneic
mixed-leukocyte reactions were performed using splenic T cells purified from
B6 mice as responder cells. Immature or mature DCs were treated with MMC
to arrest cell proliferation and were used as stimulator cells at the indicated cell
numbers. PBS was used as a control. T-cell proliferation was determined by
using an MTT assay after 5 d of culture. The results are representative of three
independent experiments and the data are given as mean ± SE. aP < 0.05,
mature DCs group versus immature DCs group or PBS group.

10.6% ± 3.01% specific lysis in the SGC-7901 tumor
lysates primed T cell/SGC-7901 group, or 8.75% ±
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Figure 5 Assays for IFNγ secretion ex vivo. Splenic CD3+ T cells were
isolated from naïve BALB/c mice with MACS. T cells were primed with
SGC-7901 tumor cell lysate-pulsed BM-derived DCs as described in Materials
and Methods. The primed T cells (effector cells) were mixied and incubated
with SGC-7901 or B16 target cells. Supernatant from each well was collected
for measuring IFNγ production with the mouse IFNγ ELISA kit. Statistical
analysis used the paired Student’s t test. The results are representative of three
independent experiments. Data are given as mean ± SE. bP < 0.01, SGC-7901
versus B16 or Non.
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2.15% specific lysis in the unpulsed DCs primed T cell/
SGC-7901 group, P < 0.05, Figure 4).
Splenic CD3+ T cells primed with SGC-7901 TP
DCs produced higher levels of IFNγ in vitro when
stimulated with SGC-7901 tumor cells; however, they
did not produce higher levels of IFNγ when stimulated
with B16 tumor cells (1575.31 ± 60.25 pg/mL in the
SGC-7901 group versus 164.11 ± 18.52 pg/mL in the
B16 group, P < 0.01, Figure 5).

DISCUSSION
In our experiments were obtained successfully from
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BALB/c mouse bone marrow precursors. These BMDCs were analysed by morphological observation,
phenotype analysis, and mixed lymphocyte reaction
(MLR). This study demonstrates the generation of an
effective CTL response against gastric carcinoma cells by
repeated ex vivo stimulation of T cells with tumor lysatepulsed DCs.
D C s i n d u c e, s u s t a i n a n d r e g u l a t e i m mu n e
responses[13]. Four stages of their development have been
delineated: (1) bone marrow progenitors; (2) precursor
DCs, which patrol through the blood, lymphatics and
lymphoid tissues; (3) tissue-resident immature DCs,
which possess high endocytic and phagocytic capacity
permitting antigen (Ag)-capture; and (4) mature DCs,
present within secondary lymphoid organs, expressing
high levels of co-stimulatory molecules permitting Agpresentation[14].
Immature DCs are characterized by high capacity
for antigen uptake but low T-cell stimulatory capacity.
DCs mature because DC-mediated immune responses
are more effective if DCs receive an activation signal.
T his signal can be microbial products such as
lipopolysaccharide or unmethylated CpG motifs
mimicking bacterial DNA[15,16], inflammatory mediators
such as TNFα and IL-6[17,18], or T cell-derived signals
such as CD40 ligand[19]. Matured DCs up-regulate costimulatory molecules, secrete the T-cell differentiation
factor IL-12[20], and present antigens more effectively
because of increased phenotypic stability and extended
half-life of MHC class Ⅰ- and Ⅱ -molecules [21] .
Further more, immature DCs bear the danger of
inducing non-proliferating, IL-10-producing T cells,
whereas mature DCs promote the development of Th1
cells[22].
In our experiment, c-kit+ hematopoietic progenitor
cells from mouse bone marrow cells cultured with GMCSF, IL-4 or TNFα for 8 d showed the character of
typical mature DCs. Morphologically, these large cells
with oval or irregularly shaped nuclei and many small
dendrites. Phenotypically, FACS analysis showed that
they had typical mature DCs phenotypic markers, and
expressed high levels of Ia, DEC-205, CD11b, CD80
and CD86 antigen, and moderate levels of CD40.
Functionally, these cells gained the capacity to stimulate
allogeneic T cells. However, immature DCs cultured with
cytokines for 5 d did not possess typical DCs phenotypic
markers and could not stimulate allogeneic T cells.
T he use of a DC-based tumor vaccine as a
cellular adjuvant to induce tumor-specific protective
immunity holds great promise for cancer patients. This
is important for advanced stage tumors with poor
responsiveness to chemotherapy, such as gastric cancer.
Currently, no defined tumor-specific antigen is available
for many tumors, including gastric cancer. Now, DCs
can be pulsed with synthetic peptides or proteins derived
from known tumor associated antigens (TAA) such
as MUC1, Her-2/neu, tyrosinase, CEA or Melan-A/
MART[9].
In this study, tumor cell lysates were obtained by
rapid freezing and thawing, and were regarded as tumor
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specific antigens. BM-derived DCs were pulsed with
tumor lysates. Naïve mouse splenic T cells were primed
in vitro with SGC-7901 TP DCs or B16 TP DCs to
elicit cytolytic reactivity against tumor cells. The results
showed that primed T cells in vitro with SGC-7901 TP
DCs were able to induce specific CTL against SGC-7901
tumor cells, but not B16 tumor cells. Vaccination with
DCs pulsed with tumor lysates has been shown to
have efficient anti-tumor effects in many other tumor
models and in clinical studies. Schnurr et al[23] report
that T cells specific for pancreatic carcinoma cells can
be generated in vitro by lysate-pulsed DCs and that the
T-cell response can be enhanced by keyhole limpet
hemocyanin (KLH). This in vitro model can be applied
to compare different strategies in the development of
DC-based tumor vaccines. Primary clinical studies were
performed on melanoma patients using DCs pulsed with
peptides or loaded with tumor cell lysates. Kono et al[24]
report that tumor vaccination therapy with DCs pulsed
with HER-2/neu-peptides may be a potential candidate
for the novel treatment of gastric cancer patients. Nine
gastric cancer patients with recurrent or unrescetable
tumor were enrolled in the clinical trial. Vaccinations
with DCs pulsed with HER-2 (p369) peptide were
performed at 2-week intervals. In 3 of 9 patients, the
tumor markers (CEA or CA19-9) were decreased after
vaccination. Two patients had a tumor regression of
more than 50%, and two presented a mixed response.
In summar y, vaccination with bone mar rowderived dendritic cells pulsed with tumor cell lysates
induced anti-tumor immunity specific to gastric cancer
ex vivo. These results suggest that an evaluation of BMDCs pulsed with tumor lysates against gastric cancer
is an important next step in vivo. A trial evaluating this
approach in mice is currently in preparation.

COMMENTS
Background

Dendritic cells (DCs) are professional antigen presenting cells (APCs) that both
initiate and modulate the immune response. DCs are cells in the pathway of
antigen capture and presentation to T cells, with the unique ability to directly
prime naïve CD4+ and CD8+ T cells. Gastric cancer is one of the most common
cancers. Although gastric cancer therapy has made great progress, it is still
difficult to treat advanced gastric cancer, as it has spread to the lymph glands
and metastasized. Currently, tumor immunotherapy for gastric cancer has
potential. DCs are believed to be essential for stimulating tumor-specific
cytotoxic T lymphocyte (CTL) and inducing the protective and therapeutic antitumor immunity.

Research frontiers

Currently, no defined tumor specific antigen is available for many tumors,
including gastric cancer. Now, DCs can be pulsed with synthetic peptides or
proteins derived from known tumor associated antigens (TAA) such as MUC1,
Her-2/neu, tyrosinase, CEA or Melan-A/MART. Some studies have shown
that it is feasible that DCs-based tumor vaccines will become a new effective
immunoadjuvant therapy for gastric cancer, which can decrease the incidence
and recurrence rate after operation for gastric cancer. Primary clinical studies
were performed on melanoma patients using DCs pulsed with peptides or
loaded with tumor cell lysates. Kono et al[24] report that tumor vaccination
therapy with DCs pulsed with HER-2/neu-peptides may be a potential candidate
for the novel treatment of gastric cancer patients.

Innovations and breakthroughs

c-kit+ hematopoietic progenitor cells from mice bone marrow cells cultured
with GM-CSF, IL-4 or TNFα for 8 d showed the character of typical mature
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DCs. Gastric cancer cell lysates were obtained by rapid freezing and thawing,
and were regarded as tumor specific antigens. Vaccination with bone marrowderived dendritic cells pulsed with tumor cell lysates induced anti-tumor
immunity specific to gastric cancer ex vivo.

Applications

Vaccination with bone marrow-derived dendritic cells pulsed with tumor cell
lysates induced anti-tumor immunity specific to gastric cancer ex vivo. These
results suggest that an evaluation of BM-DCs pulsed with tumor lysates against
gastric cancer is an important next step in vivo. A trial evaluating this approach
in mice is currently in preparation.

12

13

Terminology

DCs means dendritic cells, BM-DCs indicates bone marrow DCs, APCs stands
for antigen presenting cells, MHC is major histocompatibility complex, CTL is
cytotoxic T lymphocyte, IFNγ means interferon gamma.

Peer review

Using an in vitro system, the authors suggest a specific anti-tumor effect based
on immunological mechanisms. The fatal prognosis of cancer requires the
development of novel therapeutic concepts. Unfortunately, various promising
strategies have failed in the clinical practice. Therefore, suitable animal models
are strongly needed to investigate the possible effectiveness of the shown ex
vivo principle for an anti-cancer treatment.
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Abstract
Hepatitis B virus (HBV) infection constitutes a serious
global health problem. In countries with intermediate
or high endemicity for HBV, exacerbations of chronic
hepatitis B may be the first presentation of HBV
infection. Some of these patients may be diagnosed
mistakenly as having acute hepatitis B. Accurate
diagnosis in these cases is very important for deciding
whether to start treatment or not, because acute
hepatitis B does not require therapy, while exacerbation
of chronic hepatitis may benefit from it. Clinical and
routine laboratory findings cannot help distinguishing
between these two conditions. Therefore, several
assays have been proposed for this purpose during
the last few years. The presence of high levels of antiHBe antibodies, HBsAg and HBV DNA are typical of
chronic disease, whereas high titers of IgM anti-HBc,
together with their high avidity index, characterize
acute HBV infection. Starting from the description of
a patient with acute hepatitis B-who recently came
to our observation-we critically review the currently
available assays that may help distinguishing between
the different conditions and lead to the optimal
management of each patient.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Many parts of the world are endemic for the hepatitis
B virus (HBV) infection. In these countries, especially
those with intermediate or high endemicity rates, patients
may frequently present with acute or chronic HBV
infection. In fact, exacerbations of chronic hepatitis B
are common, and may even be the first presentation
of infection, including in cases with compensated,
previously asymptomatic cirrhosis. Sometimes these
patients may be diagnosed mistakenly as suffering
from acute hepatitis B. At first glance, it is difficult to
distinguish between these two clinical conditions, due to
the similar clinical features and serological profile[1,2]. It
is estimated that, in endemic areas, acute exacerbations
of chronic hepatitis constitute about 50% of cases
diagnosed as primary infections [2-5]. Distinguishing
between these two conditions is extremely important,
because antiviral therapy is not recommended in cases
of acute hepatitis (except for very severe ones), whereas
it is indicated in cases of chronic hepatitis. Therefore,
simple, effective and reliable assays are required for
differentiating between these conditions. Some methods
for differentiating between chronic and acute infections
have been suggested in the last few years, but no review
summarized or compared them until now. Staring from
the description of a case with acute hepatitis-who
recently came to our observation-we shortly review these
methods. Our aim is to provide practicing physicians
with the basic knowledge and the tools useful for
distinguishing between acute and chronic hepatitis B, for
the benefit of the patients.

CASE REPORT
A 38-year-old male presented to our emergency room
www.wjgnet.com
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complaining of weakness, vomiting, sore throat and dark
urines during the past few days. Several years before
he had been diagnosed as having mixed connective
tissue disease (MCTD), based on arthralgias and
positive serology for ANA, anti-SSA/Ro and antiSSB/La antibodies. He had been treated with plaquenil
(hydroxychloroquine) for the previous 6 mo, but
this drug had been discontinued two weeks before
admission. The patient also had Wolff Parkinson White
(WPW) syndrome for which he had never been treated.
On admission, physical examination was unremarkable,
except for the presence of a mild jaundice. Blood
tests revealed extremely elevated liver enzymes, mostly
hepatocellular, with ALT levels of 3069 U/L (normal:
6-53 U/L) and AST of 1215 U/L (normal: 2-60 U/L),
while the indices of cholestasis were only mildly
elevated, with alkaline phosphatase at 207 U/L (normal:
40-130 U/L) and GGT at 376 U/L (normal: 10-80 U/L).
The total bilirubin was 35 mmol/L (nor mal: 0-17
mmol/L) and the LDH was 1200 U/L (normal: 300620 U/L).
T he patient denied traveling abroad, having
unprotected sexual contact or recent viral infections. He
had never received blood or blood-derived products,
had never used drugs and he was not drinking alcohol.
He had no fever and his electrocardiogram (ECG) was
normal, with no signs of WPW syndrome.
What is the differential diagnosis in this patient?
The clinical presentation and the results of the
laboratory tests call for a differential diagnosis of
hepatitis. Since the patient had a diagnosis of MCTD
the possibility of autoimmune hepatitis as an additional
manifestation of his disease was raised[6]. In many of
these cases, anti-smooth muscle antibodies (AMA) are
positive, while in our patient they were negative. Another
possible diagnosis would have been hepatic toxic injury
due to plaquenil consumption, which is a reversible and
dose-related cause of acute hepatitis[7]. Our patient had
received plaquenil for 6 mo with no evidence of liver
injury, and the treatment had been stopped 2 wk before
admission. Furthermore, despite the discontinuation of
the medication, liver tests were still worsening, making
the diagnosis of plaquenil hepatotoxicity very unlikely.
Thus, we had to look for infectious causes of hepatitis.
What further investigations are needed?
An abdominal ultrasound showed a liver of normal size
and echogenicity, with an enlarged spleen (14.6 cm).
The search for markers of autoimmunity revealed the
presence of antinuclear (+2 of +4) and anti-SSA/Ro
antibodies, but anti-SSB/La antibodies were negative
and C3 levels were normal. Assays for ENA, anti-nRNP,
anti-parietal, anti-mitochondria and anti-smooth muscle
antibodies were negative. Blood tests for detecting
infectious agents revealed the absence of serological
markers of HAV, HCV and toxoplasmosis. However,
there were markers suggesting a previous exposure to
CMV and EBV (IgG antibodies). HBsAg and anti-HBc
antibodies were positive. Further investigations revealed
www.wjgnet.com
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the presence of HBeAg, the absence of anti-HBe
antibodies, and 2.65 × 109 IU/L of HBV DNA.
What does this serologic profile implicate?
Our patient had positive serology for HBV infection.
The possibility of acute hepatitis B was raised, but the
patient denied having unprotected sexual relations,
using intravenous drugs, undergoing dental procedures
or being exposed to blood products. Although in
up to 30% of cases the exact mode of transmission
cannot be identified, the lack of any risk factor for
a recent infection does not support the diagnosis of
acute infection. Therefore, we raised the possibility
of an acute exacerbation of a chronic HBV infection.
The differentiation between these two conditions is
important because in cases of acute hepatitis, except for
very severe ones, antiviral therapy is not recommended,
whereas this is indicated in the case of an exacerbation
of a chronic hepatitis. In both conditions, patients may
suffer from flu-like prodromic symptoms, together
with jaundice, abdominal discomfort and pruritus.
Hepatosplenomegaly is also common in both situations.
In addition, there are no significant differences as to the
biochemical assays, such as peak bilirubin serum level,
PT prolongation and serum albumin level. A tendency
for higher levels of serum transaminases is seen in acute
infection[8]. Some methods of differentiating between
chronic and acute infections have been suggested over
the past few years. A short review of some of them is
described below, together with a discussion regarding
their relevance to the present case.
Role of HBeAg in the differential diagnosis: HBeAg
is a secretory protein that is processed from the precore
protein and considered as a marker of HBV replication
and infectivity [9]. The presence of HBeAg is usually
associated with high levels of HBV DNA in serum and
higher rates of transmission of infection from carrier
mothers to their offspring and from patients to health
care workers[10-13].
Seroconversion from HBeAg carrier to anti-HBe
antibodies occurs early in patients with acute infection,
prior to HBsAg to anti-HBs seroconversion[14]. However,
HBeAg seroconversion may be delayed for years in
patients with chronic HBV infection. In such patients,
the presence of HBeAg is usually associated with the
detection of HBV DNA in serum and active liver disease
(except for HBeAg-positive patients with perinatally
acquired HBV infection, who may have normal serum
ALT concentrations and minimal inflammation in the
liver)[15,16]. Seroconversion from HBeAg to anti-HBe is
usually associated with a decrease in serum HBV DNA
levels and liver disease remission[17].
HBeAg has been found more frequently in patients
with acute infection compared with those with chronic
infection, but the difference is not statistically significant.
On the other hand, anti-HBe was found more frequently
among patients suffering from an acute exacerbation
of chronic infection than in those with acute infection.
Levels of anti-HBe antibodies and HBeAg/anti-HBe
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immune complexes are significantly higher in patients
with exacerbation of chronic hepatitis[8,18]. However, the
presence of anti-HBe as a diagnostic tool for chronic
infection was found to have low sensitivity, specificity,
NPV and PPV[8].
Our patient had positive HBeAg and negative antiHBe antibodies, which supports the diagnosis of an
acute infection.
Role of HBcAg in the differential diagnosis: The
viral core antigen is expressed within the infected
hepatic cells and cannot be detected in serum. Its
corresponding antibody, on the other hand, can be
detected in serum at different phases of infection. IgM
anti-HBc is a single serum marker of HBV infection
within the period between the disappearance of HBsAg
and the appearance of anti-HB antibodies. Identification
of IgM anti-HBc is considered diagnostic for the acute
phase of infection, but it has been reported that it can
remain present in serum for two years from the initial
infection. Moreover, the titer of IgM anti-HBc can also
rise and become detectable in exacerbations of chronic
hepatitis[18].
Recently, it has been suggested that the titer of IgM
anti-HBc can be useful for differentiating between acute
and chronic HBV infection. Kumar et al[8] demonstrated
that high titers of IgM anti-HBc are more common in
patients with acute infection, and titers above 1:1000 can
be seen in up to 80% of these patients. In about 70% of
patients with chronic hepatitis, IgM anti-HBc titers were
lower than 1:1000 or negative. Differentiation between
these two conditions by measuring the titers did not
prove to have high sensitivity, specificity, NPV or PPV.
Therefore another assay was proposed that enables the
standardization between different laboratories, i.e. the
sample/cutoff ratio (S/CO)[19]. A ratio > 10 indicates
acute infection whereas a ratio < 10 indicates chronic
infection. It appears that in cases of acute infection the
mean ratio is 25.96, as opposed to an average ratio of
2.95 in chronic infection, a difference that is statistically
highly significant. A S/CO > 10 had a sensitivity and
NPV of 100%, a specificity of 99% and PPV of 99.3%
for diagnosing an acute infection.
In our patient there were high titers (> 1:1000)
of IgM anti-HBc, supporting the diagnosis of acute
infection, but the S/CO (3.2/1.2) was < 10, suggesting a
chronic infection.
Role of HBsAg in the differential diagnosis: HBsAg
is an important marker of HBV infection. It has been
reported that changes in quantitative measurement of
this marker depend on the phase of infection[20-22]. A
difference is found between the high levels of HBsAg
that are detected in patients who are hospitalized during
chronic or acute infection and the low levels observed
in subjects with inactive, chronic infection. Moreover,
recent data support the fact that high level of HBsAg are
related to viral replication and disease activity[8]. In acute
hepatitis, the levels of HBsAg are generally above 1 ×
107 IU/L and decrease sharply in the recovery phase.
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In chronic anti-HBe-positive cases, HBsAg levels are
generally lower than 1 × 107 IU/L (mean 2655), whereas
in 5 HBeAg positive chronic hepatitis patients the mean
value was reported to be 7.8756 × 108 IU/L, with 90%
of cases exceeding 1 × 107 IU/L.
Our patient had HBsAg levels of 2.22 × 109 IU/L,
which does not support an acute infection, but positive
HBeAg and negative anti-HBe antibodies, which in
chronic cases correlate with high levels of HBsAg.
Role of HBV DNA in the differential diagnosis: A
quantitative measurement of the viral DNA enables the
evaluation of the level of viral replication. There are
many assays for measuring HBV DNA, their sensitivity
being dependent on the assay used. Currently, there are
some attempts to standardize the different measurements
and express results in IU/L. Low or undetectable
levels have been seen in patients suffering from acute
hepatitis [21], and a significant decline in HBV DNA
levels has been reported even before the appearance
of the disease. It has also been suggested that an acute
infection may be diagnosed by finding undetectable
HBV DNA in serum by the time medical aid is sought
or in the presence of ALT levels lower than 400 IU/L.
HBV DNA levels become detectable during reactivation
of chronic hepatitis [22]. Recently, it has been shown
that HBV DNA levels can help differentiate an acute
infection progressing to recovery from an exacerbation
of chronic infection, which requires therapy[8]. In this
study, low levels of HBV DNA (< 0.5 pg/mL, equal
to 141 500 copies/mL) were found in about 96% of
patients with acute infection, as opposed to 13% in those
with exacerbation of chronic hepatitis. Higher HBV
DNA levels were found in 87% of patients with chronic
infection compared to only 4% in those with acute
infection. The sensitivity and specificity of low levels
of HBV DNA for identifying an acute infection are
96% and 86.6%, respectively. The combination of high
levels of HBV DNA with low titers of IgM anti-HBc
yielded sensitivity, specificity, NPV and PPV of 100%,
97.9%, 96.3% and 100%, respectively, for diagnosing an
exacerbation of a chronic hepatitis.
O u r p a t i e n t h a d h i g h l e ve l s o f H B V D N A
(2 650 000 copies/mL), which supports the diagnosis of
exacerbation of chronic infection.
What is the patient's diagnosis?
Our patient had positive HBeAg, negative anti-HBe
antibodies, and high titers of IgM anti-HBc, which
support the diagnosis of an acute infection (Table 1).
However, the presence of IgM anti-HBc S/CO < 10,
low levels of HBsAg and high levels of HBV DNA
suggest an acute exacerbation of chronic infection. In
order to make a progress in the diagnosis, we decided to
investigate his family. Familial analysis revealed positive
anti-HBc in the patient’s mother. She also recalled
having icteric disease about 40 years earlier. Therefore,
the possibility of perinatal transmission was raised
and a diagnosis of acute exacerbation of a chronic
HBV infection was made. The patient was treated with
www.wjgnet.com
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Table 1 Comparison of the serological markers in acute HBV and in exacerbation of chronic HBV infections
Serological markers

Acute infection

Chronic exacerbation Comments

-

+

lamivudine, 100 mg per day, for 4 mo. After 2 mo of
treatment the liver enzymes returned to normal values.
After 4 mo of treatment, an HBeAg seroconversion was
seen and anti-HBs antibodies appeared. The treatment
was discontinued and after one year liver enzymes were
still normal. The HBsAg/anti-HBs ratio indicated a
complete recovery from the HBV infection.

DISCUSSION
HBV infection remains a global public health problem,
despite the availability of an effective vaccine. In most
cases, HBV infection occurs in patients at high-risk,
such as intravenous drug users, homosexual men and in
certain groups where HBV is endemic. HBV infection
can lead to an acute or chronic hepatitis, liver cirrhosis
and hepatocellular carcinoma.
Acute HBV infection has a variable course, ranging
from asymptomatic infection to fulminant hepatitis.
The incubation period lasts from one to four months.
A serum sickness-like syndrome may develop during
the prodromal period, followed by systemic symptoms,
anorexia, nausea, jaundice and right upper quadrant
discomfort. The symptoms and jaundice generally
disappear after one to three months. Some patients will
develop chronic infection. The proportion of patients
progressing to chronic infection is much higher in the
newborn (up to 90%) compared to 1% to 5% among
adults and intermediate values in young children. Most
patients with chronic HBV infection are asymptomatic.
However, in some patients, chronic HBV infection may
be associated with extrahepatic manifestations such as
panarteritis nodosa and glomerulonephritis. The natural
history of chronic HBV infection is variable, depending
upon age, mode of acquisition and ethnicity. Children in
non-endemic countries frequently clear HBeAg and HBV
DNA from serum during the first two decades of life.
Children who seroconvert spontaneously tend to have
higher ALT levels early in life[23]. By contrast, children
from endemic countries in whom HBV was acquired
perinatally usually remain HBeAg-positive and have high
levels of viral replication, although histologic injury is
typically mild[16,24]. These patients may experience acute
exacerbations of hepatitis. Therefore, it may be difficult
for their physicians to differentiate between those who
have an acute hepatitis B from those with an exacerbation
www.wjgnet.com

←

←

←

Not different, and also not helpful in infections with
HBeAg-negative strains
Anti-HBe
+
Low sensitivity and specificity, and also not helpful
in infections with HBeAg-negative strains
Anti-HBe level, and complexes of HBeAg/anti-HBe
Not helpful in infections with HBeAg-negative strains
IgM anti-HBc
> 1:1000
< 1:1000
Low sensitivity, specificity, NPV and PPV
Sample/cutoff ratio for IgM anti-HBc
> 10
< 10
High sensitivity, specificity, NPV and PPV
Anti-HBc avidity index
< 0.7
> 0.7
High sensitivity, specificity, NPV and PPV
HBsAg
Useful in HBeAg-negative cases
HBV-DNA
< 0.5 pg/mL
> 0.5 pg/mL
Sensitivity: 96%
≤ 141 500 copies/mL ≥ 141 500 copies/mL Specificity: 86%
←

HBeAg

of chronic HBV infection. The guidelines provided
here may help solving this problem since the therapeutic
approach toward these conditions is different. Antiviral
therapy is recommended in case of acute exacerbation
of chronic hepatitis B, whereas, in most cases, supportive
treatment is sufficient in acute hepatitis B.
Key learning points: (1) In endemic areas, acute
exacerbations of chronic HBV infection constitute
about 50% of cases diagnosed as having acute HBV
infection; (2) the proportion of patients progressing to
chronic HBV infection is much higher in the newborn
(up to 90%) compared with children or adults; (3) the
therapeutic approach differs between acute hepatitis
B and acute exacerbation of chronic hepatitis B, since
treatment is usually not recommended in case of acute
infection; (4) available laboratory tests can be helpful in
the differential diagnosis, in order to provide a better
management of patients.
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Abstract
Metastatic palatine tonsil cancer is extremely rare,
with nearly 100 such tumors reported in the English
literature. The prognosis of metastatic palatine tonsil
cancer is poor. A 53-year-old man presented with
painless left palatine tonsillar swelling and a cervical
mass following right hemicolectomy for an ascending
colon adenocarcinoma. Physical examination showed
an ulcerated mass located on the upper pole of the
left palatine tonsil. A punch biopsy was taken for
histological examination which showed a moderatelydifferentiated adenocarcinoma. The patient was
treated with palliative radiotherapy and chemotherapy.
He was still alive when we wrote this paper. Our
case shows that immunohistochemical diagnosis of
metastatic palatine tonsil cancer is essential.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Metastatic palatine tonsil tumor is uncommon despite
the palatine tonsil is rich in vasculature. It was reported
that the incidence of metastatic palatine tonsil cancer is
about 1%[1]. Metastatic palatine tonsil tumor generally
occurs in lung [2], breast [3], stomach [4], and kidney [5,6].
Distant metastasis of palatine tonsil tumor in liver[7],
brain[8], and lung[9] is usually found in colorectal cancer
patients following a surgical resection. Metastatic palatine
tonsil tumor is often accompanied with synchronous
lesions in other organs, a sign needing ag gressive
palliative treatment[10].
It is often difficult to distinguish a metastatic tumor
at an unusual site from a secondary cancer, especially
after long-term complete remission. In this paper, we
report a case of metastatic palatine tonsil tumor from
an ascending colon carcinoma and reviewed the cases
reported in the English literature.

CASE REPORT
A 53-year-old man with bellyache and changes in bowel
habit was diagnosed having an adenocarcinoma of
the ascending colon in January 2006. He underwent
a right hemicolectomy, which showed a moderatelydifferentiated adenocarcinoma measuring 60 mm × 60
mm × 10 mm in size. The tumor invaded the subserosal
layer (T 3) with three excised positive regional lymph
nodes (N1). The patient received 4 courses of adjuvant
chemotherapy with fluorouracil and leucovorin and
was regularly followed up, with physical examination,
abdominal ultrasonography and detection of serum
carcinoembryonic antigen (CEA) performed every
3 mo. One and a half years later, he was referred
to our hospital due to painless left palatine tonsillar
swelling and a cervical mass. He had no gastrointestinal
and head symptoms. Physical examination showed
an ulcerated mass located on the upper pole of the
left palatine tonsil, about 2 cm in diameter. Several
enlarged, fixed cervical lymph nodes were found in
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Table 1 Reported cases of metastatic palatine tonsil tumor from colorectal cancer in the English literature
NO. (Ref)

Gender

1

Age

Primary site

1 (13)
2 (14)
3 (15)

Female
Male
Male

55
53
45

R
R
R

4 (16)
5 (17)
6 (18)
7 (19)
This case

Male
Female
Male
Male
Male

36
81
44
65
53

R
A
A
T
A

2

Differentiation

Interval (mo)

Well
Poorly
Poorly and
signet-ring
Signet-ring
Moderately
Signet-ring
Poorly
Moderately

3

Location

Treatment

84
24
0

Right
Right
Left

24
0
0
0
19

Right
Left
Left
Left
Left

Radiotherapy
Tonsillectomy
Radiotherapy and
tonsillectomy
Tonsillectomy
Tonsillectomy
Radiotherapy
Radiotherapy
Radiotherapy

Prognosis(mo)
nr
6 alive
6
15 alive
12
nr
6
13 alive

1

A = ascending colon, T = transverse colon, R = rectum, nr = not referred; 2Well = well differentiated adenocarcinoma, moderately=moderatelydifferentiated adenocarcinoma, poorly = poorly-differentiated adenocarcinoma, Signet-ring = signet-ring cell carcinoma; 3Interval = the time between the
diagnosis of colorectal carcinoma and the development of metastatic palatine tonsil tumor.

the left area. The rest findings of physical examination
were unremarkable. The CEA, CA125 and AFP levels
were within the normal range. Magnetic resonance
image (MRI) revealed an enlarged left palatine tonsil
narrowing the oropharyngeal airway. At the same time, a
lesion in the left temporal lobe of the brain was found,
about 3 cm in diameter. Chest X-ray and abdominal
ultrasonography also showed no metastasis in lung
and liver. A punch biopsy was taken for histological
examination which showed a moderately-differentiated
adenocarcinoma. Immunohistochemistry showed that
the tumor cells exhibited immunoreactive CDX2 and
villin, an immunomarker. These features were consistent
with those of metastatic colorectal adenocarcinoma.
The patient was treated with palliative radiotherapy and
chemotherapy.

DISCUSSION
The palatine tonsil is one of the most common sites of
head and neck cancer and squamous cell carcinoma in
adults[11] as well as lymphoma in children[12]. Metastatic
palatine tonsil cancer is extremely rare, with only 100
such tumors reported in the English literature. We
present a case of metastatic palatine tonsil cancer
manifested as a left palatine tonsil mass from a primary
ascending colon adenocarcinoma.
Seven cases of metastatic palatine tonsil tumor
from colorectal carcinoma have been reported in the
English literature[13-19] (Table 1). The age of these cases
ranged 36-81 years with a median age of 54 years, and
the male and female ratio was 5:2. Of the 7 cases, 4 had
a primary rectal cancer[13-16], 2 had a primary ascending
colon cancer[17,18] and 1 had a primary transverse colon
cancer[19]. Our case was a 53-year old male patient with
primary ascending colon cancer. Metastatic palatine
tonsil cancer is often unilateral, with the left side more
commonly involved than the right side[20]. Lymphatic
routes have been proposed as the possible pathways
of metastatic palatine tonsil cancer from colorectal
cancer. Of the 7 reported cases, 5 had primary lesions
with metastatic regional lymph nodes, 2 had enlarged
cervical lymph nodes when the palatine tonsil mass
was found. Similar findings were evident in our patient.

Metastatic palatine tonsil tumor from colorectal cancer
is generally considered a systematic disease with a poor
prognosis. No matter it is treated with radiotherapy or
tonsillectomy, the survival time of such patients is 6-15
mo. Radiotherapy remains the choice of treatment for
palatine tonsil tumor[21]. Tsubochi et al[22] have reported
a successfully-treated metastatic lingual tonsillar
tumor from bronchial adenocarcinoma after external
radiotherapy, and the patient was still alive 8 years
after the treatment. However, the beneficial effects of
radiotherapy on patients with metastatic palatine tonsil
tumor remain unclear and should be further studied.
It is difficult to determine whether palatine tonsil
tumor is primary or secondary, especially after longterm complete remission. In our case, metastatic palatine
tonsil tumor had a carcinoma origin, because it was very
similar to a colorectal adenocarcinoma. Also, to make
sure that metastatic palatine tonsil tumor is originated
from an ascending colon cancer, immunohistochemical
staining for its tissue was performed. Immumarkers,
such CDX2 CK20 and villin, are useful in determining
the primary site of adenocarcinoma. Suh et al[23] reported
that nearly all colorectal adenocarcinomas can express
CDX2 and villin, which are of diagnostic values in
distinguishing primary from secondary colorectal
carcinoma.
In conclusion, metastatic palatine tonsil tumor
from colorectal cancer rarely occurs, and immunohistochemical diagnosis of metastatic palatine tonsil tumor is
essential.
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Abstract
5-aminosalicylic acid (mesalamine) rarely induces hypersensitivity reactions. If chest pain associated with atypical
electrocardiographic changes are seen during its administration, one should always bear in mind typeⅠvariant of
Kounis syndrome. This variant includes patients, of any
age, with normal coronary arteries, without predisposing
factors for coronary artery disease, in whom the acute
release of inflammatory mediators from mast cells can
induce either sudden coronary artery narrowing, without
increase of cardiac enzymes and troponins, or coronary
artery spasm that progresses to acute myocardial infarction, with elevated cardiac enzymes and troponins.
© 2008 The WJG Press. All rights reserved.
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in this journal[1] concerning a 12-year-old boy who developed severe chest pain after oral administration of
5-aminosalicylic acid (5-ASA, mesalamine). Electrocardiographic changes during the pain were not specific but
inverted T-waves were present in the lateral chest leads.
Additionally, cardiac enzymes, troponins, C-reactive
protein and brain natriuretic peptide were normal. The
authors concluded that this patient had suffered a rare
hypersensitivity reaction to mesalamine.
It is known that mesalamine can, rarely, induce hypersensitivity reactions such as hypersensitivity myocarditis,
hypersensitivity pneumonitis, angioedema, pericarditis,
erythroderma, toxic epidermal necrolysis, palmar-plantar
erythrodysesthesia, skin rashes and hypereosinophilia.
This case seems to be a characteristic case of typeⅠ
variant of Kounis syndrome[2,3], the youngest reported
so far. Another case of Kounis syndrome secondary to
amoxicillin/clavulanic acid use has been recently reported in a 13-year-old child[4]. On the other hand, salicylate
products such as aspirin are known to induce hypersensitivity reactions, and aspirin has been reported to induce
Kounis syndrome[5].
Pathophysiologically, symptoms of salicylate hypersensitivity can be explained by over-production of leukotriene metabolites, since salicylate allergic patients who
have come in contact with salicylates show a marked inhibition of cyclooxygenase (COX), which is continuously expressed in the human body. This leads to a diminished production of COX products such as prostacyclin
and thromboxane, and can accelerate the metabolism of
arachidonic acid towards lipoxygenase products such as
leukotrienes. It is known that leukotrienes are powerful
coronary arterial vasoconstrictors, and their biosynthesis is enhanced in the acute phase of unstable angina[2].
Atay et al[1] have correctly stated that arachidonic acid
metabolites generated through both COX and lipoxygenase pathways are thought to be increased in patients
with ulcerative colitis. Ideally, in this case, allergic screening with measurement of mast cell mediators such as
histamine and arachidonic acid metabolites should have
been carried out. However, this study shows that Kounis
syndrome is not a very rare disease but a ‘very rarely diagnosed’ disease.
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Abstract
Song et al have reported a 100% success rate of
acellular extracellular matrix (AEM) anal fistula plug in
low fistula-in-ano. The results with this product in high
fistula-in-ano are keenly awaited.
© 2008 The WJG Press. All rights reserved.
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To THE EDITOR
I read with great interest the work published by Song
et al[1]. First of all, I congratulate the authors on achieving
a 100% success rate with acellular extracellular matrix
(AEM) anal fistula plug (AFP). This is an encouraging
step to treat the notorious disease. However, there are

few points that remain unanswered. First, the authors
did not mention the source (origin) of the product and
the company manufacturing the AEM. Second, how
this product is different from the AFP (Surgisis, Cook
Surgical Inc., Bloomington, Indiana, USA) is a matter of
great interest. This assumes importance because various
studies using Surgisis AFP have reported a success
rate of 24%-87%[2,3]. Our study with Surgisis AFP in
21 patients with fistula-in-ano yielded a success rate of
71.4%. However, all of our patients had high fistulae[4].
Third, why did the authors specifically choose low fistulae
in the study for which there are other effective treatment
modalities available. Why high fistulae were not included
in the study has not been explained in the paper. Fourth,
the authors have pulled the plug from the secondary
opening towards the primary opening. This is in contrast
to the published studies with Surgisis AFP in which
most of the authors pulled the plug from the primary
opening to the secondary opening. Was there any specific
reason for this variation or was it a random variation?
Fifth, the authors did not explain as how did they use
AEM material, like they rolled it and made a plug or
they cut it into stripes and inserted those stripes into the
fistula tract. The results reported are quite encouraging.
However, the follow-up period of one month is too short
to conclude anything convincingly. Further prospective
studies with AEM plug in high fistulae would be required
to substantiate these findings.
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Didier Samuel, Villejuif
Jean-Yves Scoazec, Lyon
Khalid A Tazi, Clichy
Emmanuel Tiret, Paris
Baumert F Thomas, Strasbourg
Marie-Catherine Vozenin-brotons, Villejuif
Jean-Pierre H Zarski, Grenoble
Jessica Zucman-Rossi, Paris

Germany
Hans-Dieter Allescher, G-Partenkirchen
Martin Anlauf, Kiel
Rudolf Arnold, Marburg
Max G Bachem, Ulm
Thomas F Baumert, Freiburg
Daniel C Baumgart, Berlin
Hubert Blum, Freiburg
Thomas Bock, Tuebingen
Katja Breitkopf, Mannheim
Dunja Bruder, Braunschweig
Markus W Büchler, Heidelberg
Christa Buechler, Regensburg
Reinhard Buettner, Bonn
Elke Cario, Essen
Uta Dahmen, Essen
Christoph F Dietrich, Bad Mergentheim
Arno J Dormann, Koeln
Rainer J Duchmann, Berlin
Volker F Eckardt, Wiesbaden
Paul Enck, Tuebingen
Fred Fändrich, Kiel
Ulrich R Fölsch, Kiel
Helmut Friess, Heidelberg
Peter R Galle, Mainz
Nikolaus Gassler, Aachen
Andreas Geier, Aachen
Markus Gerhard, Munich
Wolfram H Gerlich, Giessen
Dieter Glebe, Giessen
Burkhard Göke, Munich
Florian Graepler, Tuebingen
Axel M Gressner, Aachen
Veit Gülberg, Munich
Rainer Haas, Munich
Eckhart G Hahn, Erlangen
Stephan Hellmig, Kiel
Martin Hennenberg, Bonn
Johannes Herkel, Hamburg
Klaus R Herrlinger, Stuttgart
Eva Herrmann, Homburg/Saar
Eberhard Hildt, Berlin
Joerg C Hoffmann, Berlin
Ferdinand Hofstaedter, Regensburg

Werner Hohenberger, Erlangen
Jörg C Kalff, Bonn
Ralf Jakobs, Ludwigshafen
Jutta Keller, Hamburg
Andrej Khandoga, Munich
Sibylle Koletzko, München
Stefan Kubicka, Hannover
Joachim Labenz, Siegen
Frank Lammert, Bonn
Thomas Langmann, Regensburg
Christian Liedtke, Aachen
Matthias Löhr, Mannheim
Christian Maaser, Muenster
Ahmed Madisch, Dresden
Peter Malfertheiner, Magdeburg
Michael P Manns, Hannover
Helmut Messmann, Augsburg
Stephan Miehlke, Dresden
Sabine Mihm, Göttingen
Silvio Nadalin, Essen
Markus F Neurath, Mainz
Johann Ockenga, Berlin
Florian Obermeier, Regensburg
Gustav Paumgartner, Munich
Ulrich KS Peitz, Magdeburg
Markus Reiser, Bochum
Emil C Reisinger, Rostock
Steffen Rickes, Magdeburg
Tilman Sauerbruch, Bonn
Dieter Saur, Munich
Hans Scherubl, Berlin
Joerg Schirra, Munich
Roland M Schmid, München
Volker Schmitz, Bonn
Andreas G Schreyer, Regensburg
Tobias Schroeder, Essen
Henning Schulze-Bergkamen, Mainz
Hans Seifert, Oldenburg
Norbert Senninger, Muenster
Manfred V Singer, Mannheim
Gisela Sparmann, Rostock
Christian J Steib, München
Jurgen M Stein, Frankfurt
Ulrike S Stein, Berlin
Manfred Stolte, Bayreuth
Christian P Strassburg, Hannover
Wolfgang R Stremmel, Heidelberg
Harald F Teutsch, Ulm
Robert Thimme, Freiburg
Hans L Tillmann, Leipzig
Tung-Yu Tsui, Regensburg
Axel Ulsenheimer, Munich
Patrick Veit-Haibach, Essen
Claudia Veltkamp, Heidelberg
Siegfried Wagner, Deggendorf
Henning Walczak, Heidelberg
Heiner Wedemeyer, Hannover
Fritz von Weizsacker, Berlin
Jens Werner, Heidelberg
Bertram Wiedenmann, Berlin
Reiner Wiest, Regensburg
Stefan Wirth, Wuppertal
Stefan JP Zeuzem, Homburg

Greece
Alexandra A Alexopoulou, Athens
George N Dalekos, Larissa
Christos Dervenis, Athens
Melanie Maria Deutsch, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
George Papatheodoridis, Athens
Spiros Sgouros, Athens
www.wjgnet.com

Hungary
Peter L Lakatos, Budapest
Zsuzsa Szondy, Debrecen

Iceland
Hallgrimur Gudjonsson, Reykjavik

India
Philip Abraham, Mumbai
Rakesh Aggarwal, Lucknow
Kunissery A Balasubramanian, Vellore
Deepak Kumar Bhasin, Chandigarh
Sujit K Bhattacharya, Kolkata
Yogesh K Chawla, Chandigarh
Radha K Dhiman, Chandigarh
Sri Prakash Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Seyed A Taghavi, Shiraz

Ireland
Billy Bourke, Dublin
Ronan A Cahill, Cork
Anthony P Moran, Galway

Israel
Simon Bar-Meir, Hashomer
Abraham R Eliakim, Haifa
Zvi Fireman, Hadera
Yaron Ilan, Jerusalem
Avidan U Neumann, Ramat-Gan
Yaron Niv, Pardesia
Ran Oren, Tel Aviv
Ami D Sperber, Beer-Sheva

Italy
Giovanni Addolorato, Roma
Luigi E Adinolfi, Naples
Domenico Alvaro,
Mario Angelico, Rome
Vito Annese, San Giovanni Rotond
Filippo Ansaldi, Genoa
Adolfo F Attili, Roma
Giovanni Barbara, Bologna
Claudio Bassi, Verona
Gabrio Bassotti, Perugia
Pier M Battezzati, Milan
Stefano Bellentani, Carpi
Antomio Benedetti, Ancona
Mauro Bernardi, Bologna
Livia Biancone, Rome
Luigi Bonavina, Milano
Flavia Bortolotti, Padova
Giuseppe Brisinda, Rome
Elisabetta Buscarini, Crema
Giovanni Cammarota, Roma
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Antonino Cavallari, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
Massimo Colombo, Milan
Amedeo Columbano, Cagliari
Massimo Conio, Sanremo
Dario Conte, Milano
Gino R Corazza, Pavia
Francesco Costa, Pisa
Antonio Craxi, Palermo
Silvio Danese, Milan
Roberto de Franchis, Milano
Roberto De Giorgio, Bologna
Maria Stella De Mitri, Bologna
Giovanni D De Palma, Naples
Fabio Farinati, Padua
Giammarco Fava, Ancona
Francesco Feo, Sassari
Fiorucci Stefano, Perugia
Andrea Galli, Firenze
Valeria Ghisett, Turin
Gianluigi Giannelli, Bari
Edoardo G Giannini, Genoa
Paolo Gionchetti, Bologna
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Mario Guslandi, Milano
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giacomo Laffi, Firenze
Giovanni Maconi, Milan
Lucia Malaguarnera, Catania
Emanuele D Mangoni, Napoli
Paolo Manzoni, Torino
Giulio Marchesini, Bologna
Fabio Marra, Florence
Marco Marzioni, Ancona
Giuseppe Mazzella, Bologna
Mario U Mondelli, Pavia
Giuseppe Montalto, Palermo
Giovanni Monteleone, Rome
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Fabio Pace, Milano
Luisi Pagliaro, Palermo
Francesco Pallone, Rome
Fabrizio R Parente, Milan
Maurizio Parola, Torino
Francesco Perri, San Giovanni Rotondo
Raffaele Pezzilli, Bologna
Alberto Pilotto, San Giovanni Rotondo
Alberto Piperno, Monza
Mario Pirisi, Novara
Anna C Piscaglia, Roma
Paolo Del Poggio, Treviglio
Gabriele B Porro, Milano
Piero Portincasa, Bari
Cosimo Prantera, Roma
Bernardino Rampone, Siena
Oliviero Riggio, Rome
Claudio Romano, Messina
Marco Romano, Napoli
Gerardo Rosati, Potenza
Mario Del Tacca, Pisa
Gloria Taliani, Rome
Pier A Testoni, Milan
Enrico Roda, Bologna
Domenico Sansonno, Bari
Vincenzo Savarino, Genova
Vincenzo Stanghellini, Bologna
Giovanni Tarantino, Naples
Roberto Testa, Genoa
Dino Vaira, Bologna
Anna Linda Zignego, Florence

IV

Japan
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Taiji Akamatsu, Matsumoto
Sk Md Fazle Akbar, Ehime
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Taku Aoki, Tokyo
Masahiro Arai, Tokyo
Tetsuo Arakawa, Osaka
Yasuji Arase, Tokyo
Masahiro Asaka, Sapporo
Hitoshi Asakura, Tokyo
Takeshi Azuma, Fukui
Yoichi Chida, Fukuoka
Takahiro Fujimori, Tochigi
Jiro Fujimoto, Hyogo
Kazuma Fujimoto, Saga
Mitsuhiro Fujishiro, Tokyo
Yoshihide Fujiyama, Otsu
Hiroyuki Fukui, Tochigi
Hiroyuki Hanai, Hamamatsu
Naohiko Harada, Fukuoka
Makoto Hashizume, Fukuoka
Tetsuo Hayakawa, Nagoya
Toru Hiyama, Higashihiroshima
Kazuhide Higuchi, Osaka
Keisuke Hino, Ube
Keiji Hirata, Kitakyushu
Yuji Iimuro, Nishinomiya
Kenji Ikeda, Tokyo
Toru Ikegami, Fukuoka
Kenichi Ikejima, Bunkyo-ku
Fumio Imazeki, Chiba
Yutaka Inagaki, Kanagawa
Yasuhiro Inokuchi, Yokohama
Haruhiro Inoue, Yokohama
Masayasu Inoue, Osaka
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Kei Ito, Sendai
Masayoshi Ito, Tokyo
Hiroaki Itoh, Akita
Ryuichi Iwakiri, Saga
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
Hiroshi Kaneko, Aichi-Gun
Shuichi Kaneko, Kanazawa
Takashi Kanematsu, Nagasaki
Mitsuo Katano, Fukuoka
Junji Kato, Sapporo
Mototsugu Kato, Sapporo
Shinzo Kato, Tokyo
Norifumi Kawada, Osaka
Sunao Kawano, Osaka
Mitsuhiro Kida, Kanagawa
Yoshikazu Kinoshita, Izumo
Tsuneo Kitamura, Chiba
Seigo Kitano, Oita
Kazuhiko Koike, Tokyo
Norihiro Kokudo, Tokyo
Satoshi Kondo, Sapporo
Shoji Kubo, Osaka
Shigeki Kuriyama, Kagawa[2]
Katsunori Iijima, Sendai
Masato Kusunoki, Tsu Mie
Shin Maeda, Tokyo
Shigeru Marubashi, Suita
Masatoshi Makuuchi, Tokyo
Osamu Matsui, Kanazawa
Yasuhiro Matsumura, Chiba
Yasushi Matsuzaki, Tsukuba
Kiyoshi Migita, Omura
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Kenji Miki, Tokyo
Tetsuya Mine, Kanagawa
Hiroto Miwa, Hyogo
Masashi Mizokami, Nagoya
Yoshiaki Mizuguchi, Tokyo
Motowo Mizuno, Hiroshima
Morito Monden, Suita
Hisataka S Moriwaki, Gifu
Yasuaki Motomura, Iizuka
Yoshiharu Motoo, Kanazawa
Naofumi Mukaida, Kanazawa
Kazunari Murakami, Oita
Kunihiko Murase, Tusima
Hiroaki Nagano, Suita
Masahito Nagaki, Gifu
Masaki Nagaya, Kawasaki
Yujl Naito, Kyoto
Atsushi Nakajima, Yokohama
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Shuji Nomoto, Nagoya
Susumu Ohmada, Maebashi
Hirohide Ohnishi, Akita
Masayuki Ohta, Oita
Tetsuo Ohta, Kanazawa
Kazuichi Okazaki, Osaka
Katsuhisa Omagari, Nagasaki
Saburo Onishi, Nankoku
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Masanobu Oshima, Kanazawa
Hiromitsu Saisho, Chiba
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Isao Sakaida, Yamaguchi
Michiie Sakamoto, Tokyo
Yasushi Sano, Chiba
Hiroki Sasaki, Tokyo
Iwao Sasaki, Sendai
Motoko Sasaki, Kanazawa
Chifumi Sato, Tokyo
Shuichi Seki, Osaka
Hiroshi Shimada, Yokohama
Mitsuo Shimada, Tokushima
Tomohiko Shimatan, Hiroshima
Hiroaki Shimizu, Chiba
Ichiro Shimizu, Tokushima
Yukihiro Shimizu, Kyoto
Shinji Shimoda, Fukuoka
Tooru Shimosegawa, Sendai
Tadashi Shimoyama, Hirosaki
Ken Shirabe, Iizuka City
Yoshio Shirai, Niigata
Katsuya Shiraki, Mie
Yasushi Shiratori, Okayama
Masayuki Sho, Nara
Yasuhiko Sugawara, Tokyo
Hidekazu Suzuki, Tokyo
Minoru Tada, Tokyo
Tadatoshi Takayama, Tokyo
Tadashi Takeda, Osaka
Koji Takeuchi, Kyoto
Kiichi Tamada, Tochigi
Akira Tanaka, Kyoto
Eiji Tanaka, Matsumoto
Noriaki Tanaka, Okayama
Shinji Tanaka, Hiroshima
Hideki Taniguchi, Yokohama
Kyuichi Tanikawa, Kurume
Akira Terano, Shimotsugagun
Hitoshi Togash, Yamagata
Shinji Togo, Yokohama
Kazunari Tominaga, Osaka
Takuji Torimura, Fukuoka

Minoru Toyota, Sapporo
Akihito Tsubota, Chiba
Takato Ueno, Kurume
Naomi Uemura, Tokyo
Shinichi Wada, Tochigi
Hiroyuki Watanabe, Kanazawa
Toshio Watanabe, Osaka
Yuji Watanabe, Ehime
Toshiaki Watanabe, Tokyo
Chun-Yang Wen, Nagasaki
Satoshi Yamagiwa, Niigata
Koji Yamaguchi, Fukuoka
Takayuki Yamamoto, Yokkaichi
Takashi Yao, Fukuoka
Masashi Yoneda, Tochigi
Hiroshi Yoshida, Tokyo
Masashi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Hitoshi Yoshiji, Nara
Kentaro Yoshika, Toyoake
Yasunobu Yoshikai, Fukuoka
Masahide Yoshikawa, Kashihara
Katsutoshi Yoshizato, Higashihiroshima

Lebanon
Bassam N Abboud, Beirut
Ala I Sharara, Beirut
Joseph D Boujaoude, Beirut

Lithuania
Limas Kupcinskas, Kaunas

Macedonia
Vladimir C Serafimoski, Skopje

Malaysia
Andrew Seng Boon Chua, Ipoh
Khean-Lee Goh, Kuala Lumpur
Jayaram Menon, Sabah

Ernst J Kuipers, Rotterdam
CBHW Lamers, Leiden
Ton Lisman, Utrecht
Yi Liu, Amsterdam
Jeroen Maljaars, Maastricht
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Michael Müller, Wageningen
Amado S Peña, Amsterdam
Robert J Porte, Groningen
Ingrid B Renes, Rotterdam
Andreas Smout, Utrecht
Paul E Sijens, Groningen
Reinhold W Stockbrugger, Maastricht
Luc JW van der Laan, Rotterdam
Karel van Erpecum, Utrecht
Gerard P VanBerge-Henegouwen,Utrecht

New Zealand
Ian D Wallace, Auckland

Slovakia
Silvia Pastorekova, Bratislava
Anton Vavrecka, Bratislava

Slovenia
Sasa Markovic, Ljubljana

South Africa
Rosemar Joyce Burnett, Pretoria
Michael C Kew, Parktown

Nigeria
Samuel B Olaleye, Ibadan

Norway
Trond Berg, Oslo
Tom H Karlsen, Oslo
Helge L Waldum, Trondheim

Pakistan
Muhammad S Khokhar, Lahore
Syed MW Jafri, Karachi

South Korea
Byung Ihn Choi, Seoul
Ho Soon Choi, Seoul
Marie Yeo, Suwon
Sun Pyo Hong, Gyeonggi-do
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Myung-Hwan Kim, Seoul
Chang Hong Lee, Seoul
Jong Kyun Lee, Seoul
Eun-Yi Moon, Seoul
Jae-Gahb Park, Seoul
Dong Wan Seo, Seoul
Dong Jin Suh, Seoul
Byung Chul Yoo, Seoul

Peru
Hector H Garcia, Lima

Mexico
Diego Garcia-Compean, Monterrey
Eduardo R Marin-Lopez, Jesús García
Nahum Méndez-Sánchez, Mexico
Saúl Villa-Treviño, México

Poland
Tomasz Brzozowski, Cracow
Robert Flisiak, Bialystok
Hanna Gregorek, Warsaw
Dariusz M Lebensztejn, Bialystok
Wojciech G Polak, Wroclaw
Marek Hartleb, Katowice

Monaco
Patrick Rampal, Monaco

Portugal
Miguel C De Moura, Lisbon

Morocco
Abdellah Essaid, Rabat

Russia
Vladimir T Ivashkin, Moscow
Leonid Lazebnik, Moscow
Vasiliy I Reshetnyak, Moscow

The Netherlands
Ulrich Beuers, Amsterdam
Gerd Bouma, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
NKH de Boer, Amsterdam
Koert P de Jong, Groningen
Henrike Hamer, Maastricht
Frank Hoentjen, Haarlem
Janine K Kruit, Groningen

Singapore
Bow Ho, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Ahmed Helmy, Riyadh

Serbia
Dusan M Jovanovic, Sremska Kamenica
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Spain
Juan G Abraldes, Barcelona
Agustin Albillos, Madrid
Raul J Andrade, Málaga
Luis Aparisi, Valencia
Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona
Josep M Bordas, Barcelona
Xavier Calvet, Sabadell
Jordi Camps, Catalunya
Andres Cardenas, Barcelona
Vicente Carreño, Madrid
Jose Castellote, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Juan C Garcia-Pagán, Barcelona
Jaime B Genover, Barcelona
Javier P Gisbert, Madrid
Jaime Guardia, Barcelona
Isabel Fabregat, Barcelona
Mercedes Fernandez, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
Laura Lladóa, Barcelona
María IT López, Jaén
Juan R Malagelada, Barcelona
José M Mato, Derio
Juan F Medina, Pamplona
Miguel A Muñoz-Navas, Pamplona
Julian Panes, Barcelona
Miguel M Perez, Valencia
Miguel Perez-Mateo, Alicante
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Josep M Pique, Barcelona
Jesús M Prieto, Pamplona
Sabino Riestra, Pola De Siero
Luis Rodrigo, Oviedo
Manuel Romero-Gómez, Sevilla
Joan Roselló-Catafau, Barcelona

Sweden
Einar S Björnsson, Gothenburg
Curt Einarsson, Huddinge
Per M Hellström, Stockholm
Ulf Hindorf, Lund
Elisabeth Hultgren-Hörnquist, Örebro
Anders E Lehmann, Mölndal
Hanns-Ulrich Marschall, Stockholm
Lars C Olbe, Molndal
Lars A Pahlman, Uppsala
Matti Sallberg, Stockholm
Magnus Simrén, Göteborg
Xiao-Feng Sun, Linköping
Ervin Tóth, Malmö
Weimin Ye, Stockholm
Christer S von Holstein, Lund

Switzerland
Chrish Beglinger, Basel
Pierre A Clavien, Zurich
Jean-Francois Dufour, Bern
Franco Fortunato, Zürich
Jean L Frossard, Geneva
Gerd A Kullak-Ublick, Zurich
Pierre Michetti, Lausanne
Francesco Negro, Genève
Bruno Stieger, Zurich
Radu Tutuian, Zurich
Stephan R Vavricka, Zurich
Gerhard Rogler, Zurich
Arthur Zimmermann, Berne

Turkey
Yusuf Bayraktar, Ankara
Figen Gurakan, Ankara
Aydin Karabacakoglu, Konya
Serdar Karakose, Konya
Hizir Kurtel, Istanbul
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Cihan Yurdaydin, Ankara
United Arab Emirates
Sherif M Karam, Al-Ain

United Kingdom
David H Adams, Birmingham
Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Ahmed Alzaraa, Manchester
Lesley A Anderson, Belfast
Charalambos G Antoniades, London
Anthony TR Axon, Leeds
Qasim Aziz, Manchester
Nicholas M Barnes, Birmingham
Jim D Bell, London
Mairi Brittan, London
Alastair D Burt, Newcastle
Simon S Campbell, Manchester
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Simon R Carding, Leeds
Paul J Ciclitira, London
Eithne Costello, Liverpool
Tatjana Crnogorac-Jurcevic, London
Harry Dalton, Truro
Amar P Dhillon, London
William Dickey, Londonderry
James E East, London
Emad M El-Omar, Aberdeen
Ahmed M Elsharkawy, Newcastle Upon Tyne
Annette Fristscher-Ravens, London
Elizabeth Furrie, Dundee
Daniel R Gaya, Edinburgh
Subrata Ghosh, London
William Greenhalf, Liverpool
Indra N Guha, Southampton
Peter C Hayes, Edinburgh
Gwo-Tzer Ho, Edinburgh
Anthony R Hobson, Salford
Lesley A Houghton, Manchester
Stefan G Hübscher, Birmingham
Robin Hughes, London
Pali Hungin, Stockton
David P Hurlstone, Sheffield
Rajiv Jalan, London
Janusz AZ Jankowski, Oxford
Brian T Johnston, Belfast
David EJ Jones, Newcastle
Roger Jones, London
Michael A Kamm, Harrow
Peter Karayiannis, London
Laurens Kruidenier, Harlow
Patricia F Lalor, Birmingham
Chee Hooi Lim, Midlands
Hong-Xiang Liu, Cambridge
Yun Ma, London
Kenneth E L McColl, Glasgow
Stuart AC McDonald, London
Dermot P Mcgovern, Oxford
Giorgina Mieli-Vergani, London
Nikolai V Naoumov, London
John P Neoptolemos, Liverpool
James Neuberger, Birmingham
Philip Noel Newsome, Birmingham
Mark S Pearce, Newcastle Upon Tyne
Stephen P Pereira, London
D Mark Pritchard, Liverpool
Sakhawat Rahman, London
Stephen E Roberts, Swansea
Marco Senzolo, Padova
Soraya Shirazi-Beechey, Liverpool
Robert Sutton, Liverpool
Simon D Taylor-Robinson, London
Paris P Tekkis, London
Ulrich Thalheimer, London
David G Thompson, Salford
Nick P Thompson, Newcastle
David Tosh, Bath
Frank I Tovey, London
Chris Tselepis, Birmingham
Diego Vergani, London
Geoffrey Warhurst, Salford
Alastair John Watson, Liverpool
Peter J Whorwell, Manchester
Roger Williams, London
Karen L Wright, Bath
Min Zhao, Foresterhill

United States
Manal F Abdelmalek, Durham
Gary A Abrams, Birmingham
Maria T Abreu, New York
Reid B Adams, Virginia
www.wjgnet.com

Golo Ahlenstiel, Bethesda
BS Anand, Houston
Frank A Anania, Atlanta
M Ananthanarayanan, New York
Gavin E Arteel, Louisville
Jasmohan S Bajaj, Milwaukee
Subhas Banerjee, Palo Alto
Peter A Banks, Boston
Jamie S Barkin, Miami Beach
Kim E Barrett, San Diego
Marc D Basson, Detroit
Anthony J Bauer, Pittsburgh
Wallace F Berman, Durham
Timothy R Billiar, Pittsburgh
Edmund J Bini, New York
David G Binion, Milwaukee
Jennifer D Black, Buffalo
Herbert L Bonkovsky, Charlotte
Carla W Brady, Durham
Andrea D Branch, New York
Robert S Bresalier, Houston
Alan L Buchman, Chicago
Ronald W Busuttil, Los Angeles
Alan Cahill, Philadelphia
John M Carethers, San Diego
David L Carr-Locke, Boston
Maurice A Cerulli, New York
Ravi S Chari, Nashville
Jiande Chen, Galveston
Xian-Ming Chen, Omaha
Xin Chen, San Francisco
Ramsey Chi-man Cheung, Palo Alto
William D Chey, Ann Arbor
John Y Chiang, Rootstown
Parimal Chowdhury, Arkansas
Raymond T Chung, Boston
James M Church, Cleveland
Ram Chuttani, Boston
Mark G Clemens, Charlotte
Ana J Coito, Los Angeles
Vincent Coghlan, Beaverton
David Cronin II, New Haven
John Cuppoletti, Cincinnati
Mark J Czaja, New York
Peter V Danenberg, Los Angeles
Kiron M Das, New Brunswick
Conor P Delaney, Cleveland
Jose L del Pozo, Rochester
Sharon DeMorrow, Temple
Deborah L Diamond, Seattle
Douglas A Drossman, Chapel Hill
Katerina Dvorak, Tucson
Bijan Eghtesad, Cleveland
Hala El-Zimaity, Houston
Michelle Embree-Ku, Providence
Sukru Emre, New Haven
Douglas G Farmer, Los Angeles
Alessio Fasano, Baltimore
Mark A Feitelson, Philadelphia
Ariel E Feldstein, Cleveland
Alessandro Fichera, Chicago
Robert L Fine, New York
Magali Fontaine, Stanford
Chris E Forsmark, Gainesville
Glenn T Furuta, Aurora
Chandrashekhar R Gandhi, Pittsburgh
Susan L Gearhart, Baltimore
Xupeng Ge, Boston
Xin Geng, New Brunswick
M Eric Gershwin, Suite
Jean-Francois Geschwind, Baltimore
Ignacio Gil-Bazo, New York
Shannon S Glaser, Temple
Ajay Goel, Dallas
Richard M Green, Chicago
Julia B Greer, Pittsburgh

James H Grendell, New York
David R Gretch, Seattle
Stefano Guandalini, Chicago
Anna S Gukovskaya, Los Angeles
Sanjeev Gupta, Bronx
David J Hackam, Pittsburgh
Stephen B Hanauer, Chicago
Gavin Harewood, Rochester
Margaret M Heitkemper, Washington
Alan W Hemming, Gainesville
Samuel B Ho, San Diego
Peter R Holt, New York
Colin W Howden, Chicago
Hongjin Huang, Alameda
Jamal A Ibdah, Columbia
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Hartmut Jaeschke, Tucson
Dennis M Jensen, Los Angeles
Cheng Ji, Los Angeles
Leonard R Johnson, Memphis
Michael P Jones, Chicago
Peter J Kahrilas, Chicago
Anthony N Kalloo, Baltimore
Marshall M Kaplan, Boston
Neil Kaplowitz, Los Angeles
Serhan Karvar, Los Angeles
Rashmi Kaul, Tulsa
Jonathan D Kaunitz, Los Angeles
Ali Keshavarzian, Chicago
Miran Kim, Providence
Joseph B Kirsner, Chicago
Leonidas G Koniaris, Miami
Burton I Korelitz, New York
Robert J Korst, New York
Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Michael Kremer, Chapel Hill
Shiu-Ming Kuo, Buffalo
Paul Y Kwo, Indianapolis
Daryl Tan Yeung Lau, Galvesto
Stephen J Lanspa, Omaha
Joel E Lavine, San Diego
Bret Lashner, Cleveland
Dirk J van Leeuwen, Lebanon
Glen A Lehman, Indianapolis
Alex B Lentsch, Cincinnati
Andreas Leodolter, La Jolla
Gene LeSage, Houston
Josh Levitsky, Chicago
Cynthia Levy, Gainesville
Ming Li, New Orleans
Zhiping Li, Baltimore
Zhe-Xiong Lian, Davis
Lenard M Lichtenberger, Houston
Gary R Lichtenstein, Philadelphia
Otto Schiueh-Tzang Lin, Seattle
Martin Lipkin, New York
Chen Liu, Gainesville
Edward V Loftus, Rocheste
Robin G Lorenz, Birmingham
Michael R Lucey, Madison
James D Luketich, Pittsburgh
Guangbin Luo, Cheveland
Henry T Lynch, Omaha
Patrick M Lynch, Houston
John S Macdonald, New York
Bruce V MacFadyen, Augusta
Willis C Maddrey, Dallas
Ashok Malani, Los Angeles
Mercedes Susan Mandell, Aurora
Peter J Mannon, Bethesda
Charles M Mansbach, Tennessee
John F Di Mari, Texas

John M Mariadason, Bronx
Jorge A Marrero, Ann Arbor
Paul Martin, New York
Paulo Ney Aguiar Martins, Boston
Wendy M Mars, Pittsburgh
Laura E Matarese, Pittsburgh
Richard W McCallum, Kansas
Beth A McCormick, Charlestown
Lynne V McFarland, Washington
Kevin McGrath, Pittsburgh
Harihara Mehendale, Monroe
Ali Mencin, New York
Fanyin Meng, Ohio
Stephan Menne, New York
Didier Merlin, Atlanta
Howard Mertz, Nashville
George W Meyer, Sacramento
George Michalopoulos, Pittsburgh
James M Millis, Chicago
Fabrizio Michelassi, New York
Albert D Min, New York
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Abstract
Chemokines produced in the liver during hepatitis C
virus (HCV) infection induce migration of activated
T cells from the periphery to infected parenchyma.
The milieu of chemokines secreted by infected
hepatocytes is predominantly associated with the
T-helper/T-cytotoxic type-1 cell (Th1/Tc1) response.
These chemokines consist of CCL3 (macrophage
inflammatory protein-1α; MIP-1α), CCL4 (MIP1 β ) , C C L 5 ( r e g u l a t e d o n a c t i va t i o n n o r m a l T
cell expressed and secreted; RANTES), CXCL10
(interferon-γ−inducible protein-10; IP-10), CXCL11
(interferon-inducible T-cell α chemoattractant; I-TAC),
and CXCL9 (monokine induced by interferon γ;
Mig) and they recruit T cells expressing either CCR5
or CXCR3 chemokine receptors. Intrahepatic and

peripheral blood levels of these chemokines are
increased during chronic hepatitis C. The interaction
between chemokines and their receptors is essential in
recruiting HCV-specific T cells to control the infection.
When the adaptive immune response fails in this task,
non-specific T cells without the capacity to control
the infection are also recruited to the liver, and these
are ultimately responsible for the persistent hepatic
damage. The modulation of chemokine receptor
expression and chemokine secretion could be a viral
escape mechanism to avoid specific T cell migration
to the liver during the early phase of infection, and
to maintain liver viability during the chronic phase,
by impairing non-specific T cell migration. Some
chemokines and their receptors correlate with liver
damage, and CXCL10 (IP-10) and CXCR3 levels have
shown a clinical utility as predictors of treatment
response outcome. The regulation of chemokines and
their receptors could be a future potential therapeutic
target to decrease liver inflammation and to increase
specific T cell migration to the infected liver.
© 2008 The WJG Press. All rights reserved.
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Hepatitis C virus; Viral hepatitis pathogenesis; Persistent
infection; Viral escape mechanism
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INTRODUCTION
The hepatitis C virus (HCV) is a hepatotropic non
cytopathic virus very efficient in evading the host
immune response. Hepatitis C infection is a major cause
of chronic liver disease worldwide, affecting at least
www.wjgnet.com
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Figure 1 Innate and adaptive immune response. Importance of specific cytotoxic T cell response. In a non-cytopathic viral infection the development of a vigorous
specific cytotoxic T lymphocyte (CTL) response is essential. Professional antigen presenting cells (APC) take up viral antigens and migrate from infected parenchyma
to the lymph nodes to prime naive specific CTLs. These cells express the chemokine receptor CCR7 to reach the lymph nodes, attracted by CCL1 and CCL2
chemokines. After priming, specific CTLs lose CCR7 expression and up-regulate CCR5 and CXCR3 chemokine receptors, then migrate to the hepatic parenchyma
to develop their effector function, attracted by the chemokines produced in the liver. During the early phase of infection, innate immunity is the first barrier for fighting
against the virus. The cellular innate response is also recruited in the infected parenchyma by the interaction between chemokines and their receptors.

170 000 000 people[1]. Approximately three quarters of
infected subjects develop a chronic infection, but only
one third progress to cirrhosis, hepatocellular carcinoma
and liver failure without treatment[2]. Nowadays around
50% of patients treated with pegylated-interferon plus
ribavirin clear the virus[3,4]. To control HCV infection
an adequate specific T cell response is necessary [5-7],
with T cells that are able to migrate to the infected
site to develop their effector functions (Figure 1).
Nevertheless, specific T cells fail to remove the virus in
the majority of patients[7,8], because often a non-specific
T cell population is recruited to the infection site, and
these cells are presumably responsible for the chronic
damage[9] (Figure 2).
In both scenarios the attraction of leukocytes to the
liver is controlled by chemokines, which are chemotactic
cytokines secreted by infected cells and interact with
their receptors expressed on the recruited leukocytes[10]
(Figure 3). In an experimental model of influenza virus
infection, the importance of appropriate chemotaxis
to control viral infection was shown. In this model,
cytotoxic specific CD8+ cells expressing inadequate
chemokine receptors were not able to reach the infected
site and clear the virus, while specific cytotoxic T cells
expressing the correct chemokine receptors controlled
the infection without tissue damage[11] (Figure 4). On
the other hand, it has also been demonstrated that
chemokines and their receptors can be involved in
www.wjgnet.com

liver damage. In an animal model study it was reported
that a massive hepatic infiltration by non-specific T
cells, expressing chemokine receptors associated with
the type-1 response, can cause acute liver failure [12]
(Figure 5). Therefore, chemokines and their receptors
are associated with viral control but are also associated
with immune-mediated liver inflammation. Moreover,
in a hepatotropic viral infection in humans, a huge
intrahepatic non-specific mononuclear infiltrate during
viral persistence was noticed, while this was not present
in subjects with viral control[13] (Figure 2). In this last
study, the intrahepatic chemoattraction of non-specific
T cells perpetuated the liver damage. Consequently,
also in humans, chemokines and their receptors
develop an important role in viral clearance and in the
development of chronic tissue inflammation. Obviously,
the modulation of these pathways is important for
generating an efficient immune response, and for
participating in the inflammatory process during the
chronic infection phase, but pathway modulation could
also be a viral strategy used by HCV to escape from
immune control[14]. This review introduces the advances
obtained in the last decade on the role of chemokines
and their receptors in chronic hepatitis C pathogenesis.

STRUCTURE AND FUNCTION OF
CHEMOKINES AND THEIR RECEPTORS
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Table 1 Chemokines and their receptors
Chemokine receptor

Chemokine ligands

Target cells

CCR1
CCR2
CCR3

CCL3, CCL5, CCL7, CCL14
CCL2, CCL8, CC7, CCL13, CCL16
CCL11, CCL13, CCL7, CCL5, CCL8, CCL13

CCR4

CCL17, CCL22

CCR5
CCR6
CCR7
CCR9
CCR10

CCL3, CCL4, CCL5, CCL11, CCL14, CCL16
CCL20
CCL19, CCL21
CCL25
CCL27, CCL28

T cells, monocytes, basophils and eosinophils
Memory T cells, monocytes and dendritic cells
Eosinophils, basophils, mast cells, T helper 2 cells and
platelets
T helper 2 cells, dendritic cells, basophils, macrophages
and platelets
T cells, monocytes
T cells, B cells and dendritic cells
T cells and dendritic cells
T cells, plasma cells
T cells

CXCR1
CXCR2
CXCR3-A
CXCR3-B
CXCR4
CXCR5
CXCR6

CXCL8, CXCL6
CXCL8, CXCL1, CXCL2, CXCL3, CXCL5, CXCL6
CXCL9, CXCL10, CXCL11
CXCL4, CXCL9, CXCL10, CXCL11
CXCL12
CXCL13
CXCL16

Neutrophils and monocytes
Neutrophils, monocytes and vascular endothelial cells
T helper 1 cells, mast cells and mesangial cells
Neoplastic cells and vascular endothelial cells
Expressed in multiple cells
B cells and T helper cells
CD8+ cells, natural killer cells and memory CD4+ cells

CX3CR1

CX3CL1

Macrophages and smooth muscle cells

XCR1

XCL1, XCL2

T cells and natural killer cells

Subfamily CC

Subfamily CXC

Subfamily CX3C
Subfamily XC

Chemokines are small heparin-binding proteins that
direct the movement of mononuclear cells through
the body to contribute to the development of an
adaptive immune response and to the pathogenesis
of inflammation. These molecules also play a role
in angiogenesis, haematopoiesis, lymphoid organ
development, wound healing and regulation of
embryonic development. These proteins are 8-10 kDa
in size with 20%-70% amino acid sequence homology
and are secreted by resident cells at the inflammatory
site [10]. Around 50 chemokines have been described
and are subdivided into four families according to the
position of the two N-terminal cysteine residues: CXC,
CC, XC and CX3C[15,16,17] (Table 1). The CXC family
has also been subdivided into two groups depending
on the presence of the ELR motif (Glu-Leu-Arg).
A systematic nomenclature has been adopted in the
past few years for chemokines and their receptors[18,19].
Chemokines induce cell migration and activation by
binding to specific G-protein-coupled cell-surface
receptors on target cells, called chemokine receptors[10]
(Table 1). Receptor triggering leads to a cascade of
cellular activation, including the generation of inositol
triphosphate, the release of intracellular calcium, and the
activation of protein kinase C[20]. Chemokine receptor
signalling also activates small guanosine triphosphate
binding proteins of the Ras and Rho families[21]. Rho
proteins are involved in cell motility through regulation
of actin-dependent processes such as membrane
ruffling, pseudopod formation, and assembly of focal
adhesion complexes[15]. All these mechanisms propel
cells in the appropriate direction. In humans different
chemokine receptors subdivided into four families have
been described: XC, CXC, CC and CX3C chemokine

receptors. These receptors are expressed on different
types of leukocytes, and some are constitutively
expressed while others are induced, depending on the
degree of leukocyte activation and differentiation[15].
Polarisation of chemokine receptor expression on T
cells depending on the cytokine production profile has
been demonstrated [22]. Chemokine receptors, such as
CCR5 and CXCR3, are associated with the type-1
response, while CCR3, CCR4 and CCR8 are associated
with the type-2 response[23,24,25,26]. Due to the preferential
Th1/Tc1 response of liver infiltrating T cells during
chronic hepatitis C[27,28], this review focuses on these
two chemokine receptors, which bind chemokines from
the non-ELR-CXC and CC subfamilies. The ligands
for CXCR3 are interferon (IFN)-γ-inducible protein 10
(IP-10, CXCL10), monokine induced by IFN-γ (Mig,
CXCL9), and IFN-inducible T-cell α chemoattractant
(I-TAC, CXCL11). CXCR3 is expressed on activated
T cells and natural killer cells [29]. The CCR5 ligands
comprise regulated upon activation, normal T-cell
expressed and secreted (RANTES, CCL5), macrophage
inflammatory proteins 1 α (MIP 1 α , CCL3) and 1 β
(MIP 1β, CCL4). CCR5 is expressed predominantly on
activated and memory T cells. Hereafter the systematic
nomenclature for chemokines will be used.

CHEMOKINE SECRETION AND
CHEMOKINE RECEPTOR EXPRESSION IN
CHRONIC HEPATITIS C
The migration of lymphocytes to the liver is a complex
process involving adhesion, rolling, triggering, and
transendothelial migration. Chemokines and their

www.wjgnet.com
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Figure 2 Different migration potential between resolved and persistent HCV infection. In a resolved infection HCV-specific cytotoxic T lymphocytes (CTL)
migrate rapidly to the infected liver, attracted by the chemokines produced by hepatocytes, succeeding in controlling HCV infection without liver damage. In persistent
infection the migration of T cells to the liver may be impaired. High chemokine levels during infection may induce chemokine receptor down-regulation on T cells by
molecule internalization. This mechanism could impair the migration of specific T cells during primary infection, which could inhibit HCV clearance. During the chronic
phase, the persistent presence of HCV in the liver could keep a long-standing chemokine production, which could attract non-specific mononuclear cells to the liver,
and be responsible for chronic liver damage. The relative migration impairment due to chemokine receptor down-regulation on non-specific T cells could modulate
inflammatory infiltration of the liver, inducing chronic low-grade liver damage, which could favour host and virus long-term survival.

receptors play an essential role in this multistep
pathway[30,31]. In chronic hepatitis C, the expression of
different chemokines in the liver has been described.
CXCL10 is increased in the liver and peripheral blood
during chronic hepatitis C [32,33,34,35]. This molecule is
produced by hepatocytes and sinusoidal endothelial
cells[33,34]. CXCL9 and CXCL11 are also increased in the
serum and liver of subjects with chronic hepatitis C[33,36].
CXCL9 is detected primarily on sinusoidal endothelial
cells, while CXCL11 is pr oduced mainly by
hepatocytes[33,37]. The intrahepatic expression of CCL5
is also elevated in chronic hepatitis C and it is produced
by hepatocytes, sinusoidal endothelial cells and biliary
epithelium[37]. Finally, several studies have reported an
increased level of CCL3 and CCL4 either in the liver or
in serum. These molecules are detected on endothelial
cells, on some hepatocytes and on biliary epithelial
cells[33,35,38]. The expression of all these chemokines in the
liver can be induced directly by HCV. Previous reports
have shown a high hepatocyte synthesis of CXCL10,
CXCL9 and CCL5, induced by some HCV proteins such
as NS5A and core[39], although a recent in vitro study
suggests that HCV proteins could also decrease the
expression of CCL5 and CXCL10 genes[40]. All these
chemokines recruit T cells with a Th1/Tc1 phenotype
expressing specific chemokine receptors such as CCR5
www.wjgnet.com

and CXCR3[24]. The non-ELR-CXC chemokine attracts
CXCR3 expressing T cells while CC chemokine attracts
CCR5 expressing T cells to the liver. Consequently,
in chronic hepatitis C, an intrahepatic enrichment of
CCR5 and CXCR3 expressing T cells, located in the
hepatic lobule and portal tracts, has been shown while
these populations are very infrequent in uninfected
subjects[33,35,37] (Figure 6).

CORRELATION BETWEEN LIVER
INFLAMMATION AND CHEMOKINE/
CHEMOKINE RECEPTOR
Persistent HCV infection is characterised by a nonspecific inflammatory infiltrate in the liver, mainly
composed of CD8+ cells[41,42], and responsible for liver
damage[9]. These cells are attracted by the interaction
between the intrahepatic secreted chemokines and the
chemokine receptors expressed on T cells. Previous
repor ts have shown a cor relation between liver
inflammation and liver infiltrating CXCR3/CCR5
expressing T cells [35,37] (Figure 7). The frequency of
occurrence of these cells was positively correlated
with portal and lobular inflammation but not with liver
fibrosis. These data suggest that CCR5 and CXCR3
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Specific cytotoxic T cells with active in vitro effector functionality are not able
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infection, specific CCR5-expressing T cells were able to clear the virus while
administration of specific CCR3-expressing T cells induced mouse death. CTLs:
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could play an important role in chronic liver damage
by means of recruitment of inflammatory T cells into
the liver. Several previous studies have also shown a
correlation between liver inflammation and chemokine
levels. In tr a h e p a t i c C XC L 1 0 m R N A l e ve l s a r e
associated with intralobular inflammation[43]. Similarly,
CXCL9 and CXCL11 correlate with the grade of liver
inflammation [37,44]. Furthermore, CC chemokines are
also correlated with intrahepatic inflammatory activity[45].
Clearly, intrahepatic CCL5-positive cells correlate with
inflammatory activity but not with liver fibrosis[37]. The
absence of correlation between liver fibrosis and liver
infiltrating CXCR3/CCR5 expressing T cells and their
ligands could be due to a statistical beta error, but also
could suggest that it is necessary for something other
than liver inflammation to occur in order to develop

fibrosis, such as genetic and non-genetic factors [46].
Nevertheless, a recent study, examining a large sample
of chronic hepatitis C patients, showed a positive
correlation between CXCL9, CXCL10 and CXCL11
intrahepatic levels and the grade of fibrosis[47], indicating
that persistent liver inflammation produced by the
mononuclear cells attracted by these chemokines could
finally induce the activation of a liver fibrosis cascade.
Bearing in mind all the previous data, it is possible to
speculate that chemokines are secreted in the infected
liver to attract an adaptive immune response able to clear
the virus. Unfortunately, when the specific response
fails these chemokines also attract non-specific T cells,
which are not able to remove the virus but produce
liver inflammation (Figure 2). Therefore, as chemokines
are nonspecific chemoattractants, the intrahepatic
inflammator y infiltrate produced during chronic
infection is mainly non-HCV-specific and consequently
unable to eliminate HCV. It is, however, able to produce
cytokines capable of initiating and perpetuating hepatic
fibrogenesis[48]. The efficiency of this mechanism could
play a role in determining why chronically infected
individuals either do or do not progress to fibrosis.
Certain polymorphisms in key chemokines known to
be up-regulated in chronic HCV, such as CCL5, have
been identified as correlates with the development of
fibrosis[49].

MODULATION OF CHEMOKINE/
CHEMOKINE RECEPTOR PATHWAY AS A
VIRAL ESCAPE MECHANISM
HCV is usually able to evade the immune system
efficiently. Several HCV escape mechanisms have
been previously described, such as selection of
escape mutations, induction of specific T cell anergy
or resistance to the effects of α -interferon [5,50]. One
www.wjgnet.com
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hypothetical mechanism for HCV to survive could be to
reduce hepatic chemotaxis of T lymphocytes to impair
infection control during primary infection and also to
decrease tissue damage during the chronic phase. The
natural history of chronic hepatitis C means it can take
up to three decades to develop liver cirrhosis[51]. This
in turn means that the immunologically-mediated liver
damage must be continuous but very light. For HCV it
is essential to extend host survival as much as possible
to assure its own viability. Considering these facts, it
could be important for HCV to impair the expression of
chemokine receptors associated with the type-1 response
to improve its survival ability.
One mechanism to achieve this could be to reduce
T cell migration into the liver through impairment of
CCR5 and CXCR3 expression. To maximise the ability
of the immune system to control the infection, a high
frequency of HCV-specific CCR5+/CXCR3+ T cells
should be expected during primary infection. Soon
after HCV infection, prominent CD8+ cell responses
are repeatedly observed and transient up-regulation
of CCR5 and CXCR3 expression is seen[52,53]. During
chronic hepatitis C, however, T cells show reduced
surface expression of chemokine receptors associated
with the Th1/Tc1 response while an intracellular increase
of these molecules has been described[54]. This finding
suggests the occurrence of HCV-mediated chemokine
receptor internalization in chronically infected subjects.
Moreover, a high serum concentration of CCL3 and
CXCL10, associated with a normal or reduced peripheral
frequency of CCR5- and CXCR3-positive T cells during
chronic hepatitis C, has been also described[35,54]. During
chronic HCV infection, the observed absence of an
increase in the number of peripheral CCR5/CXCR3positive T cells could be due to either an intrahepatic
www.wjgnet.com

sequestration of CCR5/CXCR3 expressing T cells,
caused by CCL3/CXCL10 attraction, or to a downregulation of these chemokine receptors produced by
the high serum concentration of their ligands.
It has been shown that GB virus C, a close relative
of HCV [55], can reduce CCR5 expression on T cells
by inducing CCL5 release [56,57] . T his mechanism
impairs the ability of HIV to infect CD4 T cells, thus
extending host survival[57,58]. Another study into HCV
infection described CCR5 down-regulation on CD8+
cells by receptor internalization[54]. It has been shown
that the HCV-E2 protein, after binding to CD81 [59],
induces CCL5 secretion by CD8+ cells and the ensuing
interaction between CCL5 and CCR5 is responsible for
CCR5 down-regulation on these cells[60]. All these data
suggest that HCV could modulate chemokine receptors
associated with the Tc1 response to achieve a survival
advantage. This mechanism could decrease HCVspecific T cell migration during acute infection, avoiding
viral control, and could also impair non-specific T cell
migration during persistent infection, modulating liver
inflammation and fibrosis which could extend host and
viral survival. If HCV is able to interfere with CCR5/
CXCR3 expression, an increase in T cells expressing
these chemokine receptors after viral load drop due to
anti-viral treatment should be expected, together with
a CXCL10/CCL3 decrease. To address this significant
issue, a longitudinal analysis of CCR5/CXCR3
expressing CD8+ cells and CXCL10/CCL3 levels during
treatment was performed[35]. In the majority of treated
patients in this study, an increase in CCR5/CXCR3
expressing CD8+ cells was demonstrated. This finding
was associated with a significant decrease in CXCL10
and CCL3 serum levels after 24 wk of treatment. A
likely explanation for these data is that HCV control
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Figure 6 Intrahepatic enrichment of CCR5 and CXCR3 expressing T cells. FACScan® dot-plots of liver infiltrating (LIL), and peripheral blood (PBL) lymphocytes
from a patient with chronic hepatitis C stained with labelled antibodies against CD8, CCR5 and CXCR3. The intrahepatic frequency of CCR5/CXCR3-expressing
CD8+ cells is higher than in the peripheral blood.

during treatment could decrease CXCL10/CCL3 release,
allowing CCR5/CXCR3 up-regulation on peripheral
CD8+ cells. Actually, in this study a significant positive
correlation between HCV viral load and CCL3 and an
almost significant correlation with CXCL10 was shown.
In summary, all these data taken together suggest that
HCV could down-regulate CCR5 and CXCR3 expression
on T cells by means of the secretion induction of their
chemokine agonists. This strategy could favour HCV
escape from immune control and could also decrease
long-standing liver inflammation, allowing extended host
and virus survival.

CHEMOKINE/CHEMOKINE RECEPTOR
LEVELS AS TREATMENT RESPONSE
OUTCOME PROGNOSTIC TOOL
As previously commented, Tc1/T h1 associated
chemokines and their lig ands can be modulated
by HCV infection to impair the immune response.
Therefore, the levels of these molecules may also

influence treatment-mediated viral clearance. Previous
studies have shown how baseline CXCL10 serum
concentration is associated with the outcome of
antiviral therapy in monoinfected [61-64] patients and
in patients co-infected with HIV [65] . Elevated pretreatment CXCL10 levels correlate with non-response
to current therapy. Moreover, it was shown that the
increase in CXCR3 expressing CD8+ cells during
treatment is associated with SVR[35]. This suggests that
for HCV, it is important to modulate the expression
of this receptor not only to maintain liver viability
but also to escape from immunological control. In
addition, in this last study, a faster reduction in CXCL10
serum concentration was suggested in responders
than in non-responders during the first 12 wk
of treatment. Therefore, high CXCL10 may decrease
the response of CXCR3 expressing T cells and have
a negative influence on treatment outcome. Patients
with either low base-line or rapid decrease of CXCL10
levels could promptly restore the response of CXCR3
expressing T cells which could assist in viral control. On
the other hand, the absence of an increase in CXCR3
www.wjgnet.com
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Figure 7 Correlation between liver inflammation and frequency of intrahepatic CCR5 and CXCR3 expressing T cells in chronic hepatitis C. A: Representative
photomicrographs of liver immunostaining for CD8 from two chronic hepatitis C patients with different grades of inflammation. CD8 cells are stained in dark by the
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and with either CCR5-Cy5 or CXCR3-FITC mAbs. In the upper right quadrant are represented the double positive cells. The frequency of CCR5/CXCR3 expressing
CD8+ cells is higher in the patient with the higher histological liver inflammation.

expressing CD8+ cells after 24 wk of treatment is
associated with a 100% negative predictive value of
SVR[35]. This information may be clinically important in
predicting non-response and allowing the termination
of treatment in those patients with no increase in the
frequency of CXCR3 expressing CD8+ cells after
24 wk of treatment. Nevertheless, with these data it is
impossible to completely rule out the possibility that the
observed change in chemokine patterns during treatment
was an epiphenomenon due to a direct interferon
effect[66]. This aspect could be clarified by studies based
on patients treated with protease inhibitors. Finally,
CCL20 and CXCL9 have also been suggested as tools to
predict treatment outcome[61,67]. All these studies defined
to predict treatment response provide preliminary
information only since they are based on a very small
number of patients. Therefore, these data should be reconfirmed by larger multivariate studies before applying
these prognostic variables to daily clinical work.

ROLE OF CHEMOKINE/CHEMOKINE
RECEPTOR POLYMORPHISMS
Several chemokine and chemokine receptor
polymorphisms have been associated with different
HCV infection outcomes. A CXCL11 polymorphism,
defined by a 5-bp deletion in the CXCL11 promoter, has
been associated with an increased risk of chronic HCV
infection [68]. The distribution frequency of the allele
was found to be significantly increased in a chronically
HCV infected population compared to healthy
www.wjgnet.com

controls. This deletion variant significantly reduced
the transcriptional activity of the CXCL11 promoter
in vitro in the presence of replicating HCV, which
impaired T cell migration in vivo. Moreover, a CCR5
frameshift mutation, called CCR5-∆32 that abrogates
CCR5 expression also favoured HCV infection[69]. In this
study an association between this homozygous mutation
and an increased prevalence of HCV infection, as well
as an increase in viral load, was documented. On the
other hand, this mutation has also been associated with
reduced liver inflammation[49,70,71]. These data suggest
that the specific and non-specific T cell migration
impairment due to the absence of CCR5 expression
could favour HCV persistence and could also decrease
liver damage. Similarly, a CCL5 deletion mutation which
produces higher expression of CCL5 is associated with
a lower grade of liver inflammation and fibrosis[70,71]. In
this case the CCL5 over-expression may lead to CCR5
internalization and subsequent impairment of T cell
migration. These mutations, which reduce chemokine
receptor expression, are interesting proofs of the role
of these molecules in the development of intrahepatic
inflammation during chronic hepatitis C.

CHEMOKINE RECEPTORS AS A
POTENTIAL THERAPEUTIC TARGET
Human monoclonal antibodies against CCR5, CXCR3
and their ligands have been used to treat different
inflammatory and infectious diseases in humans and
in animal models. CCR5 monoclonal antibodies have

Larrubia JR et al . T cell chemotaxis in HCV infection

been shown to be effective in avoiding T cell infection
by CCR5-tropic HIV-1 [72,73,74], and also in decreasing
tissue inflammation in some animal models[75]. CXCL10
blocking is a successful treatment for experimental
colitis[76,77]. Anti-CXCR3 monoclonal antibodies display
an anti-inflammatory effect in an animal model of
arthritis [78] and could also be a therapeutic target in
inflammatory bowel disease[79]. These molecules have not
been yet tested in chronic hepatitis C, due to the absence
of an adequate animal model for proving their efficiency
and safety. In the near future, an HCV permissive mouse
model reconstituted with a human immune system will
allow us to study mechanisms of chemokine/chemokine
receptor immunopathogenesis [80]. Nevertheless, in a
murine model of liver failure the administration of
anti-CCR5 monoclonal antibodies has been shown to
suppress intrahepatic liver inflammation, allowing mouse
survival [12] (Figure 5). At least theoretically, all these
previous data suggest that antibodies able to block the
interaction between CCR5/CXCR3 and their ligands
could decrease chronic liver inflammation in HCV
infected subjects unable to clear the virus. Clearly, if the
migration of non-specific T cells to the infected liver
is impaired, liver damage will be reduced since HCV is
not directly cytopathic. This strategy could be explored
in patients without a sustained virologic response after
current standard treatment. These future drugs could
reduce liver fibrosis progression until new effective antiHCV treatments are available. Obviously, the lessons
learnt from HIV about the safety of these drugs should
be the milestone for starting clinical trials in nonresponder HCV patients[81].
In summary, the current knowledge about the role of
chemokines and their receptors during chronic hepatitis
C strongly suggests that they are implicated in persistent
liver inflammation. Moreover, HCV seems able to
modulate the expression of some chemokine receptors
through the induction of their ligands. This strategy
could be used by HCV as a survival mechanism. First
of all, it could impair specific T cell migration to the
infected liver during the primary infection, weakening
HCV clearing. Later, the mechanism could interfere
in non-specific T cell migration to the liver during the
chronic phase of infection to extend host survival. From
a practical point of view, some chemokines and their
receptors have been shown to be prognostic tools in
predicting anti-HCV treatment responses, and after new
larger studies to re-confirm these data, these predictors
could be added to daily clinical practice. Finally, the
blocking of chemokines and chemokine receptor
engagement is a therapeutic strategy that should be
explored in the near future for non-responders to
current anti-HCV therapy.
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Abstract
The intestinal epithelial lining plays a central role in the
digestion and absorption of nutrients, but exists in a
harsh luminal environment that necessitates continual
renewal. This renewal process involves epithelial cell
proliferation in the crypt base and later cell migration
from the crypt base to the luminal surface. This
process is dependent on multi-potent progenitor
cells, or stem cells, located in each crypt. There are
about 4 to 6 stem cells per crypt, and these stem cells
are believed to generate distinct end-differentiated
epithelial cell types, including absorptive cells, goblet
cells, enteroendocrine cells and Paneth cells, while
also maintaining their own progenitor cell state. Earlier
studies suggested that intestinal stem cells were
located either in the crypt base interspersed between
the Paneth cells [i.e. crypt base columnar (CBC) cell
model] or at an average position of 4 cells from the
crypt base [i.e. label-retaining cells (LRC +4) model].
Recent studies have employed biomarkers in the
in vivo mammalian state to more precisely evaluate
the location of these progenitor cells in the intestinal
crypt. Most notable of these novel markers are Lgr5 , a
gene that encodes a G-protein-coupled receptor with
expression restricted to CBC cells, and Bmi 1 , which
encodes a chromatin remodeling protein expressed
by LRC. These studies raise the possibility that there
may be separate stem cell lines or different states of
stem cell activation involved in the renewal of normal
mammalian intestinal tract.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
An improved understanding of stem cell biology and
its possible application in the treatment of diseases has
emerged as an important fundamental area in clinical
medicine. The intestinal epithelial lining is relatively
unique in its ability to rapidly regenerate. This has led to
an ever increased focus on the crypt cell as a potential
model of adult stem cell biology. The mammalian
intestinal epithelial lining plays a critical role in digestion
and in the absorption of nutrients and requires constant
renewal due to the very harsh luminal environment.
This renewal process involves rapid and continuous
proliferation of epithelial cells in the crypt base with
subsequent migration of these cells to the luminal
surface. This process of epithelial cell renewal within the
intestine appears to be entirely dependent upon a limited
number of long-lived multi-potent intestinal progenitor
cells or stem cells.
An intestinal epithelial stem cell may be broadly
defined as a cell having at least 2 important properties:
firstly, an ability to generate distinct differentiated
epithelial cell types found in the intestine; and secondly,
an ability to maintain itself as a progenitor cell over
prolonged periods. It appears that each intestinal crypt
contains approximately 4 to 6 stem cells. Each of these
cells is believed to be capable of essential regenerative
activity which is required to produce all the distinctive
end-differentiated epithelial cell types found in the
intestine. However, recent studies employing specific
biomarkers for identification of stem cells have raised
new and intriguing issues which have significant
implications for the regenerative processes in the
digestive tract involved in both health and disease.
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Over 30 years ago, Cheng and Leblond identified small
cycling epithelial cells interspersed between the Paneth
cells, or the so-called crypt base columnar (CBC) cells,
using morphological methods in mammalian intestine[1,2].
Later, Bjerkness and Cheng provided additional
information on these specialized cells using elegant
clonal marking techniques[3].
These investigators theorized that the CBC cells
located within the stem cell zone of the crypt base might
represent the actual intestinal epithelial stem cells [3,4].
All of the end-differentiated intestinal epithelial cells
were hypothesized to develop from these CBC cells
including intestinal columnar cells, intestinal goblet cells,
enteroendocrine cells and Paneth cells.
An alternative hypothesis has also suggested that
intestinal stem cells were actually located elsewhere at
a position that averaged +4 from the bottom of the
crypts with the lowest three positions generally relegated
to the terminally differentiated Paneth cells. Evidence
supporting this hypothesis of the +4 stem cell model
was provided by Potten et al[5,6]. These investigators, using
the DNA-labeling reagents, bromo-deoxyuridine or (3H)thymidine, on radiation-sensitive, label-retaining cells
(LRC) showed that the LRC were located specifically at
the +4 position in the intestinal crypt region, precisely at
the origin of the migratory epithelial cell column.

divisions during the lifetime of the animal without loss
of genetic information or malignant transformation.
The Lgr5 gene was also found to be expressed in the
stomach and throughout the intestinal tract as well as in
colon cancer cells leading to speculation that Lgr5 might
be a cancer stem cell marker. Moreover, as the Lgr5 gene
encoded a receptor on the cell surface, it was suggested
that this might permit recognition with a monoclonal
antibody and a means of eventually eradicating Lgr5positive cancer stem cells[9].
In a recent 2008 report, another new stem cell
marker was reported by Sangiorgi et al [10]. In their
studies, Bmi 1, a Polycomb group protein known to
play an important role in the renewal of hematopoietic
and neural stem cells, characterized the progeny derived
from Bmi 1-positive cells using a similar lineage tracing
approach employed for Lgr5-positive cells. The Bmi
1 locus marked long-lived cell clones by all intestinal
cell types. Ablation of Bmi 1-positive cells resulted
in depletion from the epithelium in entire intestinal
crypts. Of note, Bmi 1 was expressed in cells in the +4
position region, not at the location of the CBC cells,
and primarily in the proximal small intestine, suggesting
that a different stem cell population may have been
characterized. Moreover, crypt Bmi 1-positive cells
appeared to have slow turnover with relatively slow
kinetics, another difference from Lgr5-positive cells
which rapidly turnover[11].

INTESTINAL STEM CELL SIGNALING

FUTURE STUDIES

Intestinal stem cells, although compartmentalized
into the crypt region, do not function in isolation
independent of specific regulatory controls. Clearly,
these cells play critical roles in the proliferation and
differentiation of normal and neoplastic epithelial cells,
However, the complex regulation of these cells involves
a wide array of critical signaling pathways, recently
well reviewed elsewhere[7]. These include Wnt, BMP,
PTEN-controlled PI3K/Akt and Notch pathways.
While studies are needed to further elucidate all of the
specific mechanisms involved in each signaling pathway,
recent reports focused on the elusive position of these
progenitor cells have served to add a new dimension to
the intricate biology of these cell processes.

The possible relationship of these two apparently
distinctive intestinal stem cell populations requires
further definition. In addition, studies for other new
stem cell markers are likely to already be in progress.
Are these studies likely to indicate that there are multiple
stem cell populations in the intestine similar to other
stem cell organs, such as the epidermis, with distinctive
stem cell populations? Or, alternatively, is this simply
the expression of a single stem cell population in
different proliferative states? Further definition of this
issue is essential. The regenerative processes in the
intestinal epithelial lining in health and disease are both
fascinating and complex. More importantly, the possible
implications for clinical medicine may be enormous.
As clinicians caring for patients, close attention to this
rapidly progressing fundamental investigative endeavour
is needed.

INTESTINAL STEM CELL IDENTIFICATION

INTESTINAL STEM CELL LOCALIZATION
In 2007, Barker and Clevers reported a highly restricted
molecular marker for intestinal stem cells [8]. These
investigators identified Lgr5, a gene encoding a specific
G-protein-coupled receptor, which was expressed
specifically in CBC cells. Later, using engineered mice, a
DNA marker on Lgr5-positive cells was created which
permitted subsequent tracing of their lineage into longlived epithelial clones with all of the cell types in normal
ratios. Interestingly, CBC cells were not quiescent (as
might have been expected) but completed a cell cycle
in about one day suggesting that these CBC cells would
have to undergo many hundreds or thousands of cell
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Abstract
Colonic diverticulosis can either be asymptomatic or
present with complications resulting in significant
morbidity and mortality. A key presentation of
complicated disease is abscess formation (Hinchey
type Ⅱ). The natural course of this is unclear and
therefore treatments range from conservative approach
with antibiotics and percutaneous guided drainage
(PCD) to surgery. There is no clear consensus on the
exact management strategy. A Medline based literature
search specifically looking at studies dealing with
Hinchey type Ⅱ diverticulitis and its management was
carried out. For comparison, five-year retrospective
data of diverticular abscesses from our institution
was collected and the outcome analysed. Various
studies have looked into this aspect of the disease,
elaborating on the significance of the size and location
of the abscesses, the role of PCD, recurrence rates
and the controversies regarding the need for elective
surgery. Conservative treatment with antibiotics alone
is effective in a majority of cases with a role for PCD in
large safely accessible abscesses. Variable recurrence
rates have been reported in literature and elective
surgery should be planned for selected groups of
patients.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The prevalence of colonic diverticulosis has gradually
yet steadily increased in the western world and ranges
from 30%-50% of population over the age of 50 and
more than two thirds over the age of 80[1].The sigmoid
colon is the most common site to be involved. These
diverticulae are primarily pulsion type of pseudodiverticulae characterised by outpouching of mucosa and
peritoneum through the sites of penetration of blood
vessels in the colonic wall[2]. Though the exact aetiology
is not known, abnormal colonic structure and motility
along with genetic, dietary and changes in intestinal flora
are considered to play a role in its patho-physiology[3].
There is lack of clarity about the natural course
of the disease. Its different manifestations ranging
from being completely asymptomatic to an array of
complicated diverticular disease makes it vital to acquire
a good understanding of this condition. Complicated
diverticulitis (CD), accounting for 20%-30% of total
prevalence of diverticulosis, causes significant morbidity
and mortality in patients in addition to considerable
healthcare costs in the western world[4]. This includes the
gamut of diverticulitis either with or without phlegmon,
abscess, fistula, obstruction, bleeding and perforation
with purulent/faecal peritonitis[5,6].
The clinical presentation usually comprises of a
triad of primarily left lower quadrant pain, fever and
leucocytosis, although other associated features like
nausea, vomiting, change in bowel habits, rectal bleeding
and dysuria may be present. The clinical classification
scheme[7] by the European association for endoscopic
surgeons is based on the clinical severity and is detailed
in Table 1. Other classifications do additionally
incorporate the clinical and pathological aspects with
the computerized tomography (CT) findings and aid in
the planning of treatment strategies for this condition.
The universally accepted is the Hinchey classification[8],
www.wjgnet.com
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which descriptively characterises the various stages of
diverticulitis and its acute complications. Type Ⅰ and
Type Ⅱ refer to inflammatory phlegmon and paracolic
abscesses while type Ⅲ and Ⅳ refer to purulent and
faeculent peritonitis respectively. This classification has
been further modified as given in Table 2.
The sequence of pathological changes complicating
a colonic diverticulum starts from a microperforation in
its structure[9]. However the progression beyond this can
be unpredictable either leading to a phlegmon or to frank
faeculent peritonitis. The management is dictated by the
stage of the disease at the time of its presentation and
by the observed response to the initiated treatment[10].
Conservative measures characterised by bowel rest,
antibiotics and clinical monitoring are usually effective in
the treatment of early stages of diverticulitis especially
modified Hinchey stage 0 and stage Ⅰa. There is also a
clear consensus on open or laparoscopic surgical management of type Ⅲ and Ⅳ as these stages are unlikely to
respond to conservative measures. However the exact
management strategy for type Ⅰb and Ⅱ (specifically
diverticular abscesses i.e. paracolic or pelvic) needs more
clarity.
The general treatment option for these stages
(Ⅰa & Ⅱ) starts from conservative management to CT
guided percutaneous drainage (PCD) and then on to
surgery based on progression of the disease with reliance
on clinical and laboratory parameters. It is important
to understand that this severe condition has an overall
mortality of 5%-10% and higher rates in emergency
surgery (> 25%)[13].
The problems associated with management of
these stages relate to the difficulty in gauging if the
condition will respond to conservative treatment, the
exact indications for PCD and identifying the cohort
of patients who will need early emergency surgery.
Additional hurdles to management include problems
with PCD, primarily the difficulty in access, documented
failure rate and its associated complications. Most of the
studies in literature have dealt with the different stages
of CD and the main impetus has been on the various
surgical approaches to the management of this condition
and its impact on morbidity and mortality. This article
has specifically reviewed the management of Hinchey
Ⅱ diverticulitis associated with pericolic and pelvic
abscesses.

MEDLINE BASED LITERATURE SEARCH
A Medline based review of the literature was performed
specifically looking at studies which dealt with
diverticular abscesses (Hinchey type Ⅱ diverticulitis) and
its outcome. A five-year retrospective analysis of data
of patients admitted with diverticular abscess (Hinchey
type Ⅱ) admitted to our institution was also collected
and analysed for comparison.

OUTCOME ANALYSIS
The rationale behind the use of antibiotics and PCD in
www.wjgnet.com
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Table 1 Clinical classification of diverticulitis (adapted from
[7]
Köhler et al )
Grade

Clinical features

Symptoms

Ⅰ

Symptomatic uncomplicated
disease
Recurrent symptomatic
disease
Complicated disease

Fever, abd pain, CT
evidence of diverticulitis
Recurrence of above
symptoms
GI bleeding
Phlegmon
Abscess
Peforation-purulent/
faecal peritonitis
Stricture
Fistula
Obstruction

Ⅱ
Ⅲ

Table 2 Modified hinchey classification (adapted from
[11,12]
Wasvery et al
)
Modified Hinchey classification
0
Ⅰa
Ⅰb
Ⅱ
Ⅲ
Ⅳ

Fistula
Obstruction

Mild clinical diverticulitis
Confined pericolic inflammation-phlegmon
Confined pericolic abscess
Pelvic, intrabdominal or retrocolic abscess
Generalized purulent peritonitis
Faecal peritonitis
Colo-vesical/-vaginal/-enteric/-cutaneous
Large/small bowel obstruction

the management of diverticular abscesses is based on the
treatment of intra-abdominal sepsis and the reduction
of the abdomino-pelvic inflammatory milieu to facilitate
single stage operations. CT has revolutionised the
approach to diverticulitis due to it’s high sensitivity and
specificity in the diagnosis[14] planning of management and
also a therapeutic role in guided drainage of abscesses.
Before the advent of PCD, 10%-15% of operations
for diverticulitis was for drainage of abscesses[15] and
multistage surgical procedures were being performed for
diverticular abscesses[16,17]. The diagnostic findings on
CT include inflammation of pericolic fat, colonic wall
thickening, mesocolic and pelvic abscesses, perforation
with free intraperitoneal air and bowel obstruction
(Figure 1).
CT in addition enables to exclude other causes of
acute abdomen, however, the reliable differentiation
of acute diverticulitis from colonic malignancy can be
difficult[18]. It has been reported that the findings such as
pericolic stranding, involvement of more than 10 cm of
the colon or the absence of pericolic nodes associated
with colonic thickening and pericolonic inflammatory
changes are likely to point to diverticulitis rather than
cancer [18]. The CT classification by Ambrosetti [19] as
shown in Table 3 is valuable in assessing the severity of
the disease and planning optimal management.
The preferred approach is usually transabdominal,
either anterior or lateral taking precautions to avoid
the inferior epigastric and the deep circumflex iliac
vessels, respectively[20]. Alternative approaches include
transgluteal [21,22], transperineal [23,24], transvaginal and
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Table 3 CT staging of diverticulitis (adapted from Ambrosetti

et al [19])

Ambrosetti's CT staging of diverticulitis
Moderate diverticulitis
Severe diverticulitis
Localised sigmoid wall thickening
(5 mm or more)
Inflammation of pericolic fat

Abscess
Extraluminal air/contrast

Table 4 Results of a retrospective audit from our institution
over a five-year period

B

Figure 1 Abdomen and pelvis CT. A: Pelvic abscess secondary to
complicated diverticulitis; B: Paracolic abscess secondary to complicated
diverticulitis.

transrectal[25] for access. PCD primarily was used as a
temporary measure and bridge to surgery though recent
suggestions questioning the necessity of surgery after
conservative treatment have generated further debates.
Although it is presently acknowledged that CT plays
a pivotal role in guided PCD, operator skill and the
location of the abscess are paramount in determining
success of the intervention. Guided PCD is the choice
of intervention for simple uninoculated abscesses with
success rate of more than 80%, but is known to have
a high failure rate in cases of complex abscesses which
are defined as abscesses with loculations, associated with
fistulae and infected fluid collections whose drainage
route traverses normal organs[20].
Despite innovative improvements in modalities,
the response to conservative treatment of Hinchey Ⅱ
is not consistently successful, as various unexplained
factors seem to modify the clinical course. Based on
deterioration in clinical parameters, patients undergo
surgery preferably receiving a single stage colectomy
or in some cases two stage procedures, a colectomy
with diversion stoma. Attempts to identify the exact
indications surrounding the modality of approach are
currently ongoing and can be appreciated from the
interesting literature on this issue. Tables 4 and 5 feature
some of the important publications and their findings
dealing specifically with diverticular abscesses.
Stabile et al [26] in his series of 19 patients with a
follow up of 17.4 mo showed that PCD was successful
in 14 patients who subsequently had elective single stage
operations. The average size of the abscesses in this series

Series of diverticulitis case

n

CT confirmed diverticulitis (n)
Hinchey type Ⅱ (n)
Average size of abscesses (cm)
Average size of abscess for PCD (cm)
Rate of surgical intervention (%)

69
28
5
7
46

was quite large at 8.7 cm. Meuller et al[27] also reported
successful results with PCD and on retrospective chart
review of 87 patients with diverticulitis prior to the
use of PCD found that more than 50% of those who
underwent two stage surgical procedures would have
benefited from PCD. Similar studies by Neff et al[28] and
Saini et al[29] have reinforced the contribution of PCD in
facilitating single stage surgical procedures.
Ambrosetti et al [30] from his study of 73 cases of
diverticular abscesses with a follow up of 43 mo found
that 59% of total cases eventually needed surgery either
during the acute admission or as an elective procedure.
The rest of the group did not need any form of surgical
intervention after conservative treatment either with
or without PCD. In his study, antibiotics alone without
PCD was effective in 30 patients and 19 out of 73
patients underwent PCD. The study also compared the
prognosis of mesocolic abscesses with pelvic ones and
revealed that pelvic abscesses exhibited an aggressive
behaviour and therefore needed to be rapidly drained
percutaneously and were likely to require surgery. In
addition, it was stated that the indication for secondary
colectomy after successful treatment of mesocolic
abscess with or without drainage was not peremptory.
In a 10-year study and a mean follow up of 46.5 mo
by Kaiser et al [11] CT guided PCD was found to be
successful in 93% of cases. In this series of 99 cases,
16 (16.2%) of them were amenable for PCD. Out of
99 patients, 23 patients failed conservative treatment
with antibiotics ± PCD and needed emergency surgery
during the same admission. Overall recurrence rate for
the entire group was 18.2 % with especially high rates
for early stages (40% for stage Ⅰb + PCD, and stage Ⅱ
± PCD). Interestingly, the recurrence in the stage Ⅰb
group after CT guided PCD was high at 40% when
compared to the overall stage Ⅰb recurrence of 12.7%.
The exact reason for this was not clear although the size
of the abscesses in the drained group was significantly
larger thus making the possibility of more severe disease
in the drained group likely. The key finding of a high
www.wjgnet.com
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Table 5 Results showing the total number, numbers drained, age, site and size (average for PCD) of abscesses from
studies in literature
Name
Kumar et al[31]
Stabile et al[26]
Kaiser et al[11]
Ambrosetti et al[30]
Brandt et al[13]
Bahadursingh et al[32]
Siewert et al [33]
Neff et al[28]
Alvarez et al[34]

Total

Drained

30
19
99
73
66
25
30
16
59

Mean age
yr (/range)

12
19
16
19
34
10
4
16
-

39
63.8
66.9
71
61
54.2
42-86
64

Paracolic

Site of abscess
Pelvic

Others

Size for PCD (cm)

15
8
74
45
9
2
37

5
9
25
28
9
13
22

10
2
7
1
-

6.5
8.7
7.1
6.7
6
5.9
>5
-

Table 6 Results showing the total number, numbers drained, response to conservative treatment and details of
emergency/elective/semi-elective surgery from studies in literature
Name
Kumar et al[31]
Stabile et al[26]
Mueller et al[27]
Kaiser et al[11]
Ambrosetti et al[30]
Brandt et al[13]
Siewert et al[33]
Cinat et al[37]
Saini et al[29]
Alvarez[34]

Total

Drained

Antibiotics ± PCD

Surgery same admission

Elective/semi-elective

30
19
24
99
73
66
30
13
17
59

12
19
21
16
19
34
4
13
8
-

17
1
56
30
21
17
33

5
3
6
23
18
15
5
1
26

14
12
20
25
28
13
7
-

incidence of recurrence in these groups highlighted the
assertion that successful PCD should be considered as just
a temporary measure rather than definitive treatment. The
authors recommended that considering the high rates of
recurrence, CT confirmed abscess was a strong indication
for consideration of elective/semi-elective surgery.
There are several studies in literature detailing the
role of PCD in diverticular abscesses but very few
comparing treatment with antibiotics alone or antibiotics
with PCD. Brandt et al [13] retrospectively looked at
this issue comparing two groups with CT confirmed
abscesses, one who had antibiotics alone and the other
antibiotics with PCD. Interestingly, the results show that
the patients treated with antibiotics alone achieved an
outcome similar to patients treated with PCD. However
the average abscess size was larger in the PCD group
(4 cm in the antibiotic only group compared to 6 cm in
PCD group). Failure rate of PCD in this series was 33%
which was comparable to other series[35,36]. The results
from this study showed that antibiotics alone were
effective in more than 80% of patients presenting with
Hinchey type Ⅱ diverticulitis.
A similar study by Siewert et al [33] reported that
antibiotics alone was effective in resolving acute
symptoms for abscess size less than 3 cm. In this study,
the abscess size was comparatively smaller than in other
studies as most patients presented early in the course
of the disease and CT was performed on the day of
presentation in the emergency department. Kumar
et al[31] in his series of 30 patients with abscesses found
that patients with an average abscess diameter of 4 cm
www.wjgnet.com

improved on antibiotics alone.
In the series of 69 cases of CT confirmed diverticulitis
(Table 4) from our institution over a period of 5 years
(unpublished), we found comparable rates of abscesses
to that in literature (28/69 patients with diverticular
abscess). The average size of abscesses in our patients
was 5.0 cm. Only a small percentage of abscesses were
accessible for PCD (3/28 cases) in our series and the
average size of the abscesses in these cases was 7 cm.
The rate of acute surgical intervention during the initial
admission was 46% in our series and was comparable to
other series in literature.
As seen in Tables 5 and 6, in a majority of studies,
the average size of abscesses for PCD intervention was
more than 6 cm with an overall increased prevalence of
paracolic abscesses over pelvic and distant abscesses.
The percentage of PCD intervention ranged from about
13% to 51%, though in a few studies it was not clear
whether all abscesses were taken into consideration
or the only ones amenable to drainage were reported.
Interestingly, conservative treatment using antibiotics
with or without PCD was successful as definitive
treatment in about 30% to 56% in a majority of studies
while it was effective in tiding over the acute situation in
a range of 56% to 76%. The collective data also suggests
that more than 50% of cases may eventually need semielective or elective surgery due to recurrent symptoms.
Issues in management
Despite the wealth of literature detailing the management
of this condition, certain aspects of decision making and
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management have remained controversial, especially the
indications for PCD, single stage operations and planning
of elective surgery.
Size and location of abscesses
Significant parameters like the size and location of the
abscesses do influence the success of conservative or
PCD intervention. Most of the evidence in literature
shows that the size of the abscess is directly proportional
to the need for intervention. Some of the large series
reported in literature are given in Table 4. It is generally
observed in various studies that abscesses with a size
of up to 4 cm seem to respond better to antibiotics
alone[13,31,33]. In the context of PCD, as an average, size
equal to or more than 5 cm with safe access seems to be
an indication[11,30].
Regarding the significance of the abscess location,
there has been emphasis on better prognosis with
mesocolic and paracolic abscesses[30,34] though this has
been disputed by some studies [31]. It is feasible that
mesocolic abscesses are the result of early disease
resulting in local colonic inflammatory changes with pus
collection contiguous with the mesentery and therefore
respond better to conser vative treatment. Single
stage surgical procedures are also sufficient in these
circumstances as these abscesses can be removed en
bloc with the specimen[27]. Pelvic abscesses are probably
the result of a slightly larger perforation with potential
to complicate further by exceeding the confines of the
mesentery onto the surrounding pelvis and peritoneum.
This may benefit by PCD but could further deteriorate
to necessitate surgery or on resolution of the acute
episode need elective surgery[30]. Therefore, the pelvic
location of the abscess could be a potential indicator for
further elective surgery.
Failure of conservative treatment with or without
PCD
The early Hinchey stages like stage 0 or Ⅰa can also fail
conservative treatment and progress to emergency surgery.
Kaiser et al[11] in his series found that 6.8% of these stages
needed surgical intervention during the first admission. In
his series, 22.2% of stage Ⅰb and Ⅱ failed conservative
treatment and PCD. The failure rate of PCD ranges from
15%-30% in different series[11,38,39]. Although there are no
clear early indicators to potential failure of conservative
treatment, large sized abscesses with systemic features of
inflammation could predict failure. In this context, Kumar
et al[31] found in his series that an abscess size more than
6.75 cm associated with leucocytosis of more than 14.8 ×
109/L and fever more than 102°1 F could predict a failure
in conservative treatment.
Complications
Complications with PCD have been reported in the
range of about 5% in most series[31] and they include
bleeding, perforation of viscus, solid organ injury and
fistulation. High rates of mortality as much as 75% were
seen in earlier series due to complications of PCD[40].
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Although faeculent drainage from the catheters were
reported in some series[26], a majority did show response
to conser vative treatment and did not cause any
secondary problems[27]. Recurrent abscesses after PCD
have been reported which can interfere with elective
operation[6].
Recurrence and elective surgery
It is known that recur rence is a problem after
conser vative manag ement of diver ticulitis. The
manifestations of recurrence may range from episodic
cramps without CT evidence to complicated disease
and about 30% are likely to develop recur rent
diverticulitis[2,41,42].Variable recurrence rates ranging from
about 7% to 35% have been reported in literature[42]. The
potential to recurrence is high in these early Hinchey
stages as the later stages would have had emergency
surgery as definitive treatment[11]. Recurrent symptoms
of diverticulitis have also been linked to the initial size
of the abscesses[33] though there is no clear pattern in
its presentation. High relative recurrence rates of 53.8%
were seen in non-operated cases in some series [11,32].
Considering the high rates of recurrence and the low
complication rates for elective surgery, it has been
suggested that elective surgery should be undertaken to
achieve relief of symptoms[43].
Questions regarding the indications for elective
colectomy after conser vative treatment remain
unanswered. Resection is commonly recommended after
two attacks of uncomplicated diverticulitis[44] in order
to reduce the morbidity and mortality of complicated
disease. However, the pattern of the first presentation
of complicated disease can be very variable. Although
pericolic abscesses and inflammatory phlegmon were
found to be significantly associated with at least one
prior episode of diverticulitis[5], studies have shown that
previous history of diverticulitis was present in less than
20% of acute diverticulitis admissions[34]. Interestingly,
Chapman et al[5] in her series on CD found that 53.4%
of patients presented with CD as their first episode and
89.5% of patients who died due to diverticular perforation
had no previous history of diverticulitis. Therefore,
prophylactic colectomy to reduce morbidity and mortality
from CD may not serve its intended purpose.
Studies have also shown that about 40%-50% of
patients admitted with abscesses responded well to
conservative treatment and eventually did not need
surger y [30] . Therefore, elective surger y should be
considered for patients who develop persistent or
recurrent symptoms. Although there is no consensus
on this issue, it is acknowledged that some subgroups
may be at high risk and should be offered surgery
especially young patients and patients with co
morbidities such as diabetes, collagenous disorders and
immunosuppressed[45-47].

CONCLUSION
Interpreting the results of various studies, the essential
consistent finding is that about 20%-30% of the CD
www.wjgnet.com
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cases present with abscesses out of which about a
similar percentage (20%-30%) are amenable to PCD.
In addition, the failure rate in PCD is about 20%-30%.
Considering the whole spectrum of the Hinchey type
Ⅱ diverticulitis, primary broad-spectrum antibiotics
alone will remain the choice of primary therapy and
interventions like PCD should be planned based on
the abscess size and feasibility of drainage and also
depend on the local expertise available to undertake
the procedure. The role of PCD, though beneficial,
will still be nominal. However, considering the large
and increasing numbers of hospital admissions with
this pathology, the contribution of PCD will remain
paramount in terms of ameliorating the clinical picture.
Considering the high rates of recurrent diverticulitis and
its morbidity, assessment for elective surgery should be
done on a case-by-case basis.
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Abstract
A wide range of local thermal ablative therapies have
been developed in the treatment of non resectable
hepatocellular carcinoma (HCC) in the last decade.
Laser ablation (LA) and radiofrequency ablation
(RFA) are the two most widely used of these. This
article provides an up to date overview of the role
of laser ablation in the local treatment of HCC.
General principles, technique, image guidance and
patient selection are discussed. A review of published
data on treatment efficacy, long term outcome
and complication rates of laser ablation is included
and comparison with RFA made. The role of laser
ablation in combination with transcatheter arterial
chemoembolization is also discussed.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Surgical resection or transplantation have in the past
been considered the gold standard for treatment of
hepatocellular carcinoma (HCC). The overall resectability
rate for such lesions is very low due to a combination
of underlying chronic liver disease, lesion location and
multifocal nature of HCC. Similarly, surgical resection
carries a significant associated morbidity and mortality,
as well as a disease recurrence rate of up to 75%[1,2].
Local thermal ablative techniques have gained popularity
over the last decade proving to be an effective and safe
alternative in many patients. These techniques are also
cost effective in comparison to other treatments and
are able to maximise the preservation of surrounding
liver parenchyma whilst minimizing in-patient
hospitalization[3]. Laser ablation (LA) represents one of
a range of currently available loco-ablative techniques
with the majority of reported data coming from Italy,
Germany and the UK.

GENERAL PRINCIPLES & TECHNIQUES
The term laser ablation refers to the thermal tissue
destruction of tissue by conversion of absorbed light
(usually infrared) into heat and includes various technical
variations on this theme including “laser coagulation
therapy”, “laser interstitial tumour therapy” and “laser
interstitial photocoagulation”[4].
Infrared energy penetrates tissue directly for a distance
of between 12-15 mm, although heat is conducted
beyond this range creating a larger ablative zone [5].
Optical penetration has been shown to be increased in
malignant tissue compared to normal parenchyma [6].
Temperatures above 60℃ cause rapid coagulative
necrosis and instant cell death, but irreversible cell death
can also be achieved at lower hyperthermic temperatures
(> 42℃) although long er durations (30-60 min)
are required [7]. Temperatures above 100℃ will cause
vaporisation from evaporation of tissue water and
above 300℃ tissue carbonisation occurs. Overheating
is thus best avoided as carbonization decreases optical
penetration and heat conduction and limits the size of
lesion produced[6]. Local tissue properties, in particular
perfusion, have a significant impact on the size of
ablative zone. Highly perfused tissue and large vessels act
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as a heat sink, as laser light is absorbed by erythrocytic
heme and transported from the local area [8] . This
phenomenon makes native liver parenchyma relatively
more resilient to LA than tumor tissue and is the basis
for the use of hepatic inflow occlusion techniques in
conjunction with laser therapy such as local arterial
embolization[9,10].
The most widely used device for LA techniques is
the Nd-YAG (neodymium: yttrium-aluminium-garnet)
laser with a wavelength of 1064 nm, because penetration
of light is optimal at the near-infrared range of the
spectrum[11]. More recently, more compact, less expensive
diode lasers with shorted wavelengths (800-980 nm)
have been used, although the lower tissue penetration
produces a smaller volume of destruction.
Light is delivered via flexible quartz fibres of
diameter from 300-600 μ m. Conventional bare tip
fibres provides a near spherical lesion of about 15 mm
diameter at their ends, but have been largely replaced
by interstitial fibres which are quartz fibres that have
flat or cylindrical diffusing tips and are 10-40 mm
long, providing a much larger ablative area of up to
50 mm[12,13]. The use of beam splitting devices allows
the use of up to four fibres at once with corresponding
increase in ablative volume, but requires multiple fibres
to be placed and only works effectively at lower powers.
Beam splitters are, therefore, rarely used with interstitial
fibres. With increasing laser power, comes better light
transmission and larger ablative zones. However, it
also causes increased local temperature rise, risking
overheating and carbonization of the adjacent tissue.
The use of water cooled laser application sheaths allows
a higher laser power output (up to 50 W compared with
5 W) while preventing carbonization[14]. Thus, the use of
multiple water-cooled higher power fibres allows ablative
zones of up 80 mm diameter. Water cooled sheaths do
require wider bore cannulas, but are commonly placed
via a coaxial dilation system from an 18 G puncture.

IMAGE GUIDANCE
A range of different imaging modalities have been
used to guide percutaneous laser ablation techniques
determined largely by local experience and resource
availability. Ultrasound (US) guided needle placement
has the advantage that it is quick, portable, and widely
available, as well as being familiar to those used to
performing US guided biopsies. The major disadvantage
is that it offers little reliable indication of the
temperature or extent of the ablative zone being created.
In contrast, magnetic resonance (MR) guided LA,
often in conjunction with liver specific contrast agent,
e.g. teslascan [mangafodipir trisodium (MnDPDP)
Nycomed Imaging, Oslo, Norway], offers real time
thermal mapping that allows the operator to visualise the
size, location and temperature of the ablation zone[15,16].
This technique tends to be used in conjunction with the
higher power water cooled laser systems as the increased
energy (for example 40 000 J) can be delivered in a safe
and controlled manner[17,18]. By contrast, US guided laser
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systems tend to use multiple lower power laser fibre with
a lower total energy delivery[19]. However, MR guided LA
is limited by machine availability and represents a longer
procedure.
T her mal imaging can be perfor med on most
MR systems, with thermal changes being easier to
demonstrate as magnet field strength increases. There
are several methods of measuring tissue temperature
changes with MR. The simplest, and most widely used
technique, is measuring alterations in T1 value of tissues
which decreases in a linear relationship with increasing
tissue temperature up to approximately 55℃[20,21] .
Techniques that measure changes in the tissue diffusion
coefficient are more accurate, up to ± 1℃, but require
long acquisition times and, therefore, suffer from
patient motion artifacts[22]. Another technique measures
changes in the proton resonance frequency shift (phase
shift). Again this measures temperature changes very
accurately, but is not suitable for use in fatty tissue
and is less suited to open MR units as it requires a
homogenous magnetic field[23]. All of these techniques
are best used in conjunction with subtraction techniques,
i.e. pretreatment image subtraction from heating image,
which allows very accurate assessment of lesion size, but
is sensitive to motion and misregistration artifacts[24].
In addition to thermometry, the use of “open” MR
magnets allows real time imaging of needle placement
in a tr uly multiplanar manner [unlike computed
tomography (CT)] and is not limited by the presence
of bone or gas (unlike US) with the disadvantage that
the inherent lower field and gradient strengths of open
systems reduce image quality and increase scan time.
Conventional closed magnets require fibre placement
using CT or US with subsequent transfer into the MR
scanner for thermal mapping. This has the disadvantages
involved with patient transfer mid procedure, but
provides faster imaging and thermal mapping than an
open system. The use of MR guidance and thermometry
is currently only feasible with LA systems, as it uses a
completely metal free system and does not produce any
radiofrequency (RF) interference. Most RFA systems
are currently not suitable for MR usage, both because
of steel within the electrodes and the degradation of
image quality by extraneous RF noise produced by
the RF generators. Although MR compatible systems
have been developed in practice the RF noise remains
problematic[16].
There is variation across the literature regarding
patient analgesia during laser ablation with some groups
providing conscious sedation and intravenous analgesia
whilst others preferring general anaesthesia. General
anaesthesia allows higher tolerable energy delivery and
better control of respiration, but has significant resource
implications, has its own associated morbidity rates and
may affect patient inclusion/selection.
The use of local ablative techniques in combination
with surg er y has been explored using RFA and
cryoablation [25] . While technically feasible, there is
little recently published experience of LA usage at
laparoscopy or laparotomy.
www.wjgnet.com
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PATIENT SELECTION
Selection criteria vary from unit to unit dependant on
the technique used and facilities available, but are broadly
similar to those for other local ablative techniques and
are based on size, number and site of HCC in patients
who are deemed unsuitable for surgical resection or
transplant. Laser ablation is also considered a valid
interim treatment while awaiting transplant surgery.
Patients are generally considered if there are less than 5
lesions of 5 cm or less. Lesions larger than this can be
considered, particularly if using a high power system,
though they may require more than one treatment. The
ideal lesions are those less than 3 cm and deep within
liver parenchyma. Lesions adjacent to major vessels,
biliary ducts, bowel or diaphragm can be treated with
caution. MR guided techniques allow confident ablation
of anatomically more problematic lesions with the use
of real time thermometry and multiplanar MR targeting.
Severe liver disease (Childs C) and coagulopathy are
relative contraindications to be considered in each
individual patient and extra hepatic disease is generally
considered an absolute contraindication.

EFFECTIVENESS
Several factors make interpretation of published
outcome data difficult. While the majority of patients
have HCC secondary to viral hepatitis, they represent
a diverse cohort in terms of disease severity. Differing
laser fiber systems with differing energy delivery levels
make comparison of both efficacy and complication
rates difficult to compare. Again, the range of imaging
modalities used at follow-up, combined with a variety of
definitions of treatment success, make comparison of
www.wjgnet.com
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Figure 1 Typical MRI appearances
pre and post laser ablation of a small
HCC in a 73-year-old male patient with
hepatitis C cirrhosis. T2-weighted axial
images demonstrate a high signal 2.5 cm
segment Ⅷ HCC (A). At one month post
treatment (B) a typical low signal laser
burn is demonstrated with high signal
centre which has shrunk in size at 10 mo
follow up (C). T1-weighted post contrast
images of the same lesion demonstrate
heterogeneous arterial enhancement pretreatment (D), with non-enhancing scar at
1 mo (E) and persistent non-enhancement
at 10 mo (F).

data difficult.
Lastly, current guidelines suggest that formal tissue
biopsy of HCC is not recommended in every case due
to potential risks of tumour seeding. Many groups,
therefore, assume the diagnosis of HCC based on
history, imaging appearances and rising alpha fetoprotein
( α FP) levels. The inevitable occasional inclusion of
some lesions that are not in fact HCCs may, therefore,
favorably skew outcome data.
When assessing the literature regarding efficacy of
laser ablation, a clear distinction must be drawn between
primary effectiveness rates and long term outcome rates.
Primary effectiveness relates to complete lesion ablation
as assessed by either CT or MR at a defined point post
procedure and after a defined number of treatments.
This does not necessarily correspond to improved long
term outcomes. However, data regarding long term
survival rates for LA is scarce and in part reflects the
novelty of the treatment and the rapid advances in
technology, particularly in relation to the laser fibres.
Pacella et al[26] reported long term survival rates of 89%,
52% and 27% for 1, 3 and 5 years, respectively, in a
series of 169 sub 40 mm lesions in 148 patients (144
biopsy proven HCC) treated with 239 sessions. They
quote an overall 82% complete lesion ablation rate[26].
The same group reported an earlier series of 74 patients
with 92 biopsy proven sub 4 cm HCCs with a complete
ablation rate of 97% and survival rates of 99%, 68%
and 15% for 1, 3 and 5 years, respectively[27] (Figure 1).
Results reported by those groups using water cooled
higher power MR guided laser ablation have been
promising. Eichler et al[28] reported mean survival rates
of 4.4 years (95% CI: 3.6-5.2) in a series of 39 patients
with 61 presumed HCCs with a complete ablation rate
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of 97.5%. Although the same groups have provided
compelling long term survival data for the ablation
of hepatic metastases, no such data has to date been
published for HCC ablation[29].

COMPARISON WITH OTHER ABLATIVE
TECHNIQUES
A report by Ferrari et al [30] is the only randomized
prospective study comparing LA with RF ablation. They
treated 81 cirrhotic patients with 95 biopsy proven, sub
4 cm HCCs. Two matched groups were randomised
to US guided RF or LA under general anaesthetic. LA
was via multiple 5 W fibres delivering a maximum of
1800 J per fibre per treatment. Post treatment, lesions
were evaluated with CT. They reported no significant
difference overall in survival rates between the two
techniques with cumulative rates of 91.8%, 59.0%, and
28.4% at 1, 3 and 5 years, respectively. They did, however,
demonstrate a statistically significant higher survival
rate for RFA over LA for Child A patients (P = 0.9966)
and nodules ≤ 25 mm (P = 0.0181). They reported no
significant complications[30]. This work added to the same
groups’ previous published improved survival rates in
patients treated with LA, compared to those treated with
either transcatheter arterial chemoembolization (TACE)
or percutaneous ethanol injection (PEI)[31].

COMBINATION WITH TACE
The rationale of combining LA with TACE is attractive,
particularly for large lesions. Pacella et al[19] described the
use of LA followed by TACE in the treatment of 30
large (3.5-9.6 cm) HCCs. They achieved 90% ablation
rate with survival rates of 92%, 68% and 40% at 1, 2,
and 3 years, respectively. No significant complications
were reported, leading the authors to conclude that
combination therapy was a safe and effective palliative
therapy in the treatment of large HCCs[19]. Ferrari et al[32]
supported this suggestion demonstrating improved
ablation rates and survival in patients with HCCs > 5 cm
given combination treatment over LA alone.

post procedural fever (33.3% & 12.3%) and severe pain
(7.5% & 11.5%). While tumor seeding after percutaneous
biopsy and ablative therapies is well recognized, it has
rarely been reported after laser ablation and neither of the
above groups reported this complication.

CONCLUSION
LA of HCC remains a safe and effective local therapy
for patients in which surgical resection is not possible or
appropriate. Nevertheless, further data from randomized
trials are required to establish long term survival rates,
particularly for higher power water cooled systems
before the treatment can be fully validated as a standard
treatment. Further data is required to establish its role
in combination therapy, either with other percutaneous
treatments and/or surgery. At this stage, RFA remains
the standard of care, but as the technolog y and
experience progress the technique will be in a position
to be randomised against RFA as an effective alternate
primary treatment of HCC in an attempt to establish
equivalent efficacy/long term survival.
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LIVER CANCER
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dependent manner. Notably, the addition of GABA into
the cell culture medium promoted the proliferation of
GABRA3-expressing HepG2 cells, but not GABRA3knockdown HepG2 cells. This means that GABA
stimulates HepG2 cell growth through GABRA3.
CONCLUSION: GABA and GABRA3 play important
roles in HCC development and progression and can be
a promising molecular target for the development of
new diagnostic and therapeutic strategies for HCC.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the expression pattern of
gamma-aminobutyric acid A (GABAA) receptors in
hepatocellular carcinoma (HCC) and indicate the
relationship among gamma-aminobutyric acid (GABA),
gamma-aminobutyric acid A receptor α3 subunit
(GABRA3) and HCC.
METHODS: HCC cell line Chang, HepG2, normal
liver cell line L-02 and 8 samples of HCC tissues and
paired non-cancerous tissues were analyzed with
semiquantitative polymerase chain reaction (PCR) for
the expression of GABAA receptors. HepG2 cells were
treated with gamma-aminobutyric acid (GABA) at serial
concentrations (0, 1, 10, 20, 40 and 60 μmol/L), and
their proliferating abilities were analyzed with the 3-(4,
5-methylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay, cell doubling time test, colon formation
assay, cell cycle analysis and tumor planted in nude
mice. Small interfering RNA was used for knocking
down the endogenous GABRA3 in HepG2. Proliferating
abilities of these cells treated with or without GABA
were analyzed.
RESULTS: We identified the overexpression of
GABRA3 in HCC cells. Knockdown of endogenous
GABRA3 expression in HepG2 attenuated HCC cell
growth, suggesting its role in HCC cell viability. We
determined the in vitro and in vivo effect of GABA in
the proliferation of GABRA3-positive cell lines, and
found that GABA increased HCC growth in a dose-
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most
common cancer and the third leading cause of cancerrelated death worldwide [1]. Although liver resection
and local ablation are regarded as potentially curative
treatment[2], its prognosis is poor. Up to 40% of patients
are diagnosed at an advanced stage, and only palliative
treatment can be offered.
To change this situation, the development of new
molecular therapies against good targets is an urgent
issue. To this direction, we previously used a method
by combining the in silico screen and experimental
verification to identify genes that are differently
expressed in cancers compared with their corresponding
normal tissues. Among genes that are overexpressed in
www.wjgnet.com
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HCC cells, we focused on the gene gamma-aminobutyric
acid (GABA) A receptor α 3 subunit (GABRA3).
GABRA3 is a subunit of the GABAA receptors that
may associate with other GABAA receptor subunits to
form a functional chloride channel that mediates the
inhibitory synaptic transmission in the mature central
nervous system (CNS). GABA primarily functions as
an inhibitory neurotransmitter in the mature CNS by
activating the GABA receptor, but can also modulate the
proliferation, migration and differentiation of neuronal
cells during CNS development[3-5] and the proliferation
of peripheral non-neuronal cells[6,7]. GABA and GABAA
receptors are also present in peripheral tissues, including
cancerous cells, but their precise functions are poorly
defined.
This study demonstrates that GABRA3 overexpressed
in HCC and GABA promoted the proliferation of
cancer cells through GABRA3.

MATERIALS AND METHODS
Cell lines
HCC cell line Chang, HepG2 and normal liver cell line
L-02 were maintained by our lab. All cell lines were
cultured in DMEM supplemented with 10% FBS and
antibiotics (100 units/mL penicillin and 100 μ g/mL
streptomycin). Cells were maintained at 37℃ in an
atmosphere of humidified air with 5% CO2.
Collection of tissues
All samples of HCC tissues and paired non-cancerous
tissues (5 cm away from tumor) were obtained during
surgical resection from the First Affiliated Hospital
of Xiang ya School of Medicine. Written consent
was obtained from the patients, who agreed with the
collection of tissue samples. The resected tissue samples
were immediately cut into small pieces, and snapfrozen in liquid nitrogen until use. All tumor tissue and
paired non-cancerous tissue samples were pathologically
confirmed.
Semiquantitative polymerase chain reaction (PCR)
Total RNA from HepG2, Chang L-02 cell lines and
liquid-nitrogen-frozen tissue samples were extracted
using Trizol reagent (Invitrogen) according to the
manufacturer’s instructions. First-strand cDNAs were
synthesized from 2 μ g of DNase Ⅰ-treated total
RNA using oligo (dT) primer with SuperscriptTM Ⅱ
reverse transcriptase (Invitrogen) for 60 min at 42℃.
We prepared appropriate dilutions of each singlestranded cDNA for subsequent PCR amplification by
monitoring β-actin as a quantitative control. The sets
of primer for GABAA receptor subunits are shown
in Table 1, 5′-AGCAAGAGAGGCATCCTCA-3′ and
5′-TCAGGCAGCTCGTAGCTCT-3′ for β-actin, 554bp.
One μ L of each cDNA product was amplified in a
mixture containing 5 pmol primers, 200 μmol/L dNTPs,
and 1 unit Taq DNA polymerase with reaction buffer
in a final volume of 20 μL. PCR was performed using
www.wjgnet.com
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Table 1 Primers for GABAA receptor subunits
Subunit
α1
Sense
Antisense
α2
Sense
Antisense
α3
Sense
Antisense
α4
Sense
Antisense
α5
Sense
Antisense
α6
Sense
Antisense
β1
Sense
Antisense
β2
Sense
Antisense
β3
Sense
Antisense
γ1
Sense
Antisense
γ2
Sense
Antisense
γ3
Sense
Antisense
Δ
Sense
Antisense
ε
Sense
Antisense
θ
Sense
Antisense
π
Sense
Antisense

Primer

Product size
(bp)
902

5'-TCGTCACCAGTTTCGGACC-3'
5'-GGTTGCTGTTGGAGCGTAA-3'
722
5'-TTCACAATGGGAAGAAATCAGTAG-3'
5'-TGCATAAGCGTTGTTCTGTATCA-3'
561
5'-TCGGTCTCTCCAAGTTTGTGC-3'
5'-TTCCGTTGTCCACCAATCTGA-3'
750
5'-TGAAATTCGGGAGTTATGCCTATC-3'
5'-GGCTGAATGGGTTTGGACTG-3'
826
5'-CACCATGCGCTTGACCATCTCT-3'
5'-GCCGAACAAGACTGGGAATA-3'
764
5'-TGAGGCTTACCATCAATGCTGA-3'
5'-GACAGGTGTTGATTGTAAGATGGG-3'
603
5'-GTTCTCTATGGACTCCGAATCACA-3'
5'-ATTGGCACTCTGGTCTTGTTTG-3'
640
5'-AGCTTAAGAGAAACATTGGCTACT-3'
5'-CGATCTATGGCATTCACATCA-3'
633
5'-AGTGCTGTATGGGCTCAGAATCAC-3'
5'-CCCGGTTGCTTTCGCTCTT-3'
262
5'-GTGTTTTGCAGCCTTGATGG-3'
5'-TGGCAATGCGTATGTGTATCCT-3'
605
5'-AAGTCCTCCGATTGAACAGCAACA-3'
5'-CGCTGTGACATAGGAGACCTT-3'
767
5'-ACACTCCTGCCCGCTGATT-3'
5'-TGTCTATGTGAATACGCCCTTTCC-3'
654
5'-TCACCATCACCAGCTACCACTTCA-3'
5'-GGGCGTAAATGTCAATGGTGTC-3'
632
5'-GCAGGCGGTTTGGCTATGT-3'
5'-CGAGTAGTTATCCAGGCGGTAG-3'
465
5'-TCGAGTTCTCCTCTGCTGTG -3'
5'-TATGCAGATCCAGGGACAA-3'
250
5'-CGTCGAGGTCGGCAGAAGT-3'
5'-GCGGGCATCCAGAGTGAAG-3'

the following parameters: initial denaturation at 95℃
for 1 min, 30 cycles of 30 s at 95℃, 30 s at 60℃, and
1 min 30 s at 68℃, followed by a final 10 min extension
at 68℃. Reaction products were separated on 1.5%
agarose gels containing ethidium bromide and the level
of amplification was determined using a Phosphor
Imager.
RNA interference
To k n o ck d ow n G A B R A 3 e x p r e s s i o n , we used
pGCsi-U6/Neo/GFP vector encoding a small hairpin
RNA directed against the target gene in HepG2. The
target sequences for GABRA3 were 5'-GCACTGACA
ACATCACTAT-3' (Si-1), 5'-CTGAGACCAAGACCT
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ACAA-3' (Si-2), 5'-GATCCTTCCACTGAACAAT-3'
(Si-3). As a negative control, we used shRNA vector
without hairpin oligonucleotides (Si-Mock). Human
HCC cell line HepG2 was plated onto 6-well plates, and
transfected with these small interfering RNA (siRNA)
expression vectors using FuGENE6 (Roche) according
to the instructions of the manufacturer, followed by
800 μ g/mL of neomycin selection. The cells were
harvested 10 d later to analyze the knockdown effect on
GABRA3 by RT-PCR using the primers shown in Table 1
and by flow cytometry (FCM) using rabbit anti-human
polyclone antibody against GABRA3 (Chemicon).
Cell proliferation test in vitro
G r ow t h e x p e r i m e n t s o f H e p G 2 , H e p G 2 / S i - 1 ,
and HepG2/Si-Mock were perfor med using the
3-(4,5-methylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay, cell doubling time test, soft agar
cloning formation assay and were reconfirmed with cell
cycle analysis, which was performed by flow cytometry.
In the MTT assay, cells were seeded with serum-free
medium at a density of 103 cells/well in 96-well plates
(n = 6), grown overnight, washed in PBS, and incubated
with GABA (Sigma-Aldrich) at serial concentrations
(0, 1, 10, 20, 40 and 60 μmol/L) in appropriate medium
supplemented with 1% FBS. The samples were tested
every 24 h for 6 d. MTT was added (50 μg/well) for 4 h.
Formazan products were solubilized with DMSO, and
the optical density was measured at 570 nm.
In the cell doubling time test, cells were seeded at a
density of 104 cells/well in 24-well plates (n = 3), grown
with serum-free medium overnight, and incubated with
GABA at serial concentrations (0, 1, 10, 20, 40 and
60 μ mol/L) in DMEM medium with 1% FBS. Cells
were collected 6 d later, and cell densities were assessed
by counting the cells in a hemocytometer. Cell doubling
time (TD) was calculated with the following formula:
TD=t × [lg2/(lgNt-lgNo)] [t: Period of culturing (hour);
No: cell density when the cells were seeded; Nt: cell
density when the cells were cultured “t” hours].
Soft agar colony formation assay was used to assess
the anchorage-independent growth ability of cells. The
cells were incubated with GABA at serial concentrations
(0, 1, 10, 20, 40 and 60 μmol/L) in DMEM medium
overnight. A total of 1000 single-cell suspension cells
were resuspended in 1 mL growth media containing
0.3% low melting temperature agarose and GABA at
different concentrations (0, 1, 10, 20, 40 and 60 μmol/L)
respectively and were plated in triplicate on 6-well plates
over a base layer of 1 mL growth media containing 0.6%
low melting temperature agarose. Colonies > 50 μm
were counted 14 d after plating.
For flow cytometry, cells were incubated with serumfree medium for 24 h, and then cultured in DMEM with
10% FBS in the presence or absence of 40 μmol/L of
GABA for 48 h. Cells were harvested and resuspended
in fixation fluid at a density of 10 6 /mL, 1500 μ L
propidium iodide (PI) solution was added, and the cell
cycle was detected by FACS Caliber (Becton Dickinson).

7177

Tumor implanted in nude mice
Male 8-wk-old BALB/c nude (nu/nu) mice were
purchased from Slac Laboratory Animal Co. Ltd (Shanghai,
China). HepG2, HepG2/Mock and HepG2/Si-1 cells
were treated with or without GABA (40 μmol/L) for
24 h first, and then the cells (3 × 106) were suspended in
0.2 mL of extracellular matrix gel and injected sc in the
left back flank of these animals. The mice were divided
into six groups: (a) the mice were injected with HepG2
and treated with 0.9% NaCl injection (150 μL) into the
implanted tumor (HepG2, n = 5); (b) the mice were
injected with HepG2 and treated with GABA injections
(40 μmol/L in 150 μL of 0.9% NaCl) into the tumor
(HepG2 + GABA, n = 5); (c) the mice were injected with
HepG2/Mock and treated with 0.9% NaCl injection
(150 μL) into the implanted tumor (HepG2/Si-Mock,
n = 5); (d) the mice were injected with HepG2/Mock
and treated with GABA injections (40 μmol/L in 150
μL of 0.9% NaCl) into the tumor (HepG2/Si-Mock +
GABA, n = 5); (e) the mice were injected with HepG2/
Si-1 and treated with 0.9% NaCl injection (150 μL) into
the implanted tumor (HepG2/Si-1, n = 5); (f) the mice
were injected with HepG2/Si-1 and treated with GABA
injections (40 μmol/L in 150 μL of 0.9% NaCl) into the
tumor (HepG2/Si-1 + GABA, n = 5). The same operator
did the injections every other day starting from “day 0”
when the tumors were implanted. Tumor variables were
measured every three days by an electronic caliper, and
volume was determined as tumor volume (mm 3 ) =
length (mm) × width2 (mm2) × 0.523. The measurement
started from the first week, when the tumor mass was
well established. A third operator, in a coded and blinded
fashion, evaluated the morphometric variables.
Statistics
Results were expressed as mean ± SD. Student’s t test
was used, and P < 0.05 was considered statistically
significant.

RESULTS
Expression of GABAA receptors
We documented GABAA mRNA expression in 8 pairs of
HCC and adjacent non-tumor tissues as well as HepG2,
Chang, L-02 cell lines. The results of semiquantitative RTPCR on a scale of + (limited expression) to +++ (highly
expressed) are shown in Table 2.
GABAA- α 3, β 3, δ , ε , and θ receptor subunits
were detected in HepG2 and α3, δ, ε, and θ in Chang
liver cells by RT-PCR. In L-02, only ε subunit was
detected. In tissues adjacent to HCC, GABAA receptor
expression was limited to GABAA- β 3, ε and π . In
HCC tissues, although GABAA-ε expression remained
largely unchanged, GABAA- α 3 mRNA expression
was consistently (6/8) and significantly increased, and
GABAA-δ and θ isoforms were also detected.
Effect of GABRA3-siRNA on the growth of HCC cells
To investigate the biological significance of GABRA3
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Table 2 GABAA receptor subunits mRNA expression in HepG2, Chang, L-02 and 8 sets of human HCC and adjacent nontumor
tissues
Set

GABAA receptor subunits
α1

Cell line
HepG2
Chang
L-02
Tumor
1
2
3
4
5
6
7
8
Non-tumor
1
2
3
4
5
6
7
8

+

α2

α3

α4

α5

α6

b1

+

+++
++
+++

+
+

++
++

γ1

+

γ2

γ3

Δ

ε

θ

+
+

++
++
++

++
+

+
+
+

++
+
++
++

+
+
+

+
++
++

+

+
++
+

+

+
++
+
+
+
++
+
++

Si-1

Si-Mock

56.1 ± 3.36
14.3 ± 1.72
29.5 ± 2.26

50.9 ± 3.14
14.2 ± 1.43
34.5 ± 2.37

n = 3, P < 0.05.

overexpression in HCC cells, we constructed three
siRNA expression vectors (Si-1, Si-2, and Si-3)
specific to GABRA3 transcripts and transfected
them into HepG2 cells that endogenously expressed
high levels of GABRA3 as shown in Table 2. A
knockdown effect was observed by RT-PCR when
we transfected Si-1, but not Si-2, Si-3 or a negative
control Si-Mock (Figure 1). MTT assays (Figure 2A)
and colony formation (Figure 2B and C) revealed a
drastic reduction in the number of cells transfected with
Si-1 compared with Si-Mock for which no knockdown
effect was observed. The cell doubling time of the cells
transfected with Si-1 was 8.7 ± 0.183 d, while Si-Mock
was 5.3 ± 0.125 d (n =3, P < 0.05). Cell proliferation
detected by flow cytometry is shown in Figure 2D and
Table 3. This result was consistent with the results above.
The tumor size of the nude mice injected with HepG2/
Si-1 (Group e) was significantly smaller than the mice
injected with HepG2/Si-Mock (Group c) (Figure 2E).
Effect of GABA on the growth of HCC cells
To examine the effect of GABA on the growth of
GABRA3-expressing HCC cells, we treated GABRA3positive HCC cells HepG2 with GABA at several
concentrations. As shown in Figure 3 and Table 4,

π

+
++
+

+

+

1
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b3

+++
+++

Table 3 Cell cycle of HepG2/Si-1 and HepG2/Si-Mock (mean
± SD)

G1/G0%
G2/M%
S%1

b2

+

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

Si-Mock

Si-1

Si-2

+
+
+
++

Si-3

GABRA3

β-actin

Figure 1 RT-PCR confirmed the knockdown effect on GABRA3 expression
by Si-1, but not by Si-2, Si-3 and a negative control Si-Mock in HepG2
cells. β-actin was used to quantify RNAs.

the addition of GABA in the culture media enhanced
the proliferation of HepG2 cells in a dose-dependent
manner. The promoting effect on HCC cell proliferation
was more evident with the GABA concentration from
1 μmol/L to 40 μmol/L. When the GABA concentration was up to 60 μmol/L, the promoting effect became
insignificant. We also tried GABA at concentrations of
100 μmol/L, 200 μmol/L and 400 μmol/L, but there
was no significant effect (data not shown). The effect of
GABA persisted up to 5 d. The cell doubling times of
HepG2 cells treated with 0, 1, 10, 20, 40 and 60 μmol/L
were 5.1 ± 0.128, 2.73 ± 0.052, 2 ± 0.057, 1.51 ± 0.044,
1.3 ± 0.064 and 4.1 ± 0.085 d.
In the nude mice implanted with tumors (injected
with HepG2 cells), a significant difference in tumor size
was found in GABA-treated (at the concentration of
40 μmol/L) mice compared with mice injected with 0.9%
NaCl only (Figure 3E).
GABA stimulated HCC cell proliferation through
GABRA3
To examine the function of GABRA3 as a GABA
receptor on the growth of GABRA3-expressing HCC
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Table 4 Cell cycle of HepG2 treated with GABA at serial concentrations (mean ± SD)

G1/G0%
G2/M%
S%1

0 μmol/L

1 μmol/L

10 μmol/L

20 μmol/L

40 μmol/L

60 μmol/L

59.7 ± 3.82
13.5 ± 1.14
27.2 ± 2.19

58.5 ± 3.63
18.6 ± 1.27
31.3 ± 2.24

55.6 ± 3.46
12.5 ± 1.15
32.4 ± 2.58

56.5 ± 3.69
7.6 ± 0.79
35.8 ± 2.47

45.2 ± 3.07
17.3 ± 1.48
37.6 ± 2.64

57.6 ± 3.83
12.7 ± 1.53
30.4 ± 2.32

1

n = 3, P < 0.05.

Table 5 Cell cycle of HepG2/Si-Mock and HepG2/Si-1 treated with or without GABA at a concentration
of 40 μmol/L (mean ± SD)
HepG2/Si-Mock

HepG2/Si-Mock+GABA

HepG2/Si-1

HepG2/Si-1+GABA

51.7 ± 3.53
15.7 ± 1.75
32.4 ± 2.12

49.3 ± 3.23
7.2 ± 0.92
43.6 ± 2.841

54.5 ± 3.37
17.6 ± 1.64
27.6 ± 1.92

59.4 ± 3.85
15.6 ± 1.69
25.5 ± 2.06

G1/G0%
G2/M%
S%
1

HepG2/Si-Mock vs HepG2/Si-Mock + GABA, n = 3, P < 0.05.
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Figure 2 Effect of GABRA3-siRNA on the growth of HCC cells. A: MTT assay of HepG2 cells transfected with Si-1 vectors to GABRA3 and a negative control
vector (Si-Mock). Y-axis: Average value of absorbance (ABS) at 570 nm, measured with a microplate reader (n = 6, P < 0.05); B and C: Soft agar colony formation
assay of HepG2/Si-1 and HepG2/Si-Mock. Same cells were incubated in low-melting agarose as described in Materials and Methods. Two weeks later, colonies were
photographed and numbers of colonies were counted. (n = 3, P < 0.05); D: Cell cycle of HepG2/Si-1 and HepG2/Si-Mock measured by flow cytometry; E: Tumor
volume in nude mice with HepG2/Si-1 or HepG2/Si-Mock injected (mm3).

cells, we treated HepG2/Si-1 and HepG2/Si-Mock cells with or without GABA (40 μmol/L). As shown in Figure 4
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Figure 3 Effect of GABA on the growth of HCC cells. HepG2 cells were treated with GABA at serial concentrations (0, 1, 10, 20, 40 and 60 μmol/L). A: MTT assay.
Y-axis: Average value of absorbance (ABS) at 570 nm, measured with a microplate reader (n = 6, P < 0.05); B and C: Soft agar colony formation assay. Same cells
were incubated in low-melting agarose as described in Materials and Methods. Two weeks later, colonies were photographed and numbers of colonies were counted. (n
= 3, P < 0.05); D: Cell cycle measured by flow cytometry; E: Tumor volume in nude mice with HepG2 and GABA (0 μmol/L and 20 μmol/L) injected (mm3).

and Table 5, GABA enhanced the growth of HepG2/
Si-Mock compared with the HepG2/Si-Mock without
GABA. On the other hand, the proliferating ability of
HepG2/Si-1, which did not express GABRA3, was
not enhanced but lowered by GABA. In the nude mice
injected with HepG2/Si-Mock, the tumor size of the
mice treated with GABA was much larger than the mice
treated without GABA, while the result was opposite in
the mice injected with HepG2/Si-1.

DISCUSSION
Although GABA and GABA receptors function as
an inhibitory neurotransmitter in the mature CNS,
abnormal levels of gene and protein expression of
some GABA receptor subunits have been detected in
many malignant tumors, such as π subunit in pancreatic
cancer[8]. This indicates that GABAergic system may play
an important role in the pathogenesis and development
of malignant tumors, and their expression levels are
important for prognosis. In this study, we found the
www.wjgnet.com

overexpression of GABRA3 in more than half of the
HCC tissues compared with the adjacent non-tumor
liver tissues, and GABRA3 was expressed in malignant
liver cell lines HepG2 and Chang, but not in normal
cell line L-02, implicating that GABRA3 may be a good
molecular target for the diagnosis of HCC.
GABAA- β 3 receptor expression is absent in
malignant hepatic cell lines, and the proliferating ability
of Chang cells, which were stably transfected with
GABAA-β3 receptor, was significantly decreased[9]. On
the other hand, GABAB receptors were increased and
GABAB receptor agonist promoted proliferation of
hepatocytes[10]. It means that even in HCC, different
GABA receptor subunits may have different functions.
Functional analysis using siRNA of GABRA3 strongly
supported its involvement in the development and
progression of HCC. In our study, the proliferation
rate of HepG2 cells after GABRA3 knockdown was
significantly reduced, whereas proliferation of HepG2/
Si-Mock cells was not inhibited. This result indicated
that GABRA3 may increase the proliferating ability of
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Figure 4 GABA stimulated HCC cell proliferation through GABRA3. HepG2/Si-1 and HepG2/Si-Mock cells were treated with or without GABA (20 μmol/L). A:
MTT assay of HepG2/Si-Mock cells treated with or without GABA. (n = 6, P < 0.05); B: MTT assay of HepG2/Si-1 cells treated with or without GABA. (n = 6); C and
D: Soft agar colony formation assay. (n = 6, P < 0.05 for HepG2/Si-Mock vs HepG2/Si-Mock + GABA); E: Cell cycle measured by flow cytometry; F: Tumor volume in
nude mice (mm3).

hepatocytes.
Biju et al [10] reported that, in N-nitrosodiethylamineinduced neoplasia in the rat liver, GABAB receptors
were increased and the GABAB receptor agonist
baclofen increased EGF-mediated DNA synthesis in
hepatocytes. Thus, GABA-associated pathways also
could act positively in the regulation of cancer cell
behavior. Our findings in this study also support the
theory that GABA and GABRA3 promoted HepG2 cell
proliferation in vivo and in vitro. Although GABA usually
induces hyperpolarization in adult neurons, GABA
has been shown to exert depolarizing responses in the
immature CNS structures and CNS tumors[11,12]. And
Minuk et al[13] reported that human HCC tissues were
depolarized compared with adjacent non-tumor tissues.
In particular, GABA increased the proliferation of
immature cerebellar granule cells through the activation
of GABAA receptors and voltage-dependent calcium
channels [14] . Takehara et al [14] reported that GABA
stimulated pancreatic cancer growth through GABRP
by increased intracellular Ca2+ levels and activating the
mitogenactivated protein kinase/extracellular signal-

regulated kinase (MAPK/Erk) cascade [8]. From the
results above, we deduce that GABA may promote the
HepG2 cell proliferation through GABRA3 by voltagedependent calcium channels. Interestingly, GABAA
receptor antagonist bicuculline methiodide also could
promote the proliferation of HepG2 cells (data not
shown), indicating that it might activate some other
signal transductions.
By comparing the proliferative activity of the
GABRA3-knockdown HepG2 cells treated with GABA,
we found that GABA stimulated HepG2 cell growth
through GABRA3. The proliferating ability of the cells
treated with GABA was not enhanced compared with
the cells without GABA treatment. And interestingly,
G A BA i n h i b i t e d t h e g r ow t h o f t h e G A B R A 3 knockdown HepG2 cells. It indicates that GABA
activates some other receptors to inhibit the proliferation
without GABRA3, which is identical to some previous
reports[15,16,17]. But GABA primarily activates GABRA3
if it exists.
Regarding the expression of other GABAA receptor
subtypes/isoforms, the GABAA-δ expression detected
www.wjgnet.com
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in the majority of HCC tissues has not been previously
described, and the significance of this finding has
yet to be elucidated. Although GABAA- α 1 (1 case),
α3 (1 case), β3, γ2 (2 cases), ε and π expression was
also detectable, it is unlikely that expression of these
isoforms results in the formation of functional GABAgated receptors with GABRA3. The reason is that
GABA could produce opposite effects on HepG2 cells
with or without GABRA3 expression, which means that
GABA could activate GABA receptors. Moreover, the
detection of the subunits was not unexpected, because
previous reports have documented that the spectrum of
GABAA receptor isoform expression correlates with the
state of cell differentiation[18,19].
In conclusion, relative to adjacent non-tumor tissues,
HCC tissues have increased GABAA- α 3 receptor
expression. Knockdown of GABRA3 expression in
receptor expressing malignant hepatocytes results in
attenuated in vivo and in vitro tumor growth. Moreover,
GABA promotes hepatocyte proliferation through
GABRA3. These findings highlight the importance
of elucidating the role of GABAergic activity in the
pathogenesis of HCC. They also raise the potential for
new therapeutic and diagnostic approaches to HCC in
humans.
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Gamma-aminobutyric acid A receptor α3 subunit (GABRA3) is a subunit of the
gamma-aminobutyric acid A (GABAA) receptors that may associate with other
GABAA receptor subunits to form a functional chloride channel that mediates
the inhibitory synaptic transmission in the mature central nervous system (CNS).
GABA functions as an inhibitory neurotransmitter for activating GABA receptors.
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Recently, abnormal levels of gene and protein expression of some GABA
receptor subunits have been detected in many malignant tumors. This indicates
that GABAergic system may play an important role in the pathogenesis and
development of malignant tumors.
This study demonstrated the overexpression of GABRA3 in Hepatocellular
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illustrated that GABA stimulated HCC cell proliferation through GABRA3.
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receptors in hepatocellular carcinoma cells, identifying the overexpression of
GABRA3 in HCC cells and tissues.They also demonstrate that GABA increases
proliferation of GABRA3 positive cells, which is cancelled when GABRA-3
expression is knock-down. Results are new and show relevance to understand
the molecular mechanisms that control hepatocarcinogenesis.

REFERENCES
1
2

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer
statistics, 2002. CA Cancer J Clin 2005; 55: 74-108
Song TJ, Ip EW, Fong Y. Hepatocellular carcinoma: current

17

18

19

December 21, 2008

Volume 14

Number 47

surgical management. Gastroenterology 2004; 127: S248-S260
Haydar TF, Wang F, Schwartz ML, Rakic P. Differential
modulation of proliferation in the neocortical ventricular
and subventricular zones. J Neurosci 2000; 20: 5764-5774
Behar TN, Schaffner AE, Scott CA, Greene CL, Barker
JL. GABA receptor antagonists modulate postmitotic cell
migration in slice cultures of embryonic rat cortex. Cereb
Cortex 2000; 10: 899-909
Meier J, Akyeli J, Kirischuk S, Grantyn R. GABA(A)
receptor activity and PKC control inhibitory synaptogenesis
in CNS tissue slices. Mol Cell Neurosci 2003; 23: 600-613
Tamayama T, Maemura K, Kanbara K, Hayasaki H,
Yabumoto Y, Yuasa M, Watanabe M. Expression of
GABA(A) and GABA(B) receptors in rat growth plate
chondrocytes: activation of the GABA receptors promotes
proliferation of mouse chondrogenic ATDC5 cells. Mol Cell
Biochem 2005; 273: 117-126
Erlander MG, Tobin AJ. The structural and functional
heterogeneity of glutamic acid decarboxylase: a review.
Neurochem Res 1991; 16: 215-226
Takehara A, Hosokawa M, Eguchi H, Ohigashi H, Ishikawa
O, Nakamura Y, Nakagawa H. Gamma-aminobutyric
acid (GABA) stimulates pancreatic cancer growth through
overexpressing GABAA receptor pi subunit. Cancer Res
2007; 67: 9704-9712
Sun D, Gong Y, Kojima H, Wang G, Ravinsky E, Zhang
M, Minuk GY. Increasing cell membrane potential and
GABAergic activity inhibits malignant hepatocyte growth.
Am J Physiol Gastrointest Liver Physiol 2003; 285: G12-G19
Biju MP, Pyroja S, Rajeshkumar NV, Paulose CS. Enhanced
GABA(B) receptor in neoplastic rat liver: induction of DNA
synthesis by baclofen in hepatocyte cultures. J Biochem Mol
Biol Biophys 2002; 6: 209-214
Ganguly K, Schinder AF, Wong ST, Poo M. GABA itself
promotes the developmental switch of neuronal GABAergic
responses from excitation to inhibition. Cell 2001; 105:
521-532
Labrakakis C, Patt S, Hartmann J, Kettenmann H.
Functional GABA(A) receptors on human glioma cells. Eur J
Neurosci 1998; 10: 231-238
Minuk GY, Zhang M, Gong Y, Minuk L, Dienes H,
Pettigrew N, Kew M, Lipschitz J, Sun D. Decreased
hepatocyte membrane potential differences and GABAAbeta3 expression in human hepatocellular carcinoma.
Hepatology 2007; 45: 735-745
Fiszman ML, Borodinsky LN, Neale JH. GABA induces
proliferation of immature cerebellar granule cells grown in
vitro. Brain Res Dev Brain Res 1999; 115: 1-8
Zhang M, Gong Y, Assy N, Minuk GY. Increased GABAergic
activity inhibits alpha-fetoprotein mRNA expression and the
proliferative activity of the HepG2 human hepatocellular
carcinoma cell line. J Hepatol 2000; 32: 85-91
Tatsuta M, Iishi H, Baba M, Nakaizumi A, Ichii M,
Taniguchi H. Inhibition by gamma-amino-n-butyric acid
and baclofen of gastric carcinogenesis induced by N-methylN'-nitro-N-nitrosoguanidine in Wistar rats. Cancer Res 1990;
50: 4931-4934
Tatsuta M, Iishi H, Baba M, Yano H, Uehara H, Nakaizumi
A. Effect of selective and non-selective muscarinic blockade
on baclofen inhibition of gastric carcinogenesis induced
by N-methyl-N'-nitro-N-nitrosoguanidine in Wistar rats.
Carcinogenesis 1996; 17: 293-296
Laurie DJ, Wisden W, Seeburg PH. The distribution of
thirteen GABAA receptor subunit mRNAs in the rat brain.
III. Embryonic and postnatal development. J Neurosci 1992;
12: 4151-4172
Neelands TR, Zhang J, Macdonald RL. GABA(A) receptors
expressed in undifferentiated human teratocarcinoma NT2
cells differ from those expressed by differentiated NT2-N
cells. J Neurosci 1999; 19: 7057-7065
S- Editor Li LF L- Editor Ma JY E- Editor Lin YP

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7183

			  World J Gastroenterol 2008 December 21; 14(47): 7183-7191
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

CLINICAL RESEARCH

Usefulness of contrast-enhanced ultrasonography in
determining treatment efficacy and outcome after
pancreatic cancer chemotherapy

Atsushi Sofuni, Takao Itoi, Fumihide Itokawa, Takayoshi Tsuchiya, Toshio Kurihara, Kentaro Ishii,
Syujiro Tsuji, Nobuhito Ikeuchi, Fuminori Moriyasu
Atsushi Sofuni, Takao Itoi, Fumihide Itokawa, Takayoshi
Tsuchiya, Toshio Kurihara, Kentaro Ishii, Syujiro Tsuji,
Nobuhito Ikeuchi, Fuminori Moriyasu, Department of
Gastroenterology and Hepatology, Tokyo Medical University,
Tokyo 160-0023, Japan
Author contributions: Sofuni A designed research; Sofuni A
performed research; Sofuni A contributed new reagents/analytic
tools; Sofuni A analyzed data; Sofuni A wrote the paper.
Supported by (In part) UEGW 2004 (12th United European
Gastroenterology Week), 2004.9.25-30, Prague; awarded best
abstract, DDW2005 (Digestive Disease Week), 2005.5.14-19,
Chicago; awarded Poster of Distinction, the World Congress of
Gastroenterology 2005, 2005.9.10-14, Montreal
Correspondence to: Atsushi Sofuni, MD, PhD, Department
of Gastroenterology and Hepatology, Tokyo Medical University,
6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160-0023,
Japan. a-sofuni@amy.hi-ho.ne.jp
Telephone: +81-3-33426111 Fax: +81-3-53816654
Received: June 2, 2008
Revised: August 17, 2008
Accepted: August 24, 2008
Published online: December 21, 2008

Abstract
AIM: To investigate if contrast-enhanced ultrasonography (CE-US) is useful for determining treatment
efficacy and outcome in the early stages of pancreatic
cancer chemotherapy by assessing changes in
intratumor hemodynamics using CE-US with a contrast
agent.
METHODS: The subjects were 34 patients with
unresectable advanced pancreatic cancer treated
by chemotherapy. CE-US was assessed after every
treatment (course) completion under the same
conditions, and patients were divided into two groups
according to the intratumor enhancement pattern:
Vascular rich (R) group and vascular poor (P) group.
RESULTS: After the second course of treatment, R
group in intratumor hemodynamics had 18 patients,
and P group had 16 patients. The reduction rates
of serum CA19-9 level after chemotherapy which
decreased to half or less of the baseline level were
2/15 (0.1%) in P group, but 11/16 (69%) in R group
(P = 0.006). When the mean number of courses of
chemotherapy and outcome were compared, P group
had a mean number of courses of 4.9 (R group, 10.2)

and mean survival time (MST) of 246 d (R group,
402 d), showing that outcome was significantly better
in R group (P = 0.006).
CONCLUSION: CE-US revealed that the change in
intratumor blood flow correlated with both serum
CA19-9 level and outcome. Patients with serum CA19-9
that decreased to less than half the baseline level, and
patients with an abundant intratumor blood flow, had a
significantly better outcome. Thus, CE-US is potentially
useful for evaluating treatment efficacy and outcome
in the early stages of pancreatic cancer chemotherapy.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The yearly mortality due to pancreatic cancer exceeds
200 000[1] worldwide and is increasing. Even with recent
advances in diagnostic image technology, most cases of
pancreatic cancer are only discovered at an unresectable
stage, when the prognosis is poor and the 5-year survival
rate is no more than 1% [1] . To date, multimodality
therapy consisting of chemotherapy with 5-fluorouracil
(5-FU)[2-7] and radiotherapy[8-10] has been the standard
treatment for unresectable pancreatic cancer. Since the
results of this treatment have not been satisfactory,
gemcitabine (GEM) (Eli Lilly Japan, Kobe, Japan) has
recently become the standard chemotherapy medication
www.wjgnet.com
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for unresectable pancreatic cancer, and GEM is expected
to both increase antitumor efficacy[11-15] and improve
clinical benefit response (CBR)[13].
The present study seeks to determine the antitumor
effects of GEM in the early stages of treatment. To
do so, we compared the enhancement patterns of
pancreatic tumors visualized by contrast-enhanced
ultrasonography (CE-US) using a microbubble contrast
agent [16,17] . We investigated whether assessment of
changes in intratumor hemodynamics by CE-US is
useful for determining treatment efficacy and prognosis
in the initial stages of chemotherapy for pancreatic
cancer.

MATERIALS AND METHODS
Materials
The subjects were 34 patients (17 Stage Ⅲ and 17 Stage
Ⅳ) with performance status 0-2 unresectable advanced
pancreatic cancer that had visited this hospital and had
undergone CE-US over the past 5 years. Staging of the
disease was in accordance with The International Union
Against Cancer (UICC) staging system (6th edition).
The drugs and doses used were 1000 mg/m2 for GEM
and 10 mg/m 2 for cisplatin (CDDP). Seven patients
showed adverse effects of GEM treatment, so the dose
was reduced to 800 mg/m2. One course of treatment
consisted of the following: GEM alone given to 18
patients, GEM + CDDP given to 13 patients, and GEM
+ CDDP with radiotherapy (50-60 Gy) given to three
patients once per week for three weeks followed by a
one-week rest. In addition, a histological diagnosis by
endoscopic ultrasonography-fine needle aspiration (EUSFNA), which has been reported to be useful [18], was
performed for all the subjects prior to the chemotherapy
treatment. After the chemotherapy treatment of patients
who had received four courses or more, re-biopsy was
again performed for eight patients that gave informed
consent to do so. All patients provided written informed
consent before the study. Our Institutional Review
Board reviewed and approved the entire study.
CE-US
The ultrasound equipment used was either a Sequoia
512 (Siemens-Acuson; Mountain View, CA, USA) or
Aplio (Toshiba Medical Systems, Tokyo, Japan). Levovist
R (2.5 g) (Shering; Tokyo, Japan) was prepared at a
dose of 300 mg/mL, and a bolus of 7 mL was injected
through the median cubital vein at a speed of 1 mL/s.
After detailed observation of the lesion in B-mode, the
vascular image was depicted for 60 s after injection of
the contrast agent, at a speed of 5 frames/s (fps) with
breath held, focusing on the blood flow dynamics in the
lesion and surrounding pancreatic tissue. Thereafter,
perfusion images were depicted for 180 s after injection
with intermittent transmissions for periods of 2-10 s
to observe the enhancement of the lesion. The color
Doppler gain level was standardized as 50. We observed
the blood vessels of the lesion in the vascular image, and
the actual perfusion of the lesion through the capillaries
www.wjgnet.com
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in the perfusion image.
According to our previous report[16], both the vascular
and perfusion images of the tumor blood flow signal
were compared with the non-tumor regions of pancreas
and classified depending on the signal intensities into
the following three groups: hypervascularity (hyper),
isovascularity (iso), and hypovascularity (hypo) (Figure 1).
Assessment of CE-US for chemotherapy
CE-US enhancement patterns after chemotherapy were
classified into the following patterns according to our
previous assessment prior to the present study. CE-US
was assessed after every treatment (course) completion
under the same conditions, and patients were divided
into four types: an increased intratumor blood flow type
(from hypo to iso, HI type); an abundant intratumor
blood flow that remained the same before and after
treatment type (from iso to iso; II type), a no increase
in intratumor blood flow type (from hypo to hypo, HH
type), and a decreased intratumor blood flow type (from
hyper/iso to hypo, IH type). Furthermore, these four
types were further divided into two groups; a vascular
rich (R) group of the HI and II types with a high posttreatment intratumor blood flow, and vascular poor
(P) group of the HH and IH types with a poor posttreatment intratumor blood flow. The assessment of
intratumor blood flow luminance was performed at
the same time as the analysis of luminance where the
midline of the tumor, which was the region of interest
(ROI), was compared over time with adjacent nontumor regions using Adobe Photoshop (Adobe Systems;
San Jose, CA). This was done to measure the amount
of blood flow objectively. When the luminance score
(LS) (luminance of tumor area divided by luminance
of normal area) is 20% or less, there is the possibility
of increased luminance due to artifacts. Therefore, a
conclusion of increased blood flow was reached if the
LS increased by 20% or more compared to the baseline
value. The images for all the patients were recorded and
luminance evaluated from the same images by three
physicians (T.I., T.K., and F.M.) experienced in CE-US.
Endpoint
Treatment efficacy and outcome were evaluated
from the viewpoint of serum CA19-9 level and CEUS enhancement pattern in the R and P groups. The
definition of response to treatment was evaluated after
the second course of chemotherapy.
Statistical analysis
Student’s t test, Fisher’s exact test, Wilcoxon’s test, and
the log-rank test were used for the statistical analysis. A
P value < 0.05 was considered to indicate a statistically
significant difference.

RESULTS
All the tumors were visualized in B-mode by CE-US, and
mean tumor diameter was 39.4 mm (15-80 mm). When
the CE-US enhancement patterns of the tumors before

Sofuni A et al . CE-US after pancreatic cancer chemotherapy
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Figure 1 Enhancement pattern of CE-US in pancreatic cancer. A-C: Vascular image; D-F: Perfusion image; A, D: Hypovascularity; B, E: Isovascularity; C, F:
Hypervascularity.
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Figure 2 CE-US changes over time in the R (HI) group (luminance score). A: B-mode; B: Pre (0.30); C: Post 2 course (0.28); D: Post 4 course (0.78); E: Post 7
course (0.62); F: Post 16 course (0.46).

and after treatment were compared, intratumor blood
flow before treatment was of the hypovascularity type
in 28 (82%) patients and of the isovascularity type in 6
(18%) patients. After treatment, changes in intratumor
hemodynamics after the second course were seen in 12
(35%) patients, all of whom had increased intratumor
blood flow (HI type). There was no change in the
hemodynamics in 22 (65%) patients (16 in the HH type

and 6 in the II type). Blood flow did not decrease in any
of the patients. Twelve patients in the HI type and 6 in
the II type, making a total of 18 (53%) patients, were
combined to form the R group. The CE-US changes
over time in the R group are shown in Figures 2 and 4,
and the CT changes in Figures 3 and 5. Similarly, for the
P group (HH type), the CE-US and CT changes over
time for 16 patients are shown in Figures 6 and 7. After
www.wjgnet.com
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Figure 3 CT changes
over time in the R (HH)
group. A: Pre; B: Post 4
course; C: Post 7 course; D:
Post 16 course.
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Figure 4 CE-US changes over time in the R (II) group (luminance score). A: B-mode; B: Pre (0.96); C: Post 2 course (0.99); D: Post 4 course (1.0); E: Post 7
course (0.93); F: Post 11 course (1.0).

treatment, there was increased imaging performance by
both CE-US and CT in the HI type, in other words, the
changes after treatment showed correlation in terms of
images in 33% (4/12) patients. In addition, there was no
significant difference in the tissue types.
There was no difference between the R and P groups
www.wjgnet.com

in relation to performance status or chemotherapy
regimen. When mean tumor diameter before and after
treatment in the R and P groups were compared, the
values before treatment were 37.2 mm vs 41.8 mm and
after treatment were 31.9 mm vs 37.5 mm, with no
significant difference between the groups (P = 0.891).
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Tumor response based on Response Evaluation Criteria
In Solid Tumors (RECIST) in the R group was rated
as a complete response (CR) in one patient，partial
response (PR) in 5 patients, stable disease (SD) in 10
patients and progressive disease (PD) in 2 patients. In
the P group, results were PR in one patient, SD in 6
and PD in 9 patients. Although there was no significant
difference between the groups, the response rate in the
R group was high compared with P group (33% vs 6%,

7187
Figure 5 CT changes over
time in the R (II) group. A:
Pre; B: Post 2 course; C: Post 7
course; D: Post 11 course.

Figure 6 CE-US changes
over time in the P (HH) group
(luminance score). A: B-mode; B:
Pre (0.29); C: Post 2 course (0.46);
D: Post 3 course (0.29).

P = 0.051). These results are shown in Table 1. The
grade of histological differentiation in the R group was
well-moderately differentiated type in 12 patients，
poorly differentiated medullary type in five patients
and poorly differentiated scirrhous type in one patient.
In the P group, it was well-moderately differentiated
adenocarcinoma in 16 patients. There was no significant
difference in grade of histological differentiation
between the two groups (P = 0.072). In the 8 patients
www.wjgnet.com
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Table 1 Results of hemodynamic change in CE-US, response, and outcome after chemotherapy
Hemodynamic
change in
CE-US
R group

P group

Total
Increase (HI)
No change
(II) iso-iso
Total
No change (HH)
hypo-hypo
Decrease (IH)

CEM CEM + CDDP Chemo + radiation
Response
CA19-9 reduction
No. of
(n = 18)
(n = 13)
(n = 3)
of less than half
cases
CR PR SD PD
(n = 31)
(n = 34)
18
12
6

9
6
3

8
5
3

1
1
0

1
1
0

5 10
3 8
2 2

2
0
2

11 (61%)a
8 (67%)a
3 (50%)a

16
16

9
9

5
5

2
2

0
0

1
1

6
6

9
9

2 (0.1%)a
2 (0.1%)

0

0

0

0

0

0

0

0

0

Outcome (d)

Average
dosage
(course)

10.2a
402.0a
10.7 (6-18)a 411.6 (239-6.4)a
9.0 (1-27)a 383.5 (109-831)a
4.9a
4.9 (1-12)

246.0a
246.0 (119-351)

0

0

a

P < 0.05.

A

A

Figure 7 CT changes over time in the P
(HH) group. A: pre; B: post 3 course.
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Figure 8 Histological change of post-treatment tissue biopsy prechemotherapy (A) and post-chemotherapy (B).

(6 in group R and 2 in group P) that had post-treatment
tissue biopsy, the histological findings revealed only
necrotic tissue except in one R group case showing
viable malignant tissue (Figure 8). The patients whose
serum CA19-9 level decreased to half the baseline level
or less were 2/15 (0.1%) in group P but 11/16 (69%)
in group R, showing a significant decrease in group R
[P = 0.006; 95% confidence inter val (CI), 41-88].
When mean courses of chemotherapy and outcome
were compared, group P had a mean course number
of 4.9 (range, 1-12) and mean survival time (MST) of
246 d (range, 119-351 d), whereas group R had a mean
course number of 10.2 (range, 1-27) and MST of 402
d (range, 109-831 d), showing that outcome tended
to be significantly better in group R (P = 0.006, 95%
CI, 48-265). These results are shown in Table 1. The
www.wjgnet.com
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Figure 9 Kaplan-Meier survival curves by enhancement pattern of CE-US
and outcome after chemotherapy.

correlation between CE-US imaging pattern and MST
based on these results is presented as a Kaplan Meier
survival curve (Figure 9).

DISCUSSION
In this investigation, we demonstrated that patients
with abundant intratumor blood flow (the R group) had
significantly better GEM treatment results than the P
group with a poor intratumor blood flow (P group vs R
group; mean number of treatment courses: 4.9 vs 10.2;
MST: 246 d vs 402 d). Patients with increased intratumor
blood flow were commonly seen after the second course
of treatment. With regard to tumor response, the GEM

Sofuni A et al . CE-US after pancreatic cancer chemotherapy

response rate in the R group was 33.3% while that in the
P group was no more than 6.3%.
Halm [19] and Heinemann et al [20] reported good
treatment efficacy in patients where serum CA19-9 level
decreased by 20% or more of the baseline value. In the
present study, serum CA19-9 level decreased to half
the baseline value or less in 69% of patients in R group,
where treatment efficacy was good. However, in P
group, the decrease was only 0.1%. Serum CA19-9 is the
sialylated Lewis blood group antigen that is expressed
by the monoclonal antibody 1116 NS 19-9[21]. When this
antigen is negative, an increase in serum CA19-9 level
cannot be seen, making a clear interpretation difficult.
These results suggest that changes in intratumor blood
flow after treatment, as revealed by CE-US, are related to
serum CA19-9 level and prognosis, and that prognosis is
good in patients with serum CA19-9 levels that decrease
to half the baseline level or less after treatment, and
those with abundant intratumor blood flow.
GEM became commercially available in the late
1990s as a chemotherapy agent for unresectable
pancreatic cancer, and is now positioned as a first-choice
drug. We have used GEM as a primary chemotherapy
agent but have sometimes experienced cases where
the treatment has not been effective. Although the
reason for that is not clear, recently there are reports
that gemcitabine resistance has been associated with
the ribonucleotide reductase subunit M2 (RRM2) [22].
If the status of treatment efficacy can be determined
in the early stage of antitumor drug treatment, more
effective chemotherapy can be selected. Physicians
could then switch patients to other drugs, and select
other treatment options such as concomitant therapy
or combined treatment with radiotherapy. The burden
that unnecessary anticancer drug treatments place on the
body, as well as the time wasted, could thus be avoided.
Based on our previous investigations[16,17] of the CEUS imaging patterns of pancreatic tumor disease, it
was assumed that the qualitative intratumor histological
changes that were caused by treatment were reflected in
the hemodynamics seen in CE-US. Therefore, CE-US
could be applied to the evaluation of treatment efficacy
after chemotherapy of pancreatic cancer.
The CE-US imaging patterns of pancreatic ductal
cancer are basically classified into three types-hypo, iso,
and hypervascular-with the most common pattern being
hypovascularity[16]. Although the extent of the patterns in
the tumors differed, a punctate or dendritical blood flow
signal was seen in most patients. This indicates that the
pancreatic tumor is an ischemic tumor, but demonstrates
that much of the blood flow is at the capillary level.
In the relationship between CE-US imaging pattern
and histological differentiation, tissue type in the case
of a hypovascularity pattern was moderately or poorly
differentiated adenocarcinoma (scirrhous type). In the
case of an isovascularity pattern, the tissue type was
poorly differentiated adenocarcinoma (medullary type),
whereas in the case of a hypervascularity pattern it
was papillary adenocarcinoma[17]. These differences in
imaging pattern are related to inflammatory changes,
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t u m o r d e ve l o p m e n t m o r p h o l o g y a n d g r a d e o f
histological differentiation, fibrosis and amount of
interstitial connective tissue, vascular occlusion and
degree of patency due to invasion of tumor vessels, and
density.
Pancreatic cancers are generally anemic tumors and
so respond poorly to anticancer treatment. It has become
possible to visualize the microvascular flow in tumors
by CE-US, and it is now evident that much of the
intratumor blood flow is at the capillary level. With an
abundant intratumor blood flow, more drugs will readily
enter the tumor and thus increase treatment efficacy. The
bubble diameter of the contrast agent is 2-3 µm, which
is the same as the diameter of the capillaries that can be
visualized. It is therefore preferable for the diameter of
the particle system of anticancer drugs to be lower than
that. According to the manufacturer (Eli Lilly Japan), the
particle diameter of GEM is 0.2 µm or less. This is also
important from the perspective of tissue transferability;
GEM migrates up to the capillary level of tumors and
so is assumed to show antitumor effect in tissues. The
increase in intratumor blood flow in CE-US may be
the reason for the intratumor histological changes and
changes at the capillary level. The post-treatment results
on EUS-FNA tissue showed that the tumor had changed
into necrotic tissue and had decreased in volume. A
reactive inflammatory change is triggered, causing
disintegration of the tumor, which then becomes
necrotic tissue. Furthermore, the volume of the tumor
decreases and there is improvement in vascular occlusion
and exclusion caused by tumor exclusion and vascular
invasion. This is assumed to be the mechanism whereby
intratumor blood flow improves. However, there was
no significant difference between antitumor efficacy and
grade of histological differentiation in this study, which
suggests that antitumor efficacy not only correlates
with the grade of histological differentiation, but also
with other factors such as the amount of interstitial
connective tissue and density.
In this study, the CT and CE-US imaging patterns
b e f o r e a n d a f t e r t r e a t m e n t we r e n o t a l way s i n
concordance. The rate of concordance of the imaging
patterns before treatment was 92% (31/34 patients), and
after treatment it was 76% (26/34 patients). Moreover,
in the R group, where treatment efficacy was good and
CE-US revealed abundant blood flow, the CT imaging
after treatment did not necessarily show change. In
the HI type in particular, only 33% (4/12 patients)
showed a correlation in imaging changes after treatment.
The reasons for this include the fact that the contrast
agents for CT and those for CE-US are different; the
CT agents are predisposed to extravascular interstitial
leakage, and there is a difference in the imaging time
phase of the agents. There were some cases in which
there was no change in tumor volume and enhancement
pattern of CT after the treatment, but the outcome
was comparatively good. The CE-US of such patients
commonly revealed abundant intratumor blood flow, and
also it showed that such patients were good outcome in
our present study. Therefore, there was a difference of
www.wjgnet.com
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assessment between CT and CE-US.
At present, although the UICC guidelines suggest
that antitumor effects should be evaluated based on
volume change as estimated by CT, such evaluation
is sometimes questionable. The results of the present
investigation demonstrated that, apart from volume
change by CT, there is the possibility that the CE-US
imaging pattern is also one important parameter in the
evaluation of the post-treatment effect. It can at least be
said that CT-based estimation of antitumor effect leaves
much to be desired. Moreover, there will be a problem
of radiation exposure related to CT in the future.
However, the role of CE-US imaging in prognostic
evaluation needs to be investigated further in a larger
patient cohort.
In conclusion, CE-US revealed that the change
in intratumor blood flow after GEM treatment was
correlated with serum CA19-9 level and outcome.
Patients with serum CA19-9 levels decreasing to less
than half the baseline level, and patients with an
abundant intratumor blood flow, tended to have a
good outcome. Thus, CE-US is potentially useful for
evaluating treatment efficacy and outcome in the early
stages of pancreatic cancer chemotherapy.
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Background

The yearly mortality due to pancreatic cancer exceeds 200 000 worldwide and
is increasing. Even with recent advances in diagnostic image technology, most
cases of pancreatic cancer are only discovered at an unresectable stage, when
the prognosis is poor and the 5-year survival rate is no more than 1%.

10

Research frontiers

To date, multimodality therapy consisting of chemotherapy with 5-fluorouracil
(5-FU) and radiotherapy has been the standard treatment for unresectable
pancreatic cancer. Since the results of this treatment have not been satisfactory,
gemcitabine (GEM) has recently become the standard chemotherapy
medication for unresectable pancreatic cancer, and GEM is expected to both
increase antitumor efficacy and improve clinical benefit response (CBR).

Innovations and breakthroughs

The present study seeks to determine the antitumor effects of GEM in the early
stages of treatment. We compared the enhancement patterns of pancreatic
tumors visualized by contrast-enhanced ultrasonography (CE-US) using a
microbubble contrast agent. We investigated whether CE-US is useful for
determining treatment efficacy and outcome in the early stages of pancreatic
cancer chemotherapy by assessing changes in intratumor hemodynamics using
CE-US with a contrast agent.
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Applications

CE-US revealed that the change in intratumor blood flow after GEM treatment
was correlated with serum CA19-9 level and outcome. Patients with serum
CA19-9 levels decreasing to less than half the baseline level, and patients with
an abundant intratumor blood flow, tended to have a good outcome.
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It is an interesting paper. The study revealed that CE-US is potentially useful
for evaluating treatment efficacy and outcome in the early stages of pancreatic
cancer chemotherapy.
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Abstract
AIM: To assess the role and mechanism of metformin
in inducing apoptosis of pancreatic cancer cells.
METHODS: The human pancreatic cancer cell lines
ASPC-1, BxPc-3, PANC-1 and SW1990 were exposed
to metformin. The inhibition of cell proliferation and
colony formation via apoptosis induction and S phase
arrest in pancreatic cancer cell lines of metformin was
tested.
RESULTS: In each pancreatic cancer cell line tested,
metformin inhibited cell proliferation in a dose
dependent manner in MTS (3-(4,5-dimethylthiazol-2yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Htetrazolium assays). Flow cytometric analysis showed
that metformin reduced the number of cells in G1 and
increased the percentage of cells in S phase as well as
the apoptotic fraction. Enzymelinked immunosorbent
assay (ELISA) showed that metformin induced apoptosis
in all pancreatic cancer cell lines. In Western blot
studies, metformin induced poly-ADP-ribose polymerase
(PARP) cleavage (an indicator of caspase activation)
in all pancreatic cancer cell lines. The general caspase
inhibitor (VAD-fmk) completely abolished metformininduced PARP cleavage and apoptosis in ASPC-1 BxPc-3
and PANC-1, the caspase-8 specific inhibitor (IETDfmk) and the caspase-9 specific inhibitor (LEHD-fmk)
only partially abrogated metformin-induced apoptosis
and PARP cleavage in BxPc-3 and PANC-1 cells. We
also observed that metformin treatment dramatically
reduced epidermal growth factor receptor (EGFR)
and phosphorylated mitogen activated protein kinase
(P-MAPK) in both a time- and dose-dependent manner
www.wjgnet.com

in all cell lines tested.
CONCLUSION: Metformin significantly inhibits cell
proliferation and apoptosis in all pancreatic cell lines.
And the metformin-induced apoptosis is associated
with PARP cleavage, activation of caspase-3, -8, and
-9 in a time- and dose-dependent manner. Hence,
both caspase-8 and -9-initiated apoptotic signaling
pathways contribute to metformin-induced apoptosis in
pancreatic cell lines.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The incidence of pancreatic cancer has steadily increased
year by year, however its prognosis is still dismal, despite
of all efforts in early diagnosis and therapy. Even with
a complete surgical resection, the 5-year survival rate
is < 20%[1]. It is the fourth leading cause of cancerrelated deaths in Western industrialized countries[2]. In
2006, it was estimated that more than 33 700 new cases
of pancreatic cancer would be diagnosed in the United
States, with virtually the same number of deaths (32 300)
from this disease[3]. Conventional therapies associated
with surgery and radiotherapy often in combination with
chemotherapy show modest efficacy in local control
and palliation and no real progress in patient survival[4-6].
Thus, novel approaches to human pancreatic carcinoma
therapy are urgently needed.
Metformin (1,1-dimethylbiguanide hydrochloride)
is the most widely prescribed anti-hyperglycemic agent
in the world. It reduces blood glucose, is not associated
with significant toxicity or hypoglycemia, increases
insulin sensitivity and reduces serum insulin levels [7].
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Population-based studies have shown that patients
treated with metformin exhibit unexpected but beneficial
reductions in both obesity and cancer of several
subtypes[8]. We have studied the effects of metformin
on pancreatic cancer and identified novel molecular
mechanisms of metformin activity.

MATERIALS AND METHODS
Reagents
Metfor min was purchased from Sigma Chemical
Co., MO and dissolved in sterile water to make a 1M
stock solution. Caspase-3 substrate, Ac-DEVD-pNA,
caspase-8 substrate, Ac-IETD-pNA, and caspase-9
substrate, Ac-LEHD-pNA, were obtained from Alexis
Biochemicals, San Diego, CA. Specific pan-caspase
inhibitor, z-VAD-fmk, caspase-8 inhibitor, z-IETD-fmk,
and caspase-9 inhibitor, z-LEHD-fmk, were obtained
from BD Biosciences, San Jose, CA.
Antibodies for Western blot analysis were from
following sources: caspase-8 mouse mAb (1C12),
caspase-9 polyclonal antibody, and caspase-3 rabbit
mAb (8G10), P-MAPK (Phospho-p44/42 MAP Kinase
Thr202/Tyr204), Akt, and P-Akt (Phospho-Akt, Ser-473)
(Cell Signaling Technology, Inc., Beverly, MA); MAPK
(ERK2) (Santa Cruz, CA, USA); Poly (ADP-ribose)
polymerase (PARP) mAb (C-2-10) (BIOMOL Research
Laboratories Inc., Plymouth Meeting, PA); EGFR mouse
mAb (clone F4), β -actin mouse mAb (clone AC-75)
(Sigma Chemical Co.). All other reagents were purchased
from Sigma Chemical Co. unless otherwise specified.
Cells and cell culture
The human pancreatic cancer cell lines SW1990 ASPC-1
BxPc-3 PANC-1 were obtained from the American Type
Culture Collection (ATCC, Rockville, MD) and maintained
in RPMI 1640 (Life Technologies). All cell lines were
cultured at a 37℃ humidified atmosphere containing 95%
air and 5% CO2 and were split twice a week.
Cell proliferation assay
The CellTiter96™ AQ non-radioactive cell proliferation
kit (Promega Corp., Madison, WI) was used to determine
the cell viability. In brief, cells were plated onto 96-well
plates with complete medium for 24 h incubation in a
37℃ humidified atmosphere containing 95% air and 5%
CO2. Cells were then grown in either 0.1 mL medium
with 5% FBS as control, or 0.1 mL of the same medium
containing a series of doses of metformin and incubated
for another 72 h. After reading all wells at 490 nm
with a micro-plate reader, the percentages of surviving
cells from each group relative to controls, defined as
100% survival, were determined by reduction of MTS
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)2-(4-sulfophenyl)-2H-tetrazolium, inner salt).
Clonogenic assay
In brief, cells were seeded into 6-well plates in triplicates
at a density of 100-500 cells/well in 2 mL of medium
containing 10% fetal bovine serum (FBS). After 24 h
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incubation, cells were then cultured with medium with 5%
FBS as control, or the same medium containing a series
of doses of metformin for 14 d in a 37℃ humidified
atmosphere containing 95% air and 5% CO2. The cell
clones were stained for 15 min with a solution containing
0.5% crystal violet and 25% methanol, followed by three
rinses with tap water to remove excess dye. The colony
numbers were counted with gel documentation system
EAGLE EYETM Ⅱ (Stratagene, La Jolla, CA).
Flow cytometric analysis
Flow cytometric analyses were performed to define
the cell cycle distribution for metformin treated and
untreated cells. In brief, cells grown in 100-mm culture
dishes were harvested by trypsinization and fixed with
70% ethanol. Cells were stained for total DNA content
with a solution containing 50 µg/mL propidium iodide
and 100 µg/mL RNase I in phosphate buffered saline
(PBS) for 30 min at 37℃. Cell cycle distribution was
then analyzed at the Flow Cytometry Core Facility of
UCDHSC with a FACScan flow cytometer (Becton
Dickinson, San Jose, CA, USA).
Caspase enzymatic activity assay
Caspase enzymatic activities were measured using
a modified colorimetric assay kit from Clontech
Laboratories, Inc. (Palo Alto, CA). The assay was based
on spectrophotometric detection of the chromophore
p-nitroanilide (pNA), which is cleaved from caspasespecific substrates by activated caspases (DEVD-pNA by
activated caspase-3, IETD-pNA by activated caspase-8,
and LEHD-pNA by activated caspase-9).
Quantification of apoptosis
An apoptosis ELISA kit (Roche Diagnostics Corp.)
was used to quantitatively measure cytoplasmic histoneassociated DNA fragments (mononucleosomes and
oligonucleosomes). This photometric enzyme immunoassay
was performed according to the manufacturer’s instructions.
Western blotting analysis
Protein expression levels were determined by Western
blot analysis. Briefly, cells were lysed in a buffer containing
50 mmol/L Tris, pH 7.4, 50 mmol/L NaCl, 0.5%
NP-40, 50 mmol/L NaF, 1 mmol/L Na3VO4, 1 mmol/L
phenylmethylsulfonyl fluoride, 25 g/mL leupeptin, and
25 g/mL aprotinin. The lysates were centrifuged at full
speed in a microcentrifuge for 20 min and the supernatants
were collected for protein concentration determination by
the Coomassie Plus protein assay reagent (Pierce Chemical
Co., Rockford, IL). Equal amounts of cell lysates were
boiled in Laemmli SDS-sample buffer, resolved by SDSPAGE, and Western blot analysis with specific antibodies as
described in the Figure legends.

RESULTS
Metformin inhibits cell proliferation/survival in
pancreatic cancer cells
In each pancreatic cancer cell line tested, metformin
www.wjgnet.com
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Figure 1 Metformin inhibits proliferation/survival in the basal-like subtype of pancreatic cancer cells. A: ASPC-1, BxPc-3, PANC-1 and SW1990 were plated
onto 96-well plates with either complete medium or medium containing a series doses of metformin; B: ASPC-1, BxPc-3, PANC-1 and SW1990 were grown in
triplicates in the absence or presence of metformin at different concentrations for 2-3 wk.

inhibited cell proliferation in a dose-dependent manner
in MTS assays (Figure 1A). The MTS IC50 values for
metformin activity were less than 5 mmol/L (in three of
the four lines ASPC 1, BxPc 3, and PANC 1); while for
SW1990 cells it was 10 mmol/L. To study the long- term
effects of metformin on pancreatic cancer cells, we used
clonogenicity assays. Metformin resulted in significantly
fewer colonies at concentrations well below what was
inhibitory using the 72 h MTS assay described above.
The lowest inhibitory concentrations for the 4 cell
lines ASPC 1, BxPc 3, and PANC 1, and SW1990 were
1 mmol/L, 0.01 mmol/L, 1 mmol/L, and 0.05 mmol/L,
respectively (Figure 1B).
Metformin blocks cell cycle progression and induces
apoptosis in pancreatic cancer cells
To study the effects of metfor min on cell cycle
distribution and progression, we used flow cytometric
methods on metformin treated and untreated cells.
Metformin reduced the number of cells in G1 and
increased the percentage of cells in S phase as well as
the apoptotic fraction (Figure 2). The percentages of
apoptotic cells in all four pancreatic cancer cell lines were
increased significantly in metformin-treated as compared
www.wjgnet.com

with untreated cells (Figure 2). These data suggest that
the effects of metformin on pancreatic cancer cells were
distinct and, therefore, should occur through different
molecular mechanisms.
Metformin selectively induces apoptosis via caspases
activation in pancreatic cancer cells
ELISA specific assays for apoptosis were used to
quantitatively evaluate metformin associated apoptosis in
pancreatic cancer cell lines. Metformin induced apoptosis
in all pancreatic cancer cell lines (Figure 3A). In Western
blot studies, metformin also induced PARP cleavage (an
indicator of caspase activation) pancreatic cancer cell
lines (Figure 3A). Consistent with these data, protein
levels of the pro-caspases-8, -9, and -3 were each reduced
by metformin in the pancreatic cell lines (Figure 3A).
Using these three assays (Western blot analyses of PARP
cleavage, an apoptosis specific ELISA and caspase activity
assays) the effects of metformin over a range of treatment
intervals and drug concentrations were evaluated.
Activation of both caspase-8 and caspase-9 contributes
to metformin-induced apoptosis
There are two well characterized caspase cascades in
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Figure 2 Metformin induces apoptosis and blocks cell cycle progression in the pancreatic cancer cells.

apoptosis: one initiated by cell surface death receptors (the
so-called extrinsic pathway via caspase-8) and the other
triggered by changes in mitochondrial integrity (caspase-9
activation, known as the intrinsic pathway)[9-11]. To further
define the effects of metformin, we used specific caspase

inhibitors to determine which might block metformininduced apoptosis. The general caspase inhibitor, VADfmk completely abolished metformin-induced PARP
cleavage and apoptosis in three cell lines (Figure 4). The
caspase-8 specific inhibitor (IETD-fmk) and the caspase-9
www.wjgnet.com
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Metformin reduces epidermal growth factor receptor
(EGFR) and inhibits Akt and MAPK signaling
Pancreatic carcinomas were well known for EGFR
overexpression, and they appear to utilize EGFR as an
important pro-carcinogenic, pro-growth receptor. Using
Western blot analyses, we observed that metformin
treatment dramatically reduced EGFR and P-MAPK,
in both a time- and dose-dependent manner in three
cell lines tested (Figure 5). Of interest, short-term (8 h)
treatment with metformin transiently raised P-MAPK
levels. Early induction of MAPK signaling may reflect
metformin’s interaction with the insulin receptor [12].
P-Akt levels were also significantly lowered by metformin
treatment in one cell line (ASPC-1; Figure 5A),
although there were only minor changes of P-Akt in
BxPc-3 cells (Figure 5B). P-Akt was undetectable and
unchanged by metformin in PANC-1 cells (Figure 5C).
This data suggests that apoptosis induced by metformin
may be mechanistically driven by a reduced EGFR,
with subsequent inactivation of downstream signaling
involving MAPK and to a lesser extent Akt.

DISCUSSION
The development, continued growth and metastasis
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metformin-induced apoptosis and PARP cleavage in
BxPc-3 and PANC-1 cells (Figure 4B and C), although
IETD-fmk had a much greater effect than LEHD-fmk in
ASPC-1 cells (Figure 4A).
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Figure 4 Activation of both caspase-8 and caspase-9 contributes to
metformin-induced apoptosis in pancreatic cancer cells. A: ASPC-1; B:
BxPc-3; C: PANC-1.

of pancreatic cancer are driven by multiple genetic and
epigenetic changes, including inactivation of tumor
suppressor genes and activation of proto-oncogenes[13].
Since the last decade, molecular biology and technology
have contributed significantly to the development
of therapeutic agents in medicine, and especially in
oncology. The major areas include inhibition of tumor
growth, inhibition of metastatic invasion, and inhibition
of intercellular signal transduction and compensation
of gene expression [14]. But it still needs a long time
to treat pancreatic cancer patients. Up to now, only
two combinations, Gem plus erlotinib and Gem plus
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response, because of its action on EGFR and P-MAPK
effects. Finally, metformin might enhance treatment
with apoptosis-inducing agents that inhibit PARP, for it
induces PARP cleavage. Its usage in pancreatic cancer
patients may also have additional benefits, including
weight control, stabilization of pre-diabetic syndromes,
regulation of glucose/insulin and adipogenesis pathways.
Two recent studies have indicated that EGFR was
detected in more than 95% of patients with pancreatic
cancer [16,17] . Also, co-expression of EGFR and its
ligands is a common occurrence in pancreatic cancer
and has been shown to function as an autocrine[13]. Real
advancement towards individualized pancreatic cancer
treatment will require understanding the molecular
mechanisms underlying pancreatic cancer biology[18,19].
Early studies of basal carcinomas focused on EGFR as
a molecular target, although EGFR inhibitors have not
shown great efficacy in clinical trials[11,20]. The data we
present here indicates that metformin may serve as a
valuable treatment option for pancreatic cancer patients.
Metformin is widely used as a first-line treatment
for pre-diabetic syndromes and type Ⅱ diabetes[21]. Of
interest, some studies have shown that women treated
with metformin have a lower overall incidence of cancer,
including pancreatic cancer[8]. Metformin may therefore
be useful as a preventative agent in selected patients to
reduce, either directly through cell growth inhibition or
indirectly through obesity and diabetes control. Further
studies of metformin may provide more insights into its
efficacy.
In summary, we have demonstrated that the antidiabetic drug, metformin, selectively induces apoptosis
through activation of the caspase cascade, abrogation of
EGFR and downstream signaling in the basal subtype of
pancreatic cancer cells. Metformin may be a low toxicity,
novel therapeutic strategy for the difficult-to-treat
pancreatic cancer patients.

Akt
P-MAPK

ACKNOWLEDGMENTS

MAPK

We thank all the staff in the Pancreatic Cancer Study
Group.

b-actin

Figure 5 Metformin lowers EGFR expression levels and inhibits
downstream signaling in pancreatic cancer cells. A: ASPC-1; B: BxPc-3; C:
PANC-1.

capecitabine have achieved a slightly longer survival of
the patients[15].
Metformin has a long track record of human use,
with limited toxicity and it is relatively inexpensive.
It might, therefore, be of great clinical benefit for
pancreatic cancer treatment. According to our data,
concomitant metfor min therapy can enhance the
response of patients to DNA damaging ag ents
(chemotherapy and radiation therapy) because of their
extended arrest in the S phase. Metformin should also
enhance RTK inhibitor and anti-EGFR treatment
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novel therapeutic drug for the difficult-to-treat pancreatic cancer patients.
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Abstract
AIM: To rapidly detect molecular alterations

in different malignancies and investigate the
possible role of Tp53 , C-myc , and CCND1 genes
in development of tumors in human organs and their
adjacent normal tissues, as well as the possible relation
between well- and poorly-differentiated tumors.
METHODS: A tissue array consisting of seven
different tumors was generated. The tissue array

included 120 points of esophagus, 120 points of
stomach, 80 points of rectum, 60 points of thyroid
gland, 100 points of mammary gland, 80 points of
liver, and 80 points of colon. Expressions of Tp53 ,
C-myc , and CCND1 were determined by RNA in situ
hybridization. 3’ terminal digoxin-labeled anti-sense
single stranded oligonucleotide and locked nucleic acid
modifying probe were used.
RESULTS: The expression level of Tp53 gene was
higher in six different carcinoma tissue samples than
in paracancerous tissue samples with the exception

in colon carcinoma tissue samples (P < 0.05). The
expression level of CCND1 gene was significantly
different in different carcinoma tissue samples with the
exception in esophagus and colon carcinoma tissue
samples. The expression level of C-myc gene was
different in esophagus carcinoma tissue samples (c2 =
18.495, P = 0.000), stomach carcinoma tissue samples
(c2 = 23.750, P = 0.000), and thyroid gland tissue
samples (c2 = 10.999, P = 0.004). The intensity of
signals was also different in different carcinoma tissue
samples and paracancerous tissue samples.
CONCLUSION: O v e r- e x p r e s s i o n o f t h e T p 5 3 ,
CCND1 , and C-myc genes appears to play a role in
development of human cancer by regulating the
expression of mRNA. Tp53 , CCND1 and C-myc genes
are significantly correlated with the development of
different carcinomas.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Over-expression or amplification of a particular
oncogene was first described in a tumor. Subsequently,
other tumors were evaluated, mostly in the order of
their perceived importance with rare tumors neglected.
Therefore, it may take several years from the discovery
of a potentially important molecular alteration to the
definition of different primary tumors where this
specific alteration may play a role in the development
of such tumors. Tissue microarray has the potential
to greatly facilitate analysis of alterations in different
www.wjgnet.com
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tumors. Tp53 is a specific protein produced by the
most commonly mutated gene in human cancer that
suppresses the growth of tumors[1]. Like other tumorsuppressor genes, Tp53 normally controls cell growth.
If Tp53 is physically lost or not in effect (because of
its inactivation), it may permit cells to divide without
restraint[2]. The level of Tp53 has a prognostic (predictive)
value for tumors. For example, breast cancer patients
with a high level of Tp53 after mastectomy are at a
higher risk for cancer recurrence than those with a low
level of Tp53[3]. The buildup of Tp53 within cancer cells
is a sign that Tp53 is not working properly to suppress
the growth of tumors[4]. CCND1 forms a holoenzyme
with a cyclin-dependent kinase (CDK), either CDK4
or CDK6 that phosphorylates the retinoblastoma
gene product of pRb. Since the phosphorylation of
pRb results in the release of E2F transcription factors,
freeing them to stimulate transcription of growthpromoting target genes, over-expression of CCND1
promotes tumor progression through the G1 phase
of cell cycle in cells grown on a substratum[5,6]. Overexpression of CCND1 has been reported in a variety
of human tumors including cancers of the lung, head,
neck, and bladder[7]. It was reported the over-expression
rate of CCND1 is 30%-73% in patients with breast
carcinoma[8,9]. Whether the expression of CCND1 can
serve as a prognostic indicator of tumors has also been
investigated, but the conclusions are contradictory
in breast carcinoma [10] . C-myc gene is an important
member of the myc gene family, can translocate and
regulate a variety of substances, enable an unlimited cell
proliferation, immortalize cell life, and is involved in
tumor development[11,12].
At present, studies about Tp53, CCND1 and C-myc
are mainly focused on Caucasian (white race) patients but
not on Asians. Since the carcinogenesis of some organ
carcinomas might show discrepancies among different
races (Caucasian and Asian), detailed information on
over-expression and amplification of the three genes
in Chinese patients with carcinoma and its correlation
with pathological parameters is needed. To more clearly
address the importance of over-expression and expression
of Tp53, CCND1 and C-myc genes in human cancer,
we used in situ hybridation technique, which can clearly
distinguish stromal from carcinoma components, and
decrease the loss of such components in RNA extraction
procedure. This approach to the specific location of genes
on chromosomes is a technique for the hybridization
of DNA and RNA “in situ”. This procedure can isolate
or synthesize “in vitro” specific radioactive RNA or
DNA (known as probes), and then anneal them to
chromosomes treated in such a manner that their basic
double stranded DNA has been “melted” or dissociated.
The relation between Tp53 and CCND1, C-myc mRNA
expressions was also discussed in this study.

MATERIALS AND METHODS
Materials and microarray construction
A total of 620 primary tumor tissue samples from 7
www.wjgnet.com
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different tumors and 20 normal tissue samples were
snap-frozen and stored at -70℃. All patients were
Chinese and underwent operation at Xiamen University
Hospital during 2000-2006. Tissue blocks measuring
approximately 1.5 cm × 1.5 cm × 0.3 cm of grossly
apparent carcinoma and non-pathologic organs were
fixed in phosphate-buffered saline (PBS) containing
4% paraformaldehyde (1‰ DEPC, pH 7.4) for 24 h,
dehydrated through gradient ethanol, and embedded in
paraffin. A hematoxylin and eosin (HE)-stained section
was made from each block to define the representative
tumor region. Representative areas in different lesions
were carefully selected on HE-stained sections and
marked on individual paraffin blocks. Tissue cylinders
with a diameter of 1-mm were then punched from
tumor areas in each “donor” tissue block and put into a
recipient paraffin block using a custom-made precision
instrument. Five-mm sections of the resulting multiple
tumor tissue microarray blocks were transferred to glass
slides using the paraffin sectioning aid system [adhesivecoated slides (PSA-CS4x), adhesive tape, and UV lamp;
Instru-medics, Inc., Hackensack, NJ], supporting the
cohesion of 0.6-mm array elements. The final TMA
consisted of 640 1-mm diameter TMA cores each
spaced at 0.8 mm between core centers. A section
stained with HE was reviewed to confirm the presence
of morphologically representative areas in the original
lesions.
Preparation of digoxigenin-labeled probes for RNA in
situ hybridization
Anti-sense probes matched the cor responding
sequence. Locked nucleic acid (LNA) was modified
to increase the stability and sensitivity of probes. The
sequences of probes are 5'-CAGGACAGGCACAA
ACACGCACCT*CAAAGCTGTTCCGTCCAGTA
GATTAC-3Dig (Tp53), 5'-CCTCCTCGCACTTC
TGTTCCTCGCAGACCT*CCAGCATCCAGGT
GGCGACGATCTTCCG-3Dig (CCND1), 5'- CTTCCT
CATCTTCTTGTTCCTCCTCAGAG T*CGCTGCTG
GTGGTGGGCGGTGTC-3Dig (C-myc). The positive
probe was 30T. Asterisk indicates that the LNA modifying
site and 3' terminal were labeled with digoxigenin. All
probes were synthesized by Sangon (Shanghai).
RNA in situ hybridization
Hybridization procedures were performed in this study
based on the instructions of RISH kits (Cybrdi USA)
with some modifications. The glassware was washed,
rinsed in distilled deionized water, and autoclaved before
use. Gloves were worn when the glassware and slides
were handled to prevent RNase contamination on the
tissue. Because of the differences in tissues and probes,
we performed different pilot-experiments to achieve
the best results (Table 1). Deparaffinized sections were
mounted on Denhardt-coated glass slides and treated
with pepsin (0.25 mg/mL in DEPC H2O-HCl) for 2530 min in a 37℃ water bath. The treated sections were
then processed for in situ hybridization at 42℃-45℃ for
36-48 h. The hybridization mixture contained the labeled
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Table 1 Pilot-experiment data
Probe concentration (ng/µL)
Tissue array
Tissue array
Tissue array

A

Tp53
C-myc
CCND1

Digest time (min)

10
10
10

30
20
20

B

Incubation time (h)/temperature (℃)
44/48
41.5/42
36/45

Chromogenic time (min)
110
30
50

C

Figure 1 Over-expression of CCND1 in hepatoma (A), breast cancer (B), and gastric cancer (C).

oligonucleotide probe, 50% formamide, 10 mmol/L
Tris-HCl, 1 mmol/L vanadyl-ribonucleoside complex
(Sigma 94740), 1 mmol/L CTAB (Sigma 855820, pH
7.0), 0.15 mol/L Nacl, 1 mmol/L EDTA (pH 7.0),
1 × Denhardt’s mixture and 10% dextran sulfate. After
hybridization, the slides were washed three times, 30 min
each time, in 0.1 mol/L TBS at room temperature, then
treated with TBS (100 mmol/L Tris, pH 7.5, 150 mmol/L
NaCl) containing a 1% blocking reagent (Roche) and
0.03% Triton X-100 for 30 min at room temperature
and incubated for 30 min with antidioxigenin alkaline
phosphataseconjugated antibodies (Roche) diluted at
1:500 in TBS containing 0.03% Triton X-100 and a
1% blocking reagent. After washed three times, 15 min
each time, in TBS and 0.05% Tween, the slides were
rinsed in a DAP-buffer (100 mmol/L Tris, pH 9.5,
100 mmol/L NaCl, 50 mmol/L MgCl2) and subsequently
hybridization signals were visualized using nitroblue
tetrazolium and 5-brom-4-chlor-3-indolyl phosphate as
substrates [DAP-buffer in 10% PVA(Sigma 341584)].
Statistical analysis
All cases were first grouped to calculate the percentages
of positive and negative cases. c2 contingency test was
used to evaluate the differences among groups. Analyses
were performed using the statistical package SPSS 10.0
(SPSS, Chicago, IL). P < 0.05 was considered statistically
significant.

RESULTS
Technical considerations
The tissue micro-array technology is substantially
different from the traditional multi-tissue blocks, which
are often used in pathology laboratories for antibody
testing. The most important advantages of tissue microarray technology include increased capacity, negligible

damage to the original tissue blocks, precise positioning
of tissue specimens and possibility of automatic
construction and analysis of arrays. In this study, we
chose 4% paraformaldehyde in phosphate-buffered saline
(1‰ DEPC PBS) as a fixation agent, which can decrease
degradation of RNA and result in a good morphology.
RISH analysis showed that 80%-95% of tumor samples
were interpretable. RISH-related weak hybridization,
background, and tissue damage were responsible for
about one-sixth of the non-informative cases.
Expression of Tp53, C-myc and CCND1 gene in different
organs
RNA in situ hybridization (RNA-ISH) was used to
detect specific RNAs in situ. Most protocols using 4%
paraformaldehyde as a fixation agent increased the
probe permeability, and hybridization was performed
in a buffer containing 50% formamide. The typical
results of ISH were observed as amethyst dots on
arrays, locating in cytoplasm or cytoblasts (Figures 1-3).
RNA analysis and quantification required completely
intact, non-degraded RNA samples to produce optimal
results. Vanadium oxide ions and formation of complex
nucleoside could protect RNA degradation from RNase.
Cetyltrimethyl ammonium bromide (CTAB) could
stabilize the Oligo probe and target sequence formation
of double-stranded structures, thus improving the reannealing speed.
Two major factors, probe accessibility and affinity
to the targeted RNA molecules, were found to affect
the hybridization efficiency. Poor probe hybridization
efficiency was found to be one of the major drawbacks
of RNA-targeted in situ hybridization. The monomer
containing LNA greatly improved the stability and
sensitivity of RNA-targeted in situ hybridization. The
six array elements resulting in 640 points are shown in
Figures 1 and 2.
www.wjgnet.com
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C

Figure 2 Over-expression of C-myc in esophageal carcinoma (A), esophageal squamous cell carcinoma (B), and colon cancer (C).

A

B

C

D

Figure 3 RISH showing expression of CCND1 (A),C-myc (B),Tp53 (C), and negative expression (D) in different tumor tissue samples. Deparaffinized
sections mounted on denhardt-coated glass slides were treated with pepsin for 20, 25 and 30 min, respectively in a 37℃ water bath. The treated sections were then
processed for in situ hybridization at 4℃, 42℃ and 44℃ for 36, 41.5 and 48 h, respectively. The hybridization mixture contained 10 ng of the labeled oligonucleotide
probe. Post-hybridization, slides were treated with a 1% blocking reagent for 30 min at room temperature and then incubated for 45, 60 and 50 min, respectively, with
antidioxigenin alkaline phosphatase conjugated antibodies diluted at 1:500 in TBS. After washed three times for 5 min in TBS, the slides were rinsed in a DAP-buffer
and hybridization signals were visualized using NBT/BCIP as substrates (x 200).

Gene over-expression
A total of 640 samples were studied for Tp53, CCND1
and C-myc mRNA expression, with non-radioactive in situ
hybridization. ISH results were expressed as intensity
and percentage based upon the signal intensity of
positive staining and the number of stained cells within
the sample, respectively. Tumor was graded according to
the World Health Organization System. Normal tissues
were also obtained from patients and a tumor free area
in the same specimen served as a control. The presence
of occasional tumor cells without detectable overexpression might be attributed to the truncated cells that
had lost their genetic material during sectioning or tissue
www.wjgnet.com

pretreatment before hybridization.
Tp53 was over-expressed in different tumors. The
over-expression frequencies of Tp53 in these tumors are
shown in Table 2. A significant difference was observed
in carcinomatous and paracancerous tissue samples,
including those of esophagus, stomach, rectum, thyroid
gland, liver, mammary gland. Tp53 was over-expressed in
almost all tumor cells within an array element. Our data
indicate that expression of Tp53 in tumor tissues may
play a role in cell carcinomatous change. Intracellular
levels of Tp53 were elevated due to the increased
stability and higher steady state of the protein, which
may permit cells to divide without restraint. The positive
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Table 2 Abnormal expression of Tp53 mRNA and overexpression of Tp53 gene in tissue array
Histological grade
Esophagus
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Stomach
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Rectum
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Thyroid gland
Paracancerous tissue
Follicular adenoma
Papillary carcinoma
Hepar
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Colon
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Mammary gland
Paracancerous tissue
Lobular hyperplasia
Fibroadenoma
Lobular carcinoma
DCIS

n

Tp53 positive

Table 3 Abnormal expression of CCND1 mRNA and overexpression of CCND1 gene in tissue array

P value

Histological grade
Esophagus
Paracancerous tissue

30
30
30
30

6
20
19
5

P = 0.000

30
30
30
30

15
20
29
15

P = 0.000

20
20
20
20

2
5
13
5

P = 0.001

20
20
20

2
7
10

P = 0.023

20
20
20
20

6
19
16
15

P = 0.000

20
20
20
20

13
11
14
10

P = 0.555

20
20
20
20
20

3
4
4
15
15

P = 0.000

Ⅰ
Ⅱ
Ⅲ

Stomach
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Rectum
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Thyroid gland
Paracancerous tissue
Follicular adenoma
Papillary carcinoma
Hepar
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Colon
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

expression rate of Tp53 was 48.9% (44/90) in carcinoma
tissue samples and 20% (6/30) in normal adjacent tissue
samples. In most cases, carcinomatous tissue samples
had stronger signals than paracancerous tissue samples
(Figures 4 and 5). Stronger positive dots (positive cells >
50%) were observed in carcinomatous tissue samples.
C C N D 1 I S H s i g n a l s, l o c a t e d e xc l u s ive l y i n
nuclei, were variable in terms of staining intensity
and proportion of positive nuclei among the cells
in individual cases. The over-expression frequencies
of all tumors are shown in Table 3. In this study, a
significant difference was found in carcinomatous
and paracancerous tissue samples, including those of
stomach, rectum, thyroid gland, liver, and mammary
gland. Our data indicate that CCND1 expression was
significantly associated with carcinomatous change.
CCND1 was expressed only in one paracancerous
tissue sample of rectum, but in 4 carcinomatous tissue
samples. In most cases, carcinomatous tissue samples
had stronger signals than paracancerous tissue samples
(Figures 4 and 5).
The over-expression frequencies of C-myc gene
in all tumors are shown in Table 4. In this study, a
significant difference was found in carcinomatous
and paracancerous tissue samples, including those of
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Mammary gland
Paracancerous tissue
Lobular hyperplasia
Fibroadenoma
Lobular carcinoma
DCIS

n

CCND1 positive

30
30
30
30

19
25
27
25

30
30
30
30

15
16
25
19

20
20
20
20

1
5
15
10

20
20
20

3
10
16

20
20
20
20

11
19
15
14

20
20
20
20

13
19
14
12

20
20
20
20
20

3
4
8
10
15

P value

P = 0.058

P = 0.034

P = 0.000

P = 0.000

P = 0.037

P = 0.064

P = 0.001

esophagus, stomach, and thyroid gland. The expression
of C-myc gene in carcinomatous and paracancerous
tissues samples was not significantly associated with
the histological grade of tumors. The expression of
C-myc mRNA was heterogeneous in breast tumor tissue
samples, with no predominant morphologic subtype
in the high or low categories(c2 = 7.062, P = 0.133).
However, breast carcinoma tissue samples had stronger
signals (positive cells > 75 %) than normal adjacent
tissue samples. The positive expression rate of C-myc
mRNA was 62.5% (25/40) in carcinomatous tissue
samples, 60% (12/20) in lobular hyperplasia samples,
and 60% (12/20) in fibroadenoma tissue samples.
In our study, the positive expression rate of the three
probes was not significantly different in colon carcinoma
and paracancerous tissue samples, which was 58.3%,
75.0%, 66.7% and 65.0%, 65.0%, 50.0%, respectively (c2
=2.083, P = 0.555; c2 = 7.273, P = 0.064; c2 = 3.627,
P = 0.305), suggesting that tumor grade is not related
with the gene expression level. The signal intensity was
different in colon. Hybridization signals (positive cells
> 75%) were always observed both in CCND1 and in
C-myc. Carcinoma tissue was associated with weaker
signals (positive cells < 50%). However, an opposite
tendency was found in thyroid and mammary glands.
www.wjgnet.com
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≤ 50% in carcinoma tissue
≤ 25%-50% in paracancerous tissue
≥ 50% in carcinoma tissue
≥ 50% in paracancerous tissue

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

E.

S.

R.

H.

C.

E.

C-myc signal intensity

S.

R.

H.

C.

E.

TP53 signal intensity

S.

R.

H.

C.

CCND1 signal intensity

Figure 4 Signal intensity of Tp53, CCND1, and C-myc gene expression in different organs. E: Esophagus; S: Stomach; R: Rectum; H: Liver; C: Colon.
Positive cells ≤ 50%-≥ 50% in follicular adenoma and lobular hyperplasia
Positive cells ≤ 50%-≥ 50% in papillary carcinoma and fibroadenoma
Positive cells ≤ 50%-≥ 50% in paracancerous tissue and lobular carcinoma
Positive cells ≤ 50%-≥ 50% in paracancerous tissue positive cells
Follicular adenoma, lobular hyperplasia

0.50
0.40
0.30
0.20
0.10
0.00

TP53

CCND1

C-myc

Thyroid gland signal intensity

TP53

CCND1

C-myc

Mammary gland signal intensity

Figure 5 Signal intensity of Tp53, CCND1, and C-myc expression in thyroid gland and mammary gland.

The correlation coefficients of Tp53-CCND1,
CCND1-C-myc and Tp53-C-myc were 0.653 (t = 3.76, P =
0.001), 0.737 (t = 4.753, P = 0.000) and 0.459 (t = 2.253,
P = 0.036), respectively. If this finding was validated by
an additional analysis in a larger population, these gene
ratios could be used as prognostic markers in diagnostic
biopsies.

DISCUSSION
In this study, we used the TMA technology because
it allows analysis of a large number of samples and
markers. A major concern for the TMA technique is
the extent to which tumor heterogeneity may affect the
validity of results. This issue has been addressed in TMA
studies, which demonstrated that all previous findings
from large sections could be fully reproduced [13,14] .
The data on Tp53, CCND1, and C-myc, RNA in situ
hybridization most commonly studied in associated
tumors, are consistent with the reported findings[13,14].
In this study, the positive expression rates of Tp53,
CCND1, and C-myc RNA were higher than those in
previous reports[13,14], confirming the usefulness of the
TMA approach. In our study, all tissue samples were
www.wjgnet.com

fixed in phosphate-buffered saline (1‰ DEPC PBS)
containing 4% paraformaldehyde that can prevent
mRNA degradation from RNase and result in good
morphology, indicating that tissue micro-array may be
powerful in identification of different types of tumor
with a particular molecular alteration.
Northern blot, dot blot or PCR-based approach
has been used in detecting the expression of Tp53,
CCND1 and C-myc mRNA in different tumors, but
just a few reports are available on in situ hybridization.
Some normal tissuses are dominated by adipose cells,
differing greatly from tumor tissue in its epithelial
cellularity. Nor mal and tumor tissues cannot be
rigorously compared using techniques involving RNA
extraction from total tissue. Therefore, conclusions
such as ‘increased expression’ may be more difficult to
make from studies with Northern blot, dot blot and
PCR-based techniques requiring RNA extraction from
tissues not fastidiously microdissected for selection of
tumor cells. In this study, a more sensitive hybridization
mixture decreased RNA degradation, thus accelerating
oligonucleotide probe-RNA annealing. The signal
intensity can be increased and low abundance RNA
can be detected using a locked nucleic acid modifier
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Table 4 Abnormal expression of C-myc mRNA and overexpression of C-myc gene in tissue array
Histological grade
Esophagus
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Stomach
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Rectum
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Thyroid gland
Paracancerous tissue
Follicular adenoma
Papillary carcinoma
Hepar
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Colon
Paracancerous tissue
Ⅰ
Ⅱ
Ⅲ

Mammary gland
Paracancerous tissue
Lobular hyperplasia
Fibroadenoma
Lobular carcinoma
DCIS

n

C-myc positive

30
30
30
30

17
29
27
20

30
30
30
30

28
15
28
25

20
20
20
20

16
11
10
13

20
20
20

9
18
16

20
20
20
20

10
11
10
8

20
20
20
20

10
15
14
11

20
20
20
20
20

7
12
12
10
15

P value

P = 0.000

P = 0.000

P = 0.214

P = 0.004

P = 0.813

P = 0.305

P = 0.133

to increase its stability and sensitivity [15-17]. The nonspecificity signal can be decreased and the specificity can
be increased using a different temperature and probe
concentration. A strong hybridization signal appears in
the transmitting tissue of pistil a few hours after 10%
PVA (MW, 70-100 kDa) is used[18-20].
Our results reveal that the expression of Tp53
was higher in six different carcinoma samples than
in their adjacent normal adjacent tissue samples with
the exception in colon tissue samples. In this study,
the expression of Tp53 was observed in 4 cases of
lobular hyperplasia and in 20 cases of fibroadenoma.
However, the positive expression rate of Tp53 was 75%
(30/40) in breast carcinoma samples and 75% (30/40)
in lobular carcinoma tissue samples, suggesting that
determination of Tp53 gene by RISH contributes to
the diagnosis of carcinoma and distinguishes DCIS
from atypical hyperplasia. Moreover, carcinoma tissue
often has a stronger signal than paracancerous tissue.
In the present study, the signal (positive cells > 50%)
was stronger in liver and thyroid gland carcinoma tissue
samples than in follicular adenoma tissue samples.
Originally, TP53 was thought to be an oncogene because
over 50% of cancer cells tested showed a high level of
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Tp53 protein. However, all of them are mutated forms
of Tp53. It was reported that the Tp53 gene acquires
frequent mutations during the development of human
malignancies including cancer of colon, breast, and
lungs[21]. As described earlier, intracellular regulation
of Tp53 expression can occur at the level of mRNA
or Tp53 protein. A recent study indicated that even a
brief reactivation of endogenous Tp53 in Tp53-deficient
tumors can lead to a complete tumor regression[22].
At present, the expression of CCND1 has been
investigated in several differences tumors, showing
that patients with positive expression of CCND1
usually have a poor prognosis compared to those
with negative expression of CCND1 in lung cancer,
head and neck squamous cell carcinoma, and bladder
cancer [23]. Although positive expression of CCND1
can serve as a poor prognostic factor or is associated
with a worse prognosis, the expression of CCND1 is
not correlated with the prognosis of cancer patients[24].
Furthermore, intensive investigations have been done on
the correlation between CCND1 expression and patient
survival in Caucasian females with breast carcinoma, but
systematic investigations on alteration of CCND1 in
Asian females are rare[23,24]. Whether CCND1 expression,
clinicopathological parameters, survival rate and other
prognostic markers are associated with cell cycle is not
clear. In our study, a significant difference was found in
positive expression rate of CCND1 between different
tumors except for tumors of esophagus (c2 = 7.500, P =
0.058) and colon (c2 = 7.273, P = 0.064). These results
agree with the conclusions of other studies[23,24].
The expression of CCND1 plays an important
role in the early staging of carcinogenesis in Caucasian
females with breast carcinoma. In the present study,
4 patients had lobular hyperplasia, 25 had breast
carcinoma, suggesting that expression of CCND1 also
plays an important role in Chinese patients with breast
carcinoma. CCND1 was over-expressed in gastric
adenocarcinoma tissue samples.
The C-myc oncogene is amplified or over-expressed
in different human cancers. Experiments in vivo have
also causally linked aberrant expression of this gene to
the development and progression of cancer in different
body sites[25]. However, several critical issues regarding
the significance of C-myc in human cancer still remain
obscure. C-myc is essential for tumor development, since
it regulates factors necessary for the growth of tumors
lending a new potential target to anti-angiogenic cancer
therapies. Our study showed that the expression of
C-myc was significantly different in carcinoma and its
adjacent normal tissue samples. In our study, 18 patients
had follicular adenoma and 16 had papillary carcinoma.
The signal intensity of C-myc was also similar in follicular
adenoma and papillary carcinoma patients with no
strong signal occurred in paracancerous tissue samples,
indicating that determination of C-myc gene by RISH can
contribute to the diagnosis of carcinoma and distinguish
carcinoma from follicular adenoma.
C-myc gene over-expression is associated with a poor
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prognosis of breast cancer patients[26]. The abnormal
expression of C-myc mRNA and over-expression of
C-myc in tissue array are listed in Table 4. The prognostic
value for the over-expression of C-myc mRNA or protein
is inconsistent and conflicting[26]. In our study, c-myc
gene expression had no significant difference in breast
lobular hyperplasia, fibroadenoma, lobular and ductal
carcinoma tissue samples and their adjacent normal
tissue samples (c2 = 7.062, P = 0.133), and C-myc mRNA
was highly expressed in 50% (75%) of high grade breast
carcinoma tissue samples.
Our data show that the three genes were not differently
expressed in colon carcinoma tissue samples, which is not
consistent with the data reported by Deming[27] using the
relatively insensitive Southern blot technique, suggesting
that the three genes are not important factors for colon
carcinogenesis and not significantly correlated with DCC
deleted in colon cancer (DCC) and mutated in colon
cancer (MCC) genes.
In normal cells, Tp53 gene is activated due to DNA
damage and increases the transcription of p21 inhibiting
the activity of cyclin/CDK complex and preventing cells
from entering S phase. Mutation of Tp53 gene reflected
by positive expression of mutated type Tp53 protein is
one of the main causes for malignant transformation. In
this study, CCND1 was correlated with Tp53 expression.
We believe that although Tp53 could induce the
expression of p21 and inhibit the function of CCND1/
CDK complex in normal cells, abnormal expression of
CCND1 does not necessarily respond to the dysfunction
of wild-type Tp53 protein or positive expression
of mutated type p53 in carcinoma cells. A pathway
independent of Tp53 mutation may exist in carcinoma,
which could also result in CCND1 over-expression.
Over-expression of CCND1 may play an important role
in the carcinogenesis of tumors without cooperation of
Tp53 mutation[28].
In conclusion, it is necessary to analyze the lower
grade tumors and premalignant lesions with the same
tools to determine whether the expressions of Tp53,
CCND1 and C-myc are different, and to compare the
development and progression of tumors. Only a subtle
deregulation of the expression of C-myc is sufficient
to allow genomic instability. Whether gene expression
precedes or follows its over-expression in the course of
cancer needs to be further studied.
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Few studies are available on the correlation of Tp53, CCND1, C-myc with seven
kinds of tissue. To study the expression of oncogene during the development of
cancer, we constructed tissue microarrays consisting of samples from 7 types
of tumor. Using scrupulous R & ISH and LNA modifying probe, we achieved
high expressions of these genes in different tumor tissues. C-myc mRNA was
highly expressed in 50% of high grade breast carcinomas, which was much
higher than the reported data (22%) by real-time RT-PCR.

Applications

The relationship between oncogene and tumor clarifies the mechanism of
tumor and provides an important molecular basis for closer observation of the
nature of tumor, which can be widely applied in the diagnosis, treatment, and
prognosis of cancer.
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The authors studied the expression of Tp53, C-myc, and CCND1 in different
tumors using tissue microarrays. The study was well designed. The findings are
reliable and can be widely applied in the diagnosis, treatment, and prognosis of
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Abstract
AIM: To evaluate the safety and efficacy of vitamin E
in children with chronic hepatitis B.
METHODS: We randomly assigned patients with
chronic hepatitis B, positive for hepatitis B e antigen
(HBeAg), to receive either vitamin E or placebo once
daily for 6 mo in a 3:1 ratio and double-blind manner.
The primary end point was HBeAg seroconversion,
www.wjgnet.com

defined as the loss of HBeAg, undetectable levels of
serum hepatitis B virus DNA, and the appearance of
antibodies against HBeAg 12 mo after therapy.
RESULTS: At baseline visit, 49 patients had normal
and 43 had increased serum aminotransferase levels.
Twenty-nine patients did not respond to previous
treatment with interferon-α or lamivudine. Seventy-six
children completed the study; 16 were non-compliant
(n = 7), lost to follow-up (n = 7), or started another
antiviral treatment (n = 3). Intention-to-treat analysis
showed HBeAg seroconversion in 16 children (23.2%)
treated with vitamin E and two (8.7%) in the placebo
group (P = 0.13). Vitamin E was well tolerated.
CONCLUSION: There is only a tendency that vitamin
E may promote HBeAg seroconversion. Therefore larger
studies are needed to clarify the role of antioxidants in
the therapy of chronic hepatitis B.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
More than 350 million people worldwide are chronically
infected with hepatitis B virus (HBV). Chronic HBV
infection causes cirrhosis, hepatocellular carcinoma, and
end-stage liver disease which accounts for approximately
1 million deaths each year. In most countries horizontal
transmission of HBV is the main route of infection
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during childhood[1-3]. In this age group the first stage of
infection is characterized by the presence of hepatitis B s
antigen (HBsAg) and hepatitis B e antigen (HBeAg)
in serum, a high virus load, and low inflammatory
activity. These parameters indicate a low or absent
immune response against HBV which can persist for
decades. The great majority of patients in this “immune
tolerance” phase have no sustained response to current
treatment[4]. However, it is known that chronic HBV
carriers show spontaneous HBeAg seroconversion at
approximately 10% per year [5]. Among patients with
predictors of beneficial response such as high levels of
serum transaminases and low levels of HBV DNA, only
approximately one-third respond to interferon alpha[6-9]
and about 20% respond to nucleoside analogues[10-12].
Furthermore, it has been shown that interferon alpha
treatment simply accelerates anti-HBe seroconversion[13].
The question of whether it is worth treating a patient
is further complicated by the significant side effects of
interferon alpha treatment and the potential to develop
resistance to nucleoside analogues. Therefore further
treatment options are needed.
Since a defective immune response is likely to be one
factor in the pathogenesis of liver damage caused by HBV,
immunomodulatory substances have been tested for the
treatment of chronic hepatitis B[14-19] but the results are
conflicting. In a recent placebo controlled study, Andreone
et al[20] tested vitamin E for chronic hepatitis B. In this pilot
trial, the response rate was significantly higher in patients
in the vitamin E group than in the placebo group.
Vitamin E is an antioxidant in the cell membrane
which acts as a scavenger of free radicals. In patients
suffering from various hepatopathies, it is able to protect
against liver damage[21,22]. Vitamin E was also shown to
enhance clinically relevant T-cell-mediated function[23].
The purpose of this study was to evaluate the safety
and efficacy of a high-dose 6-mo course of vitamin E
in a large number of chronically infected children. Our
study included a 12-mo follow-up period, which allowed
us to evaluate post-treatment effects and the durability
of response.

MATERIALS AND METHODS
We conducted a prospective, randomized, doubleblind, placebo-controlled study of patients with chronic
hepatitis B in 22 German centers and one Austrian
center. The dose of vitamin E depended on the patients’
weight. Children below 20 kg received 200 IU of RRRα-tocopheryl acetate concentrate once daily for 6 mo.
Patients between 20 and 40 kg received 400 IU and
patients of more than 40 kg received 600 IU once daily for
6 mo (Cognis, Nutrition&health, Düsseldorf, Germany).
After the treatment period, patients were followed up
for 12 mo. Placebo capsules were indistinguishable from
vitamin E capsules and were produced by the same
company. Eligible patients were randomized to receive
either vitamin E or placebo in a 3:1 ratio. Patients were
randomly assigned by a computer-generated program at
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the study center (Children’s Hospital, Helios Klinikum
Wuppertal, Germany).
The local ethics committee (Witten-Herdecke
University, Germany) approved this study. Written consent
was given from parents and also from the patient if older
than 11 years.
Inclusion criteria
Inclusion criteria were: (1) age between 1 and 17 years;
(2) presence of HBsAg and HBeAg for at least 6 mo;
(3) presence of HBV DNA in serum for at least 6 mo
(HBV-DNA > 10 000 copies/mL).
Exclusion criteria
Exclusion criteria were: (1) antiviral therapy within the
6 mo prior to the study; (2) concurrent participation
in another clinical trial; (3) hepatic decompensation;
(4) co-infection with hepatitis C, hepatitis D or human
immunodeficiency virus; (5) pregnancy or breast feeding.
Monitoring
The following biochemical and virological data were
examined at baseline visit and 2, 4, 6, 12 and 18 mo after
starting therapy: vitamin E, aspartate aminotransferases,
γ -gluta myl tr a nsfer a se, co mp lete b lo od count,
thromboplastin time, thyroid stimulating antibodies, HBV
DNA, HBeAg, anti-HBe, HBsAg, anti-HBs. At each
visit, the child underwent a physical examination and was
interviewed regarding potential side effects and adverse
reactions. Biochemical and serological markers of hepatitis
B infection were tested in each center.
Evaluation of efficacy
The primary end point for efficacy was seroconversion
to anti-HBe, loss of HBeAg and loss of HBV DNA at
the end of follow-up (12 mo after treatment), defined as
HBV-DNA level under 400 copies/mL or in other tests
< 5 pg/mL.
Statistical analyses
The comparison of groups with respect to responses at
18 mo was done by Fisher’s exact test.

RESULTS
Characteristics of patients
Ninety-two children and adolescents were enrolled in the
study. Baseline characteristics of the patients are shown
in Table 1. Vitamin E and placebo groups were similar
with respect to demographic and clinical characteristics.
Of the 76 patients completing the study, 18 (16 vitamin
E and two placebo) responded to therapy as defined
by HBeAg seroconversion, loss of HBeAg and HBV
DNA (< 400 copies/mL) and normalization of alanine
aminotransferase (ALT).
Exclusion of patients
Of the 92 patients enrolled, 16 were excluded (13 of the
vitamin E and three of the placebo group). Seven patients
www.wjgnet.com
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Table 1 Characteristics and results of 76 children who
completed the study before and after treatment with vitamin
E or placebo
Vitamin E
Total
Sex (%)
Female
Male
Age (yr)
Alanine transaminase level (%)
Normal
Elevated
More than double above normal level
HBV-DNA (%)
< 1000 pg/mL
> 1000 pg/mL
Route of transmission (%)
Parenteral
Vertical
Unknown
Interferon alpha pre-treatment (%)1
Lamivudine pre-treatment (%)1
HBeAg seroconversion (%)2

56
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Table 2 Characteristics of 18 children with chronic hepatitis
B who responded to therapy with either vitamin E or placebo.
Response defined as anti-HBe seroconversion, loss of HBeAg
and HBV-DNA < 400 copies/mL

Placebo
Vitamin E Placebo

20

22 (39.3)
34 (60.7)
10.4

8 (40)
12 (60)
11.8

33 (58.9)
23 (41.1)
8

13 (65)
7 (35)
2

22 (39.3)
35 (60.7)

7 (35)
13 (65)

1 (1.8)
34 (60.7)
21 (37.5)
11 (19.6)
5 (8.9)
16 (28.6)

1 (5)
10 (50)
9 (45)
4 (20)
3 (15)
2 (10)

1

Four patients were treated first with interferon alpha and re-treated with
Lamivudine; 212 mo follow-up evaluation after end of treatment.

were non-compliant as medication was taken only for a
reduced period or was taken irregularly and one patient
administered additional self-medication with vitamin E.
Seven patients were lost to follow-up and three patients
started treatment with interferon alpha or lamivudine.
Dosage
Twenty-six of the 69 (37.7%) patients in the vitamin
E group received 600 IU, 30 (43.5%) 400 IU and eight
(11.6%) 200 IU.
Levels of transaminases before treatment
Patients were classified into two groups: one with normal transaminase levels and the second with elevated
transaminase levels. In the children who responded to
therapy, eight patients had normal transaminase levels
before treatment and eight patients had elevated transaminases, while all children with response in the placebo
group had elevated transaminases (Table 2). Eighteen
children seroconverted to anti-HBe and 15 of them
showed ALT elevation before seroconversion (mean 3.2
times normal range). In three of these patients transaminases increased slightly only before seroconversion while
the rest of them had a mild transaminase flare immediately before and during anti-HBe seroconversion. None
of them showed acute exacerbation of hepatitis B.
Levels of HBV DNA
Patients were classified into two groups: one with low
HBV DNA titers of less than 1000 pg/mL and one with
high HBV DNA of more than 1000 pg/mL. Twelve
(75%) patients with low and four (25%) with high viral
DNA responded to vitamin E. In the two responders
in the placebo group, one patient had high HBV DNA
titers and one low.
www.wjgnet.com
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Total
Sex (%)
Female
Male
Age (yr)
Alanine transaminase level (%)
Normal
Elevated
HBV-DNA (%)
< 1000 pg/mL
> 1000 pg/mL
Route of transmission (%)
Parenteral
Vertical
Unknown
Interferon alpha pretreatment (%)
Lamivudine pretreatment (%)
Dosage (%)
200 IU Vitamin E
400 IU Vitamin E
600 IU Vitamin E
HBeAg seroconversion after initiation of treatment
6 mo
12 mo
18 mo

16

2

10 (62.5) 2 (100)
6 (37.5) 0
12.4
14.2
8 (50)
8 (50)

2 (100)
0

12 (75)
4 (25)

1 (50)
1 (50)

1 (6.3)
8 (50)
7 (43.7)
2 (11)
0

0
0
2 (50)
0
1 (50)

0
4 (25)
12 (75)
6
7
3

0
1
1

Route of infection
Thirty-four patients (49.3%) in the vitamin E group and
10 patients (43.5%) in the placebo group were likely to
be infected by her mother, either perinatally or later in
childhood. Of these, nine children responded to vitamin
E treatment; none of the children in the placebo group
responded. The route of infection was unknown in 21
children (30.4%) in the vitamin E group and nine (39.1%)
in the placebo group. Eight and two children responded
to therapy, respectively. The only patient with parenteral
infection in the vitamin E group responded to therapy
while the child in the placebo group did not.
Side effects
The therapy was well tolerated. Three children treated
with vitamin E experienced self-limited gastroenteritis
of 1-3 wk duration. Monitoring of the above-mentioned
biochemical and clinical data did not reveal any other
side effects or adverse events. No child had before or
during follow-up abnormal TSH or thromboplastin time.
There was no significant increase in the GGT-level and
no pathological change of the whole blood count.
Time of HBeAg seroconversion
In the vitamin E group, six patients responded during
vitamin E treatment, seven within the first year and three
at 18 mo after the start of therapy. In the placebo group,
both patients responded only during the follow-up period at 12 and 18 mo. During anti-HBe seroconversion
and loss of HBeAg no child developed acute exacerbation of hepatitis B.
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Vitamin E serum (mg/dL)
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0 2   4 6 12 18
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Figure 1 The significant vitamin E levels before, during and after
treatment (mean ± SD) in patients treated with placebo or vitamin E.

Vitamin E levels
A significant increase in vitamin E levels was observed in
the vitamin E group. Vitamin E levels doubled within 2
mo and fell to starting levels immediately after cessation
of therapy. No significant change in vitamin E levels was
found in the placebo group (Figure 1).

DISCUSSION
The results of this study suggest that vitamin E is well
tolerated in children and adolescents with chronic hepatitis B and yields a higher HBeAg seroconversion rate than
patients treated with placebo. Among 69 children treated
with vitamin E, 23.2% became negative for serum markers
of viral replication (HBeAg and HBV DNA). As expected, an 8.7% spontaneous rate of anti-HBe seroconversion and loss of HBeAg was found in the control group,
in line with previous reports[5,8,24-26]. The response rate in
vitamin E-treated-children was slightly worse than in patients treated with interferon alpha[5,8,24-26] and comparable
with the treatment with nucleoside analogues[10-12]. This
is surprising since the majority of children treated in our
study had poor predictors of virological response. Among
children who completed the study, approximately twothirds had normal ALT levels and high levels of viremia,
and one-third were resistant to one or two previous antiviral treatments. In the study of Andreone et al[20], 7 of 15
patients treated with vitamin E showed normalization of
ALT levels, 8 of 15 became negative for HBV DNA, and
3 of 7 HBeAg positive patients achieved seroconversion
which differed significantly from the placebo group. It is
known that seroconversion of HBeAg may occur after
years of treatment with interferon or lamivudine. In our
study population, 19 children were treated with interferon
or lamivudine before treatment with vitamin E (Table 1).
Only one child was treated 7-12 mo before entering this
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study with interferon, and another three patients were
treated 12-36 mo before starting this study. The remaining patients received antiviral therapy more than 2 years
before the study. We therefore think that antiviral therapy
prior to the study should not be a significant bias of the
results of this study.
It is known that vitamin E improves the aminotransferase status in patients with various liver diseases
such as hepatitis C, hemochromatosis and Wilson’s
disease[21,22]. This effect is probably based on its antioxidant
properties, resulting in the protection of liver damage by
oxidative stress. However, immunomodulatory effects
are also documented. It was shown in vivo that vitamin E
enhances T cell-mediated function, acts as a proliferative
stimulator of lymphocytes and has natural killer cell
activity[23,27,28]. Furthermore, T helper cells are polarized
towards the T helper-1 phenotype which is known to be
under-represented in chronic hepatitis B carriers[29]. It
can be hypothesized that these effects of vitamin E may
be a factor in the antiviral immune response seen in our
patients.
According to current consensus statements on the
treatment of HBeAg positive hepatitis B, only patients
with ALT levels greater than double normal values, or
moderate/severe hepatitis on biopsy should be considered
for therapy[30-32]. In childhood, however, the majority of
patients are immune tolerant to HBV, resulting in no
significant liver inflammation. The results of this study
suggest that vitamin E may be used for these patients; this
is supported by the finding that half of the patients with
HBeAg seroconversion had normal aminotransferases
before treatment. Moreover, it may be useful for patients
who have previously failed with interferon alpha or
nucleoside analogues as re-treatment with the same
drugs either as monotherapy or in combination[33,34]. The
excellent safety of vitamin E found in this study and in
many other reports, even in long-term treatment, further
favors this therapy[35].
Although the HBeAg seroconversion rate was higher
in the vitamin E group, our study population is too small
to show a significant difference between the two groups.
Our study is hampered by the relatively high number
of patients who had to be excluded because of noncompliance or loss of follow-up. This may in part be
due to the long follow-up period and the high number
of treatment centers involved in this study. Furthermore,
some patients may not have been convinced that vitamin
E can be used as a “real” drug and can be effective
against hepatitis B. The results of this study may,
however, improve the motivation of such patients and
lead to a bigger study population.
We conclude that treatment with high doses of
vitamin E is well tolerated and may promote HBeAg
seroconversion even in difficult to treat patients, but
further studies are warranted to verify the effectiveness
of vitamin E.
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Abstract
AIM: To analyze the change of dimethylarginine
plasma levels in cirrhotic patients receiving transjugular
intrahepatic portosystemic shunt (TIPS).
METHODS: To determine arginine, asymmetric
dimethylarginine (ADMA), symmetric dimethylarginine
(SDMA), and nitric oxide (NO) plasma levels, blood
samples were collected from the superior cava,
hepatic, and portal vein just before, directly after, and
3 mo after TIPS-placement.
RESULTS: A significant increase in the arginine/ADMA
ratio after TIPS placement was shown. Moreover,
TIPS placement enhanced renal function and thereby
decreased systemic SDMA levels. In patients with renal
dysfunction before TIPS placement, both the arginine/
ADMA ratio and creatinine clearance rate increased
significantly, while this was not the case in patients
with normal renal function before TIPS placement.
Hepatic function did not change significantly after TIPS
placement and no significant decline in ADMA plasma
levels was measured.
www.wjgnet.com

CONCLUSION: The increase of the arginine/ADMA
ratio after TIPS placement suggests an increase
in intracellular NO bioavailability. In addition, this
study suggests that TIPS placement does not alter
dimethylarginine dimethylaminohydrolase (DDAH)
activity and confirms the major role of the liver as an
ADMA clearing organ.
© 2008 The WJG Press. All rights reserved.

Key words: Asymmetric dimethylarginine; Symmetric
dimethylarginine; Arginine; Liver cirrhosis; Transjugular
intrahepatic portosystemic shunt
Peer reviewers: Henning Schulze-Bergkamen, PhD, First

Medical Department, University of Mainz, Langenbeckstrasse
1, Mainz 55101, Germany; Ana Cristina Simões e Silva,
Professor, Pediatrics Department, Federal University of Minas
Gerais Institution, Avenida Professor Alfredo Balena, 190, Belo
Horizonte 30130-100, Brazil
Siroen MPC, Wiest R, Richir MC, Teerlink T, Rauwerda JA,
Drescher FT, Zorger N, van Leeuwen PAM. Transjugular
intrahepatic portosystemic shunt-placement increases arginine/
asymmetric dimethylarginine ratio in cirrhotic patients. World
J Gastroenterol 2008; 14(47): 7214-7219 Available from: URL:
http://www.wjgnet.com/1007-9327/14/7214.asp DOI: http://
dx.doi.org/10.3748/wjg.14.7214

INTRODUCTION
In 1977, Car negie and co-workers [1] pointed out
the potential role of the liver in the metabolism of
asymmetric dimethylarginine (ADMA) by reporting an
increased urinary excretion of ADMA in patients with
liver disease. Later, it was shown in an organ balance
study in rats that the liver takes up substantial amounts
of ADMA, thereby suggesting a crucial role for the liver
in regulating systemic ADMA concentrations[2]. These
results were confirmed in patients undergoing hepatic
surgery in whom it was also shown that the clearing
of symmetric dimethylarginine (SDMA) was not only
confined to the kidney, but the human liver also took
up small amounts of SDMA from the portosystemic
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circulation [3] . Elevated ADMA levels have been
reported in patients eligible for liver transplantation[4,5],
in postoperative patients undergoing major liver
resection[6], in patients suffering from decompensated
alcoholic cirrhosis[7], and in critically ill patients with
hepatic dysfunction[8]. ADMA plays a regulatory role in
the arginine-nitric oxide (NO) pathway by inhibiting the
enzyme NO synthase[9] and by competing with arginine
and SDMA for cellular transport across cationic amino
acid transporters (CAT) of system y+[10]. Both ADMA
and SDMA are removed from the body by urinary
excretion. However, the main eliminatory route for
ADMA is degradation by the enzyme dimethylarginine
dimethylaminohydrolase (DDAH) which is highly
expressed in the liver, but is also present in the kidney,
and in endothelial cells[11,12].
Dimethylarginines may play an impor tant
pathophysiological role in liver cirrhosis because this
disease is characterised by endothelial dysfunction and
NO deficiency in the intrahepatic circulation (review
article [13] ). In fact, increased intrahepatic vascular
resistance in cirrhosis is not only due to structural
changes, but also due to a dynamic component. The
latter has largely been attributed to a reduced intrahepatic
endothelial NO-synthase activity in liver cirrhosis [14].
Indeed, it has been suggested that an alteration in
hepatic DDAH expression and/or activity in liver
disease leads to high intrahepatic ADMA levels along
with resultant endothelial dysfunction and increased
intrahepatic resistance[15]. In cirrhotic patients, elevated
peripheral ADMA and NO levels have been reported[7,16]
and it has been suggested that ADMA might oppose the
peripheral vasodilation caused by excessive systemic NO
production during liver cirrhosis[7]. In order to analyze
the change of dimethylarginine plasma levels in cirrhotic
humans, we studied patients receiving transjugular
intrahepatic portosystemic shunt (TIPS).

MATERIALS AND METHODS
The study was approved by the institutional review board
and medical ethical review committee of the University
Hospital Regensburg in Germany. Before study entry,
patients were informed on the purpose of the study and
informed consent was obtained from all patients.
Patients
The study population consisted of 25 patients suffering
from liver cirrhosis and undergoing TIPS-placement
mainly because of refractory ascites or recurrent
esophageal variceal bleeding. The etiology of liver
cirrhosis was: alcoholic hepatitis (20), viral hepatitis (2),
cryptogenic hepatitis (2), and myeloproliferative disease
(1). All patients had severe portal hypertension (portal
pressure > 12 mmHg) which was determined during
TIPS-placement. The diagnosis of liver cirrhosis was
based on clinical, biochemical, and ultrasonographic
data. Severity of hepatic failure was scored according to
the Child-Pugh Classification[17].
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Blood sampling and analysis
Blood samples were collected just before TIPSplacement from the superior caval vein, hepatic vein,
and portal vein. Directly after TIPS-implantation and
-dilation to its final lumen (before ending the procedure
and dismissing the patient to the ward), and 3 mo after
placement of the stent (to investigate patency of the
shunt), blood was drawn again from the superior caval
vein, portal vein and from another hepatic vein to
prevent sampling from the extended portal venous tract.
ADMA, SDMA, and arginine plasma concentrations
were measured by high-performance liquid chromatography with fluorescence detection using monomethylarginine as internal standard, as previously described[18].
After sample cleanup by solid-phase extraction, the
analytes were derivatized with ortho-phthaldialdehyde
reagent containing 3-mercaptopropionic acid.
Chromatographic separation of the fluorescent derivatives
was performed on a monolithic column as recently
described[19]. Intra-assay coefficients of variation (CVs)
were < 1.2% for all analytes. Inter-assay CVs were < 3.0%
for ADMA and arginine and < 4% for SDMA. Reference
values for ADMA have been obtained from plasma of
healthy laboratory personnel and medical students[18]. The
concentration of ADMA in these individuals is normally
distributed. These patients did not have liver or kidney
diseases and had no diseases that influence ADMA levels.
NOx concentrations were measured using the Nitric
Oxide Analyzer from Sievers Instruments (Boulder,
Colorado, USA), as described previously[20,21]. Briefly,
this assay is based upon spectrophotometric analysis
after chemiluminescent reaction between NO and ozone
(detection limit < 1 µmol/L). Creatinine clearance rate
was calculated from plasma and urinary concentrations
in 24 h collected urine. Other biochemical parameters
were determined by standard laboratory methods.
Statistical analysis
Differences between timepoints were tested with
Wilcoxon signed ranks test. For each comparison,
the overall α-level was set at 0.05. Relations between
variables were investigated by Spearman’s rho. Data are
presented as medians and interquartile ranges (IQR).
Statistical analyses were performed using SPSS (SPSS
11.0 for Windows).

RESULTS
Patients
Patient characteristics are presented in Table 1. Hepatic
synthetic and clearing functions were slightly impaired
as reflected by decreased factor Ⅴ, antithrombin Ⅲ,
albumin, and cholinesterase concentrations and slightly
increased bilirubin levels. Three months after TIPSplacement, no significant improvement was seen in
either laboratory parameters of hepatic function, hepatic
enzyme concentrations, or Child-Pugh score (data not
shown).
Although creatinine and urea levels were within the
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Table 1 Demographic data and parameters of hepatic and
renal function

December 21, 2008

Just before TIPS Directly after TIPS 3 mo after TIPS
Median IQR Median
IQR
Median IQR

Demographic data

Table 2 Biochemical markers of renal function
Just before TIPS Directly after TIPS 3 mo after TIPS
Median

IQR

Median

IQR

Median

IQR

13
77

8-18
59-113

12
63

5-33
54-107

11a
70a

5-16
57-89

80

38-115

110

75-138

128a

97-161

a

P < 0.05 vs just before TIPS-placement.

Table 3 Pressure (mmHg) in portal vein and right atrium
Just before TIPS Directly after TIPS 3 mo after TIPS
Median

IQR

Median

IQR

Median

IQR

Portal vein
Right atrium

30
9

20-35
1-12

23a
13a

16-27
5-17

17a
6a

10-23
2-15

Gradient (pv-ra)

21

19-24

10a

9-11

11a

7-15

Pv: Portal vein; ra: Right atrium. aP < 0.05 vs just before TIPS-placement.

normal range, creatinine clearance rate was decreased at
baseline. Placement of TIPS enhanced renal function as
illustrated in Table 2.
Portal and systemic pressures
Portal hypertension was present in all patients. TIPSplacement caused an immediate decrease in both portal
pressure and in portosystemic pressure gradient (Table 3).
www.wjgnet.com
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Table 4 Plasma concentrations (µmol/L) of ADMA, SDMA,
and arginine

Number of patients
25
Gender: Male/Female
18/7
Age: Median (range)
55 (40-81)
TIPS indication
Ascites
20
Esophageal varices
2
Others
3
Child-Pugh classification
A
5
B
14
C
6
Biochemical markers of hepatic
Median
IQR
Reference
function
range
Bilirubin (mmol/L)
20
13-35
< 17
Aspartate aminotransferase (U/L)
19
13-34
< 50
Alanine aminotransferase (U/L)
15
7-27
< 50
Alkaline phosphatase (U/L)
135
99-185
< 124
Prothrombin time (%)
72
59-81
> 70
Factor V (%)
52
40-80
> 75
Antithrombin (%)
67
48-79
> 75
Fibrinogen (mg/dL)
299
232-408
180-350
Albumin (g/L)
35
31-41
37-53
Cholinesterase (U/L)
2049
1461-2800 5320-12 920
Alpha-fetoprotein (ng/mL)
3.1
2.5-4.0
< 8.1
Biochemical markers of renal
function
Urea (mmol/L)
13
8-18
4-18
Creatinine (mmol/L)
77
59-113
< 97
Creatinine clearance (mL/min)
80
38-115
97-160

Urea (mmol/L)
Creatinine
(mmol/L)
Creatinine
clearance (mL/min)

Volume 14

ADMA
Caval vein
Portal vein
Hepatic vein
SDMA
Caval vein
Portal vein
Hepatic vein
Arginine
Caval vein
Portal vein
Hepatic vein
Arginine/ADMA
Caval vein
Portal vein
Hepatic vein

0.64
0.67
0.62

0.58-0.72
0.60-0.79
0.59-0.71

0.69
0.7
0.66

0.61-0.78
0.62-0.80
0.57-0.84

0.59
0.58
0.57

0.53-0.74
0.52-0.77
0.52-0.74

0.74
0.79
0.79

0.60-1.16
0.62-1.13
0.61-1.09

0.81
0.72
0.77

0.64-1.11
0.64-1.06
0.64-1.09

0.61a 0.46-0.86
0.62a 0.46-0.89
0.60a 0.44-0.89

64
69
54

56-85
62-93
46-75

76
79
67

68-102
64-102
59-88

77a
90a
72a

65-104
70-106
57-101

95
83
108

83-132
68-123
88-138

117
98
114

89-141
80-130
88-137

128a
123a
141a

110-175
92-152
112-185

a

P < 0.05 vs just before TIPS-placement.

After 3 mo, these pressures were still decreased in
comparison to baseline values.
Concentrations of ADMA, SDMA, and arginine
The changes in ADMA, SDMA, and arginine
concentrations in the systemic, portal, and hepatic vein
are shown in Table 4. At all 3 three timepoints, median
systemic ADMA and SDMA plasma levels were higher
in cirrhotic patients compared to healthy volunteers[18]
(ADMA: 0.42 µmol/L (0.37-0.47); P < 0.05, SDMA:
0.46 µ mol/L (0.42-0.52); P < 0.05, respectively). In
contrast, arginine concentrations were lower at baseline
compared to healthy individuals (arginine: 88 µmol/L
(76-113); P < 0.05), but did not differ anymore after
TIPS-placement.
Although ADMA levels did not show a significant
change due to TIPS-placement, SDMA concentrations
were significantly lower 3 mo after TIPS-placement
in comparison to baseline values. Placement of TIPS
caused a significant increment of both arginine levels
and arginine/ADMA ratios.
When an additional analysis was performed between
patients with (creatinine clearance rate < 97 mL/min)
and patients without (creatinine clearance rate >
97 mL/min) additional renal dysfunction before TIPS
placement, arginine/ADMA ratio increased significantly
(P = 0.021) in patients with renal dysfunction; before
TIPS placement: 94 (81-135) and 3 mo after TIPS
placement: 124 (99-174). This was also the case for
creatinine clearance rate which improved significantly
(P = 0.036) from 44 mL/min (27-70) before TIPS
placement to 105 mL/min (73-146) 3 mo after TIPS
placement. In patients with normal renal function, no
significant changes in either creatinine clearance rate or
arginine/ADMA ratio was seen.
NOx plasma concentrations
Although NO x plasma levels showed a decreasing
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Table 5 Plasma concentrations of NOx (µmol/L)
NOx

Just before TIPS Directly after TIPS 3 mo after TIPS
Median

IQR

Median

IQR

Median

IQR

Systemic vein
Portal vein

112
83

37-243
35-241

107
85

33-212
45-223

44
57

26-103
21-96

Hepatic vein

85

35-304

86

32-220

39

21-76

tendency after TIPS placement, changes did not reach
statistical significance (Table 5).
SDMA concentrations were positively related to
NOx before and 3 mo after TIPS placement (r = 0.53; P
= 0.027, and r = 0.60; P = 0.025, respectively). ADMA
was also related to NOx plasma levels 3 mo after TIPS
placement (r = 0.67; P = 0.009). Neither significant
relations were present between arginine/ADMA ratios
and NOx plasma levels nor between NOx concentrations
and portosystemic pressure gradient.
Relations between dimethylarginines and hepatic and
renal function
ADMA was positively related to Child-Pugh score before
and 3 mo after TIPS placement (r = 0.44; P = 0.034 and
r = 0.59; P = 0.028, respectively). SDMA was positively
related to Child-Pugh score 3 mo after TIPS placement
(r = 0.66; P = 0.011).
SDMA was related to creatinine clearance rate before
and 3 mo after TIPS placement (r = -0.70; P < 0.001,
r = -0.85; P < 0.001, respectively). ADMA was also
related to creatinine clearance rate 3 mo after TIPS
placement (r = -0.70; P = 0.007).
Neither ADMA nor SDMA was related to portosystemic pressure gradient.

DISCUSSION
The main finding in the present study was an increase of
the arginine/ADMA ratio three months after placement
of TIPS in cir rhotic patients. In addition, TIPS
placement caused a decrease in SDMA levels which
may be partially explained by an advantageous effect on
renal function as reflected by an increase in creatinine
clearance rate due to TIPS placement. Interestingly, when
patients with and patients without renal dysfunction
before TIPS placement were studied separately, both
the arginine/ADMA ratio and the creatinine clearance
rate improved significantly in patients with renal
dysfunction before TIPS placement, while these changes
were not seen in patients with normal renal function.
The advantageous effect of TIPS placement on renal
function is also reflected by the strong and significant
correlation between SDMA plasma levels and creatinine
clearance before and particularly after TIPS placement.
The relation between dimethylarginines and creatinine
clearance rate has already been shown in patients with
renal insufficiency[22]. Interestingly, the clearing of SDMA
is not only confined to the kidney, but the human liver
also takes up substantial amounts of SDMA[3]. Indeed,
we also found a relation between SDMA and Child-
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Pugh score, thereby underlining the reported SDMA
clearing capacity of the liver. Thus, increased SDMA
levels in our studied cirrhotic patients may be caused by
a combination of renal and hepatic dysfunction. Also for
ADMA, we observed increased plasma concentrations
at baseline being also closely related to the severity of
liver dysfunction. This is in accordance with the findings
of Lluch and coworkers[7] who likewise reported a direct
relationship with the Child-Pugh score of patients being
evaluated.
The main metabolic route for ADMA is degradation
via DDAH[23] and the liver, which has a high DDAH
activity, has been shown to be an important regulator of
plasma ADMA levels in both animals and humans[2,3].
In portal hypertensive conditions, a recent study of
Mookerjee and coworkers[24] showed reduced DDAH
expression and increased ADMA levels in liver tissue
of patients with severe alcoholic hepatitis. In addition,
they suggested that elevated dimethylarginines may
serve as a marker of a deleterious outcome in patients
with alcoholic hepatitis. Also, in patients undergoing
liver transplantation, ADMA has been shown to be a
potential marker of acute allograft rejection[4]. Moreover,
in cirrhotic animals, significantly decreased hepatic
clearance of ADMA has been demonstrated[25].
In our study population, systemic ADMA
concentrations did not decrease after TIPS placement.
This is not surprising considering the well-known
TIPS-induced decrease in hepatic extraction capacity.
In other words, we assumed ADMA levels to increase
after TIPS placement due to shunting and thus less
degradation by hepatic DDAH. However, this increasing
effect on ADMA serum levels induced by the TIPS
implantation may be offset by the observed increase in
renal function and the most likely improvement in renal
ADMA clearance. In fact, ADMA plasma levels strongly
correlated with creatinine clearance 3 mo after TIPS
placement. Moreover, these data are in accordance with
the observation of unaltered liver function represented by
the lack of significant changes in biochemical laboratory
parameters indicating hepatic function nor in Child-Pugh
score after TIPS placement. Because we did not measure
arterial dimethylarginine concentrations nor organ blood
flow of the liver and kidney, no definite conclusions
can be drawn about hepatic and renal elimination of
dimethylarginines. Nonetheless, renal dysfunction often
develops in patients with severe liver disease and a causal
role for ADMA has been proposed in the development
of the hepatorenal syndrome[26]. Recently, Lluch and
co-workers[16] studied dimethylarginine concentrations
in cirrhotic patients with hepatorenal syndrome and
confirmed this hypothesis. Moreover, they suggested that
SDMA may be a marker of renal dysfunction in cirrhotic
patients. Therefore, the lack of an increase in ADMA
and actual decrease in SDMA levels may well contribute
to the well-known beneficial effects of TIPS with respect
to neurohormonal status and kidney function in liver
cirrhosis.
In liver cir rhosis, Laleman and co-workers [25]
substantiated the potential role of ADMA in the
www.wjgnet.com
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pathogenesis of impaired intrahepatic NO production.
The known decrease in intrahepatic NO synthase activity
in rats with biliary cirrhosis was found to be associated
with an increase in circulating ADMA concentrations.
In addition, endothelium-dependent vasorelaxation,
measured in a liver perfusion model, was reduced in bileduct ligated rats and addition of ADMA to the perfusate
further blunted this vasodilatory response. However,
in our study no association between ADMA levels and
the severity of portal hypertension could be detected.
A potential explanation may be the mode of action by
which TIPS lowers portal pressure being independent
f r o m A D M A . M o r e ove r, a l s o S D M A h a s b e e n
reported to interfere with NO synthesis by competing
with arginine for transport across cell membranes[10].
Especially high levels of SDMA in combination with
low arginine concentrations may decrease NO synthesis
significantly and hemodynamical consequences may be
the same as reported for ADMA[23,27].
The gut produces citrulline which is used by the
kidneys to synthesize arginine. It can be hypothesized that
a decrease in portal pressure will have an advantageous
effect on blood flow and function of the intestines,
thereby increasing citrulline production by the gut and
possibly enhancing renal arginine synthesis. Arginine
is degraded in the liver that contains large amounts
of arginase which breaks down arginine into urea and
ornithine. TIPS placement may lead to a decreased
capacity to eliminate arginine in the liver because blood
does not enter the hepatocyte, but shunts directly
from a portal branch into the hepatic vein. This may
explain the increase in arginine plasma levels after TIPS
placement. As a precursor of NO, this increase in
arginine concentrations may enhance renal blood flow,
thereby stimulating glomerular filtration rate and clearing
a larger amount of dimethylarginines from the systemic
circulation. This compensatory increase in renal excretion
of dimethylarginines in fact will prevent a rise in ADMA
levels induced by TIPS-induced portal decompression.
Liver cirrhosis is characterized by excessive systemic
and particularly splanchnic NO production representing
the pathophysiological hallmark in the development of
the hyperdynamic circulatory syndrome. This vascular
NO overproduction is stimulated by an in increase in
portal pressure[28] and is an attempt to open the portal
circulation and to enhance collateral blood flow in the
systemic circulation bypassing the hepatic circulation.
Besides a rise in arginine levels, the arginine/ADMA
ratio increased significantly after TIPS placement.
Theoretically, an increase in the arginine/ADMA ratio
leads to an elevation in NO bioavailability. In our study,
nonetheless, NOx plasma levels showed a decreasing
tendency after TIPS placement. While no relationship
was found between NO x and the arginine/ADMA
ratio, both ADMA and SDMA were positively related
to NOx levels. This finding substantiates the hypothesis
that dimethylarginines might oppose the peripheral
vasodilation caused by excessive systemic NO production
during liver cirrhosis[7]. It can be hypothesized that after
TIPS placement, portal pressure drops and thus the
www.wjgnet.com
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main stimulus for splanchnic NO overproduction is
greatly attenuated. In addition, renal and probably also
gut function improve, thereby causing arginine synthesis
(via gut-derived citrulline) by the kidney to increase.
Furthermore, ADMA slightly decreases due to enhanced
function of the kidney causing the arginine/ADMA ratio
to increase. This is advantageous for the y+ pump that is
now able to transport more arginine into the cell, where
it is converted to NO. The increased arginine/ADMA
ratio after TIPS may result in a better NO-availability on
tissue level, while systemic (plasma) NO is decreased due
to less splanchnic NO release.
In conclusion, the main finding of the present study
was a significant increase in the arginine/ADMA ratio in
cirrhotic patients 3 mo after TIPS placement. In addition,
TIPS enhanced renal function and concomitantly
significantly lowered systemic SDMA levels, but did not
change hepatic function. In line with this unaltered liver
function, no significant decline in ADMA plasma levels
could be detected, thereby confirming the major role of
the liver as ADMA clearing organ.
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COMMENTS
Background

Asymmetric dimethylarginine (ADMA) plays a regulatory role in the argininenitric oxide (NO) pathway by inhibiting the enzyme NO synthase. In addition,
dimethylarginines may play an important pathophysiological role in liver
cirrhosis because this disease is characterised by endothelial dysfunction
and NO deficiency in the intrahepatic circulation. In cirrhotic patients,
elevated peripheral ADMA and NO levels have been reported and it has been
suggested that ADMA might oppose the peripheral vasodilation caused by
excessive systemic NO production during liver cirrhosis. In order to analyse
dimethylarginine plasma levels in cirrhotic humans, authors studied patients
receiving transjugular intrahepatic portosystemic shunt (TIPS).

Research frontiers

Elevated ADMA levels have been reported in patients eligible for liver
transplantation in postoperative patients undergoing major liver resection, in
patients suffering from decompensated alcoholic cirrhosis, and in critically
ill patients with hepatic dysfunction. In fact, increased intrahepatic vascular
resistance in cirrhosis is not only due to structural changes, but also due to a
dynamic component. It has been suggested that an alteration in intrahepatic
ADMA levels may lead to endothelial dysfunction and increased intrahepatic
resistance. In cirrhotic patients, elevated peripheral ADMA and NO levels have
been reported and it has been suggested that ADMA might oppose the peripheral
vasodilation caused by excessive systemic NO production during liver cirrhosis.

Innovations and breakthroughs

This study shows an increase of the arginine/ADMA ratio after TIPS placement
suggesting an increase in intracellular NO bioavailability. In addition,
this study suggests that TIPS placement does not alter dimethylarginine
dimethylaminohydrolase (DDAH) activity and confirms the major role of the liver
as ADMA clearing organ.

Applications

TIPS placement is associated with an increased arginine/ADMA ratio
suggesting an increased NO bioavailability which could have a positive effect
on the microcirculation of important organs.
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Peer review

In this study, the levels of ADMA, symmetric dimethylarginine (SDMA) and
arginine in caval/portal and hepatic vein as well as the NOx plasma levels in
patients with cirrhosis were analyzed. Most of patients enrolled in this study
suffered from alcohol-induced liver disease. The key finding of the manuscript is
that arginine levels increase after TIPS-placement. The study is interesting and
well performed.
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peg-IFN-α2a alone. In the 12-wk treatment group, 11
of 11 (100%) patients attained SVR.
CONCLUSION: Our results show that a 4-wk course
of peg-IFN-α2a monotherapy can achieve a high SVR
rate in “IFN-sensitive” patients, without negatively
affecting outcome.

Abstract

INTRODUCTION

AIM: To assess the efficacy and advantages of 4-wk
pegylated interferon a-2a (peg-IFN-α2a) monotherapy
for chronic hepatitis C patients with strong predictors
of sustained virologic response (SVR).
METHODS: Patients (n = 33) with genotype 2 and
low viral load (< 100 KIU/mL), who became HCV RNA
negative after 1 wk of IFN treatment, were randomly
allocated to receive a 4- or 12-wk treatment course at
a ratio of 2:1, respectively, with a subsequent 24-wk
follow-up period. Peg-IFN-α2a was administered
subcutaneously at a dose of 180 µg or 90 µg once
weekly. SVR was defined as absence of serum HCV
RNA at the end of the follow-up period.
RESULTS: All patients completed the treatment
schedule, and more than half were symptom-free
during the treatment. In the 4-wk treatment group,
20 of 22 (91%) patients achieved SVR. Two patients
relapsed, but achieved SVR following re-treatment with

Pegylated interferon alpha (peg-IFN-α) in combination
with ribavirin for 24 wk is currently recommended as
a standard treatment for patients with hepatitis C virus
(HCV) genotypes 2 and 3, because prolongation of
treatment duration to 48 wk does not always provide a
substantial gain in the sustained virologic response (SVR)
rate[1-5]. In contrast, short-term combination treatment
(i.e. less than 24 wk of duration) has been evaluated in
genotype 2 and 3 patients with or without initial virological
response[6-11]. Shorter treatment may lead to a substantial
reduction in patients’ burden and to the avoidance of
premature termination of treatment without adversely
affecting the outcome. Still, the pros and cons of a shorter
treatment have not been conclusively defined and treating
patients for less than 24 wk is still controversial.
A recent trend in the treatment strateg y for
chronic hepatitis C is the development of tailored or
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individualized treatment regimens based on major strong
predictors of SVR to IFN-based treatment, such as
HCV genotype[2,3,12-17], pretreatment viral load[2,4,12,14,15,18],
and initial virologic response to treatment[15,19-24]. Further
subdivision or stratification of patients by combining
these predictors may allow the development of more
rational and optimal regimen without adversely affecting
the outcome: e.g. treatment duration or combination with
or without ribavirin. Specifically, a subgroup of genotype
2 patients with low viral load showed an excellent
response even to conventional IFN monotherapy[12-14,18].
Furthermore, if initial virologic response is also taken
into consideration in determining treatment regimen for
the “IFN-sensitive” patient subgroup, even a shorter
course of peg-IFN-α2a monotherapy might result in a
high SVR rate without adversely affecting the outcome.
In the present study, we evaluated the efficacy and
tolerability of a 4-wk peg-IFN-α2a monotherapy for
“IFN-sensitive” patients with genotype 2 and low viral
load, who became HCV RNA negative after 1 wk of
treatment, in a pilot, randomized trial comparing a 4-wk
versus a 12-wk treatment schedule. This study may allow
us to substantially reduce the total dose and duration of
peg-IFN-α treatment and to spare the use of ribavirin in
the “IFN-sensitive” patient subgroup.

MATERIALS AND METHODS
Study population
Thirty-seven patients chronically infected with HCV
genotype 2 and low viral load were consecutively enrolled
in this pilot randomized study. They received shortterm peg-IFN-α2a monotherapy at the Department of
Gastroenterology and Hepatology, Kashiwa Hospital,
the Jikei University School of Medicine, between August
2006 and July 2007. Eligible patients had anti-HCV
antibodies, infection with HCV genotype 2 confirmed
by polymerase chain reaction (PCR)-based method[25],
serum HCV RNA levels < 100 kilo-international units
(KIU)/mL by a quantitative PCR assay (Amplicor HCV
Monitor Version 2.0, Roche Diagnostics, Tokyo, Japan;
lower detection limit, 0.5 KIU/mL) (defined as ‘low’
viral load) at the enrolment, persistently abnormal serum
alanine transaminase (ALT) concentrations (> 30 IU/L)
during the preceding 24 wk, platelet counts ≥ 50 ×
103 /µL, neutrophil counts ≥ 750 /µL, and hemoglobin
values ≥ 10 g/dL. All patients were ≥ 20 years of age
and none had received prior IFN-containing treatment.
Exclusion criteria were: liver cancer or decompensated
liver cirrhosis; other forms of liver disease; coexisting
serious psychiatric or medical illness; treatment with any
other antiviral or immunomodulatory agent administered
within the preceding 12 wk; hepatitis B surface antigen
or hepatitis B core antibody; and pregnancy or lactation.
The Local Ethics Committee of Jikei University School
of Medicine approved the study. All patients provided
informed consent before entry into the trial. Liver
biopsy was performed between the enrolment and the
beginning of treatment, and histopathologic evaluation
was carried out using the ranking system for grading of
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necroinflammation activity and staging of fibrosis[26].
Steatosis was graded as mild (< 30% of hepatocytes
contained lipid droplets in the cytoplasm), moderate
(30%-60%), or severe (> 60%).
Study protocol
When patients showed virological response (VR) after
1 wk of treatment, patients were randomly allocated to
receive a 4- or 12-wk treatment course at a ratio of 2:1
using a central randomization system, respectively, with
a subsequent 24-wk follow-up period. Randomization
was performed by means of sealed, opaque, numbered
envelopes, each containing a sheet of paper assigning to
either group, which were prepared independently by a
medical statistician. The total sample size was estimated
statistically (two-sided α = 0.10, β = 0.20). Patients
without VR after 1 wk were excluded from the trial, and
all received a 12-wk treatment course. VR was defined as
undetectable serum HCV RNA, using a qualitative PCR
assay (Amplicor HCV version 2.0, Roche Diagnostics)
with a lower detection limit of 50 IU/mL. Peg-IFNalpha-2a (Roche, Nutley, NJ) at a dose of 180 µg (platelet
count > 90 × 103/µL and neutrophil count > 1500/µL)
or 90 µg (< 90 × 103/µL and < 1500/µL, respectively)
was administered subcutaneously once weekly. During
the treatment, the dose of peg-IFN was adjusted based
on platelet and/or neutrophil counts determined before
each administration: Peg-IFN was reduced from 180
to 90 µg when platelet or neutrophil counts fell below
90 × 103/µL and 1500/µL, respectively, and from 90 to
45 or 30 µg when platelet or neutrophil counts fell below
70% of the values observed the previous week. Peg-IFN
was discontinued when the platelet count, the neutrophil
count, or the hemoglobin value dropped below 25 ×
103 /µL, 500/µL, and 8.5 g/dL, respectively.
Clinical, laboratory and hematological data were
assessed once weekly during the treatment and every
4 wk during the 24-wk follow-up period. Virological
assessment was performed after 1 wk from the initiation
of treatment, at the end of treatment, and every 4 wk
during the follow-up period. Sustained virologic
response (SVR) was defined as undetectable serum
HCV RNA at the end of follow-up period. Safety was
monitored clinically by careful interview and medical
examination throughout the study.
Statistical analysis
The χ2 test, Fisher’s exact two-tail test, or Mann-Whitney
test were used for statistical comparisons between
groups, where appropriate. Treatment outcomes were
analyzed on an intention-to-treat basis. All P values for
statistical tests were two-tailed and values less than 0.05
were considered statistically significant. All calculations
were performed using the SPSS 15.0 statistical package
(SPSS, Chicago, IL).

RESULTS
Patient characteristics
Of 37 patients, 33 (89%) showed VR after 1 wk
www.wjgnet.com
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Table 1 Characteristics of treatment-naïve chronic hepatitis
C patients with genotype 2 and low viral load at the start of
treatment (mean ± SD)

December 21, 2008

10/12
57 ± 10
58.5 ± 10.7
23.0 ± 2.9
10/12
20/2
53 ± 27
75 ± 35
52 ± 24
4.3 ± 0.3
169 ± 22
157 ± 58
13.3 ± 1.6
4700 ± 1500
2490 ± 1140

6/5
56 ± 12
60.6 ± 10.4
21.8 ± 2.2
3/8
9/2
55 ± 32
77 ± 36
48 ± 30
4.2 ± 0.3
182 ± 35
165 ± 62
13.6 ± 1.8
5300 ± 900
2550 ± 613

9/5/5/0
11/8/0
15/4/0
24 ± 21

5/4/2/0
8/3/0
9/2/0
24 ± 22

Number 47

Assessed for eligibility (n = 37)
Consecutive patients with genotype 2 and
low viral load received pegylated interferon α-2a
Excluded (n = 4)
Not meeting inclusion criteria:
Lack of virological response after
1 wk of treatment (n = 4)

12-wk
4-wk
treatment group treatment group
(n = 11)
(n = 22)
Gender (M/F)
Age (yr)
Body weight (kg)
Body mass index (kg/m2)
History of transfusion (yes/no)
Initial dosage (180 mg/90 mg)
Aspartate transaminase (IU/L)
Alanine transaminase (IU/L)
γ-glutamyl transpeptidase (IU/L)
Albumin (g/dL)
Total cholesterol (mg/dL)
Platelet count (× 103/mL)
Hemoglobin (g/dL)
Leukocyte count (/mL)
Neutrophil count (/mL)
Liver histology
Stage (1/2/3/4)
Grade (mild/moderate/severe)
Steatosis (mild/moderate/severe)
Viral load (KIU/mL)

Volume 14

Enrollment (n = 33)
Virological response after 1 wk
2:1 randomization

22 patients randomized to a
4-wk course of treatment

11 patients randomized to a
4-wk course of treatment

Lost to follow-up (n = 0)
Discontinued treatment (n = 0)

Lost to follow-up (n = 0)
Discontinued treatment (n = 0)

Analyzed (n = 22)
Excluded from analysis (n = 0)

Analyzed (n = 11)
Excluded from analysis (n = 0)

Figure 1 Flow diagram of patients included in the pilot study.

of treatment. The 33 patients were subsequently
randomized to the 4-wk (n = 22) or the 12-wk (n =
11) treatment arms (Table 1, Figure 1). There was
no statistically significant difference between the two
groups as far as the baseline characteristics features
were concerned. Irrespective of the treatment course,
all 33 patients completed the treatment and were closely
followed up as scheduled. None of the patients was
lost to follow-up. None of the patients received growth
factors for cytopenias, such as granulocyte-colony
stimulating factor and erythropoietin. A liver biopsy was
not available in 3 patients because of a bleeding disorder
(n = 1, 4-wk treatment group) or because of patients’
refusal (n = 2, both for the 4-wk treatment group).
Sustained virological response rates
In the 4-wk treatment group, 20 of 22 (91%) patients
achieved SVR. Two patients relapsed 8 wk after the end
of treatment. In the 12-wk treatment group, 11 of 11
(100%) patients attained SVR. No statistical difference
was observed between both groups as to the SVR rates.
The two patients who relapsed were offered re-treatment
(4-wk and 12-wk regimens, respectively): both agreed
and achieved SVR.
Predictors of sustained virological response or relapse
Univariate analyses failed to identify factors (including
patients’ age, body weight, and the presence of steatosis)
associated with SVR or relapse.
Safety
Six patients in the 4-wk treatment group and five in the
12-wk treatment group complained of low-grade fever,
headache, or malaise, but these symptoms were well
tolerated during treatment. The dose of peg-IFN-α2a
www.wjgnet.com

was reduced in three (all for thrombocytopenia) and four
(two for neutropenia and two for thrombocytopenia)
patients, respectively. Consequently, the cumulative dose
of peg-IFN-α2a was 180 to 720 µg and 1350 to 2160 µg,
respectively. All patients recovered completely from the
adverse events after the completion of treatment.
Medication price
On the basis of current prices in Japan, the cost of
medication (peg-IFN-α2a of 90 or 180 µg weekly) for
4-wk treatment course is between 536 and 1044 USD,
and that for 12-wk treatment course is between 1608 and
3131 USD.

DISCUSSION
The results of this randomized pilot study suggest that
a subgroup of patients could achieve a sufficiently high
rate of SVR after only a 4-wk course of peg-IFN-α2a
monotherapy. One of the most IFN-sensitive subgroups
appears to include patients with genotype 2 and low viral
load who exhibit VR after 1 wk of treatment.
Patients with genotype 2 or 3 are more sensitive to
peg-IFN- α plus ribavirin treatment than those with
genotype 1, and the current recommendation advocates a
24-wk treatment course, because more than 80% of the
former group will attain SVR[3-5,7,11,27]. Recently, several
studies suggested that the treatment duration could be
shortened from 24 to between 12 and 16 wk without
adversely affecting outcome in patients with genotype
2 or 3 who achieve VR after 4 wk of treatment[6-8,11].
In contrast, large trials indicated that shortening the
treatment duration to 16 or 14 wk lessened the SVR
rates[9,10]. It remains controversial whether the optimal
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treatment duration is 24 wk or less than 24 wk for
patients with genotype 2 or 3. A shorter treatment may
not to be suitable for every patient with genotype 2
or 3. There may be a need to investigate whether the
4 wk timepoint from the beginning of treatment is
appropriate to predict the therapy outcome after 24-wk
treatment course.
There is ample evidence that peg-IFN- α plus
ribavirin treatment is more beneficial in patients with
genotype 2 than those with genotype 3 [4,7-10] . This
suggests that treatment regimens should be tailored
or individualized for each genotype, with a special
emphasis on the duration of treatment. As for patients
with genotype 2 alone, even high-dose conventional
IFN-α monotherapy for 24 wk produced an SVR rate
of 78%[14]. Furthermore, the inclusion of baseline viral
load and initial virologic response, as strong predictors
of SVR independent of genotype[4,6,7,10,11,15,16,19-24,27], may
identify patients suitable for shorter treatment in a more
accurate way. In a small size study, an SVR rate of 100%
was reported in patients with genotype 2a and low viral
load (< 100 KIU/mL) treated with IFN-α for 6 wk[28].
In another study, 89.5% and 100% of patients, without
genotype 1 and high viral load (> 100 KIU/mL),
who showed VR after 2 wk of treatment, achieved
SVR with 8-wk and 24-wk peg-IFN-α2a monotherapy,
respectively [29] . Although the sample size was very
small, this pilot randomized trial suggested that the
duration of peg-IFN-α2a monotherapy may be further
shortened while maintaining a high SVR rate by dividing
patients according to the presence or absence of strong
predictors of response.
Common or characteristic adverse events are more
severe and frequent in the combination treatment with
ribavirin than in IFN-α or peg-IFN-α monotherapy,
especially with prolonged treatment duration, leading
to frequent withdrawals from treatment, because
ribavirin accumulates in various tissues as well as in
erythrocytes[2,15,24]. Therefore, only a minority of patients
in need of therapy actually receives peg-IFN-α plus
ribavirin treatment. Before participation in this trial,
IFN-based treatment has been withheld from some
patients for a variety of reasons such as advanced age,
or the relatively low hemoglobin level and/or platelet
count. Symptoms recorded in this study were mild or
few, supporting the view that a short treatment course
is safer and associated with few adverse events and less
frequent withdrawal from treatment[1,2,7,8,11,30]. Our trial
demonstrated that a 4-wk peg-IFN-α2a monotherapy
was safe for such patients, and suggested that the
indication for treatment could be extended to include
patients considered otherwise unsuitable for the pegIFN-α plus ribavirin combination therapy.
The combination treatment is costly, and the longer
the treatment duration, the higher the cost of treatment.
Currently, the cost of treatment of a person weighing
65 kg who receives peg-IFN-α2a at 180 µg weekly and
ribavirin at 800 mg daily for 24 wk is approximately
11 253 USD in Japan. Thus, a 4-wk peg-IFN- α 2a
monotherapy would achieve a > 90% reduction in cost
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and drug exposure. When one adds the costs of medical
consultation and laboratory tests, the 4-wk peg-IFN-α2a
monotherapy provides a substantial saving in costs and
inconvenience compared to the extended treatment.
In conclusion, the present study showed high SVR
rates in genotype 2 patients with low viral load who
had undetectable serum HCV RNA after 1 wk of
treatment, treated with a 4-wk course of peg-IFN-α2a
monotherapy. Tailoring or individualizing treatment
to individual patients would considerably reduce both
patients’ and society burdens, without adversely affecting
the clinical outcome.

COMMENTS
Background

Hepatitis C virus (HCV) genotype, pretreatment viral load and initial virologic
response are major predictors of the treatment outcome in interferon (IFN)based treatment for chronic hepatitis C. Patients infected with genotype 2 or 3
are currently recommended to receive a 24-wk course of pegylated IFN alpha
(peg-IFN-α) plus ribavirin combination therapy. However, treatment regimens
should be modified for those subgroups of genotype 2 patients with favorable
predictors.

Research frontiers

To improve the treatment outcome while reducing the adverse effects and
treatment costs, peg-IFN-α plus ribavirin combination treatment regimens for
chronic hepatitis C are rationally tailored or reasonably individualized based on
major predictors of response. The duration of combination therapy for genotype
1 or 4 patients is modified from 24 wk to 48 or 72 wk according to virological
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response after 4 wk of therapy.
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by combining strong predictors may shorten the treatment duration and allow
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treatment course for genotype 2 patients.

Applications

This randomized pilot study suggests that further stratification by combining
strong predictors may be extended to individuals infected with other genotypes
in tailoring or individualizing more rational and optimal regimens.

Terminology

Virological response is defined as undetectable serum HCV RNA (<
50 IU/mL). Treatment outcome means sustained virologic response, defined as
undetectable serum HCV RNA at the end of the 24-wk follow-up period.
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therapy for 48 wk were enrolled. Sustained virological
response (SVR) and clinical parameters were evaluated.
RESULTS: One hundred (83.3%) of 120 patients
completed 48 wk of treatment. 53 patients (44.3%)
achieved SVR. Early virological response (EVR) and
end of treatment response (ETR) rates were 50% and
73.3%, respectively. The clinical parameters (SVR vs
non-SVR) associated with SVR, ALT (108.4 IU/L vs 74.5
IU/L, P = 0.063), EVR (76.4% vs 16.4%, P < 0.0001),
adherence to peg-IFN (≥ 80% of planned dose) at
week 12 (48.1% vs 13.6%, P = 0.00036), adherence
to peg-IFN at week 48 (54.7% vs 16.2%, P < 0.0001)
and adherence to RBV at week 48 (56.1% vs 32.1%, P
= 0.0102) were determined using univariate analysis,
and EVR and adherence to peg-IFN at week 48 were
determined using multivariate analysis. In the older
patient group (> 56 years), SVR in females was
significantly lower than that in males (17% vs 50%,
P = 0.0262). EVR and adherence to Peg-IFN were
demonstrated to be the main factors associated with
SVR.
CONCLUSION: Peg-IFNα-2b plus RBV combination
therapy demonstrated good tolerability in Japanese
patients with CHC and resulted in a SVR rate of 44.3%.
Treatment of elderly female patients is still challenging
and maintenance of adherence to peg-IFNα-2b is
important in improving the SVR rate.
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AIM: To evaluate the efficacy of pegylated interferon
α-2b (peg-IFNα-2b) plus ribavirin (RBV) therapy in
Japanese patients with chronic hepatitis C (CHC)
genotype Ib and a high viral load.
METHODS: One hundred and twenty CHC patients
(58.3% male) who received peg-IFNα-2b plus RBV
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INTRODUCTION
In Japan, annual mortality due to liver cancer exceeds
30 000 and 75% of liver cancer is associated with
hepatitis C virus (HCV) infection[1]. The combination
of pegylated interferon (peg-IFN) plus ribavirin (RBV)
is one of the most effective therapies for chronic
hepatitis C (CHC), and the effect of this combination
is reported to be higher than conventional interferon[2,3].
However, the majority of Japanese CHC patients are
infected with HCV genotype Ib and have a high viral
load, and treatment with conventional interferon has
its difficulties [4] . CHC patients in Japan tend to be
older than CHC patients in other countries therefore,
problems such as a higher incidence of liver cancer and
lower tolerability to treatment have been observed[4,5].
The HCV strain and the efficacy of interferon treatment
vary between races and countries[6,7]. Identification of the
factors associated with treatment efficacy is extremely
impor tant, however, few studies involving large
populations have reported on the treatment of Japanese
CHC patients with pegylated interferon alpha-2b (pegIFNα-2b) plus RBV[8,9]. In this study, we evaluated the
efficacy and safety of peg-IFNα-2b plus RBV therapy
in CHC genotype Ib patients with a high viral load. This
treatment became available in Japan for health insurance
approved treatment from December 2004. In addition,
we attempted to identify predictive factors for treatment
outcome.

MATERIALS AND METHODS
Study population
One hundred and thirty CHC genotype Ib patients
with a high viral load, who received peg-IFNα-2b plus
RBV therapy in our hospital or our affiliated institutions
between December 2005 and November 2006 were
enrolled in this study. The diagnosis of CHC was
based on the following criteria; HCV antibody positive,
HCV-RNA positive and elevation of serum alanine
aminotransferase (ALT) activity (> 35 IU/L) within
6 mo of screening. Exclusion criteria were leucopenia
[white blood cell (WBC) count < 3000/µL], neutropenia
[neutrophil (ne) count <1500/µL], thrombocytopenia
[platelet (PLT) count < 90 000/µL], anemia [hemoglobin
(Hb) < 12 g/dL], cirrhosis, creatinine clearance <
50 mL/min, uncontrolled mental disorder, severe heart
or lung disease, or autoimmune disease. The study was
approved by the ethical committee of Tohoku University
according to the Declaration of Helsinki. All patients
gave written informed consent before enrollment.
Treatment regimen
The patients received peg-IFN α -2b (Pegintron®;
Schering-Plough, Kenilworth, NJ, USA) at a dosage of
1.5 mg/kg every week subcutaneously for 48 wk. Daily
RBV (Rebetol®, Schering-Plough) was given orally for
48 wk and the dosage was adjusted according to weight
(600 mg for ≤ 60 kg, 800 mg for 60 to 80 kg, 1000 mg
for > 80 kg). Blood samples were obtained every four
www.wjgnet.com
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weeks and were analyzed for biochemical parameters
including ALT and HCV RNA levels. T he HCV
genotype was determined using a kit. HCV genotype was
determined by PCR using a mixed primer set derived
from the nucleotide sequences of the NS5 region. HCV
RNA levels were measured by quantitative RT-PCR
(Amplicor, Roche Diagnostic Systems, CA, USA). HCV
RNA negativity was evaluated by qualitative RT-PCR
(Amplicor, Roche), which has a higher sensitivity than
the quantitative method. The lower limit of the assay in
the quantitative method was 5 KIU/mL (equivalent to
5000 copies/mL) and was 50 IU/mL (equivalent to 50
copies/mL) in the qualitative method. Early virological
response (EVR) was defined as undetectable HCV
RNA after 12 wk. Sustained virological response (SVR)
was defined as undetectable HCV RNA at 24 wk after
completion of treatment.
Statistical analysis
Fisher’s exact test and the Mann-Whitney U test were
used to evaluate the parameters [age, sex, weight, body
mass index (BMI), EVR, peg-IFN adherence, RBV
adherence, HCV RNA, ALT, WBC, Hb, and PLT] to
determine SVR. Quantitative data were divided into two
groups using the median to examine the differences.
We conducted multivariate analysis using binary logistic
regression on the parameters which achieved statistical
significance (P < 0.05) using univariate analysis. All
analyses were performed using a statistical software
package (StatView-J version 5.0, SAS Institute Inc. Cary,
NC, USA).

RESULTS
Patient characteristics
The details of clinical background, blood biochemistry
and virological data on the CHC patients who received
peg-IFNα-2b plus RBV therapy are shown in Table 1.
Seventy of 120 patients (58.3%) were male, and 50
patients (41.7%) were female. The mean age was 54.8
years, and the median age was 56 years. The mean age
of males was 54.1 years, and the mean age of females
was 55.8 years. The median BMI was 23.6. Seventy
seven patients (64.2%) had no previous history of IFN
treatment and 41 patients (34.2%) had been treated with
IFN previously. Of these previously treated patients,
8 were null-responders (patients who did not achieve
a virological or biochemical response during IFN
treatment), 15 were relapsers, and 18 patients had no
available virological response.
Treatment efficacy
One hundred of 120 patients (83.3%) completed 48 wk
of treatment and 24 wk of follow up. Using intention
to treat (ITT) analysis, 53 patients (44.3%) achieved
SVR. The rate of EVR was 50%. Response rate at the
end of treatment was 73.3%. The transition rate of
HCV RNA negativity with time is shown in Figure 1.
Patients discontinued treatment due to depression
in 3, neutropenia in 3, retinopathy in 2, anemia in 1,

Kogure T et al . Peg-interferon plus ribavirin for HCV in Japan
Table 1 Clinical characteristics of patients at baseline (mean
± SE)
No. of patients

7227
Table 2 Univariate analysis of association between sustained
virological response (SVR) and influential factors (mean ± SE)
Factor

120

Sex, n (%)
Male
70 (58.3)
Female
50 (41.7)
Age (median, range, yr)
54.8 ± 0.98 (56, 27-75)
Male
54.1 ± 1.39 (55.5, 29-72)
Female
55.8 ± 1.33 (56, 27-75)
Weight
62.1 ± 1.09 (61.4, 35.0-99.8)
Body mass index (median, range, kg)
23.7 ± 0.32 (23.6, 14.6-34.1)
Viral load (kIU kirocopies/mL)
1510 (120->5000)
ALT (median, range, IU/L)
89.4 ± 7.39 (67, 18-636)
WBC (median, range, /mL)
5083 ± 136.6 (4900, 2400-9000)
Hemoglobin (median, range, g/dL)
14.4 ± 0.12 (14.1, 11.8-17.2)
Platelet (median, range, × 103/mL)
163.1 ± 4.71 (162.5, 8.1-33.2)
Interferon treatment history, n (%)
Present
41 (34.2)
Null-responder/relapser/unknown
8/15/18
Absent
77 (64.2)
Unknown
2 (1.6)
ALT: Alanine aminotransferase; WBC: White blood cell.

SVR patients Non-SVR patients
(n = 53)
(n = 67)

Parameters before interferon treatment
Age (yr)
52.5 ± 1.50
56.5 ± 1.26
Sex (Male:Female)
35:18
35:32
Body mass index
23.6 ± 0.48
23.8 ± 0.44
Viral load (kirocopies/mL,
1500
1800
median)
ALT (IU/L)
108.4 ± 13.8
74.5 ± 7.04
WBC (/mL)
5227 ± 201
4967 ± 186
Hemoglobin (g/dL)
14.5 ± 0.18
14.3 ± 0.16
Platelet (× 103/mL)
173 ± 7.7
155 ± 5.7
Parameters associated with treatment
EVR
42/51 (82.4%)    13/59 (22.0%)
Cumulative exposure to peg-IFN
12 wk (≥ 80%/< 80%)
38/41 (92.7%) 41/69 (68.3%)
Overall (≥ 80%/< 80%)
35/41 (85.4%) 29/60 (48.3%)
Cumulative exposure to RBV
12 wk (≥ 80%/< 80%)
41/50 (82%)
44/63 (69.8%)
Overall (≥ 80%/< 80%)
32/50 (64%)
25/63 (39.7%)

P

0.0481
0.1402
0.3611
0.1963
0.0478
0.2880
0.2352
0.0630
< 0.0001
0.0034
0.0001
0.1882
0.0138

ALT: Alanine aminotransferase; WBC: White blood cell; EVR: Early
virological response; Peg-IFN: Pegylated interferon; RBV: Ribavirin.

100

HCV RNA negativity rate (%)

90
75.5

80

Table 3 Multivariate analysis of association between sustained
virological response and influential factors

73.3

70

Factor

60

50

50

44.2

40
30
20

15.4

Coefficient

c2

EVR (not achieved)
-2.725
19.325
Cumulative exposure to peg-IFN
Overall (≥ 80%)
2.392
6.600
Constant
1.294

Odds ratio (95% CI)

P

0.066 (0.019-0.221)

< 0.0001

10.934 (1.763-67.82)

0.0102

EVR: Early virological response; Peg-IFN: Pegylated interferon.

10
0

4 wk

12 wk

24 wk

48 wk

SVR

Figure 1 The transition rate of HCV RNA negativity with time.

cutaneous reaction in 1, palsy in 1, HSV infection in 1,
and no response to treatment in 7.
Relationship between clinical parameters and SVR
The association between SVR rate and the baseline
clinical parameters before treatment or treatment-related
factors was examined using univariate analysis. The
following baseline factors were analyzed: age, sex, BMI,
HCV RNA level, ALT, WBC, Hb, and PLT. A summary
of these results is shown in Table 2. The mean ALT level
in patients who achieved SVR was 108.4 IU/L, which
was significantly higher than the ALT level of 74.5 IU/L
in the non-SVR group (P = 0.0478). The PLT level in
patients in the SVR group was 1.73 ×105/µL, which
was higher than the PLT level of 1.55 ×105/µL in the
non-SVR group (P = 0.063). To determine the factors
associated with treatment outcome, we examined the
relationship between the SVR ratio and achievement of
EVR or adherence to peg-IFN and RBV. A summary of
these results is shown in Table 2 and Figure 2. As shown
in Table 2, the ratio of patients who achieved EVR was

significantly higher in the SVR group than in the nonSVR group (P < 0.0001). The SVR rate in patients who
achieved EVR was 76.4%, and this was significantly
higher than the SVR rate in the non-EVR group which
was 16.4% (P < 0.0001). The ratio of patients who
received 80% or more of the scheduled dose of pegIFN or RBV was significantly higher in the SVR group
than in the non-SVR group. The SVR rate in patients
who received 80% or more of the scheduled dose of
peg-IFN was 48.1% (12th wk) and 54.7% (overall). The
SVR rate in patients who did not receive sufficient pegIFN was 13.6% (12th wk) and 16.2% (overall), and
these were significantly lower than the group who had
good adherence. The group with adequate adherence
to RBV (overall) showed an SVR rate of 56.1%, which
was significantly higher than the SVR rate of 32.1%
in the poor adherence group (P = 0.0102). For the
factors which were determined as statistically significant
by univariate analysis, we subsequently conducted
multivariate analysis. The results of this analysis are
shown in Table 3. Using binary logistic analysis, EVR
and adherence to peg-IFN were determined to be
independent predictive factors for SVR.
We examined a group of patients who were older
than the median age (56 years). From the baseline
factors obtained before treatment, sex was determined
www.wjgnet.com
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Factor

P

SVR patients Non-SVR patients
(n = 20)
(n = 37)

Parameters before interferon treatment
Age (yr)
64.0 ± 0.71
63.8 ± 0.73
Sex (male:female)
16:4
18:19
Body mass index
23.3 ± 0.56
23.6 ± 0.53
Viral load (kirocopies/mL)
1500
1800
ALT (IU/L)
94.5 ± 31.1
76.6 ± 11.0
WBC (/mL)
5119 ± 313
4832 ± 223
Hemoglobin (g/dL)
14.1 ± 0.23
14.1 ± 0.19
Platelet (× 103/mL)
  173 ± 12.4
151 ± 7.9
Parameters associated with treatment
EVR
13/18 (72.2%)    7/32 (21.9%)
Cumulative exposure to peg-IFN
12 wk (≥ 80%/< 80%)
16/17 (94.1%) 20/33 (60.6%)
Overall (≥ 80%/< 80%)
15/17 (88.2%) 14/33 (42.4%)
Cumulative exposure to RBV
12 wk (≥ 80%/< 80%)
14/20 (70%)
20/34 (58.8%)
Overall (≥ 80%/< 80%)
8/20 (40%)
13/34 (38.2%)

0.6637
0.0262
0.3973
0.3616
0.3038
0.3798
0.8473
0.1434
0.0008
0.0183
0.0023

120

40
16.4

20

80
60

SVR rate (%)

48.1

20

80
60

13.6

32.1

20
Exp ≥ 80 Exp < 80
12 wk

P < 0.0001
54.7

B

50

47.1

40
30
17.4

20

C

60
50

Male

40

D

70
60

44.4

40
30
20
7.1

10

60

0

Female

P = 0.0124

80

Exp ≥ 80 Exp < 80
12 wk

P = 0.0080
78.1

27.8

20

10
0

100

50

EVR

Non-EVR

P = 0.0019
51.7

40
30
20
10
0

9.5
Exp ≥ 80 Exp < 80
Overall

Figure 3 Clinical parameters in the older patient group (> 56 yr)
associated with SVR rate using univariate analysis. A: The relationship
between sex and SVR rate; B: The relationship between EVR and SVR. C and D:
The relationship between cumulative exposure to peg-IFN and SVR.

16.2

20

60
40

Exp ≥ 80 Exp < 80
Overall

P = 0.0102
56.1
32.1

20
0

Exp ≥ 80 Exp < 80
Overall

Figure 2 The clinical parameters associated with SVR rate using
univariate analysis. A: The relationship between EVR and SVR rate; B: The
relationship between cumulative exposure to peg-IFN and SVR rate; C: The
relationship between cumulative exposure to RBV and SVR rate.

to be a parameter which may be associated with SVR
(Table 4). The SVR rate in females was 17%, which was
significantly lower than the SVR rate of 50% in males
www.wjgnet.com

(P = 0.0262) (Figure 3A). From the factors associated
with treatment outcome, EVR and adherence to pegIFN were demonstrated to be significant (Figure 3B).
In particular, the SVR rate in the group with poor
adherence to peg-IFN was 7.1% (1 of 14) at the 12th wk
and was 9.5% (2 of 21) at the end of treatment. These
rates were extremely low compared with the SVR rate of
44.4% (12th wk) and 51.7% (overall) in the group with
good adherence to peg-IFN (Figure 3C and D).

DISCUSSION

40
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P = 0.1370
48.2
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40
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40
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SVR rate (%)

SVR rate (%)
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SVR rate (%)

76.4

60

0

P = 0.0213

60

Number 47

P < 0.0001

100
80

70

0
0.5612
> 0.9999

ALT: Alanine aminotransferase; WBC: White blood cell; EVR: Early
virological response; Peg-IFN: Pegylated interferon; RBV: Ribavirin.
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One hundred of 130 patients completed peg-IFNα 2b plus RBV combination therapy in our hospital and
related institutions. Treatment was discontinued in 13
patients (10.8%) due to adverse effects. The treatment
showed good tolerability in Japanese patients. A study
of peg-IFN α -2b plus RBV combination therapy in
Caucasian and African American CHC patients reported
a discontinuation rate of 21% [10]. Another study on
Japanese CHC patients reported a 21% discontinuation
rate[9]. Although we cannot compare these studies directly,
it seems that tolerability in this study was satisfactory. At
least in a clinical setting, peg-IFNα-2b plus RBV was well
tolerated in our study of Japanese patients.
In this study, age, ALT level, EVR achievement,
and adherence to Peg-IFN and RBV were associated
with a high SVR rate using univariate analysis. After
multivariate analysis, EVR and adherence to peg-IFN
were demonstrated to be associated with SVR. Of the
baseline factors assessed before treatment, age, sex,
WBC, α-feto protein level, γ-glutamyl transpeptidase,
and LDL-cholesterol have been re por ted to be
associated with a high SVR rate following peg-IFNα-2b
plus RBV therapy in CHC Japanese patients[8,11,12]. The
results of this study were very similar to those of our

Kogure T et al . Peg-interferon plus ribavirin for HCV in Japan

study. Davis et al[13] reported that EVR was considered
to be associated with SVR in patients with CHC treated
with IFN. As a result of this study, EVR was found to
be one of the factors which most influenced SVR rate in
Japanese patients treated with peg-IFNα-2b plus RBV
combination therapy. In our study of older patients (older
than the median), sex, EVR, and adherence to peg-IFN
were associated with SVR rate. The SVR rate in older
females was remarkably low at 17.4% compared to the
SVR rate in all females included in the study which was
36.0% (data not shown).
Adherence to peg-IFN was found to influence the
SVR rate as a treatment-related factor in this study.
SVR rates were low in patients who did not receive
80% or more of the intended dose of peg-IFN. The
effect of adherence to IFN on SVR has been reported
previously [13-15] . In a study on peg-IFN α -2a/RBV
therapy in patients with HCV genotype I, it was reported
that the SVR rate in cases who had a reduction in RBV
dosage before the 20th wk was remarkably low [15] .
Furthermore, a reduction in RBV dosage and/or pegIFNα-2a dosage after the 24th wk did not influence
the SVR rate[15]. On the other hand, a study on African
American patients with HCV genotype Ⅰ reported
that a reduction in peg-IFNα-2b dosage influenced the
SVR rate more than a reduction in RBV dosage[14]. In
the current study, adherence to RBV up to the 12th wk
did not significantly influence the SVR rate, but overall
adherence to RBV significantly influenced the SVR rate.
Unlike the reports on Caucasian and African American
patients, it may be that overall adherence to RBV is
important in Japanese patients.
It was notable that adherence to peg-IFN α -2b
significantly influenced SVR in this study. In the patients
who did not receive 80% or more of the intended
dose by the 12th wk, the SVR rate decreased markedly.
Adherence to peg-IFN α -2b at the 12th wk may be
critical in determining whether the treatment should be
continued. It is often difficult to maintain adherence to
peg-IFNα-2b simply to improve the SVR rate, because
IFN dosage and the hematologic adverse effects of this
drug are problematic[16,17]. Recently, a 72-wk treatment
protocol for late virological responders was reported[18,19].
Further examination of the impact of prolonged
administration in patients with poor adherence to pegIFNα-2b is needed.
In conclusion, peg-IFNα-2b plus RBV combination
therapy demonstrated good tolerability in Japanese
patients with CHC, and resulted in a SVR rate of 44.3%.
Treatment of older female patients and maintenance
of adherence to peg-IFNα-2b are important factors in
improving SVR rate.

of clinical trials. This is believed to be derived from differences in recruited
patients in phase Ⅱ and Ⅲ clinical trials and usual clinical settings (e.g. young
vs elderly, highly motivated vs reluctant, etc).

Innovations and breakthroughs

The current study demonstrated that outcome is dependent on therapeutic
adherence (> 80% of expected peg-IFN dosage). The overall treatment success
[sustained virological response (SVR)] was 44.3%, almost equivalent to those
in phase III clinical trials.

Applications

The total SVR rate was equivalent to clinical trials. The elderly, especially
female patients showed a lower response to treatment. The reason for this is
still unclear and future investigations are feasible in order to understand this
observation.

Terminology

SVR indicates sustained virological response, which means sustained (more
than 24 wk after treatment) viral clearance from the infected host.

Peer review

It is very important to describe the true clinical impact of global standard
treatment in Asian races. Fortunately, the results were almost equivalent
to those of other global regions. Although female patients seem to have a
disadvantage with this treatment, these patients could have comparable results
if adherence to both drugs is maintained.
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Abstract
AIM: To investigate and identify prevalent hepatitis
B virus (HBV) genotypes and to explore lamivudineresistant mutations among treated and untreated
patients in Jordan.
METHODS: A total of 107 cases with chronic hepatitis
B were recruited from different medical centers in
Jordan. Serological tests were preformed for all cases
using a microparticle enzyme immunoassay. HBV
Genotyping was performed for 70 cases using Line
probe genotyping assay. The YMDD mutations were
explored for 20 cases (4 were lamivudine naive) using
the INNO-LiPA HBV DR assay.
RESULTS: G e n o ty p e D wa s t h e o n l y d e t e c t e d
genotype. A total of 6 YMDD mutations were detected
in 5 treated patients (31%) while one mutation was
detected in the naive patients. Seventeen percent of
cases were positive for HBeAg and had statistically
significant higher levels of serum aminotransferases.
CONCLUSION: HBV genotype D appears to be the
only circulating type in Jordanian patients. The YMDD
mutations were detected in 31% of lamivudine-treated
cases with similar patterns to those found in the literature. We also found a relatively low prevalence
of HBeAg expression among examined cases (17%).
Awareness of these serologic, genotypic and resistance
patterns might help in the formulation of management

plans and for predicting clinical outcomes. Further
larger scale studies are needed to confirm our results
and to examine possible associations among clinical,
serologic, and genetic patterns of HBV infections in
Jordan.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Infections with hepatitis B virus (HBV) continue to be a
worldwide problem[1] and a considerable proportion of
these infections usually progress to chronic infection and
hepatocellular carcinoma[2]. In view of this significant
diseases burden, vaccination against hepatitis B emerged
as the most cost-effective prevention method [3]. The
available treatments of HBV infections include interferon-alpha (IFN-α) and nucleoside analogue agents (lamivudine, adefovir, entecavir, telbivudine, and others)[4].
However, responses to these treatment regimens are
variable and are still a long way from being perfect. Besides, treatment protocols are associated with considerable risks of evolving resistant mutants[5]. These hepatitis
B mutants can appear in patients as a consequence of
the constant selection pressure from either the immune
response or treatment choice. In the meantime, classification of HBV has changed from the serologic subtype
classification to a more precise genotype genetic classifiwww.wjgnet.com
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cation. Hepatitis B virus has been classified into the eight
genotypes (A-H) on the basis of nucleotide sequence
differences, and these genotypes have typical geographic
distributions and may have different pathogenicity and
epidemiology[6]. These genotypes are generated during
replication of HBV DNA through an RNA reverse transcriptase intermediary step that lacks proofreading functions[7,8]. Lamivudine, as a potent nucleoside analogue,
has been used for chronic HBV infections therapy. However, the need for long-term courses is associated with
emergence of lamivudine-resistant mutations. The most
common of these mutations affect HBV polymerasereverse transcriptase. The most commonly reported
mutations are the substitution of either valine (M204V)
or isoleucine (M204I) for methionine in the tyr-met-aspasp (YMDD) motif located in the polymerase active site
(domain C), and substitution of methionine for leucine
(L180M) in the active site (domain B)[9,10]. The present
study aimed to identify prevalent hepatitis B genotypes
and lamivudine-resistant mutations among treated and
untreated HBV patients in Jordan.

MATERIALS AND METHODS
Patients and setting
In this cross-sectional study, we recruited 107 patients
with chronic hepatitis B from different departments of
King Abdullah University Hospital, Jordan University
Hospital, and Princess Badea’h Hospital. All were positive
for HBsAg. Genotyping and lamivudine-resistance
mutation analysis were performed for 70, and 20 patients,
respectively (budgetary restrictions meant we couldn’t
genotype all the patients). There was no recruitment
discrimination made in respect to active or previous
lamivudine treatment.
HBV serological markers testing
Twenty ml of peripheral blood were taken and serum samples were aliquoted and stored at -70℃ until
used. Sera were tested for HBsAg, anti-HBc, anti-HBs,
HBeAg, and anti-HBe using the microparticle enzyme
immunoassay (Abbott diagnostic laboratories/AXSYM
system, v2, 200, Ireland).
HBV DNA extraction
HBV DNA was extracted from the serum using a DNAsorb-B kit (Sacace Sr biotechnologies company, Italy).
DNA was re-suspended in a final volume of 30 μL of
sterile, nuclease-free water and then stored at -20℃ till
used.
HBV genotypes detection
HBV Genotyping was performed using the Line probe
genotyping assay (INNO-LiPA HBV Genotyping
assay; Innogenetics, Ghent, Belgium). It is a line probe
assay designed to identify hepatitis B genotypes A to
G by detection of type-specific sequences (328-619
nucleotides) in the HBV polymerase gene (domains B to
C), which are overlapped with specific sequences in the
HBV surface gene. In summary, the biotinylated PCR
www.wjgnet.com
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product (after amplification) was denatured by adding
denaturation solution at room temperature. It was
then hybridized with specific oligonucleotides probes
immobilized as parallel lines on membrane based-strips
in hybridization solution at 50℃ using a water bath.
Stringency solution was then added to strengthen the
binding between the probe and single stranded denatured
DNA. Unhybridized DNA was washed from the strips
by addition of rinse solution. Conjugate solution was
then added to the strips at room temperature. Finally, a
chromogenic substrate was added to the strips. A purple
precipitate was observed in the lines, identifying stable
hybrids formed between the DNA and the probes.
Amplification of HBV DNA and YMDD mutations
detection
A m p l i f i c a t i o n o f H B V D N A wa s a s d e s c r i b e d
previously[9]. YMDD mutations were detected using a
lamivudine resistance assay (INNO-LiPA HBV DR;
Innogenetics, Ghent, Belgium). The amplified region of
the HBV genome is common between the HBsAg gene
and the polymerase gene, therefore the same protocol
was followed for both amplification and hybridization
processes. This assay detects mutations or polymorphisms
at codons 180, 204 and 207 of the HBV polymerase
gene, in addition to HBsAg-specific codons, due to the
overlapping reading frame.
Statistical analysis
Data were processed using the statistical package for
statistical science software (SPSS, version 10, Chicago.
Inc). Statistical analysis was carried out using Fisher’s exact
test, Chi-square test, and t-test wherever appropriate. A P
value of < 0.05 was considered significant.

RESULTS
Patients’ demographics
We recruited 107 patients (31 female and 76 male).
Mean age of cases was 34.1 years (SD = 13). Chronicity
was confirmed in all cases with positive results for
HBsAg, anti-HBcAg-IgG and negative results for antiHBsAg-IgM. Sixteen patients had a history of receiving
lamivudine (Twelve were actively receiving it, while 4
were off treatment at time of enrolment). None of
HBeAg negative cases had hepatitis-related symptoms
(jaundice, liver enlargement, and Ascites), while 33% of
the HBeAg positive cases had such symptoms (Table 1).
Serological patterns
Most patients did not express HBeAg (83%). However,
the mean levels of alanine aminotransferase (ALT), and
aspartate aminotransferases (AST) were significantly
higher in the HBeAg positive group (121 vs 38 and 143
vs 37, respectively) (Table 1) and these ALT and AST
values were statistically significantly abnormal.
HBV genotyping
Surprisingly and interestingly, the 70 selected samples
(positive-HBsAg) were all positive for genotype D. We

Masaadeh MA et al . Genotypes of hepatitis B virus in Jordan		
Table 1 Clinical and serological patterns of all 107 HBsAg
positive patients n (%)
Criteria		
Number of cases		
Hepatitis-related symptoms
Positive HBeAb		
Abnormal ALT		
Abnormal AST		
Abnormal ALP 		

HBeAg positive HBeAg negative
18 (17)
6 (330)
0 (0)
18 (100)
16 (89)
4 (22)

89 (83)
0 (0)
89 (100)
35 (39)
12 (13)
18 (20)

P
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.85

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP:
Alkaline phosphatase.

did not detect any other genotypes. Detecting no other
genotypes in our cohort made it impossible to compare
between HBV genotypes and their effects on clinical
course of disease or on response to antiviral drugs.
Lamivudine resistance mutations
Lamivudine resistant mutations were tested for 20 cases (4
were lamivudine naive and 16 with a history of lamivudine
treatment) (Table 2). Six mutations were detected in 5
different patients with a history of lamivudine treatment
(31%). Two mutations (M204Ile and L180M) were
detected in one patient. On the other hand, one mutation
only (M204V) was detected in a lamivudine naive patient.
The mutation M204Ile was the most prevalent and
durations of lamivudine treatment ranged from 1 to 13
years.

DISCUSSION
This is the first report from Jordan that investigates
HBV genotypes and lamivudine resistance mutations.
Our results showed that genotype D is at least the most
(if not the only) prevalent genotype in Jordan. This
genotype is also the most prevalent genotype worldwide, with more concentration in the Middle East and
the regions around as Turkey, Egypt, and Gulf region.
Recent studies have found that genotype D accounts for
81%-85% of all genotypes in Saudi Arabia and almost
all genotypes in Egypt[11-13]. This finding might have potential impact on selection of antiviral drugs, prediction
of disease courses and clinical responses. There is accumulating evidence that patients with genotype D might
achieve higher sustained viral response rate than patients
with genotype A[14], despite being less responsive to interferon treatment when compared to genotypes A and
B[5]. It is also known that that genotype D has a higher
likelihood of developing advanced cirrhosis compared
to genotype A[15]. Furthermore, there is evidence that
the rate of resistance to lamivudine is lower in patients
infected with genotype D than in patients with genotype
A[5]. In our study, the prevalence of lamivudine resistant
mutations was 31%. It is difficult to compare this prevalence to other studies because our cases received variable
durations of lamivudine treatment. However, this prevalence seems broadly similar to those in other reports
showing that there is a 20% yearly chance for resistance
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Table 2 Profile of detected YMDD mutations among tested
cases
Mutation 		

Patients with history of
lamivudine treatment

Patients tested		
HBeAg Positive		
M204Ile			
M204V			
L180M			
Total			

16		
3		
4		
1		
1		
6		

lamivudine naive
patients
4
1
0
1
0
1

to emerge in lamivudine-treated patients. The mutation
M204Ile was the most prevalent, followed by the M204V
mutation, which is similar to cases reported previously[16].
We also detected a mutation in an apparently lamivudine-naive case. This might be due to transmission of
the virus from a lamivudine-treated index case or, less
likely, to a spontaneous mutation. In general, HBV mutations conferring drug resistance to lamivudine are rare
in lamivudine naive patients but do exist[17]. In one of
our patients, the M204V mutation was accompanied by
the mutation L180M. This combination is also common
and has been described before[18]. Our study has also
found a relatively low rate of HBeAg positive patients
(17%). This might be explained by the rapid clearance of
HBeAg among patients with genotype D demonstrated
in previous reports[12].
In conclusion, HBV genotype D appears to be the
only circulating type in Jordanian patients. The YMDD
mutations were detected in 31% of lamivudine-treated
cases with similar patterns to those in the literature. We
also found a relatively low prevalence of HBeAg expression among examined cases (17%). Awareness of these
serologic, genotypic and resistance patterns might help
in the formulation of management plans and in predicting clinical outcomes. Further larger scale studies are
needed to confirm our results and to examine possible
associations among clinical, serologic, and genetic patterns of HBV infections in Jordan.

COMMENTS
COMMENTS
Background

Hepatitis B virus (HBV) infections continue to impose huge medical, social, and
economic burdens on patients and countries all over the world. Chronic liver
disease, cirrhosis, and hepatocellular carcinoma are serious consequences
of such infections. These infections are possibly transmitted through transfusion of blood products, unprotected sex, vertical transmission from mothers, or
other different risky behaviours. As of today, and despite tremendous medical
advances, there is permanent cure for these infections.

Research frontiers

Individualizing the management of patients with hepatitis B infections is based
on understanding the local prevalence of different genotypes of this virus. It
is also affected by the patterns of resistance manifested by local strains. We
addressed these issues in this article. We studied the genotype profiles and
resistance patterns of hepatitis B strains among Jordanian patients.

Innovations and breakthroughs

Even though we expected genotype D to be the most prevalent one among Jordanian patients, it was surprising that no other genotypes were detected. With a
small number of strains tested for YMDD resistance mutations, it was apparent
that our YMDD lamivudine resistance profiles were similar to those encountered
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in other surrounding countries and other different parts of the world. During
the twentieth century, huge advancements in understanding the basics of this
disease have been achieved. Researchers have focused on different frontiers
including pathogenesis, diagnostic approaches, genetic profiling, antiviral
therapy, resistance patterns, and vaccines development.

Applications

This study may give certain insights to Jordanian physicians managing hepatitis
B patients. Genotypic profiles and resistance patterns might help in decisions
regarding selection of antiviral therapy, duration of treatments, and expected responses to treatment. Knowing the genetic profiling of hepatitis B strains might
reduce the cost of diagnostic testing.
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Terminology

Lamivudine is a well-known antiviral drug used for treatment of hepatitis B and
other viral infections. YMDD is a motif that is commonly mutated in hepatitis B
virus lamivudine resistant mutants.
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Peer review

In this article, the authors have described HBV molecular epidemiology in
Jordan. The objectives were clearly stated and a respectable sample size (107
subjects) was studied. All subjects were HBsAg positive. Only 17% of cases
were positive for HBeAg. 100% of cases were genotyped as HBV genotype
D. YMDD mutations were observed in 31% of cases analyzed. Overall, the
manuscript is well written and results are clearly presented. Interpretation of the
findings is appropriate.
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Abstract
AIM: To present our experience with tuberculous
peritonitis treated in our hospital from 2002-2007.
METHODS: We reviewed the medical records of 9
children with tuberculous peritonitis.
RESULTS: Nine patients (5 boys, 4 girls) of mean age
14.2 years were diagnosed with peritoneal tuberculosis.
All patients presented with abdominal distention.
Abdominal pain was seen in 55.5% and fever in 44.4%
of the patients. Four cases had coexisting pleural
effusion and two had pulmonary tuberculosis with
parenchymal consolidation. Ultrasonography found
ascites with septation in 7 patients. Two patients had
only ascites without septation. Ascitic fluid analysis
of 8 patients yielded serum-ascite albumin gradients
of less than 1.1 gr/dL. Laparoscopy and laparotomy
showed that whitish tuberculi were the most common
appearance. Adhesions were also seen in three cases.
The diagnosis of peritoneal tuberculosis was confirmed
histo-pathologically in 7 patients and microbiologically
in two. Two patients had been diagnosed by ascitic
fluid diagnostic features and a positive response to
antituberculous treatment. All patients completed the
antituberculous therapy without any complications.
CONCLUSION: Tu b e rc u l o u s p e r i t o n i t i s h a s t o
be clinically suspected in all patients with slowly
progressive abdominal distension, particularly when
it is accompanied by fever and pain. Laparoscopy

and peritoneal biopsy are still the most reliable, quick
and safe methods for the diagnosis of tuberculous
peritonitis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Tuberculous peritonitis (TBP) is an uncommon
presentation of tuberculosis (TB) especially in children
without any other debilitating disease such as cirrhosis,
diabetes and chronic renal failure on continuous
ambulatory peritoneal dialysis[1]. It is estimated that TBP
occurs in 0.1%-3.5 % of all patients with pulmonary
TB and represents 4%-10% of all extrapulmonary
TB[2,3]. Most of the cases are in their 30’s or 40’s and it is
rarely seen in children[1,4]. It results from hematogenous
spread or contagious spread from an abdominal focus or
mesenteric lymph node[4,5]. Most patients have chronic
abdominal complaints. Due to the protean nature of the
manifestations, diagnosis is often delayed and the rate
of complications and mortality increases. Therefore,
clinicians should be aware of the disease for the early
diagnosis. We aimed to review the clinical features of the
TBP in children that were followed up in our center.

MATERIALS AND METHODS
In this retrospective study, we reviewed the medical
records of 9 children with TBP followed by our
Pediatric Department from 2002-2007. The presentation
symptoms, history of TB exposure, biochemical tests,
clinical and histological features of the patients were
recorded. Other causes of ascite and chronic liver
www.wjgnet.com
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Table 1 Summary of patients’ details, clinical presentations and outcome
Patients

1

2

3

4

5

6

7

8

9

Age/sex (Yr)
Clinical
presentation

14/M
Abdominal
distention
Abdominal
Pain
Night sweats
Cough
Consolidation

14/F
Abdominal
distention

16/M
Abdominal
distention
Abdominal
Pain
Night sweats
Weight loss
Pleural
effusion

16/F
Abdominal
distention
Weight loss
Fever

11/M
Abdominal
distention

14/M
Abdominal
distention
Abdominal
Pain

15/F
Abdominal
distention
Abdominal
Pain
Fever

Pleural
effusion

None

None

12/F
Abdominal
distention
Abdominal
Pain
Fever
Cough
Pleural
effusion

Contact history Father
Brother
BCG /TST
Neg/22
(scar/mm)
ADA (IU/dL) SAAG
Ascitic fluid
-/AFB/culture
Abdominal
Minimal ascite
USG

None

Mother

16/M
Abdominal
distention
Weight loss
Night sweats
Fever
Cough
Pleural
effusion
Consolidation
Uncle

Neg/17

Neg/6

121
1.0
Neg/Pos

Laparoscopic/
laparotomic
appearance
Peritoneal
histopathology
Outcome

Thoracic
involvement

Whitish
tuberculi
Adhesions
Caseating
granuloma
Alive

None

None

Father

None

None

Neg/10

Mother
Grandfather
Grandmother
Pos/0
Pos/20

Neg/15

Pos/13

Pos/16

0.5
Neg/Neg

0.7
Neg/Neg

0.3
Neg/Pos

0.8
Neg/Neg

94
0.4
Neg/Neg

0.5
Pos/Neg

102
0.6
Neg/Neg

Ascites with
septation

Ascites with
septation

Ascites with
septation

Ascites

Whitish
tuberculi

-

Ascites with
septation
LAP
-

Whitish
tuberculi

Caseating
granuloma
Alive

-

-

Alive

Alive

Whitish
tuberculi
Adhesions
Caseating
granuloma
Alive

Ascites with Ascites with
septation
septation
Hepatomegaly
Whitish
Whitish
tuberculi
tuberculi
Adhesions
Caseating
Caseating
granuloma granuloma
Alive
Alive

Caseating
granuloma
Alive

Ascites with
septation
LAP
Whitish
tuberculi
Caseating
granuloma
Alive

-: Not obtained; BCG: Bacillus calmette-guerin vaccination; TST: Tuberculin skin test; SAAG: Serum-ascite albumin gradient; ADA: Adenosine deaminase
activity; AFB: Acid fast bacilli; USG: Ultrasonography; LAP: Lymphadenopathy.

diseases were ruled out in all patients. None of the
patients had any other chronic disease.
The tuberculin skin test (TST) was evaluated 48-72 h
after intradermal injection of 5 tuberculin units of
purified protein derivative. It was considered to be positive
when the induration was greater than or equal to 15 mm
in previously vaccinated patients and greater than or equal
to 10 mm in patients who had never been vaccinated.
Diagnosis of TBP was based on either typical
laparoscopic appearance with tubercles and histological
presence of caseating granuloma or diagnostic features
of the ascitic fluid and response of the antituberculous
therapy (in the absence of tissue samples being available).
Patients were treated with isoniazide (10 mg/kg per
day) and rifampin (15 mg/kg per day) for 9 mo and
pyrazinamide (30 mg/kg per day) and streptomycin (2040 mg/kg per day) for the first 2 mo. Metilprednisolone
(2 mg/kg per day) was also given to four patients (patients
1-3 and 5) for the first 6 wk. The data were expressed as
mean ± SD.

RESULTS
N i n e p a t i e n t s we r e d i a g n o s e d w i t h p e r i t o n e a l
tuberculosis. They were 5 boys and 4 girls with a mean
age of 14.2 years (range 11-16 years). At presentation,
abdominal distention was a common complaint in all
patients (100%). In addition, five had abdominal pain
(55.5%), four had fever (44.4%), three had coughing,
three had weight loss, and three had night sweating
www.wjgnet.com

(33.3%). The mean duration of symptoms was 41.5 ±
30.2 (7-90) d. Six patients had a history of tuberculosis
within the family (for details see Table 1).
At admission, only four of the patients had two
Bacillus Calmette-Guerin (BCG) scars. The tuberculin
skin tests (TST) were positive in 6 patients with an
induration ranging from 10-22 mm. Five cases had
concomitant thoracic involvement (Table 1). Three
patients had pleural effusion (Figure 1), one had
parenchymal consolidation, and one (patient 4) had both
of them. The most common abdominal ultrasonography
(USG) findings were ascites with septation (found in 7
patients). Two had only ascites without septation (patients
1 and 6), one had hepatomegaly (patient 8) and two had
intra-abdominal lymphadenopathies (patients 4 and 9) as
well as ascites. In one patient (patient 1), peritoneal fluid
could not be obtained. This patient had been previously
operated on because of intestinal obstruction in another
center, where they had seen multiple adhesions and
whitish tuberculi on peritoneum. The patient was then
referred to our center.
Ascitic fluid analysis was performed in 8 patients. All
of the ascitic fluids were exudative, and the serum-ascite
albumin gradient was less than 1.1 g/dL in all of them.
Laboratory findings of serum and ascitic fluid are shown
in Table 2. Direct examination of ascitic fluids revealed
a predominance of lymphocytes. Acid fast bacilli (AFB)
only found in one patient (patient 8). Positive cultures
for M. tuberculosis were present in two patients. Three
patients showed high adenosine deaminase activity (ADA)
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Table 2 Laboratory findings of the patients at presentation
Parameter
Hemoglobin (g/dL)
White cell count (1012/L)
Erythrocyte sedimentation rate (mm/h)
C-reactive protein (g/dL)
Serum total protein (g/dL)
Serum albumin (g/dL)
Serum/ascites albumin gradient (g/dL)
Ascites LDH (IU/L)
Ascites total protein (g/dL)
Ascites albumin (g/dL)
Ascites glucose (mg/dL)
Ascites polymorphonuclear leukocyte
(per mm3)
Ascites lymphocyte (per mm3)

Mean ± SD (range)
11.2 ± 1.3 (9.9-13)
6.4 ± 1.9 (4.1-9.0)
42.3 ± 21.0 (10-72)
79.6 ± 63.7 (21-203)
7.4 ± 0.7 (6.5-8.5)
3.2 ± 0.5 (2.4-3.9)
0.6 ± 0.2 (0.3-1.0)
746.8 ± 327.1 (366-1331)
5.2 ± 0.6 (4.7-6.0)
2.6 ± 0.5 (1.9-3.4)
71.7 ± 15.1 (49-89)
1915 ± 1578 (520-5200)
3135 ± 3165 (602-9400)

Figure 1 Chest roentgenogram showing pleural effusion on both sides
(patient 5).

LDH: Lactate dehydrogenase.

in their ascitic fluid. The clinical features of patients are
shown in Table 1.
Laparoscopy was perfor med on 6 patients and
laparotomy on one, and whitish tubercles were the most
common findings in all. In three of the cases, adhesions
were also seen. All biopsy samples obtained from 7
patients revealed caseating granuloma (Figure 2). The
diagnosis of peritoneal tuberculosis was confirmed histopathologically in 7 patients, and two of these patients
were also proved microbiologically. The remaining 2
patients had been diagnosed by ascitic fluid diagnostic
features and a positive response to antituberculous
treatment.
All patients completed the 9 mo course of therapy
and recovered without any complications. Patients were
followed for 6 to 15 mo after the end of therapy and all
were in good health.

DISCUSSION
Tuberculous infection is still a significant cause of
morbidity and mortality in the world. It is estimated that
the incidence of TBP among all forms of TB varies
from 0.1 % to 0.7 % worldwide and it is seen most
commonly in patients between 35 and 45 years of age[4].
It is seen in children with a lower frequency. Recently,
Forssbohm et al[6] reported that in Germany, only 5% of
peritoneal TB cases were children under 14 years old. In
the US, peritoneal TB accounts 0.3% of all TB cases in
children less than 20 years and median age in children
was 13 years[7]. Our review showed that TBP is also seen
in lower frequency in our local area, the Black Sea region
of Turkey. We have followed up only 9 children with
TBP in a 5 year period. Mean age in this study was 14.2
years, in accordance with the literature. There was only
one patient of 11 years old, the others were between
14-16 years. However, younger children with TBP have
been reported in two studies from Turkey[8,9].
The initial symptoms of TBP cases are nonspecific,
such as abdominal distention, pain, fever and weight loss
and the occurrence of these events take a long time[5,8-10].
The clinical presentation of our patients was similar

Figure 2 Histological appearance of caseating granuloma (patient 5,
haematoxylin and eosin stain, original magnification x 10).

and ascites, causing abdominal distention was present in
all cases. Constitutional symptoms of abdominal pain
was seen in 55.5% of the patients, fever in 44.4%, and
weight loss, night sweating and coughing were seen in
33.3% of the patients. One patient (patient 1) presented
with small-bowel obstruction due to chronic peritoneal
inflammation and adhesions. Intestinal obstruction
developed in patients with TBP is also reported in the
other studies[4,11-13].
Due to the nonspecific symptoms and physical
findings, diagnosis is often delayed. The gold standard of
diagnosis of TB in children is the triad of contact with
a patient with active TB, positive TST and compatible
physical and radiological findings. Clinicians must be
aware of this serious health problem and inquire of
familial history of TB. In our series, 66.7 % of patients
have a contact history within the family and therefore
we consider that family history is an important factor
to take into account when making the diagnosis. In
addition, TST is a helpful tool in diagnosis of TB and
applied frequently. However, its diagnostic value in TBP
can be variable. The frequency of TST positivity was
higher (66.7%) in our study population than reported as
18%-27% in the other studies[8,14,15].
Chest radiographs are abnor mal in 50-75% of
patients with TBP[5]. It has been reported that 12%-63%
of patients with TBP also had pleural effusion in
different studies[8,16,17]. Similarly, in our study, 5 patients
www.wjgnet.com
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(55.5%) had thoracic involvement, 4 of them had pleural
effusion and 2 had consolidation. In most studies,
direct examination of AFB and culture positivity of
the peritoneal fluid are rarely seen[2,9,14,18]. In the present
study, ARB were seen in only one case (patient 8) and
culture of peritoneal fluid was positive in two cases
(patients 2 and 5).
Analysis of ascitic fluid often shows exudative
features with lymphocytic predominance and serumascite albumin gradient lesser than 1.1 gr/dL[18]. The
ascite samples acquired from eight patients in our study
had lymphocytic predominance and low serum-ascite
albumin gradient, therefore we also suggest that the
ascitic fluid features mentioned above might be a good
indicator for diagnosis.
High levels of ADA in the ascitic fluid has been
shown to be compatible with the diagnosis of TBP with
high sensitivity (100%) and specificity (97%), but the
analysis of ADA activity is expensive and may not be
available everywhere[18-20]. We were able to assess ADA
activity in ascitic fluid in only three patients and their
values were high.
Bacillus can reach the peritoneum through the
gastrointestinal tract via mesenteric lymph nodes or
directly from the blood [5]. The most common form
of disease is wet peritonitis, both visceral and parietal
peritoneal layers are affected with the formation of
multiple tuberculous nodules and ascites[21]. Abdominal
USG is a non-invasive and easy available method
of detecting abdominal fluid and lymphadenopathy.
So it can be used for the diagnosis of TBP as a first
step investigation. The most specific sonographic
findings of TBP are ascites with fine septations and
lymphadenopathy with hypoechogenic centers indicating
caseating necrosis[18]. Abdominal USG of the present
patients revealed ascites as the most common findings
in all patients, also with fine septations in 7 of them,
intra-abdominal LAP was seen in two patients, and
hepatomegaly in one.
A thickened peritoneum, whitish tubercles and
adhesions are the most common appearance of TBP in
laparoscopy or laparotomy. Besides specific appearance,
these procedures allow us to take a peritoneal biopsy,
which is the gold standard for diagnosis[22]. In our series,
6 patients had undergone laparoscopy and one had a
laparotomy and whitish tubercles on peritoneum were
seen in all and adhesions in two. This pathognomonic
appearance was proved by the observation of caseating
granuloma on the histology. No complications were
encountered in our patients.
Some authors suggest that corticosteroid administration combined with antituberculosis treatment
can reduce the complications and morbidity rate,
however, there is a controversy about the benefit[23-25].
In the present study, we added metilprednisolone to
antituberculosis therapy in four patients, with positive
results.
In conclusion, TB is still a major cause of
mortality and morbidity worldwide. Although TBP is
uncommon in childhood, it needs to be considered in
www.wjgnet.com
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all patients presenting with ascites, particularly when it
is accompanied by fever and abdominal pain. Due to its
high fatality rate, if not diagnosed in time, early diagnosis
is very important. Laparoscopy and peritoneal biopsy
are still the most reliable, quick and safe methods for the
diagnosis of TBP.
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CONCLUSION: RGZ treatment can ameliorate
increased hepatic IL-18 production and histological
changes in liver of NAFLD rats. The beneficial effects
of RGZ on NAFLD may be partly due to its inhibitory
effect on hepatic IL-18 production.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the effects of rosiglitazone (RGZ)
on expression of interleukin-18 (IL-18) and caspase-1
in liver of non-alcoholic fatty liver disease (NAFLD)
rats.
METHODS: Twenty-eight Sprague-Dawley (SD) rats
were randomly divided into control, NAFLD, and RGZ
treated NAFLD groups. A NAFLD rat model of NAFLD
was established by feeding the animals with a high-fat
diet for 12 wk. The NAFLD animals were treated with
RGZ or vehicle for the last 4 wk (week 9-12) and then
sacrificed to obtain liver tissues. Histological changes
were analyzed with HE, oil red O and Masson’s
trichrome staining. Expressions of IL-18 and caspase-1
were detected using immunohistochemical staining
and semi-quantitative reverse-transcription polymerase
chain reaction (RT-PCR) analysis.
RESULTS: The expression levels of both IL-18 and
caspase-1 were higher in the liver of NAFLD group
than in the control group. Steatosis, inflammation
and fibrosis, found in the liver of NAFLD rats, were
significantly improved 4 wk after RGZ treatment. The
elevated hepatic IL-18 and caspase-1 expressions in
NAFLD group were also significantly attenuated after
RGZ treatment.
www.wjgnet.com

INTRODUCTION
Interleukin-18 (IL-18), previously called interferongamma (IFN-γ) inducing factor, is originally identified as
a pro-inflammatory cytokine derived from Kupffer cells
in animals with acute liver injury induced by endotoxin[1].
IL-18 is closely related to and acts synergistically with
IL-12. However, its amino acid sequence and structure
motifs resemble the IL-1 family. IL-18 expression has
been demonstrated in a variety of cell types originated
from both immune and non-immune systems, suggesting
that IL-18 may have a wide range of cellular sources
and functions apart from being a macrophage-derived
inducer of IFN- γ production from type 1 T helper
cells [2]. IL-18 is intracellularly synthesized as a nonfunctional precursor protein, pro-IL-18. Like pro-IL-1β,
pro-IL-18 is then processed by caspase-1 into a bioactive
mature form[3].
Non-alcoholic fatty liver disease (NAFLD), one
of the most common causes of chronic liver diseases,
represents a spectrum of liver disease extending from
simple fatty liver through steatohepatitis to cirrhosis
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in the absence of a history of significant alcohol use.
NAFLD is considered one of the clinical features of
metabolic syndrome in which insulin resistance plays a
central role[4]. Several lines of evidence show that IL-18
may be important in the pathogenesis of inflammatory
processes, which contribute to the development of
insulin resistance. It has been shown that elevated
serum IL-18 levels are associated with insulin resistance
in obese subjects, women with polycystic ovar y
syndrome, and patients with type 2 diabetes mellitus[5-7].
Furthermore, hepatic IL-18 level is elevated in insulin
resistance-related obese mice with NAFLD[8].
Ro s i g l i t a z o n e ( RG Z ) , a s e l e c t ive l i g a n d o f
peroxisome proliferator-activated receptor gamma
(PPAR-γ), is an insulin sensitizer that has been used
in a number of insulin-resistant conditions, including
NAFLD. Several clinical studies showed that RGZ could
improve liver enzyme levels and histological changes in
NAFLD patients by increasing insulin sensitivity [9-11].
However, whether the beneficial effect of RGZ on
NAFLD is associated with reduced IL-18 expression
in the liver remains unclear. This study analyzed the
expression of IL-18 and caspase-1 in the liver of
NAFLD rats, and investigated the effects of RGZ on
hepatic IL-18 production and liver histology.

MATERIALS AND METHODS
Animal and experimental protocol
Twenty-eight male Sprague-Dawley (SD) rats, weighing
140-160 g, were housed in individual cages at 22℃ with
free access to food (standard chow diet) and water for
1 wk before initiation of the experiment. The study
protocol was approved by the Animal Care and Use
Committee of Peking University Health Science Center.
The rats were randomly divided into control group
(n = 6), NAFLD group (n = 11), and RGZ-treated
NAFLD group (n = 11). Rats in the control group
were maintained on the standard chow diet for 12 wk.
A rat model of NAFLD was induced by a high-fat diet
(standard chow diet + 10% lard + 2% cholesterol) for 8
wk as previously described[12]. Subsequently, rats in the
RGZ-treated NAFLD group were treated with RGZ
maleate (Avandia®, 4 mg/kg per day) via gavage, whereas
rats in the NAFLD group were given normal saline for
another 4 wk. At the end of study, all rats were sacrificed
after 12 h of fasting. Blood samples were collected for
biochemical assays. The liver was removed and weighted
after rinsed with ice-cold saline, and sampled for
histological study and RNA extraction.
Biochemical analyses
Serum insulin concentrations were determined with a
radioimmunoassay kit (Beijing Atom HighTech Co.,
Ltd., Beijing, China). Serum leptin and adiponectin levels
were measured with an ELISA kit (Invitrogen, Carlsbad,
CA, USA). Free fatty acid (FFA) concentrations were
analyzed using a commercially available kit (Randox,
Antrim, UK). Additional blood biochemical parameters,
including glucose, triglycerides, total cholesterol, alanine
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aminotransferase (ALT), aspartate aminotransferase
(AST) and alkaline phosphatase (ALP), were assayed
using an automatic biochemical analyzer. Homeostasis
model assessment (HOMA) was employed to estimate
the insulin resistance index (HOMA-IR), which reflects
both peripheral and hepatic insulin resistance[13]. Liver
weight index (%) was calculated as liver weight/body
weight × 100.
Histological studies
The sections of liver tissues from the center of the
largest hepatic lobes were fixed in 10% buffered
for maldehyde, and then embedded in paraffin. A
5 μ m-thick section cut from a paraffin-embedded
block was stained with HE and Masson’s trichrome. To
visualize the fat droplet accumulation, frozen liver tissue
sections were stained with oil red O. Steatosis, necroinflammatory grade and stage of fibrosis were assessed
as previously described[14]. Liver histology was evaluated
blindly.
Immunohistochemical staining
Goat IL-18 polyclonal antibody was obtained from
Santa Cruz (Santa Cruz, CA, USA). Rabbit caspase-1
polyclonal antibody was purchased from Lab Vision
(Fremont, CA, USA). Immunohistochemical staining
of 5 μm-thick paraffin-embedded liver tissue sections
was performed according to its manufacturer’s protocol
(Vectastain Elite ABC kit; Vector, Burlingame, CA,
USA). Briefly, liver sections were deparaffinized in xylene
and rehydrated in graded ethanol. After endogenous
peroxidase and biotin were blocked, the tissues were preincubated with 3% horse serum for 30 min to prevent
non-specific reactions. The sections were then incubated
with primary antibodies diluted at 1:150 for 60 min.
On negative control sections, the step with primary
antibodies was omitted. Polyclonal antibodies were
detected using a biotinylated anti-goat or rabbit IgG
diluted at 1:200 in 5% bovine serum albumin for 30 min.
The sections were incubated with R.T.U. Vectastain Elite
ABC reagent for 30 min, stained with diaminobenzidine
for 5 min and counterstained with hematoxylin before
they were mounted.
Reverse-transcription polymerase chain reaction
(RT-PCR) analysis
Total RNA was extracted from the liver tissues using a
TRIzol reagent (Gibco, Carlsbad, CA, USA) according
to its manufacturer’s instructions. cDNA was prepared
with the SuperScription First-Strand Synthesis System
(Invitrogen) as previously described[15] and amplified
by polymerase chain reaction (PCR). The sequences of
primers used for PCR are 5'-GGCTCTTGTGTCAACT
TCAAA-3' and 5'-TTATCAGTCTGGTCTGGGATT-3'
(232 bp) for IL-18, 5'-TCCTGAGGGCAAAGAGGAA
GC-3' and 5'-GGCAAGACGTGTACGAGTGGGT-3'
(479 bp) for caspase-1, 5'-GCTCGTCGTCGACAACG
GCTC-3' and 5'-CAAACATGATCTGGGTCATCT
TCTC-3' (353 bp) for β -acti, respectively. Each semiquantitative RT-PCR analysis was performed with a set
www.wjgnet.com
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of IL-18 or caspase-1 primers in combination with a set
of primers for house-keeping gene β -actin as an internal
standard. The conditions of PCR were as follows:
1 cycle at 94℃ for 5 min; 30 cycles at 94℃ for 30 s, at
60℃ for 30 s, at 72℃ for 45 s; 1 cycle at 72℃ for 5 min.
The PCR products were separated on a 2% agarose gel
which was dried and then scanned using an ultraviolet
gel imaging system (BioRad, Hercules, CA, USA). Gene
expression levels were represented as ratios of target
gene to co-amplified internal standard.

Parameters

Glucose (mmol/L)
Insulin (mU/L)
HOMA-IR
Leptin (mg/L)
Adiponectin (mg/L)
Free fatty acid (mmol/L)
Triglycerides (mmol/L)
Cholesterol (mmol/L)
Body weight (g)
Liver weight (g)
Liver weight index (%)
Alanine
aminotransferase (U/L)
Aspartate
aminotransferase (U/L)
Alkaline
phosphatase (U/L)

RESULTS

Effects of RGZ on hepatic metrology and biochemistry
Increased liver weight and liver weight index observed
in the NAFLD group were significantly improved
after RGZ treatment (Table 1). The hepatic surface
was smooth, red-brown, and soft in the control group,
whereas the liver in the NAFLD group was enlarged in
dimmer color with a moderate texture. The liver feature
of the RGZ-treated NAFLD group was in between the
above two groups (data not shown). Moreover, serum
ALT, AST and ALP levels were significantly elevated
in the NAFLD group and significantly reduced in
the RGZ-treated NAFLD group compared with the
untreated NAFLD group (Table 1).
Effects of RGZ on insulin resistance and metabolic
parameters
Increased serum insulin, leptin, FFA, and HOMAIR levels were observed in the NAFLD group, which
www.wjgnet.com
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Table 1 Effects of RGZ on blood biochemistry and hepatic
parameters (mean ± SE)

Statistical analysis
Data are expressed as mean ± SE. Analysis of variance
was used to compare the means of three groups,
followed by Newman-Keuls test to deter mine the
statistical significance between two groups. P < 0.05 was
considered statistically significant.

Effects of RGZ on hepatic histology
The liver tissues from all groups were stained with
HE and analyzed (Figure 1A-C). In contrast to the
control group, typical steatosis and portal and lobular
inflammation were observed in the NAFLD group after
12 wk of feeding with a high-fat diet (Figure 1A and B).
In the NAFLD group, steatosis was observed in about
65% of hepatocytes (mean score: 3 vs 0 in the control
group). Moderate infiltration of mononuclear and
polymorphonuclear cells was also found (mean score:
2 vs 0). Fat droplet accumulation and fibrosis (mean score:
1 vs 0) were observed in sections stained with oil red O
(Figure 1D-F) and Masson’s trichrome (Figure 1G-I) in
the NAFLD group (Figure 1E and H), but not in the
control group (Figure 1D and G). These findings suggest
that the animal model of NAFLD was successfully
established. Furthermore, markedly attenuated steatosis
(mean score: 0.6), inflammation (mean score: 0.5) and
fibrosis (mean score: 0.2) were observed 4 wk after
treatment with RGZ (Figure 1C and I).
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Control
(n = 6)

NAFLD
(n = 11)

RGZ-treated
NAFLD
(n = 11)

6.48 ± 0.32
20.41 ± 1.85
5.90 ± 0.58
2.63 ± 0.13
2.22 ± 0.05
361.0 ± 42.6
0.51 ± 0.04
1.45 ± 0.14
563.2 ± 9.6
13.90 ± 0.53
2.48 ± 0.05
57.2 ± 5.8

7.31 ± 0.20a
27.03 ± 1.48a
8.93 ± 0.48a
4.21 ± 0.09a
1.64 ± 0.07a
539.1 ± 32.1a
1.21 ± 0.04a
2.69 ± 0.11a
581.6 ± 9.7
26.51 ± 1.96a
4.51 ± 0.17a
100.9 ± 7.2a

6.26 ± 0.16c
21.07 ± 1.19c
5.95 ± 0.41c
3.75 ± 0.05a,c
1.91 ± 0.10a,c
401.0 ± 32.9c
0.82 ± 0.06a,c
2.38 ± 0.11a
571.4 ± 9.1
15.86 ± 1.06a,c
3.00 ± 0.16c
53.6 ± 5.8c

164.4 ± 11.8

197.5 ± 9.1a

151.2 ± 9.5c

84.8 ± 6.1

174.6 ± 11.6a

87.3 ± 4.9c

a

P < 0.05 vs control group, cP < 0.05 vs NAFLD group. HOMA-IR: Homeostasis model assessment-insulin resistance index.

were attenuated in the RGZ-treated NAFLD group.
In contrast, decreased serum adiponectin levels were
found in the NAFLD group, which were ameliorated in
the RGZ-treated NAFLD group. Fasting blood glucose
concentration was significantly elevated in the NAFLD
group and decreased in the RGZ-treated NAFLD group.
The levels of serum triglycerides were significantly
higher in the NAFLD group, and reduced after RGZ
treatment. Serum cholesterol levels were significantly
higher in the NAFLD group, and tended to become
lower in the RGZ-treated NAFLD group although the
difference was not statistically significant (Table 1).
Effects of RGZ on IL-18 and caspase-1 expression in
liver tissues
Immunohistochemical staining was used to analyze
the expression of IL-18 (Figure 1J-L) and caspase-1
(Figure 1M-O) proteins in the liver tissues. Positive
expression of either IL-18 or caspase-1 was rarely
detected in liver tissues from the control group with very
week staining in some Kupffer cells (Figure 1J and M).
However, the NAFLD g roup exhibited a strong
expression of both IL-18 and caspase-1 in the liver
lobules. Hepatocytes and/or infiltrating inflammatory cells
within the lobules were the major cell types expressing
IL-18 and caspase-1 (Figure 1K and N). Compared to
the untreated NAFLD group, the expression of hepatic
IL-18 and caspase-1 was significantly inhibited 4 wk after
treatment with RGZ (Figure 1L and O).
RT-PCR analysis further showed that constitutive
IL-18 or caspase-1 mRNA expression was found in liver
tissues from the control group. The mRNA levels of
IL-18 and caspase-1 were significantly higher in liver
tissues from the NAFLD group than in those from the
control group. The mRNA expression of IL-18 and
caspase-1 was significantly reduced in the RGZ-treated

Wang HN et al . RGZ inhibits hepatic IL-18 in NAFLD
Control

7243
NAFLD

RGZ-treated NAFLD

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

HE
staining

Oil red O
staining

Masson’s
trichrome

IL-18
staining

Caspase-1
staining

Figure 1 Histological studies of rat livers in normal control, NAFLD and RGZ-treated NAFLD groups (x 400). Liver tissue sections were stained with HE, A:
Normal control group; B: NAFLD group; C: RGZ-treated NAFLD group. Liver tissue sections were stained with oil red O, D: normal control group; E: NAFLD group;
F: RGZ-treated NAFLD group. Liver tissue sections were stained with Masson’s trichrome, G: Normal control group; H: NAFLD group; I: RGZ-treated NAFLD group.
Liver tissue sections were stained with immunohistochemistry for IL-18, J: Normal control group; K: NAFLD group; L: RGZ-treated NAFLD group. Liver tissue sections
were stained with immunohistochemistry for caspase-1, M: Normal control group; N: NAFLD group; O: RGZ-treated NAFLD group. Histological changes in fatty liver
disease and IL-18- or caspase-1-positive staining cells were rarely detectable in the control group. NAFLD rat liver showed steatosis and moderate inflammatory
changes, fat droplet accumulation, mild fibrosis, strong IL-18- and caspase-1-positive staining. A significant improvement of steatosis, inflammation, fibrosis, and IL-18
and caspase-1 staining was observed in liver of the RGZ-treated NAFLD group.

NAFLD group compared to the NAFLD group, but
remained higher in the RGZ-treated NAFLD group
than in the control group (Figure 2).

DISCUSSION
Insulin resistance is closely associated with NAFLD,
typically known as a part of the metabolic syndrome,
and has been implicated as a contributing factor for the
pathogenesis of NAFLD[4,16-18]. Treatment with RGZ,
an oral anti-diabetic agent of the thiazolidinediones,

leads to the improvement in insulin resistance with
ameliorated histological and biochemical changes of
liver injury in diabetic and non-diabetic patients with
NAFLD[9-11]. Pioglitazone[19], another thiazolidinedione
insulin-sensitizer, and metformin[20] exert similar effects
in non-diabetic patients with NAFLD. These findings
sug gest that insulin resistance contributes to the
development of NAFLD and that insulin sensitizers
may represent important agents for the treatment
of NAFLD. Furthermore, the beneficial effects of
insulin-sensitizing agents, RGZ[21,22], pioglitazone[12] and
www.wjgnet.com
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0.6
IL-18/b-actin

CN 14-1219/R

a,c

0.4
0.2
0

Control NAFLD

RGZ
b-actin
IL-18

B

a

Caspase-1/b-actin

0.6

a,c
0.4
0.2
0

Control NAFLD

RGZ

Caspase-1
b-actin

Figure 2 RT-PCR analysis of mRNA expression of IL-18 (A) and caspase-1
(B) in liver tissues of the three groups. The histograms show the ratio of
target gene expression to β -actin. Data are presented as mean ± SE from six
independent experiments in the control group and eleven in the NAFLD and
RGZ-treated NAFLD groups. aP < 0.05 vs control group, cP < 0.05 vs NAFLD
group.

metformin[21], on hepatic steatosis and inflammation have
been confirmed in various animal models of NAFLD.
Compared to metformin, RGZ appears to be a better
drug for improving hepatic steatosis[21]. In line with the
above reports[12,21,22], our study showed that increased
liver weight and liver weight index, elevated serum liver
enzyme levels and altered liver histological conditions
including steatosis, inflammation and fibrosis were
observed in the NAFLD rats, which were significantly
improved 4 wk after RGZ treatment. In agreement with
previous reports[12,21], the present study also showed that
the levels of serum insulin, leptin, FFA and triglycerides
as well as HOMA-IR were significantly increased,
whereas the levels of serum adiponectin remarkably
decreased in the NAFLD group. Four weeks after
RGZ treatment, these abnormalities were significantly
improved, suggesting that insulin resistance may play an
important role in the pathogenesis of NAFLD.
Overnutrition-induced chronic inflammation is a key
component in the pathogenesis of insulin resistance and
metabolic syndrome. Pro-inflammatory cytokines can
cause insulin resistance in adipose tissue, skeletal muscle
and liver by inhibiting the insulin signal transduction[23].
A role of IL-18 has been recently postulated in the
development of insulin resistance based on the observation
that elevated serum IL-18 levels are associated with
www.wjgnet.com
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insulin resistance and hypoadiponectinemia [5-7,24]. In
obese women, circulating levels of IL-18 are increased
and positively associated with body weight and visceral
fat, which can be ameliorated by caloric restrictioninduced weight loss over 1 year [25]. A recent report
showed that plasma IL-18 is associated with changes in
insulin resistance and reduced after weight loss with a
15-wk life-style intervention. In addition, the expression
of IL-18 in adipose tissue is increased in obese subjects
but not affected by weight loss [26] , indicating that
changes in plasma IL-18 are related to insulin resistance
rather than to obesity. Notably, the fact that increased
serum IL-18 levels are associated with increased serum
liver enzyme concentrations suggests that IL-18 might
contribute to the development of liver disease associated
with insulin resistance [27,28]. The role of IL-18 in the
development of insulin resistance-related NAFLD
is further supported by a report showing that both
serum IL-18 concentration and hepatic IL-18 mRNA
expression are elevated in lipopolysaccharide-treated
ob/ob mice, an animal model of fatty liver disease [8].
Moreover, IL-18 may play an important role in liver
injury caused by hepatitis B virus infection[29], hepatic
ischemia/reperfusion[30], and endotoxin exposure[31] since
the liver injury can be reversed by blockage of IL-18
via either gene knockout[31] or neutralizing antibody[30].
Importantly, exogenous administration of IL-18 with
IL-12 to BALB/c mice induces fatty liver in an IFN-γ
and nitric oxide dependent manner[32], suggesting that
IL-18 plays a pivotal role in the inflammatory cascade
leading to NAFLD associated with insulin resistance.
In the present study, the expression of IL-18 and
caspase-1 was extremely low in liver tissues from the
control animals. However, the expression of IL-18 and
caspase-1 was significantly increased in liver lobules from
NAFLD rats. Hepatocytes and inflammatory cells within
the lobules are the major cell types expressing IL-18 and
caspase-1. IL-18 is synthesized as a precursor molecule
without biological activity and requires caspase-1 for
cleavage into a mature peptide and subsequent release[3].
Increased expression of caspase-1 in hepatocytes and
infiltrating inflammatory cells indicates that both cell
types may produce and secrete mature IL-18. This
finding is generally consistent with a previous report
showing that IL-18 production can be originated from
Kupffer cells as well as injured hepatocytes[29]. As noted
above, RGZ improves the histological and biochemical
changes in NAFLD along with the improvement in
insulin resistance[9-11]. In addition, increased circulating
levels of IL-18 are significantly decreased after RGZ
therapy for patients with metabolic syndrome[33] or type
2 diabetes mellitus[34]. The present study showed that
increased expression of IL-18 and caspase-1 in livers
of NAFLD rats was reduced 4 wk after treatment with
RGZ. Therefore, it is conceivable that hepatic IL-18
production may have a critical role in the development
of NAFLD and that the beneficial effects of RGZ on
NAFLD may be mediated by inhibiting IL-18 expression
possibly via PPAR-γ activation[35].
The mechanism by which hepatic IL-18 production
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contributes to the development of NAFLD remains
to be elucidated. IL-18 is a pro-inflammatory cytokine
with multiple functions including stimulation of
IFN-γ production[1-3], enhancement of IL-1β, and IL-8
production via direct stimulation of tumor necrosis
factor- α (TNF- α ) production [36] . A previous study
showed that intraperitoneal administration of IL-18 with
IL-12 induces mouse fatty liver in an IFN-γ dependent
manner[32]. Macrophage-derived TNF-α contributes to
insulin resistance and development of hepatic steatosis
in diet-induced obesity [37]. It was also reported that
either IFN-γ or TNF-α up-regulates gene expression or
posttranslational processing of IL-18 in several tissue
cell types[15,38,39], indicating that IL-18 may contribute to
the development of insulin resistance-related NAFLD
via a complex cytokine network of IL-18 and many other
cytokines such as TNF-α, IFN-γ and IL-1β.
In summary, increased hepatic IL-18 production
along with liver histological and biochemical changes
can be ameliorated after RGZ treatment. The beneficial
effects of RGZ on NAFLD may be due to its direct
anti-inflammatory properties, possibly via PPAR- γ
activation, or secondary to improved insulin resistance.

7245

REFERENCES
1

2
3

4
5

6

7

8

ACKNOWLEDGMENTS
The authors thank Yuan-Li Zhu, Yan-Lin Yang, Li Chen,
and Guo-Quan Li for their excellent technical assistance.

COMMENTS

9

10

Background

Interleukin-18 (IL-18), originally identified as a pro-inflammatory cytokine in
endotoxin-induced liver injury, is an important mediator of innate and adaptive
immunity. Recently, IL-18 has been reported to be associated with insulin
resistance-related non-alcoholic fatty liver disease (NAFLD).

11

Research frontiers

Treatment with thiazolidinedione (TZD) leads to improvement in insulin resistance
and ameliorates histological and biochemical changes of liver injury in patients
with NAFLD. However, whether the beneficial effect of TZD on NAFLD is
associated with reduced IL-18 expression in the liver remains unknown.

Innovations and breakthroughs

12

13

The data show that increased hepatic IL-18 and caspase-1 expression along
with liver histological and biochemical changes can be ameliorated after
rosiglitazone (RGZ) treatment in an animal model of NAFLD. Therefore, the
beneficial effects of RGZ on NAFLD may be due to its direct anti-inflammatory
properties or secondary to improved insulin resistance, via peroxisome
proliferator-activated receptor gamma (PPAR-γ) activation.

14

IL-18 plays a pivotal role in the inflammatory cascade leading to NAFLD
associated with insulin resistance. Therefore, blockage of hepatic IL-18 action
may be a novel target for treatment of NAFLD.

15

Applications

Terminology

NAFLD represents a spectrum of liver disease extending from simple fatty liver
through steatohepatitis to cirrhosis in the absence of a history of significant
alcohol use. Low-grade inflammation, characterized by abnormal cytokine
production, increased synthesis of acute-phase reactants and activation of
inflammatory signaling pathways, is a key component in the pathogenesis of
insulin resistance, obesity and steatohepatitis.

Peer review

This is an interesting paper. The authors showed that RGZ treatment can
improve the increased hepatic IL-18 expression along with liver histological
changes in a rat model of NAFLD.

16

17

Okamura H, Tsutsi H, Komatsu T, Yutsudo M, Hakura
A, Tanimoto T, Torigoe K, Okura T, Nukada Y, Hattori
K. Cloning of a new cytokine that induces IFN-gamma
production by T cells. Nature 1995; 378: 88-91
Boraschi D, Dinarello CA. IL-18 in autoimmunity: review.
Eur Cytokine Netw 2006; 17: 224-252
Ghayur T, Banerjee S, Hugunin M, Butler D, Herzog L,
Carter A, Quintal L, Sekut L, Talanian R, Paskind M, Wong
W, Kamen R, Tracey D, Allen H. Caspase-1 processes IFNgamma-inducing factor and regulates LPS-induced IFNgamma production. Nature 1997; 386: 619-623
Jiang J, Torok N. Nonalcoholic steatohepatitis and the
metabolic syndrome. Metab Syndr Relat Disord 2008; 6: 1-7
Escobar-Morreale HF, Botella-Carretero JI, Villuendas G,
Sancho J, San Millan JL. Serum interleukin-18 concentrations
are increased in the polycystic ovary syndrome: relationship
to insulin resistance and to obesity. J Clin Endocrinol Metab
2004; 89: 806-811
Fischer CP, Perstrup LB, Berntsen A, Eskildsen P, Pedersen
BK. Elevated plasma interleukin-18 is a marker of insulinresistance in type 2 diabetic and non-diabetic humans. Clin
Immunol 2005; 117: 152-160
Zhang YF, Yang YS, Hong J, Gu WQ, Shen CF, Xu M, Du
PF, Li XY, Ning G. Elevated serum levels of interleukin-18
are associated with insulin resistance in women with
polycystic ovary syndrome. Endocrine 2006; 29: 419-423
Guebre-Xabier M, Yang S, Lin HZ, Schwenk R, Krzych U,
Diehl AM. Altered hepatic lymphocyte subpopulations in
obesity-related murine fatty livers: potential mechanism for
sensitization to liver damage. Hepatology 2000; 31: 633-640
Neuschwander-Tetri BA, Brunt EM, Wehmeier KR, Oliver
D, Bacon BR. Improved nonalcoholic steatohepatitis after
48 weeks of treatment with the PPAR-gamma ligand
rosiglitazone. Hepatology 2003; 38: 1008-1017
Wang CH, Leung CH, Liu SC, Chung CH. Safety and
effectiveness of rosiglitazone in type 2 diabetes patients
with nonalcoholic Fatty liver disease. J Formos Med Assoc
2006; 105: 743-752
Caldwell SH, Patrie JT, Brunt EM, Redick JA, Davis CA,
Park SH, Neuschwander-Tetri BA. The effects of 48 weeks
of rosiglitazone on hepatocyte mitochondria in human
nonalcoholic steatohepatitis. Hepatology 2007; 46: 1101-1107
Xu P, Zhang XG, Li YM, Yu CH, Xu L, Xu GY. Research on
the protection effect of pioglitazone for non-alcoholic fatty
liver disease (NAFLD) in rats. J Zhejiang Univ Sci B 2006; 7:
627-633
Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani
F, Zenere MB, Monauni T, Muggeo M. Homeostasis model
assessment closely mirrors the glucose clamp technique in
the assessment of insulin sensitivity: studies in subjects with
various degrees of glucose tolerance and insulin sensitivity.
Diabetes Care 2000; 23: 57-63
Brunt EM, Janney CG, Di Bisceglie AM, NeuschwanderTetri BA, Bacon BR. Nonalcoholic steatohepatitis: a proposal
for grading and staging the histological lesions. Am J
Gastroenterol 1999; 94: 2467-2474
Hong TP, Andersen NA, Nielsen K, Karlsen AE, Fantuzzi
G, Eizirik DL, Dinarello CA, Mandrup-Poulsen T.
Interleukin-18 mRNA, but not interleukin-18 receptor
mRNA, is constitutively expressed in islet beta-cells and upregulated by interferon-gamma. Eur Cytokine Netw 2000; 11:
193-205
Hsiao PJ, Kuo KK, Shin SJ, Yang YH, Lin WY, Yang JF, Chiu
CC, Chuang WL, Tsai TR, Yu ML. Significant correlations
between severe fatty liver and risk factors for metabolic
syndrome. J Gastroenterol Hepatol 2007; 22: 2118-2123
Zelber-Sagi S, Nitzan-Kaluski D, Halpern Z, Oren R.
Prevalence of primary non-alcoholic fatty liver disease in a
population-based study and its association with biochemical

www.wjgnet.com

7246

18

19

20
21

22

23
24

25

26

27

28

29

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

and anthropometric measures. Liver Int 2006; 26: 856-863
Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB,
Contos MJ, Sterling RK, Luketic VA, Shiffman ML, Clore
JN. Nonalcoholic steatohepatitis: association of insulin
resistance and mitochondrial abnormalities. Gastroenterology
2001; 120: 1183-1192
Promrat K, Lutchman G, Uwaifo GI, Freedman RJ, Soza A,
Heller T, Doo E, Ghany M, Premkumar A, Park Y, Liang
TJ, Yanovski JA, Kleiner DE, Hoofnagle JH. A pilot study
of pioglitazone treatment for nonalcoholic steatohepatitis.
Hepatology 2004; 39: 188-196
Marchesini G, Brizi M, Bianchi G, Tomassetti S, Zoli M,
Melchionda N. Metformin in non-alcoholic steatohepatitis.
Lancet 2001; 358: 893-894
Assy N, Grozovski M, Bersudsky I, Szvalb S, Hussein O.
Effect of insulin-sensitizing agents in combination with
ezetimibe, and valsartan in rats with non-alcoholic fatty
liver disease. World J Gastroenterol 2006; 12: 4369-4376
Seo YS, Kim JH, Jo NY, Choi KM, Baik SH, Park JJ, Kim JS,
Byun KS, Bak YT, Lee CH, Kim A, Yeon JE. PPAR agonists
treatment is effective in a nonalcoholic fatty liver disease
animal model by modulating fatty-acid metabolic enzymes.
J Gastroenterol Hepatol 2008; 23: 102-109
de Luca C, Olefsky JM. Inflammation and insulin resistance.
FEBS Lett 2008; 582: 97-105
Straczkowski M, Kowalska I, Nikolajuk A, Otziomek
E, Adamska A, Karolczuk-Zarachowicz M, Gorska M.
Increased serum interleukin-18 concentration is associated
with hypoadiponectinemia in obesity, independently of
insulin resistance. Int J Obes (Lond) 2007; 31: 221-225
Esposito K, Pontillo A, Ciotola M, Di Palo C, Grella E,
Nicoletti G, Giugliano D. Weight loss reduces interleukin-18
levels in obese women. J Clin Endocrinol Metab 2002; 87:
3864-3866
Bruun JM, Stallknecht B, Helge JW, Richelsen B.
Interleukin-18 in plasma and adipose tissue: effects of
obesity, insulin resistance, and weight loss. Eur J Endocrinol
2007; 157: 465-471
Lopez-Bermejo A, Bosch M, Recasens M, Biarnes J, Esteve
E, Casamitjana R, Vendrell J, Ricart W, Fernandez-Real JM.
Potential role of interleukin-18 in liver disease associated
with insulin resistance. Obes Res 2005; 13: 1925-1931
Vecchiet J, Falasca K, Cacciatore P, Zingariello P,
Dalessandro M, Marinopiccoli M, D'Amico E, Palazzi C,
Petrarca C, Conti P, Pizzigallo E, Guagnano MT. Association
between plasma interleukin-18 levels and liver injury in
chronic hepatitis C virus infection and non-alcoholic fatty
liver disease. Ann Clin Lab Sci 2005; 35: 415-422
Lee MO, Choi YH, Shin EC, Kang HJ, Kim YM, Jeong SY,
Seong JK, Yu DY, Cho H, Park JH, Kim SJ. Hepatitis B virus
X protein induced expression of interleukin 18 (IL-18): a

30

31

32

33

34

35

36

37

38

39

December 21, 2008

Volume 14

potential mechanism for liver injury caused by hepatitis B
virus (HBV) infection. J Hepatol 2002; 37: 380-386
Takeuchi D, Yoshidome H, Kato A, Ito H, Kimura F,
Shimizu H, Ohtsuka M, Morita Y, Miyazaki M. Interleukin
18 causes hepatic ischemia/reperfusion injury by
suppressing anti-inflammatory cytokine expression in mice.
Hepatology 2004; 39: 699-710
Sakao Y, Takeda K, Tsutsui H, Kaisho T, Nomura F,
Okamura H, Nakanishi K, Akira S. IL-18-deficient mice
are resistant to endotoxin-induced liver injury but highly
susceptible to endotoxin shock. Int Immunol 1999; 11: 471-480
Chikano S, Sawada K, Shimoyama T, Kashiwamura SI,
Sugihara A, Sekikawa K, Terada N, Nakanishi K, Okamura
H. IL-18 and IL-12 induce intestinal inflammation and fatty
liver in mice in an IFN-gamma dependent manner. Gut
2000; 47: 779-786
Esposito K, Ciotola M, Carleo D, Schisano B, Saccomanno F,
Sasso FC, Cozzolino D, Assaloni R, Merante D, Ceriello A,
Giugliano D. Effect of rosiglitazone on endothelial function
and inflammatory markers in patients with the metabolic
syndrome. Diabetes Care 2006; 29: 1071-1076
Kim HJ, Kang ES, Kim DJ, Kim SH, Ahn CW, Cha BS,
Nam M, Chung CH, Lee KW, Nam CM, Lee HC. Effects of
rosiglitazone and metformin on inflammatory markers and
adipokines: decrease in interleukin-18 is an independent
factor for the improvement of homeostasis model
assessment-beta in type 2 diabetes mellitus. Clin Endocrinol
(Oxf) 2007; 66: 282-289
Fortunato F, Berger I, Gross ML, Rieger P, Buechler MW,
Werner J. Immune-compromised state in the rat pancreas
after chronic alcohol exposure: the role of peroxisome
proliferator-activated receptor gamma. J Pathol 2007; 213:
441-452
Puren AJ, Fantuzzi G, Gu Y, Su MS, Dinarello CA.
Interleukin-18 (IFNgamma-inducing factor) induces IL-8
and IL-1beta via TNFalpha production from non-CD14+
human blood mononuclear cells. J Clin Invest 1998; 101:
711-721
De Taeye BM, Novitskaya T, McGuinness OP, Gleaves L,
Medda M, Covington JW, Vaughan DE. Macrophage TNFalpha contributes to insulin resistance and hepatic steatosis
in diet-induced obesity. Am J Physiol Endocrinol Metab 2007;
293: E713-E725
Striz I, Krasna E, Honsova E, Lacha J, Petrickova K, Jaresova
M, Lodererova A, Bohmova R, Valhova S, Slavcev A, Vitko
S. Interleukin 18 (IL-18) upregulation in acute rejection of
kidney allograft. Immunol Lett 2005; 99: 30-35
Chandrasekar B, Colston JT, de la Rosa SD, Rao PP,
Freeman GL. TNF-alpha and H2O2 induce IL-18 and IL18R beta expression in cardiomyocytes via NF-kappa B
activation. Biochem Biophys Res Commun 2003; 303: 1152-1158
S- Editor Li DL L- Editor Wang XL

www.wjgnet.com

Number 47

E- Editor Lin YP

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7247

World J Gastroenterol 2008 December 21; 14(47): 7247-7251
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Liver resection for benign hepatic lesions: A retrospective
analysis of 827 consecutive cases

Zhi-Qiang Feng, Zhi-Qiang Huang, Li-Ning Xu, Rong Liu, Ai-Qun Zhang, Xiao-Qiang Huang, Wen-Zhi Zhang,
Jia-Hong Dong
Zhi-Qiang Feng, Zhi-Qiang Huang, Li-Ning Xu, Rong Liu,
Ai-Qun Zhang, Xiao-Qiang Huang, Wen-Zhi Zhang, JiaHong Dong, Department of Hepatobiliary Surgery, General
Hospital of PLA, Beijing 100853, China
Author contributions: Huang ZQ, Liu R and Feng ZQ
designed the research; Feng ZQ, Xu LN, Zhang AQ, Huang
XQ, Zhang WZ and Dong JH performed the research; Feng ZQ,
Huang ZQ and Xu LN analyzed the data; Feng ZQ, Huang ZQ
and Xu LN wrote the paper.
Correspondence to: Zhi-Qiang Huang, Department of
Hepatobiliary Surgery, General Hospital of PLA, 28 Fuxing Rd.
Haidian District, Beijing 100853, China. afghhs@yahoo.com.cn
Telephone: +86-10-66939875 Fax: +86-10-66939875
Received: September 15, 2008 Revised: November 7, 2008
Accepted: November 14, 2008
Published online: December 21, 2008

© 2008 The WJG Press. All rights reserved.

Abstract

INTRODUCTION

AIM: To analyze the operative and perioperative
factors associated with hepatectomy of benign hepatic
lesions.
METHODS: A total of 827 condecutive cases of benign
hepatic lesion undergoing hepatectomy from January
1986 to December 2005 in the Chinese PLA General
Hospital were investigated retrospectively according to
their medical documentation.
RESULTS: The effect of operative and perioperative
factors on the outcome of patients were analyzed.
Of the 827 cases undergoing hepatectomy for more
than 3 liver segments accounted for 22.1%, 316
(38.21%) required transfusion of blood products
during operation. The average operating time was
220.59 ± 109.13 min, the average hospital stay after
operation was 13.55 ± 9.38 d. Child-Pugh A accounted
for 98.13%. The postoperative complication rate was
13.54% and the in-hospital mortality rate was 0.24%.
Multivariate analysis showed that operating time (P =
0.004, OR = 1.003) and albumin value (P = 0.040, OR
= 0.938) were the independent predictors of morbidity
and indicated that operating time, blood transfusion,
complication rate, and LOS had a trend to decrease.
CONCLUSION: Hepatectomy for benign hepatic
lesions can be performed safely with a low morbidity
and mortality, provided that it is carried out with
optimized perioperative management and an innovative
surgical technique.

Hepatectomy is a dangerous and complex operation[1-6].
The choice of surgical treatment for benign hepatic
lesion is controversial. Erdogan et al[7] reported that the
indications for surgical resection of liver hemangioma
are progressive abdominal pain and > 5 cm in diameter,
which have been justified in patients with minimal or
no symptoms, even in patients with giant hemangiomas.
Yoon et al[8] performed 52 operations for 115 hepatic
hemangiomas, enucleation was performed for 31 (60%)
of the 52 patients who underwent surgical resection.
Postoperative complications were found in 13 patients
(25%) with no peri-operative death occurred. Of the
52 patients with symptoms before resection, 96% had
resolution of their symptoms after operation. Chaib
et al [9] sug gested that hepatic adenoma should be
removed in all cases, especially in female patients on oral
contraceptives when their tumor was greater than 3 cm
in diameter or when malignancy cannot be excluded.
No postoperative death occurred in 24 patients with
hepatic adenoma. Bile leakage occurred in 1 patient,
intraperitoneal abscess in 1 patient, pleural effusion
in 2 patients, venous thrombosis in 1 patient and
wound infection in 1 patient. Ibrahim et al[10] suggested
that indications for intervention in cases of benign
liver tumors should include symptoms, suspicion of
malignancy, or risk of malignant change. Liver resection
for benign liver tumor is safe, but indications for
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intervention must be evaluated carefully. The presence
of chronic parenchymal liver disease does not increase
the morbidity of benign hepatic lesions in these patients.
This study retrospectively investigated the perioperative
predictors by reviewing 827 consecutive cases of benign
hepatic lesion undergoing hepatectomy from January
1986 to December 2005 in Chinese PLA General
Hospital.

MATERIALS AND METHODS
Patients
A total of 827 consecutive cases (334 males, 493
females, the male and female ratio = 1:1.48) of benign
hepatic lesion undergoing hepatectomy from January
1986 to December 2005 in the Chinese PLA General
Hospital were included in this study. Their age was 5-79
years and mean age was 43.88 years. Of the 827 cases,
345 had hepatic hemangiomas, 245 had intrahepatic bile
duct stones, 35 had hepatic cysts, 35 had hepatic focal
nodular hyperplasia, 17 had strictures of intrahepatic
bile duct, 17 had hepatic adenoma, 16 had hepatic
angioleiomyolipoma, 16 had hepatic echinococcosis,
13 had he patic inf lammator y pseudotumor, 11
had hepatic trauma, 11 had congenital biliary duct
cystic dilatation, 10 had other inflammatory diseases
(including 4 cases of extrahepatic disease and hepatic
adherence disease, 3 cases of hepatic focal necrosis,
1 case of liver calcification, 1 case of hepatic mycotic
chronic granuloma, 1 case of sclerosing cholangitis),
7 had hepatic cystadenoma, 4 had hepatic atypical
hyperplasia, 4 had hepatic parasitic diseases, 4 had
hepatic phthisis, 4 had hepatic granuloma, 4 had hepatic
spontaneous haematoma, 3 had hepatic hamartoma,
3 had hepatapostema, and 23 had other diseases
(including 6 cases of chronic cholecystitis with suspected
preoperative malignant diseases, 4 cases of nodular
cirrhosis with suspected preoperative malignant diseases,
2 cases of hepatic hemangioma and intrahepatic bile
duct stone, 2 cases of portal hypertension requiring
partial liver resection, 1 case of hepatic purpura, 1 case
of hepatic lipoma, 1 case of hepatic adenomatous
hyperplasia nodus, 1 case of hepatic fibroangiolipoma,
1 case of hepatic leiomyoma, 1 case of benign hepatic
occupying lesion with suspected preoperative malignant
diseases, 1 case of giant hepatic regenerative nodus with
suspected preoperative malignant diseases, 1 case of
hepatic artery-portal vein fistula requiring partial liver
resection, 1 case of Budd-Chiari syndrome requiring
partial liver resection).
Diagnostic methods and preoperative hepatic functional
evaluation
All the results were obtained based on pathological
diagnosis. Child-Pugh A was scored in 736 out of 750
cases, accounting for 98.13% (Table 1).
Surgical methods
Incisions below the right costal margin were
routinely used and the lesions were resected after
www.wjgnet.com
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Table 1 Preoperative Child-Pugh score of patients
Child-Pugh score
5
6
7
8
9

n

%

635
62
39
9
5

84.7
8.3
5.2
1.2
0.7

liver was liberated from the left or right side. Regular
hepatectomy, focal hepatectomy, and enucleation were
performed. Hepatic hemangioma was enucleated after
the liver blood flow was occluded. The liver sections
were sutured face-to-face to reduce errhysis. Hepatic
lobectomy or segmental resection was performed to
remove intrahepatic bile duct stones since irregular focal
hepatectomy could not accurately remove them, usually
leading to remnant pathological tissue and stone. Fifty
lesions were resected under laparoscope, accounting for
6.0%. Fifty-one lesions underwent line precoagulation
liver resection with a WBD-2 equipment, accounting for
6.2%.
Statistical analysis
SPSS10.0 statistical software was used to analyze the 827
cases of benign hepatic lesions. P < 0.05 was considered
statistically significant.

RESULTS
Extent of hepatectomy
Hepatectomy for more than 3 liver segments was
perfor med in 183 cases, accounting for 22.1%,
including 10 Ⅱ segmentectomies, 19 Ⅲ segmentectomies,
81 Ⅳ segmentectomies, 34 Ⅴ segmentectomies, 42 Ⅵ
s e g m e n t e c t o m i e s, 3 7 Ⅶ s e g m e n t e c t o m i e s, 2 7 Ⅷ
segmentectomies, 22 Ⅰ segmentectomies, 2 extended right
hemibepatectomies, 3 extended left hemibepatectomies,
5 multiple suffusions, 129 right hemibepatectomies, 94
right posterior lobectomies, 49 right anterior lobectomies,
5 right trilobectomies, 4 central hepatectomies, 134
left hemibepatectomies, 1 left trilobectomy, and 255
left external lobectomies. If the lesions were located in
multiple discontiguous segments (lobes), the locations
were separately described. If the lesions were suffused in
several segments (lobes), the locations were described as
multiple suffusions.
Perioperative outcome
Perioperative results: Of the 827 cases, 517 (62.52%)
had a blood loss of less than 200 mL, 99 (11.97%) had
a blood loss of 200-400 mL, 146 (17.65%) had a blood
loss of 400-1000 mL, 65 (7.86%) had a blood loss of
more than 1000 mL , 316 (38.21%) required transfusion
of blood products during operation (range 150-8090 mL,
mean 879.33 ± 834.64 mL), including whole blood
transfusion in 210 cases, red blood cell transfusion in 38
cases, plasma transfusion in 7 cases, mixed transfusion in
the remaining cases, auto-blood transfusion in 63 (6.62%)
cases (ranged 200-7079 mL, mean 870.45 ± 862.31 mL).

Feng ZQ et al . Liver resection for benign lesions

The operating time was 20 to 975 min (mean 220.59 ±
109.13 min). Hospital stay ranged 1-174 d (mean 25.24
± 15.59 d). Postoperative hospital stay ranged 1-151 d
(mean 13.55 ± 9.38 d).
Complications: Postoperative complications occurred
in 112 cases (13.54%). The most common complications
were epigastric complications related to liver cirrhosis:
pleural effusion in 53 cases, hydroperitonia in 20 cases
and perihepatic hydrops in 17 cases, which resolved
without any sequelae after transfusion of condensed
human ser um albumin, adjustment of water and
electrolyte balance, and administration of diuretics. The
main procedure-related complications were perihepatic
abscess in 7 cases, cholangitis in 4 cases, incisional
infection or liquification in 13 cases. Bile leakage was the
most severe complication in 10 cases (1.21%).
Logistic reg ression analysis of complicationrelated risk predictor was performed. Multivariate
analysis showed that the independent predictors were
gender, laparoscope, microwave in line precoagulation
liver resection, abdominal operation history, simple
anatomical hepatectomy, type B hepatitis, blood loss, the
number of segments resected, operating time, albumin
value, Child-Pugh score, and age. Operating time (P =
0.004, OR = 1.003) and albumin value (P = 0.040, OR =
0.938) were the independent predictors of complication.
Operating time was the risk predictor and increased
albumin value was the protection predictor.
Mortality: Two patients died with a mortality of 0.24%.
One was a cases of liver trauma combined splenic
rupture, hemorrhagic shock, and pelvic fracture. The
blood pressure was too low to be measured during
emergency operation although tremendous blood
products and liquid were transfused. The patient died
of blood loss and DIC eventually. The other was a
case of intrahepatic bile duct stone undergoing left
external lobectomy, exploration of the common bile
duct, and T-tube drainage. Postoperative procedure was
uneventful. Unfortunately, 15 d after operation, the
patient died due to a sudden short breath, chest distress,
and ventricular fibrillation.
Changes of perioperative predictors for hepatectomy in
the last 20 years
The past 20 years were stratified into 4 stages with
5 years as a stage. The predictors were compared.
Multivariate analysis indicated that operating time, blood
transfusion, complication rate, and hospital stay had a
trend to decrease (Table 2).

DISCUSSION
Liver is the largest parenchymatous organ in the body
which is deep seated in the epigastrium and protected
by the bony thorax[11-14]. Liver has abundant blood flow
and is a blest and indispensable organ, known as the
“forbidden zone” or a “noli me tangere-do not touch
me” organ. Liver surgery became possible in the second

7249
Table 2 Changes of perioperative predictors for hepatectomy
in the last 20 years
Predictors
Age (yr)

Operating time (min)

Blood transfusion

Abdominal operation
history

Blood loss (≥ 1000 mL/
< 1000 mL)

Albumin (g)

Child-Pugh score

Resected segments

Complications

Postoperative hospital
stay (d)

Simple anatomical
hepatectomy (yes/no)

Yr

95% confidence
interval (mean)

86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05
86-90
91-95
96-00
01-05

42.676-48.375 (45.525)
41.298-45.938 (43.618)
40.298-43.499 (41.898)
44.288-46.570 (45.429)
236.649-290.639 (263.644)
240.043-284.002 (262.022)
186.591-216.917 (201.754)
203.194-224.812 (214.003)
67.1% (53/79)
68.2% (75/110)
46.9% (99/211)
28.6% (122/427)
21.5% (17/79)
30.0% (33/110)
19.0% (40/211)
20.8% (89/427)
7.6% (6/79)
8.2% (9/110)
8.5% (19/211)
11.7% (50/427)
38.587-40.837 (39.712)
40.444-42.275 (41.360)
40.694-41.958 (41.326)
40.060-40.961 (40.511)
5.188-5.524 (5.356)
5.121-5.396 (5.258)
5.157-5.346 (5.251)
5.155-5.290 (5.223)
2.047-2.631 (2.339)
1.942-2.418 (2.180)
2.194-2.522 (2.358)
2.432-2.666 (2.549)
20.3% (16/79)
25.5% (28/110)
14.2% (30/211)
8.9% (38/427)
17.016-21.560 (19.288)
16.443-20.142 (18.292)
12.842-15.394 (14.118)
10.131-11.950 (11.041)
37.5% (27/72)
37.6% (38/101)
47.8% (98/205)
41.8% (165/395)

P
0.004

< 0.001

< 0.001

0.059

0.018

0.027

0.544

0.026

0.004

< 0.001

0.265

half of the 20th century and a rapid progress in liver
surgery has been achieved in the latest 20-30 years[15,16].
Liver surgery for benign and malignant lesions mainly
involves partial liver resection[17].
In the initial stage of liver surgery, the mortality
is rather high due to the wide excision of liver and
hepatectomy is only suitable for selective malignant
lesions and the expected outcome is not good. However,
the current surgical techniques make it possible to
perform operations on liver. The safety is not inferior to
other large intraabdominal operations. It was reported
that the mortality of patients with liver tumors could be
lowered to the minimum, even to zero[17,18]. Nowadays,
surgery is a routine treatment modality for benign
hepatic lesions. Zhi-Qiang Huang has reported two cases
of intrahepatic bile duct stone (the secondary common
benign hepatic lesion in China) treated with left external
www.wjgnet.com
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lobectomy or right hepatectomy since 1958, leading to
wide application of hepatectomy for benign hepatic
lesions in clinical practice[19-23].
In this study, retrospectively investigated 827
consecutive cases of benign hepatic lesions were
retrospectively investigated in the Chinese PLA General
Hospital, which provides some evidence-based data
about the improved hepatectomy techniques.
In this series, the most common diseases were
hemangioma and intrahepatic bile duct stone, accounting
for 41.7 % (345/827) and 29.6% (245/827), respectively.
It was reported that the incidence of intrahepatic bile
duct stone is higher than hemangioma in China[24].
Hepatectomy can be divided into two categories:
hepatectomy involving bile duct and hepatectomy not
involving bile duct. Usually, hepatectomy involving bile
duct has more complications. The operation procedure,
mainly using regular segmental resection or lobectomy,
therefore, has different characteristics. Intrahepatic bile
duct stone is the representative of this kind of lesion.
In 1958, our operation team first reported regular
lobectomy for intrahepatic bile duct stone based on
the theory that intrahepatic bile duct stone is a kind of
segmental lesion with a strict distribution within the
liver[25,26]. After more than 50 years, this conception has
been well established and developed gradually [27]. In
the present series, 202 cases of intrahepatic bile duct
stone underwent anatomical hepatectomy, accounting
for 82.4% of the total cases, with a complication
rate of 16.3% (data not shown). Hepatectomy not
involving bile duct is mainly for liver tumors. Hepatic
hemangioma is the main representative of benign
hepatic lesions[10,19,21,28], which grows slowly and recurs
occasionally and can be radically resected. Because of
the well-demarked border between the tumor and its
normal liver tissue, enucleation is usually performed. In
this series, the complication rate was 11.3%, lower than
that of intrahepatic bile duct stone.
The postoperative complication rate of hepatectomy
was 13.54% in this series. Multivariate analysis showed
that operating time (P = 0.004, OR = 1.003) and
albumin value (P = 0.040, OR = 0.938) were the
independent predictors of morbidity of benign hepatic
lesion. Operating time was the risk predictor and
increased albumin value was the protection predictor.
The study indicated that some surgical technical refining,
for instance, optimizing surgical instruments, increasing
the surgeon’s proficiency and co-operation level, should
be taken into account to decrease the operating time so
as to reduce complications.
The albumin value should be emphasized on the
preoperative liver functional reserve evaluation. In this
series, two patients died with a perioperative mortality of
0.24%. One was a case of liver trauma complicated by
splenic rupture, hemorrhagic shock, and pelvic fracture,
and died of blood loss and DIC. The other case had
a sudden death because of ventricular fibrillation 15 d
after operation.
The Chinese PLA General Hospital have performed,
2008 hepatectomies for benign and malignant lesions
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with a total perioperative complication rate of 14.44%
and a mortality rate of 0.55% [29]. In this series, the
perioperative complication rate and mortality were
lower than the total perioperative complication rate and
mortality, indicating that hepatectomy is safer for benign
hepatic lesion than for malignant lesions.
In addition, multivariate analysis revealed that
operating time, blood transfusion, complication rate,
and hospital stay had a trend to decrease, indicating that
surgical quality is improved.
In conclusion, hepatectomy is a safe procedure for
benign hepatic lesions. Benign hepatic lesions should
undergo aggressive surgical management when clinical
presentations, diagnosis, society factors, and progress
in liver surgery are considered. Reducing operating time
and preoperative liver functional reserve evaluation play
an important role in improving the operation quality.
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Abstract
Mucinous cystic neoplasms (MCNs) of the pancreas
occur mostly in females and are potentially sex
hormone-sensitive. However, a MCN occurring during
pregnancy is quite rare. A 30-year-old woman in the
tenth week of pregnancy was referred to us because of
a rapid increase in left hypochondrial distending pain.
On ultrasound, the patient had a large intra-abdominal
cystic lesion. She was thereafter diagnosed with missed
abortion and a computed tomography scan showed
that the lesion was a cystic tumor 18 cm in diameter
originating from the pancreatic tail. The patient
subsequently underwent tumor resection with distal
pancreatectomy, sparing the spleen. Histopathological
analysis of the specimen revealed a pancreatic MCN
with moderate dysplasia. Immunohistochemically, the
tumor was positive for both estrogen and progesterone
receptors. To our knowledge, this is the first reported
case of pancreatic MCN with moderate dysplasia in
association with pregnancy. Our case strongly indicates
that pancreatic MCN is female-hormone dependent.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Mucinous cystic neoplasm (MCN) of the pancreas is
an uncommon tumor characterized by a proliferation
of mucin-producing columnar epithelium supported by
ovarian-type stroma[1,2]. MCNs are typically located in
the pancreatic body or tail and rarely communicate with
the pancreatic duct[1,2]. Pancreatic MCNs occur almost
exclusively in females, and are potentially sex hormonesensitive, according to the studies reported to date[2].
However, MCNs encountered in pregnancy are rare;
only eight such cases have been reported in the English
literature[3-10]. In this report, we describe a 30-year-old
woman with a large pancreatic MCN that grew rapidly
during the early stage of pregnancy.

CASE REPORT
A 30-year-old woman in the tenth week of pregnancy
was referred to our hospital due to increasing distending
pain in the left hypochondrial region over the last month.
She had no notable medical history, but had complained
of vague epigastric discomfort over the past several
years. Physical examination suggested the presence of
an elastic hard mass, approximately 20 cm in diameter, in
the left upper quadrant. Laboratory tests showed slight
anemia and normal levels of amylase, liver enzymes, and
tumor markers. An abdominal ultrasound demonstrated
a huge cystic lesion in the left upper abdomen. Soon after
hospitalization, her pregnancy ended in missed abortion
at 10 wk gestation, which was confirmed by clinical and
ultrasound findings. Further evaluation by computed
tomography (CT) scanning revealed a well-demarcated
cystic mass, measuring 18 cm × 14 cm, probably
originating from the distal pancreas (Figure 1). There were
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Figure 2 Macroscopic
view of the cystic tumor.

Figure 1 Abdominal computed tomography scan showing a huge cyst
measuring 18 cm in diameter.

no septa or protruding lesions inside the cystic mass.
Ultrasound-guided percutaneous cyst aspiration was
then performed to reduce the pain, and 2100 mL of darkbrownish mucinous fluid was aspirated, without spillage
into the peritoneal cavity. The aspirated fluid showed an
amylase level of 59 IU/L, a carcinoembryonic antigen
(CEA) level of 32100 ng/mL, and a carbohydrateassociated antigen (CA) 19-9 level of 34500 U/mL.
Cytological examination of the fluid was class Ⅱ with
no malignant findings. Thus, a diagnosis of possible
pancreatic MCN was made. After dilatation and curettage,
the cystic mass was resected with distal pancreatectomy.
Since invasive carcinoma was not suspected by
preoperative images and intraoperative findings, the spleen
was preserved. The tumor was unilocular, had thick walls,
and was filled with tenacious mucoid material and necrotic
debris (Figure 2). Histopathological analysis showed a
mucin-producing columnar epithelium lining the inner wall
of the cyst, with ovarian-type stromal tissue (Figure 3A).
The epithelium had a focal papillary architecture
without significant cytologic atypia, giving a diagnosis of
pancreatic MCN with moderate dysplasia (Figure 3B).
Immunohistochemical studies showed positive staining
for both progesterone and estrogen receptors in the
stromal cell nuclei (Figure 3C and D). The patient had
an uneventful post-operative course, and she remained
disease-free for 12 mo after surgery.

DISCUSSION
To our knowledge, eight cases of pancreatic MCN
associated with pregnancy have been reported since
the first report in 1968 by Smithers et al[7]. Four cases
were histologically diagnosed as benign mucinous
cystadenoma[3-6], while the other four were diagnosed
as mucinous cystadenocarcinoma[7-10]. Our case might
be the first case of pancreatic MCN with moderate
dysplasia (also referred to as “borderline tumor”), in
association with pregnancy.
Although cystic tumors of the pancreas often grow
slowly and can remain indolent for many years [5,10],
MCNs which develop during pregnancy tend to grow
more rapidly and achieve extraordinary size. Kato et al[4]

reported that a pancreatic MCN in a pregnant patient
rapidly increased in volume from 2619 to 4950 mL over
46 d. Ganepola et al[3] also reported a case whose cyst
increased in size from 5.5 cm to more than 12 cm within
4 mo. In a recent review, 344 MCNs defined by ovariantype stroma had a mean size of 8.7 cm (range, 0.635 cm)[11], whereas in the review of reported cases and in
our case, pregnancy associated-MCNs had a mean size
of 15 cm (range, 10-22 cm).
These findings are consistent with the concept that
pancreatic MCNs may be responsive to female sex
hormones. One series reported that stromal cell nuclei
were positive for estrogen receptors in 15 of 65 MCN
cases (23%) and for progesterone receptors in 46 cases
(71%)[2]. The predominantly female occurrence and the
expression of female hormone receptors in MCNs has
been the subject of much speculation. One possibility is
that MCNs originate from primitive ovarian cells, which
are incorporated into the embryonic pancreas when
the left primordial gonad is in close proximity to the
dorsal pancreatic anlage during embryogenesis[1]. The
dorsal pancreatic anlage gives rise to the body and tail
of the pancreas, and this hypothesis could explain the
predilection of MCNs for the distal pancreas. Another
possibility is that the neoplastic epithelial cells of MCNs
might induce ovarian stromal differentiation in cells
that normally reside in the pancreas. This concept is
based on the fact that the stroma in the fetal pancreas is
morphologically similar to that of MCNs[12]. However,
direct evidence for these hypotheses has yet to be found.
Pancreatic MCN presents a clinical problem in
that it always carries a malignant potential. Mucinous
cystadenocarcinoma can be considered not only as a
neoplasm arising de novo but also as an evolution of
the benign form[8]. As large tumor size was reported to
be one of the predictive factors of malignant MCNs[13],
it is prudent to assume that the increased growth of
MCNs during pregnancy brings with it some degree of
increased risk for malignant transformation[9]. However,
it remains unclear whether high levels of estrogen and
progesterone in pregnancy accelerate the malignant
transformation of a benign tumor into a malignant
tumor. In fact, there is evidence that a decrease in
progesterone receptor immunoreactivity was correlated
with histological or cytological atypicality and a worse
prognosis[2].
www.wjgnet.com
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Pancreatic MCN detected during pregnancy requires
special management considerations due to its large size
and resultant risk for fetal growth restriction. So far, there
have been four cases of successful antepartum resection
of pancreatic MCN during pregnancy that later resulted
in healthy infants[3-5,9]. These authors have recommended
the second trimester as a safe period for surgery because
this period provides enough time for fetal maturity.
Since the tumor in the present case did not compress the
uterus, there may be no direct correlation between tumor
progression and miscarriage in our patient.
In the present case, successful cyst aspiration provided
a basis for accurate diagnosis as well as symptom relief for
the patient. Cyst fluid analysis has recently been utilized to
differentiate pancreatic cystic neoplasms. van der Waaij
et al[14] found that an amylase concentration below 250
U/L effectively ruled out pseudocyst. In addition, it has
been reported that cyst fluid CA 19-9 level greater than
50 000 U/mL had a sensitivity of 75% and a specificity
of 90% for distinguishing mucinous tumors from
other cystic lesions[15]. Furthermore, a recent series[16]
revealed that cyst fluid CEA greater than 800 ng/mL
had a sensitivity of 42.9% and a specificity of 95.2% for
diagnosing pancreatic MCNs. When performing cyst
aspiration, however, care must be taken to avoid spillage
of cyst contents, which may result in the development
of pseudomyxoma peritonei[4].
In summary, our report describes the ninth case of
pancreatic MCN associated with pregnancy and the first
such case of MCN with moderate dysplasia. Our case
strongly indicates that pancreatic MCN is a hormonedependent tumor that can grow dramatically during
pregnancy. Considering the malignant potential of
this tumor and adverse effects on the fetus, complete
resection should be performed without delay.
www.wjgnet.com
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Figure 3 Microscopic findings of
the cystic tumor. A: Columnar, mucinproducing epithelium with underlying
ovarian-type stroma (HE, x 100); B:
The epithelium had a focal papillary
architecture (HE, x 100); C: Positive
staining in the stromal cell nuclei for
progesterone receptor (x 400); D: The
estrogen receptor of stromal cell nuclei
(x 400).

ACKNOWLEDGMENTS
We acknowledge the contributions of Dr. Ohe to the
diagnosis and management of this patient.

REFERENCES
1

2

3

4

5

6

7
8

Zamboni G, Scarpa A, Bogina G, Iacono C, Bassi C,
Talamini G, Sessa F, Capella C, Solcia E, Rickaert F,
Mariuzzi GM, Kloppel G. Mucinous cystic tumors of the
pancreas: clinicopathological features, prognosis, and
relationship to other mucinous cystic tumors. Am J Surg
Pathol 1999; 23: 410-422
Thompson LD, Becker RC, Przygodzki RM, Adair
CF, Heffess CS. Mucinous cystic neoplasm (mucinous
cystadenocarcinoma of low-grade malignant potential) of
the pancreas: a clinicopathologic study of 130 cases. Am J
Surg Pathol 1999; 23: 1-16
Ganepola GA, Gritsman AY, Asimakopulos N,
Yiengpruksawan A. Are pancreatic tumors hormone
dependent?: A case report of unusual, rapidly growing
pancreatic tumor during pregnancy, its possible relationship
to female sex hormones, and review of the literature. Am
Surg 1999; 65: 105-111
Kato M, Kubota K, Kita J, Shimoda M, Rokkaku K, Inaba
N, Fukasawa I, Honma K. Huge mucinous cystadenoma of
the pancreas developing during pregnancy: a case report.
Pancreas 2005; 30: 186-188
Lopez-Tomassetti Fernandez EM, Martin Malagon A,
Arteaga Gonzalez I, Muniz Montes JR, Diaz Luis H,
Gonzalez Hermoso F, Carrillo Pallares A. Mucinous cystic
neoplasm of the pancreas during pregnancy: the importance
of proper management. J Hepatobiliary Pancreat Surg 2005;
12: 494-497
Ishikawa K, Hirashita T, Kinoshita H, Kitano M, Matsuo
S, Matsumata T, Kitano S. Large mucinous cystadenoma of
the pancreas during pregnancy: report of a case. Surg Today
2007; 37: 1013-1017
Smithers BM, Welch C, Goodall P. Cystadenocarcinoma of
the pancreas presenting in pregnancy. Br J Surg 1986; 73: 591
Baiocchi C, Landonio G, Majno M, Minola E, Scanzi F,

Ikuta S et al . Pancreatic MCN and pregnancy

9
10

11

12
13

Ghislandi E. Pancreatic cystadenocarcinoma and pregnancy:
a case report. Tumori 1990; 76: 294-295
Herring AA, Graubard MB, Gan SI, Schwaitzberg SD.
Mucinous cystadenocarcinoma of the pancreas during
pregnancy. Pancreas 2007; 34: 470-473
Ozden S, Haliloglu B, Ilter E, Akin FT, Kebudi A, Peker O.
An extremely rare cause of acute abdomen in pregnancy:
ruptured pancreatic mucinous cystadenocarcinoma.
Pancreas 2007; 34: 474-476
Goh BK, Tan YM, Chung YF, Chow PK, Cheow PC, Wong
WK, Ooi LL. A review of mucinous cystic neoplasms of the
pancreas defined by ovarian-type stroma: clinicopathological
features of 344 patients. World J Surg 2006; 30: 2236-2245
Volkan Adsay N. Cystic lesions of the pancreas. Mod Pathol
2007; 20 Suppl 1: S71-S93
Crippa S, Salvia R, Warshaw AL, Dominguez I, Bassi C,
Falconi M, Thayer SP, Zamboni G, Lauwers GY, Mino-

7255

14

15

16

Kenudson M, Capelli P, Pederzoli P, Castillo CF. Mucinous
cystic neoplasm of the pancreas is not an aggressive entity:
lessons from 163 resected patients. Ann Surg 2008; 247:
571-579
van der Waaij LA, van Dullemen HM, Porte RJ. Cyst fluid
analysis in the differential diagnosis of pancreatic cystic
lesions: a pooled analysis. Gastrointest Endosc 2005; 62:
383-389
Hammel P, Levy P, Voitot H, Levy M, Vilgrain V, Zins M,
Flejou JF, Molas G, Ruszniewski P, Bernades P. Preoperative
cyst fluid analysis is useful for the differential diagnosis
of cystic lesions of the pancreas. Gastroenterology 1995; 108:
1230-1235
Attasaranya S, Pais S, LeBlanc J, McHenry L, Sherman
S, DeWitt JM. Endoscopic ultrasound-guided fine needle
aspiration and cyst fluid analysis for pancreatic cysts. JOP
2007; 8: 553-563
S- Editor Li LF L- Editor Webster JR

E- Editor Lin YP

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7256

World J Gastroenterol 2008 December 21; 14(47): 7256-7259
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

CASE REPORT

Primary multiple extragastrointestinal stromal tumors of
the omentum with different mutations of c-kit gene

Tadashi Terada
Tadashi Terada, Department of Pathology, Shizuoka Municipal
Shimizu Hospital, Miyakami 1231, Shimizu-Ku, 424-8636,
Shizuoka, Japan
Author contributions: Terada T contributed all to this paper.
Correspondence to: Tadashi Terada, MD, PhD, Department
of Pathology, Shizuoka Municipal Shimizu Hospital, Miyakami
1231, Shimizu-Ku, 424-8636, Shizuoka,
Japan. piyo0111jp@yahoo.co.jp
Telephone: +81-543-36-1111 Fax: +81-543-36-1173
Received: April 4, 2008
Revised: November 12, 2008
Accepted: November 19, 2008
Published online: December 21, 2008

Abstract
The author reports a very rare case of sporadic primary
multiple extragastrointestinal stromal tumors (EGISTs)
of the omentum associated with different mutations
of the exon 11 of the c-kit gene in a 75-year-old man
with gastric cancer. During an operation for the cancer,
two solid tumors (10 mm and 8 mm) were found in
the omentum. Both tumors consisted of cellular spindle
cells. Mitotic figures were two and three per 50 high
power fields. The tumor cells were positive for KIT,
CD34 and vimentin, but negative for desmin, S100
protein, α-smooth muscle actin and p53 protein. Ki67
labeling was 2% and 3%. The larger EGIST showed
a deletion of codons 552-558 of exon 11 of the c-kit
gene, while the smaller EGIST had a point mutation at
codon 559 (GTT GAT) in exon 11 of the c-kit gene.
Exons 9, 13, and 17 of the c-kit gene, and exons 12
and 18 of the platelet derived growth factor receptor
α genes showed no mutations. The case shows that
sporadic multiple EGISTs can occur in the omentum.
←

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) were once
thought to be smooth muscle or neurogenic tumors, but
recent advances in the study of the c-kit gene and platelet
derived growth factor receptor α (PDGFRA) gene have
revealed that GIST are associated with gain-of-function
mutations of the c-kit gene and the PDGFRA gene[1,2].
KIT is a transmembrane receptor tyrosine kinase
whose ligand is stem cell factor [3]. GIST is believed
to be derived from interstitial cells of Cajal (ICC)
(pacemaker cells) which are present in the muscular
layer of the gastrointestinal walls[3]. ICC expresses KIT
protein (CD117) and CD34 [3]. Immunohistochemical
demonstration of KIT and/or CD34 is a hallmark in the
pathological diagnosis of GIST[3].
Mesenchymal tumors resembling GIST and positive
for KIT have been found in the soft tissue[4] and less
frequently in abdominal organs such as the liver[5], gall
bladder[6,7], pancreas[8,9], and serosa[10]. Such tumors are
called extragastrointestinal stromal tumors (EGIST).
The present study presents a case having two EGISTs in
the greater omentum. According to Todoroki et al[11], 28
cases of EGISTs in the omentum have been reported in
the literature. However, primary multiple GISTs in the
omentum have been reported only once, by Kim et al[12].
The author here reports this case with a comparison
with normal omentum.

CASE REPORT
A 75-year-old Japanese man complained of epigastralgia.
The patient did not have neurofibromatosis, and denied
any family history of mesenchymal tumors of the
gastrointestinal organs. An endoscopic examination
showed a depressed lesion of the stomach, and a biopsy
showed well-differentiated adenocarcinoma. No tumor
formations were noted by various imaging modalities
including CT. A gastrectomy was performed, and during
the operation two small solid tumors (10 mm and 8 mm
in diameter, respectively) were found in the greater
omentum. The both tumors were not attached to the
gastrointestinal organs. Both tumors were diagnosed as
EGISTs as described below, and treated by imatinib. No
recurrence was seen one year after the operation.
Cases of EGIST were reviewed from 27659 surgical
and biopsy specimens performed from 2000 to 2007, in
my laboratory. As a result, thee cases of EGIST were
found. One was a uterine EGIST, one was an omental
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Table 1 Primer sequences
Forward

Reverse

c-kit exon 9
5’-TCCTAGAGTAAGCCAGGGCTT-3’
c-kit exon11
5’-GATCTATTTTTCCCTTTCTC-3’
c-kit exon 13
5’-GCTTGACATCAGTTTGCCAG-3’
c-kit exon 17
5’-CTCCTCCAACCTAATAGTGT-3’
PDGFRA exon12
5’-TTGGATATTCACCAGTTACCTGTC-3’
PDGFRA exon 18
5’-ACCATGGATCAGCCAGTCTT-3’

A

5’-TGGTAGACAGAGCCTAAACATCC-3’
5’-AGCCCCTGTTTCATACTGAC-3’
5’-AAAGGCAGCTTGGACACGGCTTTA-3’
5’-GTCAAGCAGAGAATGGGTAC-3’
5’-CAAGGGAAAAGCTCTTGG-3’
5’-TGAAGGAGGATGAGCCTGACC-3’

B

C

Figure 1 Histological and immunohistochemical findings of the tumors. A: Histology of the tumor. The tumor is composed of cellular spindle cells. Hematoxylin
and eosin (x 200). B: KIT immunostaining of the tumor. KIT is diffusely and strongly positive in the tumor cells (x 200). C: CD34 immunostaining of the tumor. CD34 is
diffusely and strongly positive in the tumor cells (x 200).

EGIST, and one was a mesenteric EGIST. In this case
report, the author shows a case of omental EGIST. The
patient’s clinical records were obtained. As controls,
three cases of normal omentum, which were resected in
cases of ovarian cancer, were used. The materials were
fixed in 10% formalin and embedded in paraffin. Several
3-μm sections were cut from each paraffin block, and
stained with hematoxylin and eosin.
Immunohistochemical studies were performed by
the DAKO’s envision method as previously described[13].
The antibodies used were KIT (polyclonal, Dako
Corp, Glustrup, Denmark), CD34 (QBEND10, Dako),
vimentin (Vim 3B4, Dako), desmin (D33, Dako),
α smooth muscle actin (1A4, Dako), S100 protein
(polyclonal, Dako), p53 protein (DO7, Dako), and Ki-67
antigen (MIB1, Dako).
Genetic analyses for the c-kit gene (exons 9, 11, 13
and 17) and the PDGFRA gene (exons 12 and 18) were
performed by direct sequencing of PCR products. The
exons of both genes were selected because they are
frequent mutation sites [3]. The primers are shown in
Table 1. In brief, genomic DNA was extracted from the
paraffin blocks by proteinase K digestion and phenol/
chloroform extraction, and subjected to PCR for 40
cycles (94℃ for one minute, 52℃ for one minute, and
72℃ for one minute), using a thermal cycler (GeneAmp
PCR system 9700, Applied Biosystems, ABI, CA). The
annealing temperature was 53℃. The PCR products
were then subjected to electrophoresis in a 2% agarose
gel with ethidium bromide, and the PCR products

were diluted 1:1 in loading buffer (94% formamide,
10mg bromphenol blue), denatured by heating at
98℃ for three minutes, and snap frozen, before being
electrophoresed on a polyacrylamide gel. The products
were extracted and sequenced on an ABI PRIZM 3100
Genetic analyzer (Applied Biosystems, ABI, CA).
Histologically, the both tumors showed almost
the same morphologies. Both tumors consisted of
cellular spindle cells (Figure 1A). Mitotic figures were
two in the smaller tumor and three in larger tumor,
per 50 high power field (HPF). No epithelioid pattern
was recognized and no necrotic areas were present.
Immunohistochemically, the tumor cells of both tumors
were strongly positive for KIT (Figure 1B), CD34
(Figure 1C) and vimentin, but negative for desmin, S100
protein, α-smooth muscle actin and p53 protein. Ki67
labeling was 2% in the smaller tumor and 3% in the
larger tumor. Both tumors were diagnosed as EGIST.
The normal omentum showed scattered mesenchymal
cells positive for KIT and CD34 in the surface of
the omentum. The stomach lesion was an early welldifferentiated adenocarcinoma confined to the mucosa.
The stomach showed no GISTs.
Genetic analyses for the c-kit gene (exons 9, 11, 13
and 17) and the PDGFRA (exons 12 and 18) showed a
deletion at codon 552-558 of exon 11 of the c-kit gene
in the larger tumor (Figure 2). The small tumor showed
a point mutation (GTT→GAT) at codon 559 of exon
11 of the c-kit gene (Figure 3). Other exons of the c-kit
gene showed no abnormalities. Exons 12 and 18 of the
www.wjgnet.com
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Figure 2 Computer analysis of a part of exon 11 of the c-kit gene in the
larger tumor. Deletion of codons 552-558 is noted. Asterisks show the deletion.

Figure 3 Computer analysis of a part of exon 11 of the c-kit gene in the
smaller tumor. A mutation at codon 559 (GTT GAT) is recognized (arrow).

PDGFRA gene also showed no abnormalities in both
tumors. The normal omentum showed no abnormalities
in either of the two genes.

had different mutations in exon 11 of the c-kit gene. It
has been found that mutations ratio of the c-kit gene
is 80% in exon 11, 15 % in exon 9, and less than 2%
in exons 13 and 17[3]. Mutations ratio of the PDGFRA
gene is 10% in exon 18 and less than 2% in exons 12
and 14[3]. Therefore, the present case showed a common
mutation pattern. In addition, the present case shows
that the two EGISTs are not identical tumors, but
individual tumors with different pathogenesis.
Imatinib has been developed to treat GIST[3]. The
present case also used Imanitib. Imanitib is effective
in GIST cases with c-kit mutations in exon 11[3] and
in present case it may have been be effective, because
neither recurrence nor metastasis has been seen one year
after the operation.
In summary, the author showed a very rare case of
primary multiple EGISTs of the omentum with different
mutations in exon 11 of the c-kit gene.

According to Todoroki et al[11], there are 28 cases of
EGIST of the omentum in the literature. Most of them
are single EGIST [10,11], and multiple EGISTs of the
omentum have been reported only once[12]. The present
study reports a second case of primary multiple EGIST
of the omentum. The diagnosis of EGIST of the
present case was conclusive. The present study showed
scattered KIT-positive ICC-like cells in surface of the
omentum. Sakurai et al[14] also reported KIT-positive
ICC-like mesenchymal cells in the omentum. Therefore,
the present case may be derived from the ICC-like cells
physiologically present in the omentum.
GIST is thought to be a potentially malignant
tumor[3]. The malignant potential has been accessed by
various parameters, such as tumor size, mitotic figures,
necrosis, cell type, and Ki-67 labeling[15-17]. However, the
parameters and the results varied from one observer to
another. For example, Hasegawa et al[17] reported that
tumor size of less than 5 cm was low risk, 5-10 cm
posed an intermediate risk, and more than 10 cm posed
a high risk. The present case is probably low risk due to
the tumor size. GIST with mitotic figures less than 5 per
50 high power fields are low risk, 5-10 are intermediate
risk, and more than 10 are high risk. The present case is
low risk according to the mitotic count. The presence
of necrosis is a high risk for malignancy, therefore the
absence of necrosis in the present case also suggests
it is low risk. Ki-67 labeling is also related to the GIST
risk. In the present study, the Ki-67 was 2% and 3%,
respectively, indicating low risk. Taken together, these
data suggest that the present EGIST case has a low risk
of malignancy.
The present study examined the c-kit and PDGFRA
genes and found that the two EGISTs of the omentum
www.wjgnet.com
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Abstract
Portopulmonary hypertension (PPH) is clinically defined
as the development of pulmonary arterial hypertension
complicated by portal hypertension, with or without
advanced hepatic disease. Physical signs may be
absent in mild to moderate PPH and only appear in
a hyperdynamic circulatory state. Similar signs of
advanced liver disease can be observed in severe PPH,
with ascites and lower extremity edema. Pulmonary
hypertension is usually diagnosed after anesthetic
induction during liver transplantation (LT). We present
intraoperative pulmonary hypertension in a 41-yearold male patient with hepatic cirrhosis. Since this
patient had no preoperation laboratory data supporting
the diagnosises of pulmonary hypertension and was
asymptomatic for a number of years, it was necessary
to send him to the intensive care unit after operation.
Further study should be focued on the diagnosis and
treatment of pulmonary arterial hypertension in order
to reduce its mortality.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Patients with liver disease are predisposed to develop
histological changes in pulmonary vessels, which will
cause pulmonary vascular disease, particularly pulmonary
hypertension. Portopulmonary hypertension (PPH) is
usually regarded as a severe complication of chronic
liver disease with portal hypertension and occurs in
5%-10% of patients with advanced liver disease [1] .
Direct measurement of pulmonary artery pressure
(PAP) by right-heart catheterization (RHC) remains the
gold standard for detecting pulmonary hypertension.
Doppler echocardiography using trans-tricuspid valve
gradient allows noninvasive estimation of pulmonary
artery systolic pressure, and is mostly used for liver
transplant candidates. However, echocardiography and
electrocardiography are seldom performed in patients
with mild or moderate PPH[2].
Patients with PPH may be asymptomatic at the
time of diagnosis, and symptoms associated with
advanced liver disease and portal hypertension may be
indistinguishable from those of PPH of any causes[3].
The recognition of PPH requires a high degree of
clinical suspicion. Treatment options for patients with
PPH are few. Previous studies have shown that cirrhotic
patients with moderate to severe pulmonary hypertension
have a very high mortality. Patients with severe PPH who
undergo liver transplant without vasodilator therapy have
an extremely poor survival[4]. However, recent reports
indicate that preoperative therapy can reduce pulmonary
hypertension and right ventricle dysfunction, thus
improving clinical status and making liver transplantation
(LT) feasible [5-7]. However, pro-operative therapy is
not efficient for portal hypertension (PHT). There
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is no doubt that the occurrence of non-pulmonary
manifestations of perioperative pulmonary hypertension
presents management challenges. This report describes
our new experience with the management of portal and
pulmonary hypertension.

CASE REPORT
A 41-year-old male patient with end-stage liver disease
secondary to alcohol and hepatitis B was referred to
our department for LT. Over the previous 10 mo, the
patient had ariceal bleeding, increasing jaundice, and
ascites. Cutaneous spider naevi were present and his
fingertips were clubbed. He refrained from smoke five
years ago due to chronic active hepatitis B and denied to
have prior pulmonary problems. Pulmonary and cardiac
examinations were unremarkable. Chest radiography
showed normal main and central pulmonary arteries.
Electrocardiogram was within the normal range with
no evident signs of pressure overload of the right
atrium and ventricle. Lung function tests showed a mild
restrictive pattern that was ascribed to ascites. Total
lung capacity, FEV1 and FVC were in normal range.
Urinalysis was negative. His liver function tests were as
follows: 101 µmol/L total bilirubin with a direct fraction
of 50 µmol/L, 113 U/L alkaline phosphatase, 112 U/L
ALT and 83 U/L AST. The end-stage liver disease score
was 24. PCR showed that His viral profile was HBsAg
(+), anti-HBs (-), HBeAg (-), anti-HBe (+), anti-HBc (+)
and HBV DNA < 103 copies/mL. He received 4 wk of
lamivudine therapy.
Following our usual protocol for monitoring LT
recipients, routine intraoperative transesophageal
echocardiography was performed during LT [8]. The
pulmonary artery was a moderately enlarged. His systolic
PAP was higher than 53 mmHg, pulmonary capillary
wedge pressure (PCWP) was 10 mmHg, cardiac output
(CO) was 7.4 L/min), pulmonary vascular resistance
(PVR, 201 dyn∙s∙cm-5) was higher than the usual values
observed in cirrhotic patients[9]. To reduce the increased
PAP, the patient administrated nitric oxide (40 ppm) and
epoprostenol (40 µg). However, no notable reduction
was found in the mean PAP (mPAP). Epoprostenol
therapy was continued with its dose increased from 6
to 20 ng/kg per min. One hundred percent of oxygen
was then administered before liver dissection. Then the
PAP came down slowly. LT was performed using the
“piggyback technique”, a standard procedure without
venovenous bypass[8]. The anhepatic phase lasted 78 min
and reperfusion was tolerated without any significant
incident. Immediately after the liver was reperfused,
PAP increased to a maximum of 75 mm Hg (60%
of systemic level) and terribly reflow was present in
the graft. About 10 min later, PAP decreased to less
than 40% of systemic level (Table 1).The speed of
dobutamine infusion was increased to 3-5 mg/kg per
min for continuous inotropic and pulmonary vasodilator
effect. The color of graft became normal after 30 min.
PVR was only slightly increased, but the mean PAP
was markedly increased due to a profound increase

7261

in cardiac output. After haemostasis, further surgery
was completed uneventfully. At the end of surgery,
haemodynamics of the patient was stable. The total
operative time was 8 h. The estimated blood loss was
3346 mL, so that the patient was transfused 10 U of
packed red blood cells and 30 U of fresh-frozen plasma.
Immunosuppression was initiated with cyclosporin,
mycophenolate mofetil, and steroid was withdrawn
followed by maintenance of immunosuppression with
cyclosporin and mycophenolate mofetil.
During the following 24 h in the intensive care
unit (ICU), haemodynamics was mildly increased in
PVR which was reduced when pulmonary vasodilators
(nitroglycerin, isoprenaline, epoprostenol) were used.
At this time, mPAP was 35 mmHg. The patient was
extubated with dobutamine discontinued approximately
20 h after surgery. PaO2 was 9.2 kPa, PaCO2 was 6.2 kPa,
and HCO 3 -2 was 8 kPa (pH 7.36) after extubation.
Graft function was remarkable following a continuous
decrease in transaminases and prothrombin time (PT
50%). The post-transplant viral prophylaxis included
HBIG (10 000 U/d) during the anhepatic period and
lamivudine (100 mg/d) in the morning of postoperative
day 1[10]. On the 7th postoperative day, the patient was
transferred to the normal ward. Three weeks later, the
liver function was recovered with normal transaminases
and PT. In the follow-up, pulmonary function, chest
X-ray and pulmonary angiography showed no evidence
of pulmonary hypertension.
In Januar y 2008, almost 2 years after LT, the
patient was still in good condition and had no signs of
pulmonary hypertension. A Doppler echocardiogram
showed that the size right and left ventricles was normal.
The viral profile of the patient was not good after
transplantation with persistent positive HBsAg and
negative anti-HBs and HBV DNA.

DISCUSSION
PPH is defined as mPAP ≥ 25 mmHg and PCWP
≤ 15 mmHg with evidence of portal hypertension.
It was repor ted that 60% of patients with PPH
are asymptomatic at the time of diagnosis, and
symptoms associated with advanced liver disease and
portal hypertension may be indistinguishable from
those of PPH[3]. Therefore, the diagnosis of PPH is
frequently established in the operating room before the
transplantation procedure. Some of these patients may
have mPAP exceeding 25 mmHg, but they do not have
the associated pathological changes in the pulmonary
vasculature that increase the mortality [11]. Some right
heart catheterization information is derived from the
operating room during general anesthesia[12]. Pulmonary
pressure tends to increase during the initial stage of
anesthesia. Our patient’s pulmonary hypertension was
atypical before operation and revealed pulmonary
hypertension after inhaling anesthesia. Since inhalational
anesthetic agents can independently increase venous
return, central filling and cardiac output can be achieved
in patients with portal hypertension[13].
www.wjgnet.com
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Table 1 Intra- and post-transplantation cardiopulmonary hemodynamic data
Time
Before clamp
Anhepatic
Reperfusion (15 min)
Enter ICU
24 h-pro
48 h-pro

mPAP (mmHg)

PVR (dyn∙s∙cm-5)

35
40
40
30
35
30

254
340
NA
NA
240
211

Therapeutic agents
Epoprostenol, NO, 100% O2
Epoprostenol, 100% O2
Epoprostenol and milrinone, adrenaline
Epoprostenol
Epoprostenol and isoprenaline
Epoprostenol and isoprenaline

LT: Liver transplantation; mPAP: Mean pulmonary artery pressure; PCWP: Pulmonary capillary wedge pressure; PVR: Pulmonary vascular resistance; NO:
Nitric oxide; NA: Not applicable.

Until now, the treatment options for patients with
PPH are few, and the reported mean survival time of
PPH patients after diagnosis is approximately 15 mo[14].
Nitric oxide, prostacyclin and isosorbide-5-mononitrate
have been administered to improve PAP before and
after LT[15]. Because of the association of portosystemic
shunting with pulmonary hypertension, LT cannot cure
both portal hypertension and PHT. LT is well tolerated
in patients with only mild or moderate PPH. The
mortality rates of patients with or without PPH after
operation are comparable[16]. Since the risks in patients
with severe PHT appear to be unacceptably high, and
the affected patients deny LT, the marked reduction in
PAP after epoprostenol therapy for patients with severe
PPH may result in a marked decrease in perioperative
mortality after LT[17]. PAP in this patient was steadily
increased vasodilator therapy. This patient had a
significant response to intravenous epoprostenol and the
nitric oxide was also inhaled to test the reversibility of
mPAP during operation. Continuous use of pulmonary
vasodilators (isoprenaline, epoprostenol) reduced his
PVR. Pulmonary hypertension may exacerbate after
operation when patients receive no epoprostenol,
and the patients may die of right ventricle failure [4].
Improvement in and de novo development of PPH
may occur following LT[18-20]. The reason why transplant
patients develop pulmonary hypertension following
transplantation is unknown[13].
It was reported that transplant mortality is 36%
(13/36) in patients with PPH [21] . Evidence from
two studies suggests that preoperative mPAP is an
independent predictor of mortality[6,22]. Another study
showed that mPAP is not an accurate predictor of
mortality and that pressure measurement does not serve
as an independent surrogate of the severity of disease or
outcome[23]. The marked difference in outcome suggests
that single hemodynamic variables are not related with
mortality in patients with PPH. In the literature, death
of patients with PPH undergoing LT often occurs in
the postoperative period due to cardiocirculatory stress
or infectious complications[1,24,25]. Alternatively, defective
hepatic metabolism and portosystemic shunting may
expose the pulmonary vasculature to proliferating,
vasoconstrictive, or inflammatory compounds that
accelerate the progression of pulmonary arteriopathy
or right ventricular failure [25]. Safer strategies for LT
in patients with asymptomatic PPH can reduce the
www.wjgnet.com

mortality rate. Our current strategies are as follows.
(1) Right heart catheterization should be done preoperation when PPH is suspected; (2) pulmonary
vascular resistance should be decreased with intravenous
epoprostenol therapy after diagnosis of PPH; (3) nitric
oxide, epoprostenol, calcium channel blockers and
other agents should be used during perioperation [26];
(4) venovenous bypass or piggy back technique that
allows a more restrictive volume replacement during the
anhepatic phase should be used.
In conclusion, asymptomatic PHT is not a
contraindication to LT, and some of PHT patients may
survive many years after LT. Patients with asymptomatic
PHT who might benefit from LT need to be better
characterized, and reliable screening methods to identify
these patients need to be developed.
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Abstract
The safety and feasibility of pregnancy following liver
transplantation (LT) have been accredited in a series of
LT center. The first case in mainland China is reported.
The follow-up data of a 22-year-old pregnant patient
with end-stage liver disease undergone orthotopic
liver transplantation were analyzed retrospectively.
After surgery, the patient was uneventfully recovered
and became pregnant 33 mo after LT. The patient was
closely monitored and treated with a standard and
individualized triple-drug immunosuppressive therapy
throughout her pregnancy. Caesarean section was
performed in March 18, 2004, and a health live-born
infant was delivered. After the delivery, a 4-year followup period indicated that the patient was satisfactory
with her condition and her baby was healthy. Our
case shows that a successful pregnancy following LT
is possible and safe in women with end-stage liver
diseases under close monitoring. Three factors including
mother, baby, and transplanted liver function must be
considered for the safety of high-risk pregnancies.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Liver transplantation (LT) is now an acceptable therapy
for patients with end-stage liver disease. Among patients
undergoing LT, approximately 11% are women at the
reproductive age[1]. Within one year after a successful LT,
97% of female patients at the childbearing age recover
menstrual function owing to the restored hepatic
estrogen metabolism, and the likelihood of conception
and successful pregnancy is high[2]. The first known posttransplantation pregnancy in a LT recipient was reported
in 1978. Since then, a series of cases have been reported
worldwide[3,4]. We report the first case in mainland China.

CASE REPORT
A 22-year-old nulliparous woman, with a 4-year-history
of persistent right upper quadrant pain, intermittent
jaundice, and fever, was admitted to our hospital in
September 2000. She had no particular family or
genetic history, and underwent a cholecystostomy for
acute cholangitis four months ago. The serum levels of
total bilirubin (TB), direct bilirubin (DB), γ-glutamyl
transferase (γ-GT) and alkaline phosphatase (ALP), and
white blood cell (WBC) count were markedly increased.
Microbiologic culture of blood demonstrated that
Escherichia coli were the responsible bacteria in the patient.
Alpha-fetoprotein (AFP) and viral markers for hepatitis
A, B, and C were negative. B-type ultrasonography
and computerized tomography (CT) showed a diffuse
abscess and cirrhotic nodules in the shrunken liver.
Therefore, she was diagnosed having primary biliary
cirrhosis, sclerosing cholangitis, bacteremia, and bacterial
liver abscess.
On September 28, 2000, after having been treated
effectively, she underwent a successful orthotopic LT
using conventional techniques with a veno-venous bypass.
The donor was a 19-year-old brain-dead healthy female
caused by head trauma and her family consented to her

Xia D et al . Pregnancy after liver transplantation		

organ donation. The overall length of the OLT procedure
was 530 min. The duration of anhepatic phase and
venous bypass was 97 min and 73 min, respectively. The
anastomosis time for suprahepatic vena cava, infrahepatic
vena cava, and portal vein was 23, 13, and 15 min,
respectively. Standard proximal end-to-end anastomosis
between donor’s common hepatic artery and recipient’s
proper hepatic artery was performed under magnification,
which lasted 22 min. Choledochojejunostomy was carried
out with a 40-cm-long Roux-en-Y jejunal limb. A total of
3600 mL blood was transfused and the volume of blood
loss was 1400 mL. Intraoperative findings correlated well
with CT and B ultrasound findings. The postoperative
pathological diagnoses were biliary cirrhosis, sclerosing
cholangitis, and liver abscess.
The recipient had an uneventful recovery in the
postoperative period. She gained complete consciousness
1 h after LT, received extubation 10 h later, and was
discharged on post-LT day 22. Normal menstrual cycles
were observed (restored) 3 mo later. After operation, the
patient received a standard triple-drug immunosuppressive
therapy, including cyclosporine A (CsA), mycophenolate
mofetil (MMF), and prednisone. The dose of each
agent was individualized according to the plasma drug
concentration. Three months after operation, MMF was
discontinued, and prednisone and CsA were maintained.
One year later, prednisone was discontinued, and CsA
was maintained alone. Twenty-six months later, she had
a pregnancy and also an unstable graft. By agreement
between the patient and physicians, pregnancy was
terminated at 22 wk of gestation. Thirty months after
LT, she became pregnant for the second time. During
the first trimester of this pregnancy, she presumed to
discontinue CsA because of serious pregnancy reaction
without physicians’ permission. The sharply increased
ser um levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), TB, DB, and ALP
were suggestive of rejection. She was hospitalized then
and treated with a daily regimen of 1 g of MMF, in
addition to 450 mg of CsA. Despite the argument for
MMF use during pregnancy, the patient and physicians
decided to continue the pregnancy with regular ultrasound
examinations. Two months later, she recovered with
normal liver function and the fetus developed well. Her
serum level of CsA remained within the normal limit
(100-150 mg/L).
On March 18, 2004, the mother patient at 37 weeks’
gestation gave birth by Cesarean section to a boy weighing
2000 g and measuring 42 cm in length. The patient’s
postpartum course was uneventful with normal liver and
renal functions and she was discharged on the 12th d
after Caesarean section. However, the newborn’s 1- and
5-min agar scores were 5 and 7, respectively. Although
without any congenital malformation, he was diagnosed
having hypoxic ischemic encephalopathy and neonatal
pneumonia. His immune functions were examined on the
first and seventh days after birth, showing that the baby
was in a severe immunosuppressive state. After proper and
careful treatment, the newborn was discharged in good
health on the 22nd d after birth. The child demonstrated
normal growth and development during the 4-year follow-
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up period.
Once a major surgery like LT is performed, a lifelong
follow-up is required. After the postpartum course, a series
of investigations were followed for the mother patient
and her male baby routinely according to the tentative
protocol of West China LT center. Subsequent visits were
scheduled at each month (the first six months after LT),
every 2 mo (6-12 mo after LT), every 3 mo (the 2nd year)
and every 3-6 mo (the 3rd year and thereafter). During
these visits, routine blood, liver and kidney function,
blood concentration of immunosuppressant, hepatitis B
or C, and ultrasound scans and X-rays would be regularly
undertaken. As an outpatient, she was recommended for
a series of notices including self-examination of appetite,
abdomen, stool, urine, skin, strength, energy, etc, selfprotection from infection, house environment, working
environment, keeping fine spirit and proper exercise,
relation with the family members, sexual intercourse with
her husband and use of contraception, self-examination
of her baby’s growth and development, necessary
communications with doctors, and regular follow-up.
The major content of follow-up at the late-stage postLT included the monitoring of immunosuppressant
concentration, new graft function, discovery of biliary
and vascular complications, primary disease recurrency,
rejection, and side effects of drugs. Currently, at 49 mo
follow-up, the recipient and her son lived well with normal
liver allograft function during the follow-up at 49 mo.

DISCUSSION
LT is considered an ultimate life-saving measure for
patients with severe liver dysfunction and may provide
patients with the best chance for long-term diseasefree survival. Successful grafting offers the patient gross
improvement in life quality, maximized rehabilitation,
and restores the chance for parenthood to most
recipients at their reproductive age. Reproductive
function and sexuality, which are important components
of quality of life, are commonly affected by end-stage
liver disease. Shortly after successful LT, most female
recipients at childbearing age normalize their menstrual
function, thus leading to pregnancy[5].
The number of pregnancies following LT is increasing
due to the greater survivals associated with constantly
improved management and immunosuppressive regimens.
Although pregnancy after LT does not seem to have
obviously deleterious effects on allograft function or
survival, complications can occur both in mothers and
infants. Pregnancies in transplant recipients appear
to be associated with increased health risks, including
ectopic pregnancy, hypertension and pre-eclampsia,
infection, and need for delivery by Cesarean section. The
incidence of prematurity, intrauterine growth retardation
and malformation is relatively high in newborns at the
gestationalage age (SGA), irrespective of the type of
immunosuppressive therapy used. The severe risks are
mainly related to the fact that transplant recipients must
continue immunosuppressive therapy throughout their
pregnancy[6].
www.wjgnet.com
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Most immunosuppressive agents (e.g. azathioprine,
cyclosporine, and MMF) have been found to be
teratogenic in animals. However, the frequency of birth
defects in infants born to women receiving immunosuppressive agents is not statistically different from that
in the general population [7]. Long-term or late-onset
medical complications of immunosuppressive therapy for
diseases (e.g. autoimmune disease, cancer, and infertility)
are as yet unknown. Immunosuppressive agents can cross
the placenta and result in a severe immunosuppressive
state in the newborn. Right on the day of delivery, the
concentration of CsA in the umbilical blood is 14.1 μg/L
(75 -175 μg/L in adults). Cyclosporine is known to cause
endothelial cell dysfunction and reduced nitric oxide
production, which may be associated with cell dysfunction
and hypertension. Tacrolimus-based immunosuppressive
regimens are associated with a much lower incidence of
new onset of hypertension and toxemia of pregnancy.
Report from the National Transplantation Pregnancy
Registry (NTPR) demonstrated that there was not any
congenital malformation observed in the 5 off springs
born to women receiving MMF[2]. So, during pregnancy,
female recipients may continue their immunosuppressive
medications to stabilize the allograft function. On the
other hand, during pregnancy, increased plasma volume
and adipose tissue and higher hormone concentrations
lead to great changes in drug metabolism. Thus, the
levels of immunosuppressive agents must be carefully
monitored to individually establish therapeutic doses[3].
Our results are consistent with these findings.
Few data are available on breast-feeding by mothers
taking immunosuppressive drugs. Whether the risks
of exposure to immunosuppression through breast
milk outweigh, the benefits of breast-feeding remain
unknown. Our patient did not breast feed her baby
because she was on CsA at a dose of 150 mg one day.
Pregnancy does not appear to increase the risk of
graft rejection or impairment. In this case, a rejection
episode occurred once at 8 wk gestation, and was
believed to be related to the patient’s willful discontinuation of immunosuppressive therapy. Reduction of
immunosuppressive medications during pregnancy, based
on the premise of natural nonspecific maternal immunosuppression, may lead to rejection of transplanted organs,
which can be successfully managed with adjustment of
immunosuppressive medications.
It was reported that the rate of Cesarean deliveries
among LT recipients is higher than that of the general
population [8] . In this case, Cesarean section was
performed just for obstetric reasons, because we had not
any experience with the management of such a patient.
All pregnancies in solid-organ-transplant recipients
should be considered at high risk associated with
hypertension, preeclampsia, intrauterine g rowth
retardation and prematurity, and managed by a multidisciplinary team. The expectant mother should be closely
monitored (at least every 2 wk) by her transplantation
physicians and her prenatal care should preferentially be
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managed by a specialist in high-risk obstetrics (maternalfetal medicine). Nagy et al[2] reported that the interval from
transplantation to pregnancy was shorter in the group
that had abortions and terminations (24.4 ± 24.3 mo)
than in the group that had live births (47.8 ± 28.7 mo).
NTPR has advised female organ transplant recipients to
wait 1 or 2 years after transplantation before attempting
to conceive to insure that the transplanted organ is
functioning adequately and to allow for stabilization
of the immunosuppressive regimen [7,9]. We strongly
advocate delaying conception for at least 24 mo after
LT. In reproductive-age women, who have undergone
a liver transplant, physicians need to be proactive in
discussing fertility issues and should counsel their patients
regarding the timing of pregnancy, as well as the risks
and alternatives. Moreover, physicians should respect the
decision that each recipient makes about the risks and
benefits. In this case, till now, the excellent maternal and
neonatal outcome was a result of perfect communication
and cooperation between the patient and the multidisciplinary team of our LT center. To the present, two
hundred and two pregnancies and 205 outcomes have
been reported in 121 LT recipients in NTPR [4] . To
our knowledge, this present case is the first successful
pregnancy of woman after LT in mainland China.
In conclusion, pregnancies among liver-transplanted
female recipients are generally regarded at high risk,
but do not seem to have a deleterious effect on graft
function or survival. Mother, baby, and transplanted
liver function must be considered for the safety of these
high-risk pregnancies.
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Abstract
The clinical characteristics of undifferentiated (embryonal)
sarcoma of the liver (UESL) were investigated and the
best treatment modalities were recommended. Both
histology and immuno-histochemistry demonstrated
the cellular features of this peculiar tumor. The tumor
size was 12 cm × 9 cm × 8 cm in the right liver lobe.
The patient underwent surgical resection of the tumor.
The postoperative recovery was uneventful and she
died eight months after diagnosis. The tumor showed
mixed spindle and polygonal cells within the myxoid
matrix. Some tumor cells contained eosinophilic hyaline
globules that were positive for resistant diastase.
Immunohistochemistry showed positive vimentin.
Stellate and spindle cells were positively stained with
alpha-1-antichymotrypsin (AACT) and CD68. This case
indicates that UESL is not obviously differentiated in oldaged adults.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Undifferentiated (embryonal) sarcoma of the liver
(UESL), first documented in 1978, is a rare and highly
malignant hepatic neoplasm of mesenchymal origin and
shows a divergent differentiation[1,2]. Although UESL
is considered a relatively major entity in pediatric liver
malignancies, its frequency in the adult population is
extremely low. In fact, few reports have focused on the
general features of adult cases[3]. Given that the majority
of the populations are under the age of 30 years, adult
cases over the age of 40 years are quite exceptional.
Furthermore, the detailed pathological characteristics of
adult cases based on particular immunohistochemistry
are not yet clear. To our knowledge, no study has
described the systemic pathology features of UESL. In
the present study, we describe a UESL patient at the age
of 61 years with no obvious mesenchymal differentiation
such as smooth muscle phenotype.

CASE REPORT
A 61-year-old woman was admitted in November
2007 to the Department of Hepatobiliary Surgery
because of a huge abdominal mass, located in the right
hypochondrium. Her major complaint was abdominal
pain. An abdominal ultrasound showed a lesion in the
right liver lobe, which was avascular on angiographic
examination, and subsequently confirmed by CT scan
(Figure 1). However, her serum alpha-fetoprotein
(AFP) level was normal. No pulmonary metastases were
detected by chest X-ray examination. Medical and family
histories were unremarkable, and the patient reported
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Figure 1 CT scan befor surgery showing a large mass (A) and a wellcircumscribed and lowly-attenuated mass (B) in the right liver lobe.

no contact with any hepatitis virus carrier. Right hepatic
lobectomy and cholecystectomy were performed at a
laparatomy. The postoperative period was uneventful, no
adjuvant irradiation or chemotherapy was administered.
The patient died after 8 mo.
A mass measuring 12 cm × 9 cm × 8 cm was found
in the right liver lobe. The tumor was well circumscribed
and demarcated from the normal liver tissue. The cut
surface revealed a white or yellowish soft mass with
massive necrosis, hemorrhage and degeneration.
For light microscopy, fresh tissue was fixed in 10%
formalin and embedded in paraffin. The tissue was
cut into 4-μm thick sections which were stained with
hematoxylin and eosin and periodic acid-Schiff (PAS)
with and without diastase. The histopathological features
of the neoplasm are presented in Figures 2 and 3. The
primary tumor showed proliferation of atypical spindle
cells mixed with stellated cells. These cells had obvious
heteromorphism and were irregularly arranged. In
some areas, the cells were differentiated into epithelium
and had light eosinophilic cytoplasm. Cell membrane
was fuzzy (Figure 2A). Some tumor cells contained
eosinophilic hyaline globules, which were resistant to
diastase and positive for PAS (Figure 2D, Figure 3B).
Some ducts lined by a single layer of cuboidal cells
resembling normal bile ducts were found in the tumor
periphery (Figure 2B and C). Lymphocytes and plasma
cells infiltrated around many thin-walled vessels in the
background component of the tumor.
Immunohistochemical and alkaline phosphatase
staining was performed using a labeled streptavidin
biotin system. Primary antibodies such as broadwww.wjgnet.com
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Table 1 The immunohistochemical findings
Antibody

B

Volume 14

Vimentin
AACT
CD68
Lysozyme
a-sarcomeric actin
Myoglobin
SMA
NSE
Factor Ⅷ
EMA
AE1/AE3
AFP
HMB-45
S-100
CD34

Expression
4+
1+
2+
1+
-

spectrum vimentin, desmin, alpha-smooth muscle actin
(SMA), muscle-specific actin, neuronspecific enolase
(NSE), HMB-45, CD68, CD34, factor Ⅷ, epithelial
membrane antigen (EMA) and cytokeratins AE1/
AE3 (Dako, Kyoto, Japan) were used. Immunostained
sections were graded using a sliding scale of 1+ to
4+ according to the percentage of reactive cells (-:
negative; 1+: < 10%; 2+: 10%-25%; 3+: > 25%-50%;
4+: > 50%). The immunohistochemical findings are
summarized in Table 1. Most tumor cells were strongly
reactive with vimentin (Figure 3A). Some stellate and
spindle cells showed a granular cytoplasmic positivity for
AACT and CD68. Lysozyme, alpha-sarcomeric actin,
myoglobin, SMA, NSE, neurofilament, S-100 protein,
HMB-45, CD34, factor Ⅷ, EMA, AE1/AE3 and AFP
were negatively stained. The tumor was diagnosed as
an undifferentiated embryonal sarcoma (malignant
mesenchymoma).

DISCUSSION
UESL has a predilection for children and young adults
in the first 2 decades of their life. To our knowledge, few
cases have been reported in patients over the age of 40
years[3]. The overall clinical outcome is poor with a longterm disease-free survival rate of less than 30% in all
series. In 2 other series, the outcome was better[4]. In the
first series of 9 patients, 4 were alive with no evidence of
disease, whereas in the second series, 3 out of 4 patients
were alive with no evidence of disease[4]. In all series,
the long-term survival was achieved only in those whose
tumors could be resected completely.
According to the literature, the principal pathological
features of UESL in children include an expansive
intrahepatic growth with massive necrosis, hemorrhage,
and occasional gelatinous appearance[1,2]. Laboratory
evaluations including alfa-fetoprotein showed no specific
abnormality. Radiologic characteristics of USL are
characterized by enhanced peripheral rim, some solid
portions at the periphery or adjacent to the septa, and
discrepancy in internal architecture between computed
tomography (CT) and ultrasound scan[5].
UESL is histologically surrounded by a fibrous
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pseudocapsule with a slightly direct invasion of the
adjacent hepatic parenchyma. The cellular component is
composed of medium-large spindle or satellite cells with
marked nuclear pleomorphism. At the periphery, trapped
hepatocytes and abnormal bile duct cells are apparent[6].
In addition, there are prominent eosinophilic, PASpositive, and diastase-resistant globules in the cytoplasm
of tumor cells [1,7]. Generally, immunohistochemistry
using various cell-specific markers reveals that UESL
is highly positive for histiocytic markers such as AACT
and CD68, and vimentin is commonly positive. A
few case reports demonstrate that tumor cells are
reactive to cytokeratin, S-100 protein, and NSE[1,7,8-11].
In our case, both vimentin and histiocytic markers
were positive, whereas cytokeratins, S-100 protein,
and NSE were negative. In some cases, the smooth
muscle differentiation was confirmed by the positivity
of desmin and alpha-SMA. However, our case did not
exhibit any myogenic features. The differential diagnosis
of UESL in old-aged adults includes malignant fibrous
histiocytoma (MFH), leiomyosarcoma, liposarcoma,
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Figure 2 UESL. A: Atypical spindle
cells mixed with stellated cells (HE, x
200); B: Normal bile ducts in the tumor
(HE, x 200); C: Normal hepatic cells
in the tumor (HE, x 200); D: Giant
cells containing eosinophilic hyaline
globules in the cytoplasm (HE, x 400).

Figure 3 Immunohistochemical expression
of UESL. A: Strong reactivity for vimentin in
spindle and polygonal or round cells (streptavidinbiotin method, x 200); B: Tumor cells containing
eosinophilic hyaline globules with positive PAS.

and angiomyolipoma (AML). MFH is characterized by
fibroblastic, histiocytic, and pleomorphic tumor cells
forming a storiform pattern. In the present study, the
tumor was basically composed of primitive mesenchymal
cells with a divergent differentiation toward fibroblastic,
histiocytic lines. Although these cellular compositions
are quite similar to those of MFH[7,12], it is possible to
distinguish UESL from MFH on the basis of tissue
pattern[13]. In our case, the diagnosis of leiomyosarcoma
was inappropriate, because the tumor did not show any
variable size of the foci and any fascicular pattern of the
brightly eosinophilic spindle cells in hematoxylin, and
SMA was negative. Lipoblastic differentiation has been
suggested by some investigators on the basis of oil red
O staining, and cells resembling lipoblasts seen at light
microscopy[14]. However, no multivacuolated lipoblasts
were observed in our case under light microscope, and
the tumor cells were negative for S-100 protein. AML is
characteristically composed of a varying heterogeneous
mixture of 3 tissue components: blood vessels, smooth
muscle cells, and adipose cells. However, the proportions
www.wjgnet.com
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of the 3 tissue components vary markedly from case
to case and from area to area within the same tumor[15].
AML with spindle cells and pleomorphic features may
be misdiagnosed as various sarcomas, including MFH,
leiomyosarcoma, dedifferentiated liposarcoma, and
undifferentiated sarcoma[16-20]. Recent studies indicate
that HMB-45 is a promising marker for AML and
can facilitate differentiation of this tumor from other
lesions[20-22]. In our case, the tumor cells were negative
for HMB-45. Whenever pathologists encounter spindle
cell tumors in the liver, immunostaining with HMB-45
should be performed to distinguish AML from other
neoplasms.
The prognosis of UESL is poor. Even after complete
resection of the tumor, few UESL patients can achieve
a long-term, disease-free survival. Our patient died 8
mo after the tumor resection. Since 1990, long-term
survivors after multiagent chemotherapy have been
reported and their outcome appears to have improved
substantially over the last decades[23,24]. The chance of
cure depends on radical resection and vigorous multiple
approaches including chemotherapy[23,24]. We hold that
multiagent chemotherapy after resection can significantly
improve the survival and the identified pathologic
changes may offer important clues to the pathogenesis
and development of UESL and other pediatric
mesenchymal tumors.
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Abstract
The differential diagnosis of Behcet’s disease (BD)
from inflammatory bowel disease (IBD) is sometimes
difficult and challenging. Hereby, we suggested the
utility of anti-saccharomyces cerevisiae antibody (ASCA)
and anti-neutrophilic cytoplasmic antibody (p-ANCA) in
the differential diagnosis of BD from IBD.
© 2008 The WJG Press. All rights reserved.
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Japanese patients with BD (50%-60%), and the rate is
significantly lower in Turkish and American population
(5% and 8%, respectively)[3,4]. Similarly, accurate diagnosis
of inflammatory bowel diseases (IBD) is very important.
Also, because the treatment strategies in Crohn’s disease
(CD) and ulcerative colitis (UC) differ, especially when
surgery is required, much effort has been expended over
the years to distinguish some cases. Non-invasive tests
are expected to display a crucial role in the differential
diagnosis. The presence of a relatively specific laboratory
marker can substantially facilitate the diagnosis of BD,
and possibly support a diagnosis before all disease manifestations have occurred. Serum was obtained from 18
patients with BD whose diagnosis was fulfilled with the
criteria of Behcet’s Disease International Study Group[5].
Both anti-saccharomyces cerevisiae antibody (ASCA)
and anti-neutrophilic cytoplasmic antibody (p-ANCA)
were measured with indirect immunofluorescence assay.
None of the patients was ASCA or p-ANCA positive.
ASCA is more frequently found in CD patients
(50%-80%) compared to patients with UC (2%-14%)[6].
ANCA is present in the sera of 60%-80% of the patients
with UC and approximately 10%-30% of patients with
CD[6]. Since none of the patients in this study was ASCA or
p-ANCA positive, we might conclude that both serologic
tests may aid in the differential diagnosis of IBD and BD.
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Klaus R Herrlinger, Stuttgart
Eva Herrmann, Homburg/Saar
Eberhard Hildt, Berlin
Joerg C Hoffmann, Berlin
Ferdinand Hofstaedter, Regensburg

Werner Hohenberger, Erlangen
Jörg C Kalff, Bonn
Ralf Jakobs, Ludwigshafen
Jutta Keller, Hamburg
Andrej Khandoga, Munich
Sibylle Koletzko, München
Stefan Kubicka, Hannover
Joachim Labenz, Siegen
Frank Lammert, Bonn
Thomas Langmann, Regensburg
Christian Liedtke, Aachen
Matthias Löhr, Mannheim
Christian Maaser, Muenster
Ahmed Madisch, Dresden
Peter Malfertheiner, Magdeburg
Michael P Manns, Hannover
Helmut Messmann, Augsburg
Stephan Miehlke, Dresden
Sabine Mihm, Göttingen
Silvio Nadalin, Essen
Markus F Neurath, Mainz
Johann Ockenga, Berlin
Florian Obermeier, Regensburg
Gustav Paumgartner, Munich
Ulrich KS Peitz, Magdeburg
Markus Reiser, Bochum
Emil C Reisinger, Rostock
Steffen Rickes, Magdeburg
Tilman Sauerbruch, Bonn
Dieter Saur, Munich
Hans Scherubl, Berlin
Joerg Schirra, Munich
Roland M Schmid, München
Volker Schmitz, Bonn
Andreas G Schreyer, Regensburg
Tobias Schroeder, Essen
Henning Schulze-Bergkamen, Mainz
Hans Seifert, Oldenburg
Norbert Senninger, Muenster
Manfred V Singer, Mannheim
Gisela Sparmann, Rostock
Christian J Steib, München
Jurgen M Stein, Frankfurt
Ulrike S Stein, Berlin
Manfred Stolte, Bayreuth
Christian P Strassburg, Hannover
Wolfgang R Stremmel, Heidelberg
Harald F Teutsch, Ulm
Robert Thimme, Freiburg
Hans L Tillmann, Leipzig
Tung-Yu Tsui, Regensburg
Axel Ulsenheimer, Munich
Patrick Veit-Haibach, Essen
Claudia Veltkamp, Heidelberg
Siegfried Wagner, Deggendorf
Henning Walczak, Heidelberg
Heiner Wedemeyer, Hannover
Fritz von Weizsacker, Berlin
Jens Werner, Heidelberg
Bertram Wiedenmann, Berlin
Reiner Wiest, Regensburg
Stefan Wirth, Wuppertal
Stefan JP Zeuzem, Homburg

Greece
Alexandra A Alexopoulou, Athens
George N Dalekos, Larissa
Christos Dervenis, Athens
Melanie Maria Deutsch, Athens
Tsianos Epameinondas, Ioannina
Elias A Kouroumalis, Heraklion
George Papatheodoridis, Athens
Spiros Sgouros, Athens
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Hungary
Peter L Lakatos, Budapest
Zsuzsa Szondy, Debrecen

Iceland
Hallgrimur Gudjonsson, Reykjavik

India
Philip Abraham, Mumbai
Rakesh Aggarwal, Lucknow
Kunissery A Balasubramanian, Vellore
Deepak Kumar Bhasin, Chandigarh
Sujit K Bhattacharya, Kolkata
Yogesh K Chawla, Chandigarh
Radha K Dhiman, Chandigarh
Sri Prakash Misra, Allahabad
Ramesh Roop Rai, Jaipur
Nageshwar D Reddy, Hyderabad
Rakesh Kumar Tandon, New Delhi

Iran
Seyed-Moayed Alavian, Tehran
Reza Malekzadeh, Tehran
Seyed A Taghavi, Shiraz

Ireland
Billy Bourke, Dublin
Ronan A Cahill, Cork
Anthony P Moran, Galway

Israel
Simon Bar-Meir, Hashomer
Abraham R Eliakim, Haifa
Zvi Fireman, Hadera
Yaron Ilan, Jerusalem
Avidan U Neumann, Ramat-Gan
Yaron Niv, Pardesia
Ran Oren, Tel Aviv
Ami D Sperber, Beer-Sheva

Italy
Giovanni Addolorato, Roma
Luigi E Adinolfi, Naples
Domenico Alvaro,
Mario Angelico, Rome
Vito Annese, San Giovanni Rotond
Filippo Ansaldi, Genoa
Adolfo F Attili, Roma
Giovanni Barbara, Bologna
Claudio Bassi, Verona
Gabrio Bassotti, Perugia
Pier M Battezzati, Milan
Stefano Bellentani, Carpi
Antomio Benedetti, Ancona
Mauro Bernardi, Bologna
Livia Biancone, Rome
Luigi Bonavina, Milano
Flavia Bortolotti, Padova
Giuseppe Brisinda, Rome
Elisabetta Buscarini, Crema
Giovanni Cammarota, Roma
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Antonino Cavallari, Bologna
Giuseppe Chiarioni, Valeggio
Michele Cicala, Rome
Massimo Colombo, Milan
Amedeo Columbano, Cagliari
Massimo Conio, Sanremo
Dario Conte, Milano
Gino R Corazza, Pavia
Francesco Costa, Pisa
Antonio Craxi, Palermo
Silvio Danese, Milan
Roberto de Franchis, Milano
Roberto De Giorgio, Bologna
Maria Stella De Mitri, Bologna
Giovanni D De Palma, Naples
Fabio Farinati, Padua
Giammarco Fava, Ancona
Francesco Feo, Sassari
Fiorucci Stefano, Perugia
Andrea Galli, Firenze
Valeria Ghisett, Turin
Gianluigi Giannelli, Bari
Edoardo G Giannini, Genoa
Paolo Gionchetti, Bologna
Fabio Grizzi, Milan
Salvatore Gruttadauria, Palermo
Mario Guslandi, Milano
Pietro Invernizzi, Milan
Ezio Laconi, Cagliari
Giacomo Laffi, Firenze
Giovanni Maconi, Milan
Lucia Malaguarnera, Catania
Emanuele D Mangoni, Napoli
Paolo Manzoni, Torino
Giulio Marchesini, Bologna
Fabio Marra, Florence
Marco Marzioni, Ancona
Giuseppe Mazzella, Bologna
Mario U Mondelli, Pavia
Giuseppe Montalto, Palermo
Giovanni Monteleone, Rome
Giovanni Musso, Torino
Gerardo Nardone, Napoli
Valerio Nobili, Rome
Fabio Pace, Milano
Luisi Pagliaro, Palermo
Francesco Pallone, Rome
Fabrizio R Parente, Milan
Maurizio Parola, Torino
Francesco Perri, San Giovanni Rotondo
Raffaele Pezzilli, Bologna
Alberto Pilotto, San Giovanni Rotondo
Alberto Piperno, Monza
Mario Pirisi, Novara
Anna C Piscaglia, Roma
Paolo Del Poggio, Treviglio
Gabriele B Porro, Milano
Piero Portincasa, Bari
Cosimo Prantera, Roma
Bernardino Rampone, Siena
Oliviero Riggio, Rome
Claudio Romano, Messina
Marco Romano, Napoli
Gerardo Rosati, Potenza
Mario Del Tacca, Pisa
Gloria Taliani, Rome
Pier A Testoni, Milan
Enrico Roda, Bologna
Domenico Sansonno, Bari
Vincenzo Savarino, Genova
Vincenzo Stanghellini, Bologna
Giovanni Tarantino, Naples
Roberto Testa, Genoa
Dino Vaira, Bologna
Anna Linda Zignego, Florence

IV

Japan
Kyoichi Adachi, Izumo
Yasushi Adachi, Sapporo
Taiji Akamatsu, Matsumoto
Sk Md Fazle Akbar, Ehime
Takafumi Ando, Nagoya
Akira Andoh, Otsu
Taku Aoki, Tokyo
Masahiro Arai, Tokyo
Tetsuo Arakawa, Osaka
Yasuji Arase, Tokyo
Masahiro Asaka, Sapporo
Hitoshi Asakura, Tokyo
Takeshi Azuma, Fukui
Yoichi Chida, Fukuoka
Takahiro Fujimori, Tochigi
Jiro Fujimoto, Hyogo
Kazuma Fujimoto, Saga
Mitsuhiro Fujishiro, Tokyo
Yoshihide Fujiyama, Otsu
Hiroyuki Fukui, Tochigi
Hiroyuki Hanai, Hamamatsu
Naohiko Harada, Fukuoka
Makoto Hashizume, Fukuoka
Tetsuo Hayakawa, Nagoya
Toru Hiyama, Higashihiroshima
Kazuhide Higuchi, Osaka
Keisuke Hino, Ube
Keiji Hirata, Kitakyushu
Yuji Iimuro, Nishinomiya
Kenji Ikeda, Tokyo
Toru Ikegami, Fukuoka
Kenichi Ikejima, Bunkyo-ku
Fumio Imazeki, Chiba
Yutaka Inagaki, Kanagawa
Yasuhiro Inokuchi, Yokohama
Haruhiro Inoue, Yokohama
Masayasu Inoue, Osaka
Hiromi Ishibashi, Nagasaki
Shunji Ishihara, Izumo
Toru Ishikawa, Niigata
Kei Ito, Sendai
Masayoshi Ito, Tokyo
Hiroaki Itoh, Akita
Ryuichi Iwakiri, Saga
Yoshiaki Iwasaki, Okayama
Terumi Kamisawa, Tokyo
Hiroshi Kaneko, Aichi-Gun
Shuichi Kaneko, Kanazawa
Takashi Kanematsu, Nagasaki
Mitsuo Katano, Fukuoka
Junji Kato, Sapporo
Mototsugu Kato, Sapporo
Shinzo Kato, Tokyo
Norifumi Kawada, Osaka
Sunao Kawano, Osaka
Mitsuhiro Kida, Kanagawa
Yoshikazu Kinoshita, Izumo
Tsuneo Kitamura, Chiba
Seigo Kitano, Oita
Kazuhiko Koike, Tokyo
Norihiro Kokudo, Tokyo
Satoshi Kondo, Sapporo
Shoji Kubo, Osaka
Shigeki Kuriyama, Kagawa[2]
Katsunori Iijima, Sendai
Masato Kusunoki, Tsu Mie
Shin Maeda, Tokyo
Shigeru Marubashi, Suita
Masatoshi Makuuchi, Tokyo
Osamu Matsui, Kanazawa
Yasuhiro Matsumura, Chiba
Yasushi Matsuzaki, Tsukuba
Kiyoshi Migita, Omura
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Kenji Miki, Tokyo
Tetsuya Mine, Kanagawa
Hiroto Miwa, Hyogo
Masashi Mizokami, Nagoya
Yoshiaki Mizuguchi, Tokyo
Motowo Mizuno, Hiroshima
Morito Monden, Suita
Hisataka S Moriwaki, Gifu
Yasuaki Motomura, Iizuka
Yoshiharu Motoo, Kanazawa
Naofumi Mukaida, Kanazawa
Kazunari Murakami, Oita
Kunihiko Murase, Tusima
Hiroaki Nagano, Suita
Masahito Nagaki, Gifu
Masaki Nagaya, Kawasaki
Yujl Naito, Kyoto
Atsushi Nakajima, Yokohama
Hisato Nakajima, Tokyo
Hiroki Nakamura, Yamaguchi
Shotaro Nakamura, Fukuoka
Mikio Nishioka, Niihama
Shuji Nomoto, Nagoya
Susumu Ohmada, Maebashi
Hirohide Ohnishi, Akita
Masayuki Ohta, Oita
Tetsuo Ohta, Kanazawa
Kazuichi Okazaki, Osaka
Katsuhisa Omagari, Nagasaki
Saburo Onishi, Nankoku
Morikazu Onji, Ehime
Satoshi Osawa, Hamamatsu
Masanobu Oshima, Kanazawa
Hiromitsu Saisho, Chiba
Hidetsugu Saito, Tokyo
Yutaka Saito, Tokyo
Isao Sakaida, Yamaguchi
Michiie Sakamoto, Tokyo
Yasushi Sano, Chiba
Hiroki Sasaki, Tokyo
Iwao Sasaki, Sendai
Motoko Sasaki, Kanazawa
Chifumi Sato, Tokyo
Shuichi Seki, Osaka
Hiroshi Shimada, Yokohama
Mitsuo Shimada, Tokushima
Tomohiko Shimatan, Hiroshima
Hiroaki Shimizu, Chiba
Ichiro Shimizu, Tokushima
Yukihiro Shimizu, Kyoto
Shinji Shimoda, Fukuoka
Tooru Shimosegawa, Sendai
Tadashi Shimoyama, Hirosaki
Ken Shirabe, Iizuka City
Yoshio Shirai, Niigata
Katsuya Shiraki, Mie
Yasushi Shiratori, Okayama
Masayuki Sho, Nara
Yasuhiko Sugawara, Tokyo
Hidekazu Suzuki, Tokyo
Minoru Tada, Tokyo
Tadatoshi Takayama, Tokyo
Tadashi Takeda, Osaka
Koji Takeuchi, Kyoto
Kiichi Tamada, Tochigi
Akira Tanaka, Kyoto
Eiji Tanaka, Matsumoto
Noriaki Tanaka, Okayama
Shinji Tanaka, Hiroshima
Hideki Taniguchi, Yokohama
Kyuichi Tanikawa, Kurume
Akira Terano, Shimotsugagun
Hitoshi Togash, Yamagata
Shinji Togo, Yokohama
Kazunari Tominaga, Osaka
Takuji Torimura, Fukuoka

Minoru Toyota, Sapporo
Akihito Tsubota, Chiba
Takato Ueno, Kurume
Naomi Uemura, Tokyo
Shinichi Wada, Tochigi
Hiroyuki Watanabe, Kanazawa
Toshio Watanabe, Osaka
Yuji Watanabe, Ehime
Toshiaki Watanabe, Tokyo
Chun-Yang Wen, Nagasaki
Satoshi Yamagiwa, Niigata
Koji Yamaguchi, Fukuoka
Takayuki Yamamoto, Yokkaichi
Takashi Yao, Fukuoka
Masashi Yoneda, Tochigi
Hiroshi Yoshida, Tokyo
Masashi Yoshida, Tokyo
Norimasa Yoshida, Kyoto
Hitoshi Yoshiji, Nara
Kentaro Yoshika, Toyoake
Yasunobu Yoshikai, Fukuoka
Masahide Yoshikawa, Kashihara
Katsutoshi Yoshizato, Higashihiroshima

Lebanon
Bassam N Abboud, Beirut
Ala I Sharara, Beirut
Joseph D Boujaoude, Beirut

Lithuania
Limas Kupcinskas, Kaunas

Macedonia
Vladimir C Serafimoski, Skopje

Malaysia
Andrew Seng Boon Chua, Ipoh
Khean-Lee Goh, Kuala Lumpur
Jayaram Menon, Sabah

Ernst J Kuipers, Rotterdam
CBHW Lamers, Leiden
Ton Lisman, Utrecht
Yi Liu, Amsterdam
Jeroen Maljaars, Maastricht
Servaas Morré, Amsterdam
Chris JJ Mulder, Amsterdam
Michael Müller, Wageningen
Amado S Peña, Amsterdam
Robert J Porte, Groningen
Ingrid B Renes, Rotterdam
Andreas Smout, Utrecht
Paul E Sijens, Groningen
Reinhold W Stockbrugger, Maastricht
Luc JW van der Laan, Rotterdam
Karel van Erpecum, Utrecht
Gerard P VanBerge-Henegouwen,Utrecht

New Zealand
Ian D Wallace, Auckland

Slovakia
Silvia Pastorekova, Bratislava
Anton Vavrecka, Bratislava

Slovenia
Sasa Markovic, Ljubljana

South Africa
Rosemar Joyce Burnett, Pretoria
Michael C Kew, Parktown

Nigeria
Samuel B Olaleye, Ibadan

Norway
Trond Berg, Oslo
Tom H Karlsen, Oslo
Helge L Waldum, Trondheim

Pakistan
Muhammad S Khokhar, Lahore
Syed MW Jafri, Karachi

South Korea
Byung Ihn Choi, Seoul
Ho Soon Choi, Seoul
Marie Yeo, Suwon
Sun Pyo Hong, Gyeonggi-do
Jae J Kim, Seoul
Jin-Hong Kim, Suwon
Myung-Hwan Kim, Seoul
Chang Hong Lee, Seoul
Jong Kyun Lee, Seoul
Eun-Yi Moon, Seoul
Jae-Gahb Park, Seoul
Dong Wan Seo, Seoul
Dong Jin Suh, Seoul
Byung Chul Yoo, Seoul

Peru
Hector H Garcia, Lima

Mexico
Diego Garcia-Compean, Monterrey
Eduardo R Marin-Lopez, Jesús García
Nahum Méndez-Sánchez, Mexico
Saúl Villa-Treviño, México

Poland
Tomasz Brzozowski, Cracow
Robert Flisiak, Bialystok
Hanna Gregorek, Warsaw
Dariusz M Lebensztejn, Bialystok
Wojciech G Polak, Wroclaw
Marek Hartleb, Katowice

Monaco
Patrick Rampal, Monaco

Portugal
Miguel C De Moura, Lisbon

Morocco
Abdellah Essaid, Rabat

Russia
Vladimir T Ivashkin, Moscow
Leonid Lazebnik, Moscow
Vasiliy I Reshetnyak, Moscow

The Netherlands
Ulrich Beuers, Amsterdam
Gerd Bouma, Amsterdam
Lee Bouwman, Leiden
J Bart A Crusius, Amsterdam
NKH de Boer, Amsterdam
Koert P de Jong, Groningen
Henrike Hamer, Maastricht
Frank Hoentjen, Haarlem
Janine K Kruit, Groningen

Singapore
Bow Ho, Singapore
Khek-Yu Ho, Singapore
Fock Kwong Ming, Singapore
Francis Seow-Choen, Singapore

Saudi Arabia
Ibrahim A Al Mofleh, Riyadh
Ahmed Helmy, Riyadh

Serbia
Dusan M Jovanovic, Sremska Kamenica
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Spain
Juan G Abraldes, Barcelona
Agustin Albillos, Madrid
Raul J Andrade, Málaga
Luis Aparisi, Valencia
Fernando Azpiroz, Barcelona
Ramon Bataller, Barcelona
Josep M Bordas, Barcelona
Xavier Calvet, Sabadell
Jordi Camps, Catalunya
Andres Cardenas, Barcelona
Vicente Carreño, Madrid
Jose Castellote, Barcelona
Antoni Castells, Barcelona
Vicente Felipo, Valencia
Juan C Garcia-Pagán, Barcelona
Jaime B Genover, Barcelona
Javier P Gisbert, Madrid
Jaime Guardia, Barcelona
Isabel Fabregat, Barcelona
Mercedes Fernandez, Barcelona
Angel Lanas, Zaragoza
Juan-Ramón Larrubia, Guadalajara
Laura Lladóa, Barcelona
María IT López, Jaén
Juan R Malagelada, Barcelona
José M Mato, Derio
Juan F Medina, Pamplona
Miguel A Muñoz-Navas, Pamplona
Julian Panes, Barcelona
Miguel M Perez, Valencia
Miguel Perez-Mateo, Alicante
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Josep M Pique, Barcelona
Jesús M Prieto, Pamplona
Sabino Riestra, Pola De Siero
Luis Rodrigo, Oviedo
Manuel Romero-Gómez, Sevilla
Joan Roselló-Catafau, Barcelona

Sweden
Einar S Björnsson, Gothenburg
Curt Einarsson, Huddinge
Per M Hellström, Stockholm
Ulf Hindorf, Lund
Elisabeth Hultgren-Hörnquist, Örebro
Anders E Lehmann, Mölndal
Hanns-Ulrich Marschall, Stockholm
Lars C Olbe, Molndal
Lars A Pahlman, Uppsala
Matti Sallberg, Stockholm
Magnus Simrén, Göteborg
Xiao-Feng Sun, Linköping
Ervin Tóth, Malmö
Weimin Ye, Stockholm
Christer S von Holstein, Lund

Switzerland
Chrish Beglinger, Basel
Pierre A Clavien, Zurich
Jean-Francois Dufour, Bern
Franco Fortunato, Zürich
Jean L Frossard, Geneva
Gerd A Kullak-Ublick, Zurich
Pierre Michetti, Lausanne
Francesco Negro, Genève
Bruno Stieger, Zurich
Radu Tutuian, Zurich
Stephan R Vavricka, Zurich
Gerhard Rogler, Zurich
Arthur Zimmermann, Berne

Turkey
Yusuf Bayraktar, Ankara
Figen Gurakan, Ankara
Aydin Karabacakoglu, Konya
Serdar Karakose, Konya
Hizir Kurtel, Istanbul
Osman C Ozdogan, Istanbul
Özlem Yilmaz, Izmir
Cihan Yurdaydin, Ankara
United Arab Emirates
Sherif M Karam, Al-Ain

United Kingdom
David H Adams, Birmingham
Simon Afford, Birmingham
Navneet K Ahluwalia, Stockport
Ahmed Alzaraa, Manchester
Lesley A Anderson, Belfast
Charalambos G Antoniades, London
Anthony TR Axon, Leeds
Qasim Aziz, Manchester
Nicholas M Barnes, Birmingham
Jim D Bell, London
Mairi Brittan, London
Alastair D Burt, Newcastle
Simon S Campbell, Manchester
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Simon R Carding, Leeds
Paul J Ciclitira, London
Eithne Costello, Liverpool
Tatjana Crnogorac-Jurcevic, London
Harry Dalton, Truro
Amar P Dhillon, London
William Dickey, Londonderry
James E East, London
Emad M El-Omar, Aberdeen
Ahmed M Elsharkawy, Newcastle Upon Tyne
Annette Fristscher-Ravens, London
Elizabeth Furrie, Dundee
Daniel R Gaya, Edinburgh
Subrata Ghosh, London
William Greenhalf, Liverpool
Indra N Guha, Southampton
Peter C Hayes, Edinburgh
Gwo-Tzer Ho, Edinburgh
Anthony R Hobson, Salford
Lesley A Houghton, Manchester
Stefan G Hübscher, Birmingham
Robin Hughes, London
Pali Hungin, Stockton
David P Hurlstone, Sheffield
Rajiv Jalan, London
Janusz AZ Jankowski, Oxford
Brian T Johnston, Belfast
David EJ Jones, Newcastle
Roger Jones, London
Michael A Kamm, Harrow
Peter Karayiannis, London
Laurens Kruidenier, Harlow
Patricia F Lalor, Birmingham
Chee Hooi Lim, Midlands
Hong-Xiang Liu, Cambridge
Yun Ma, London
Kenneth E L McColl, Glasgow
Stuart AC McDonald, London
Dermot P Mcgovern, Oxford
Giorgina Mieli-Vergani, London
Nikolai V Naoumov, London
John P Neoptolemos, Liverpool
James Neuberger, Birmingham
Philip Noel Newsome, Birmingham
Mark S Pearce, Newcastle Upon Tyne
Stephen P Pereira, London
D Mark Pritchard, Liverpool
Sakhawat Rahman, London
Stephen E Roberts, Swansea
Marco Senzolo, Padova
Soraya Shirazi-Beechey, Liverpool
Robert Sutton, Liverpool
Simon D Taylor-Robinson, London
Paris P Tekkis, London
Ulrich Thalheimer, London
David G Thompson, Salford
Nick P Thompson, Newcastle
David Tosh, Bath
Frank I Tovey, London
Chris Tselepis, Birmingham
Diego Vergani, London
Geoffrey Warhurst, Salford
Alastair John Watson, Liverpool
Peter J Whorwell, Manchester
Roger Williams, London
Karen L Wright, Bath
Min Zhao, Foresterhill

United States
Manal F Abdelmalek, Durham
Gary A Abrams, Birmingham
Maria T Abreu, New York
Reid B Adams, Virginia
www.wjgnet.com

Golo Ahlenstiel, Bethesda
BS Anand, Houston
Frank A Anania, Atlanta
M Ananthanarayanan, New York
Gavin E Arteel, Louisville
Jasmohan S Bajaj, Milwaukee
Subhas Banerjee, Palo Alto
Peter A Banks, Boston
Jamie S Barkin, Miami Beach
Kim E Barrett, San Diego
Marc D Basson, Detroit
Anthony J Bauer, Pittsburgh
Wallace F Berman, Durham
Timothy R Billiar, Pittsburgh
Edmund J Bini, New York
David G Binion, Milwaukee
Jennifer D Black, Buffalo
Herbert L Bonkovsky, Charlotte
Carla W Brady, Durham
Andrea D Branch, New York
Robert S Bresalier, Houston
Alan L Buchman, Chicago
Ronald W Busuttil, Los Angeles
Alan Cahill, Philadelphia
John M Carethers, San Diego
David L Carr-Locke, Boston
Maurice A Cerulli, New York
Ravi S Chari, Nashville
Jiande Chen, Galveston
Xian-Ming Chen, Omaha
Xin Chen, San Francisco
Ramsey Chi-man Cheung, Palo Alto
William D Chey, Ann Arbor
John Y Chiang, Rootstown
Parimal Chowdhury, Arkansas
Raymond T Chung, Boston
James M Church, Cleveland
Ram Chuttani, Boston
Mark G Clemens, Charlotte
Ana J Coito, Los Angeles
Vincent Coghlan, Beaverton
David Cronin II, New Haven
John Cuppoletti, Cincinnati
Mark J Czaja, New York
Peter V Danenberg, Los Angeles
Kiron M Das, New Brunswick
Conor P Delaney, Cleveland
Jose L del Pozo, Rochester
Sharon DeMorrow, Temple
Deborah L Diamond, Seattle
Douglas A Drossman, Chapel Hill
Katerina Dvorak, Tucson
Bijan Eghtesad, Cleveland
Hala El-Zimaity, Houston
Michelle Embree-Ku, Providence
Sukru Emre, New Haven
Douglas G Farmer, Los Angeles
Alessio Fasano, Baltimore
Mark A Feitelson, Philadelphia
Ariel E Feldstein, Cleveland
Alessandro Fichera, Chicago
Robert L Fine, New York
Magali Fontaine, Stanford
Chris E Forsmark, Gainesville
Glenn T Furuta, Aurora
Chandrashekhar R Gandhi, Pittsburgh
Susan L Gearhart, Baltimore
Xupeng Ge, Boston
Xin Geng, New Brunswick
M Eric Gershwin, Suite
Jean-Francois Geschwind, Baltimore
Ignacio Gil-Bazo, New York
Shannon S Glaser, Temple
Ajay Goel, Dallas
Richard M Green, Chicago
Julia B Greer, Pittsburgh

James H Grendell, New York
David R Gretch, Seattle
Stefano Guandalini, Chicago
Anna S Gukovskaya, Los Angeles
Sanjeev Gupta, Bronx
David J Hackam, Pittsburgh
Stephen B Hanauer, Chicago
Gavin Harewood, Rochester
Margaret M Heitkemper, Washington
Alan W Hemming, Gainesville
Samuel B Ho, San Diego
Peter R Holt, New York
Colin W Howden, Chicago
Hongjin Huang, Alameda
Jamal A Ibdah, Columbia
Atif Iqbal, Omaha
Hajime Isomoto, Rochester
Hartmut Jaeschke, Tucson
Dennis M Jensen, Los Angeles
Cheng Ji, Los Angeles
Leonard R Johnson, Memphis
Michael P Jones, Chicago
Peter J Kahrilas, Chicago
Anthony N Kalloo, Baltimore
Marshall M Kaplan, Boston
Neil Kaplowitz, Los Angeles
Serhan Karvar, Los Angeles
Rashmi Kaul, Tulsa
Jonathan D Kaunitz, Los Angeles
Ali Keshavarzian, Chicago
Miran Kim, Providence
Joseph B Kirsner, Chicago
Leonidas G Koniaris, Miami
Burton I Korelitz, New York
Robert J Korst, New York
Richard A Kozarek, Seattle
Alyssa M Krasinskas, Pittsburgh
Michael Kremer, Chapel Hill
Shiu-Ming Kuo, Buffalo
Paul Y Kwo, Indianapolis
Daryl Tan Yeung Lau, Galvesto
Stephen J Lanspa, Omaha
Joel E Lavine, San Diego
Bret Lashner, Cleveland
Dirk J van Leeuwen, Lebanon
Glen A Lehman, Indianapolis
Alex B Lentsch, Cincinnati
Andreas Leodolter, La Jolla
Gene LeSage, Houston
Josh Levitsky, Chicago
Cynthia Levy, Gainesville
Ming Li, New Orleans
Zhiping Li, Baltimore
Zhe-Xiong Lian, Davis
Lenard M Lichtenberger, Houston
Gary R Lichtenstein, Philadelphia
Otto Schiueh-Tzang Lin, Seattle
Martin Lipkin, New York
Chen Liu, Gainesville
Edward V Loftus, Rocheste
Robin G Lorenz, Birmingham
Michael R Lucey, Madison
James D Luketich, Pittsburgh
Guangbin Luo, Cheveland
Henry T Lynch, Omaha
Patrick M Lynch, Houston
John S Macdonald, New York
Bruce V MacFadyen, Augusta
Willis C Maddrey, Dallas
Ashok Malani, Los Angeles
Mercedes Susan Mandell, Aurora
Peter J Mannon, Bethesda
Charles M Mansbach, Tennessee
John F Di Mari, Texas

John M Mariadason, Bronx
Jorge A Marrero, Ann Arbor
Paul Martin, New York
Paulo Ney Aguiar Martins, Boston
Wendy M Mars, Pittsburgh
Laura E Matarese, Pittsburgh
Richard W McCallum, Kansas
Beth A McCormick, Charlestown
Lynne V McFarland, Washington
Kevin McGrath, Pittsburgh
Harihara Mehendale, Monroe
Ali Mencin, New York
Fanyin Meng, Ohio
Stephan Menne, New York
Didier Merlin, Atlanta
Howard Mertz, Nashville
George W Meyer, Sacramento
George Michalopoulos, Pittsburgh
James M Millis, Chicago
Fabrizio Michelassi, New York
Albert D Min, New York
Pramod K Mistry, New Haven
Emiko Mizoguchi, Boston
Smruti R Mohanty, Chicago
Satdarshan S Monga, Pittsburgh
Timothy H Moran, Baltimore
Peter L Moses, Burlington
Steven F Moss, Providence
Andrew J Muir, Durham
Milton G Mutchnick, Detroit
Masaki Nagaya, Boston
Victor Navarro, Philadelphia
Laura E Nagy, Cleveland
Hiroshi Nakagawa, Philadelphia
Douglas B Nelson, Minneapolis
Justin H Nguyen, Florida
Patrick G Northup, Charlottesville
Christopher O'Brien, Miami
Robert D Odze, Boston
Brant K Oelschlager, Washington
Curtis T Okamoto, Los Angeles
Stephen JD O’Keefe, Pittsburgh
Dimitry Oleynikov, Omaha
Stephen J Pandol, Los Angeles
Georgios Papachristou, Pittsburgh
Pankaj J Pasricha, Galveston
Zhiheng Pei, New York
Michael A Pezzone, Pittsburgh
CS Pitchumoni, New Brunswiuc
Paul J Pockros, La Jolla
Jay Pravda, Gainesville
Massimo Raimondo, Jacksonville
GS Raju, Galveston
Raymund R Razonable, Minnesota
Murray B Resnick, Providence
Adrian Reuben, Charleston
Douglas K Rex, Indianapolis
Victor E Reyes, Galveston
Basil Rigas, New York
Yehuda Ringel, Chapel Hill
Richard A Rippe, Chapel Hill
Maribel Rodriguez-Torres, Santurce
Marcos Rojkind, Washington
Philip Rosenthal, San Francisco
Barry Rosser, Jacksonville Florida
Hemant K Roy, Evanston
Sammy Saab, Los Angeles
Shawn D Safford, Norfolk
Dushyant V Sahani, Boston
Bruce E Sands, Boston
James M Scheiman, Ann Arbor
Eugene R Schiff, Miami
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Abstract
A variety of inflammatory diseases of the colon, which
can be differentiated from inflammatory bowel disease
(IBD) and infectious colitis by their clinical, endoscopic
and histological characteristics, are reported as nonIBD and non-infectious colitis. These diseases include
microscopic colitis, ischemic colitis, segmental colitis
associated with diverticula, radiation colitis, diversion
colitis, eosinophilic colitis and Behcet's colitis. The
etiopathogenesis of most of these diseases remains
obscure and the epidemiological data are rather
limited. These conditions are often troublesome for the
patient and are associated with diagnostic difficulties
for the physician. In many cases the treatment is
empirical and there is a need for future research using
randomized controlled trials.
© 2008 The WJG Press. All rights reserved.
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This issue of World Journal of Gastroenterology contains
a number of ar ticles focusing on diagnosis and
management of non-inflammatory bowel disease (IBD)

and non-infectious colitis. This term includes a variety
of inflammatory diseases of the colon, which can be
differentiated from IBD and infectious colitis by their
clinical, endoscopic and histological characteristics[1,2].
These diseases include microscopic colitides (collagenous
and lymphocytic colitis), ischemic colitis, segmental
colitis associated with diverticula (SCAD), radiation
colitis, diversion colitis, eosinophilic colitis and Behcet’s
colitis. The etiopathogenesis of most of these diseases
remains obscure. Clinical presentations include chronic,
watery diarrhoea, abdominal pain and intermittent rectal
bleeding. Constitutional symptoms are typically absent
and laboratory data are often non-specific. Colonoscopic
evaluation and mucosal biopsy are essential in
establishing these diagnoses and to exclude IBD and
infectious colitis. Prognosis and responses to treatment
are variable. In general these conditions are often
troublesome for both the patient and the physician.
Most of these diseases are uncommon; therefore,
epidemiologic data and data from controlled trials are
not readily available.
Experts for these diseases were invited to write
clinical guidelines for the diagnosis and management
of the most common and more important of these
diseases, although the scarcity of original data for the
recently characterized forms of colitis make this task
rather difficult.
Ischemic colitis is the most common for m of
g astrointestinal ischemia and accounts for 1 in
1000 hospitalizations. However, due to its mild and
transient nature the incidence of IC is believed to be
underestimated [3]. Although frequent in the elderly,
younger patients may also be affected. The first two
articles[4,5] deal with the diagnosis and management of
ischemic colitis and the diagnostic approach of chronic
GI ischemia.
Segmental colitis (or diverticular colitis) has been
defined as the chronic mucosal inflammation associated
with diverticular disease. This condition, which is usually
called segmental colitis associated with diverticulosis
(SCAD), is mainly characterized by the involvement
of the sigmoid colon with sparing of the rectum and
proximal colon. SCAD often mimics IBD at endoscopic
and histological examination[6]. Freeman[7] has recently
reviewed the clinical, pathogenetic and therapeutic
features of this disease.
Collagenous colitis and lymphocytic colitis are the
two major conditions that are characterized by chronic
www.wjgnet.com
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watery diarrhoea, without endoscopic or radiological
lesions, but with histological abnormalities and are
therefore considered as “microscopic colitis”. Recent
data suggests that the incidence of microscopic colitis
is slightly less than the incidence of chronic idiopathic
inflammatory bowel diseases (IBD)[8,9]. In their review
Tysk et al [10] provide the current concepts on the
diagnosis and management of microscopic colitis.
Radiation colitis has been known for years as
an insidious and progressive iatrogenic disease that
frequently develops 6 months to 5 years after regional
radiotherapy for malignancy. Although improvements
have been made in radiotherapy delivery, the incidence
of radiation colitis is increasing. Kountouras et al [11]
present an extensive review on the recent advances in
the management and prophylaxis of radiation colitis.
The articles cited in this review of non-IBD and
non-infectious colitis hopefully serve to remind us that
there are a variety of inflammatory diseases of the colon.
The articles aid in early diagnosis of these diseases and
provide us with current therapeutic options, as well as
future prospects.
Other diseases that are rather rare and not included
in these articles are diversion colitis, eosinophilic colitis
and Behcet’s colitis.
D ive r s i o n c o l i t i s i s a n o n - s p e c i f i c c o l o n i c
inflammation following surgical diversion of the fecal
stream away from the colorectal mucosa. Such surgery
may be necessary in cases of colon cancer, trauma or
inflammatory diseases. Diversion colitis is characterized
histopathologically by a chronic lymphoplasmacytic
inflammatory infiltrate, and the existence of lymphoid
follicular hyperplasia is considered to be a hallmark
feature [12] . The development of diversion colitis is
attributed to a lack of short chain fatty acids (SCFA),
normally produced from the breakdown of complex
carbohydrates by resident bacteria. SCFA are the
preferred energy substrate for colonocytes and are
necessary for normal metabolism. Although most
patients are asymptomatic, common symptoms are
rectal bleeding, tenesmus and mucous discharge. It is
observed in up to 91% of adults following diversion
and it is usually mild or moderate but rarely severe (only
in 4% of cases). The restoration of fecal continuity
is the treatment of choice and is curative. However,
prolonged diversion causes involution and atrophy of
the segment leading to a poor functional outcome. Other
possible treatment options are SCFA enemas (or 5-ASA
enemas)[13,14].
Eosinophilic colitis is an etiologically obscure and
rare colonic inflammation which can be associated with
involvement of other sections of the gastrointestinal
tract from esophagus to rectum in a diffuse or
segmentary manner. An infiltrate of eosinophilic
granulocytes is found to varying degrees in all wall layers.
Eosinophilic gastroenteritis may involve any part of
the gastrointestinal tract, however colonic involvement
is usually confined to the right colon. The common
clinical symptoms are acute colicky pain, diarrhoea,
rectal bleeding and weight loss. A history of food
www.wjgnet.com
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intolerance or allergy is present in most of the patients
and peripheral eosinophilia is present in 80% of cases.
Colonoscopy is usually inconclusive but histology
reveals an inflammator y infiltrate by eosinophils
in the mucosal and submucosal layers. Treatment
includes initially dietary manipulation and avoidance of
specific foods, but in refractory cases, corticosteroids,
immunosuppressants and sodium cromoglycate are
effective although the published data on treatment of
eosinophilic colitis are rather limited[15,16].
Behcet’s disease is a chronic inflammatory disease
characterized by systemic manifestations such as recurrent
oral and genital ulcerations, ocular and cutaneous lesions,
arthritis and vascular disease. Gastrointestinal involvement
is rare; its frequency has been reported to be 3%-25%,
with geographical differences[17]. Cases of Behcet’s disease
cluster along the ancient Silk Road, which extends from
eastern Asia to the Mediterranean basin. In cases with
ileocolonic involvement, it is often difficult to distinguish
Behcet’s disease from other inflammatory bowel diseases.
Intestinal Behcet’s disease commonly accompanies
ulcerative lesions in the small and large bowel. The
diagnosis of intestinal Behcet’s disease, therefore, often
depends on clinical manifestations of systemic Behcet’s
disease and intestinal ulcerative lesions. Treatment options
include corticosteroids, azathioprine, or cyclosporine
thalidomide and infliximab[18,19].
In conclusion, there is a wide variety of rarer causes
of colitis included in the term non-IBD non-infectious
colitis. The etiopathogenesis of most of these diseases
remains obscure and the epidemiological data are rather
limited. In many cases the treatment is empirical and
there is a need for future research using randomized
controlled trials.
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Abstract
Microscopic colitis, comprising collagenous and
lymphocytic colitis, is characterized clinically by chronic
watery diarrhea, and a macroscopically normal colonic
mucosa where diagnostic histopathological features
are seen on microscopic examination. The annual
incidence of each disorder is 4-6/100 000 inhabitants,
with a peak incidence in 60-70-year-old individuals
and a noticeable female predominance for collagenous
colitis. The etiology is unknown. Chronic diarrhea,
abdominal pain, weight loss, fatigue and fecal
incontinence are common symptoms, which impair the
health-related quality of life of the patient. There is an
association with other autoimmune disorders such as
celiac disease, diabetes mellitus, thyroid disorders and
arthritis. Budesonide is the best-documented shortterm treatment, but the optimal long-term strategy
needs further study. The long-term prognosis is good
and the risk of complications including colonic cancer
is low.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic diarrhea, reported in 4%-5% of individuals in
Western populations, is a common cause for consulting
a physician in general practice or in internal medicine,
and for referral to a gastroenterologist[1]. Microscopic
colitis (MC), previously regarded as rare, and certainly
overlooked, has now emerged as a common cause
of chronic diarrhea especially in elderly women. The
condition is characterized clinically by chronic watery
diarrhea, and a macroscopically normal or almost normal
colonic mucosa, where microscopic examination of
mucosal biopsies reveals characteristic histopathological
changes[2]. MC comprises the two entities collagenous
colitis (CC) and lymphocytic colitis (LC), which have
indistinguishable clinical presentations but are separated
by histopathological characteristics. This review will
highlight epidemiology, clinical features, diagnosis and
management of MC.

Epidemiology
CC and LC, first described in 1976 [3] and in 1989 [4],
respectively, have mostly been reported from European
or North American centers, but the disease is found
worldwide[5-10]. Currently, epidemiological data have been
reported from seven different regions (Table 1)[5,6,11-17].
Long-term epidemiological data from Sweden and US
since the 1980s show a rising incidence, which seems
to have levelled off during the last study periods in
the Swedish study. Whether the increasing incidence
figures are an artefact, reflecting an increased awareness
and improved diagnosis of the condition, or in fact
represents a true rise is at present unknown. MC may be
diagnosed in 10%-20% of cases investigated for chronic
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Region and study period

CC

Örebro, Sweden 1984-1988
Örebro, Sweden 1989-1993
Örebro, Sweden 1993-1995
Örebro, Sweden 1996-1998
Örebro, Sweden 1999-2004
Terassa, Spain 1993-1997
Iceland 1995-1999
Olmsted County, USA 1985-1989
Olmsted County, USA 1990-1993
Olmsted County, USA 1994-1997
Olmsted County, USA 1997-2001
Lothian, UK 1998-2003
Tayside, UK 1999-2004
Calgary, Canada 2002-2004

0.8
2.7
3.7
6.1
5.2
2.3
5.2
0.3
1.6
3.9
6.2
0.8
1.1
4.6

LC

3.1
5.7
5.5
3.7
4.0
0.5
1.0
6.4
12.9
0.6
5.4

watery diarrhea[5].
CC mainly affects middle-aged women with a peak
incidence around 65 years of age, and the female:male
ratio is about 7:1 (Figure 1)[6,18]. However, the disease can
occur in all ages, including children[19]. In LC, the peak
incidence is in the same age group as CC, but the female
predominance is less pronounced with a female:male
ratio of 2-3:1 (Figure 1)[20].

Clinical presentation
The clinical symptoms of CC and LC are similar
and the diseases cannot be differentiated on clinical
grounds. Both disorders cause chronic or recurrent nonbloody, watery diarrhea, often associated with nocturnal
diarrhea, diffuse abdominal pain, and weight loss, which
may be substantial[18,20,21]. Although some patients may
suffer from severe diarrhea, serious dehydration is
rare. Fatigue, nausea and fecal incontinence are other
associated symptoms and the disease may significantly
impair quality of life in the affected patient[22,23].
The onset of disease can be sudden and mimic
infectious diarrhea [18,20]. The clinical course is often
chronic relapsing and benign. Severe complications are
rare, although there are reports of colonic perforation
in CC[24-26]. No increased risk of colorectal cancer has
been reported in CC[27]. A few cases with concomitant
lymphoproliferative disorders and CC have been
presented but further studies are required to assess if
there is an increased risk[28].
Some patients may have mild symptoms that may
be misinterpreted as irritable bowel syndrome [29] .
Morphological findings of LC have been reported even
in constipated or asymptomatic patients[30]. The natural
history of the condition in these patients is unknown.
Pa t i e n t s w i t h M C o f t e n h a ve c o n c o m i t a n t
autoimmune diseases [18,20,21]. The most common are
thyroid disorders, celiac disease, diabetes mellitus
and rheumatoid arthritis. The occurrence of such
associations, reported in up to 40%-50% of patients
in some cases, is variable depending on the study,
and differences between LC and CC with respect to

A

30
25

All
Male
Female

20
15
10
5
0

B

16

Incidence/100 000 person years

Table 1 Annual incidence/100 000 inhabitants in population[5,6,11-17]
based epidemiological studies of CC and LC

Incidence/100 000 person years
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14

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99
Age at diagnosis
All
Male
Female

12
10
8
6
4
0

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99
Age at diagnosis

Figure 1 Age- and sex-specific incidence of CC (A) and LC (B). Reprinted
with permission from Gut 2004; 53: 346-350[5].

associated conditions have been described[18,20,21,31]. Bile
acid malabsorption can often co-exist with MC and lead
to worsening of symptoms[32]. An interchange between
ulcerative colitis or Crohn’s disease and MC has been
reported occasionally [33,34]. Whether this merely is a
chance association of two fairly common disorders
occurring in the same individual, or results from a
common genetic predisposition or shared immunological
pathways remains unknown.

Etiology and pathogenesis of
mucosal inflammation
The cause of MC is multifactorial and largely unknown.
CC and LC are presently considered to represent specific
mucosal responses in predisposed individuals to various
noxious luminal agents. As CC and LC have many
clinical similarities and share histopathological features,
except for the subepithelial collagen layer found in CC,
it has been discussed whether LC and CC are in fact the
same disease seen in different stages of development.
Conversion of LC to CC or vice versa has been reported.
However, conversion is seen infrequently and this fact,
together with the observed difference in sex ratio, makes
it more likely to consider CC and LC as two separate but
related entities.
Data on the mucosal inflammation in MC are limited.
In the epithelium, mainly CD8+ T lymphocytes are
www.wjgnet.com
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found that carry the α/β form of the T-cell receptor,
and in the lamina propria there are mainly CD4+ T
lymphocytes [35] . By means of segmental colorectal
perfusion, increased luminal levels of eosinophilic
cationic protein (ECP), basic fibroblast growth factor
(bFGF) and vascular endothelial growth factor (VEGF)
have been found in CC[36-38]. By immunohistochemistry,
others have verified increased mucosal levels of
VEGF that are not affected following therapy with
budesonide [39]. A study of cytokines in MC found a
TH1 mucosal cytokine profile with interferon γ, tumor
necrosis factor (TNF) α and interleukin-15 as the
predominantly up-regulated cytokines[40]. Using Ussing
chamber technology, transcellular and paracellular
mucosal permeability has been found to be increased in
patients with CC[41,42]. The excess subepithelial collagen
in CC may be caused by an imbalance of collagen
turnover. An increased collagen synthesis is supported
by the finding of an increase in the number or the
activity of myofibroblasts[43]. Among degrading enzymes,
matrix-metalloproteinases (MMPs) have a central
role that is regulated by tissue endogenous inhibitors
of metalloproteinases (TIMPs) [44]. Impaired collagen
degradation in CC is supported by the finding of
restricted MMP-1 RNA expression and increased TIMP
expression[45].

Genetics
A familial occurrence of MC has been reported, but the
role of genetic factors still remains largely unknown[46-49].
Human leukocyte antigen (HLA) studies have shown
an association between MC and HLA-DQ2 or DQ1/3,
and recently an association has reported between MC
and HLA-DR3-DQ2 haplotype and with TNF2 allele
carriage, irrespective of the presence of concomitant
celiac disease [50,51] . Variants of the MMP-9 gene
have been reported to be associated with CC [52]. No
association with NOD2/CARD15 polymorphisms and
susceptibility to CC has been found[53].

Luminal factoRS
The mucosal inflammation with an increased number
of intraepithelial T lymphocytes has suggested that
MC may be caused by an immunological response to a
luminal agent in predisposed individuals. This theory
is supported by the observation that diversion of the
fecal stream by an ileostomy normalizes or reduces the
characteristic histopathological changes in CC[54]. After
closure of the ileostomy, recurrence of symptoms and
histopathological changes occur.
Drug-induced MC
There are several reports on drug-induced MC and a
strong likelihood of association has been found with
acarbose, aspirin, Cyclo3 Fort, non-steroidal antiinflammatory drugs, lansoprazole, ranitidine, sertraline
and ticlopidine[55]. Assessment of concomitant drug use
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in patients with MC is therefore important to identify
and consider withdrawal of drugs that might cause or
worsen the condition.
Infection
An infectious cause has been suspected, especially in
patients with a sudden onset of disease. An association
with MC and Campylobacter jejuni, Yersinia enterocolitica or
Clostridium difficile has been reported occasionally[56-59].
LC shares many features with “Brainerd diarrhea”,
which refers to outbreaks of acute watery diarrhea
with long duration, first reported among 122 residents
of Brainerd, Minnesota, USA[60]. Colonic biopsies of
these patients show epithelial lymphocytosis similar to
LC, but no crypt distortion or epithelial destruction[61].
Investigations of several outbreaks of Brainerd diarrhea
have established an incubation period of 10-30 d and
median duration of illness of 16 mo[62]. Although an
infectious agent is thought to be the cause of Brainerd
diarrhea, no microorganism has yet been identified.
Furthermore, a seasonal pattern of onset of LC[20,63] may
support an infectious cause. However, in most cases of
MC with a sudden onset, stool cultures remain negative.
Bile acids
Bile acid malabsorption can coexist with MC, which
leads to worsening of symptoms. Concurrent bile acid
malabsorption was found in 27%-44% of patients with
CC and in 9%-60% of patients with LC[32,64,65]. These
observations are the rationale for recommendations
on bile acid binding treatment in MC. The treatment is
especially effective in patients with concomitant bile acid
malabsorption, but improvement has also been shown in
patients without bile acid malabsorption.
Autoimmunity
The association with other autoimmune diseases such
as thyroid disease, celiac disease, diabetes mellitus
or arthritis has suggested an autoimmune process.
However, no specific autoantibody or marker has been
identified.
Nitric oxide (NO)
Colonic NO production is greatly increased in active
MC caused by upregulation of inducible nitric oxide
synthase (iNOS) in the colonic epithelium[66-69]. A major
transcriptional inducer of iNOS gene expression is
the transcription factor nuclear factor-κB (NF-κB). In
active CC, colonic mucosal NF-κB has been found to
be activated in epithelial cells but not in lamina propria
macrophages, in contrast to ulcerative colitis [70]. The
levels of NO are correlated to clinical and histological
disease activity[67]. NO has been suggested to be involved
in the pathophysiology of diarrhea in CC, as infusion in
the colon of NG-monomethyl-L-arginine, an inhibitor
of NOS, reduced colonic net secretion by 70% and the
addition of L-arginine, a precursor of NO synthesis,
increased colonic net secretion by 50% [68] . Further
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A

B

Figure 3 Tenascin immunostaining in CC.

Diagnosis

C

Figure 2 Biopsy from colon. A: normal colonic mucosa (H&E stain); B:
typical findings of CC-increased subepithelial collagen layer, inflammation
of lamina propria and epithelial cell damage with intraepithelial lymphocytes
(Van Gieson's stain); C: typical findings of LC-epithelial cell damage with
intraepithelial lymphocytes and inflammation in the lamina propria (H&E
stain).

support for NO being involved in the pathogenesis of
CC comes from therapeutic studies. Treatment with
budesonide, in contrast to placebo, has resulted in a
significant reduction of iNOS mRNA that is correlated
with clinical and histopathological improvement[71].
Secretory or osmotic diarrhea
The exact mechanism of diarrhea in MC has not been
clarified fully. In CC, diarrhea has been regarded as
secretory and caused by reduced net absorption of Na+
and Cl- ions caused by epithelial cell lesions, and the
thickened collagenous layer as a co-factor that causes a
diffusion barrier, and by additional active Cl- secretion[72].
Fasting, on the other hand, seems to reduce diarrhea,
which indicates an osmotic component in some patients
as well[73].

Diagnosis of MC relies solely on typical microscopic
changes seen in colonic mucosal biopsies[74]. In CC, a
thickening of the subepithelial collagen layer is seen
together with a chronic mononuclear inflammation
in the lamina propria, and epithelial cell damage, with
an occasionally increased number of intraepithelial
lymphocytes (Figure 2). The thickened subepithelial
collagen layer in CC is ≥ 10 µ m in well-orientated
sections, in contrast to a normal basal membrane of
< 3 µ m. The thickening of the collagen layer may
be variable and is most prominent in the ascending
or transverse colon, and may be absent in biopsies
from the sigmoid colon or rectum, which emphasizes
the impor tance of obtaining biopsies from the
proximal colon when diagnosing CC[75]. Generally, the
histopathological changes are restricted to the large
bowel, but a thickened collagen layer has infrequently
been found in the stomach, duodenum or terminal
ileum. In addition to conventional histological staining,
the use of tenascin immunostaining has been suggested
in uncertain cases of CC (Figure 3)[43,76].
The diagnostic features of LC (Figure 2) are an
increased number of intraepithelial lymphocytes (≥
20/100 surface epithelial cells), in conjunction with surface
epithelial cell damage and infiltration of lymphocytes
and plasma cells into the lamina propria, but the collagen
layer is normal, in contrast to CC[74]. In uncertain cases,
immunostaining of CD3+ T lymphocytes facilitates the
assessment of intraepithelial lymphocyte count (Figure 4).
Barium enema and colonoscopy are usually normal,
although subtle mucosal changes can be seen such as
edema, erythema and abnormal vascular pattern[18,20].
Tears of colonic mucosa have occasionally been seen
during colonoscopy, which might be a sign of increased
risk of colonic perforation during the procedure[26,77-79].
In the future, the use of confocal laser microscopy may
enable in vivo diagnosis of MC[80-82].
Laboratory tests are non-diagnostic and only nonspecific abnormalities such as moderately elevated
C-reactive protein, erythrocyte sedimentation rate, or
mild anemia are found. Stool tests reveal no pathological
microorganisms, but fecal calprotectin can be slightly
elevated[83].
www.wjgnet.com
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Table 2 Data from four randomized, placebo-controlled trials of oral budesonide in CC and LC
Author year

Number of
cases

Dosage

28

Collagenous colitis
Baert et al[91]
2002
Miehlke et al[93]
2002

45

Bonderup et al[92]
2003

20

Lymphocytic colitis
Miehlke et al[95]
2007

41

Clinical response
budesonide vs placebo

Histological response
budesonide vs placebo

Adverse events

9 mg/d
Budenofalk
8 wk
9 mg/d
Entocort
6 wk
9 mg/d
Entocort
8 wk

Improvement:
8/14 vs 3/14
(P = 0.05)
Remission:
15/23 vs 0/22
(P < 0.0001)
Response:
10/10 vs 2/10
(P < 0.001)

Reduction of lamina propria
inflammation in 9/13 vs 4/12 (P < 0.001)
No difference in collagen layer
Improvement in 17/23 vs 5/22
(P < 0.01)
No difference in collagen layer
Reduction of overall inflammation
(P < 0.01) and of collagen layer in
sigmoid colon (P < 0.02)

Mild
No difference between
treatment groups
Mild
38% vs 12%
P = 0.052
None

9 mg/d
Budenofalk
6 wk

Remission:
18/21 vs 8/20
(P = 0.004)

Response in
11/15 vs 4/12
(P = 0.04)

Mild
No difference between
treatment groups

Consider dietary factors, drug use, concomitant celiac disease
or bile acid malabsorption
Loperamide, cholestyramine

Budesonide, aminosalicylates
Immunosuppressive therapy
(Surgery)

Figure 5 Treatment algorithm for MC.
Figure 4 Immunostaining of CD3+ T lymphocytes in LC.

Atypical MC
In addition to CC and LC, other rare subtypes of MC
have been described including MC with giant cells[84,85],
paucicellular LC[86], cryptal LC[87], pseudomembranous
CC [88], MC with granulomatous inflammation [89], and
MC not otherwise specified[74]. The clinical features of
these conditions are similar to those of classical MC,
but histopathological appearance differs. Further studies
are required to address the relationship and clinical
significance of these atypical forms of MC[90].

Therapy and prognosis
A careful assessment of concomitant drug use and
dietary factors such as excess use of caffeine, alcohol
and dairy products that might worsen the condition
is important. Concomitant bile acid malabsorption
or celiac disease should be considered. In the patient
with mild symptoms, loperamide or cholestyramine are
recommended as the first step of treatment (Figure 5).
Budesonide is the best-documented treatment and
significantly improves the clinical symptoms and the
patient’s quality of life. Three short-term, randomized
controlled trials in CC have consistently shown that
budesonide 9 mg daily for 6-8 wk is superior to placebo
(Table 2) [91-93]. About 80% of patients responded to
www.wjgnet.com

budesonide and had a decrease in the number of loose
stools after 2-4 wk of therapy. In a Cochrane metaanalysis, the pooled odds ratio for clinical response
with budesonide compared to placebo was 12.32 (95%
CI 5.53-27.46), and the number needed to treat was
two patients[94]. In a placebo-controlled trial including
41 patients, budesonide treatment was effective also in
LC[95]. After 6 wk treatment, 18 of 21 patients (86%;
95% CI 65%-96%) in the budesonide group achieved a
clinical response compared to eight of 20 patients (40%;
95% CI 22%-61%) in the placebo group, which yielded
an odds ratio of 9.00 (95% CI 1.98-40.93; P = 0.004)[96].
The number needed to treat to achieve a clinical
response with budesonide was three patients.
The relapse rate is high after cessation of successful
short-term budesonide therapy in CC and 61%-80% of
treated patients will have a recurrence of symptoms[91-93].
In clinical practice, tapering doses of budesonide to
3-6 mg/d have been used as maintenance therapy
and may well control clinical symptoms. There is now
evidence for such a strategy in CC, and two studies have
proven maintenance therapy with budesonide 6 mg/d
for 6 mo is well-tolerated and superior to placebo[97,98].
A total of 80 patients, who had responded to openlabel budesonide, were randomized to budesonide
6 mg/d or placebo for 6 mo. Clinical response was
maintained in 33/40 (83%) patients who received
budesonide compared to 11/40 (28%) patients who
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received placebo (P = 0.0002). Pooled odds ratio was 8.40
(95% CI, 2.73-25.81) with a number needed to treat of
two patients for maintenance of clinical response with
budesonide. Histological response was seen in 48% of
patients who received budesonide compared to 15% of
patients who received placebo (P = 0.002)[94]. However,
6 mo maintenance therapy did not alter the subsequent
course, as the relapse risk after withdrawal of 24 wk
maintenance treatment was similar to that observed after
6 wk induction therapy, and the median time to relapse
was equal in the two groups (39 d versus 38 d)[97].
Other oral corticosteroids, such as prednisolone,
are associated with more frequent side-effects, and
the efficacy seems inferior to budesonide, although no
formal comparative studies are available[99].
Bismuth subsalicylate has been shown to be effective
in a small placebo-controlled study including nine
patients with CC and five with LC[100]. This drug is not
available in a number of countries because of concerns
regarding drug toxicity.
Sulfasalazine or mesalazine have been extensively
used in MC but not strictly evaluated in randomized
placebo-controlled trials. In a recent trial, 64 patients
with MC were randomized to mesalazine 2.4 g/d or
mesalazine 2.4 g/d + cholestyramine 4 g/d for 6 mo.
A high remission rate was seen in both treatment arms,
and 85% of patients with LC and 91% of those with CC
were in remission at study end. Combined therapy was
superior in CC and induced an earlier clinical response
in both diseases [101]. The benefit of mesalazine with
or without cholestyramine needs to be confirmed in a
placebo-controlled trial.
Antibiotics such as metronidazole or erythromycin
have been used but not in a controlled fashion. Probiotic
treatment shows uncertain results and need further
evaluation[102]. Boswelia serrata extract has been tried in a
placebo-controlled trial showing a non-significant trend
in favor of active treatment[103].
In patients with unresponsive or steroid-resistant
disease, immunosuppressive therapy may be considered,
although the evidence is limited. An open study with
azathioprine gave partial or complete remission in
eight of nine patients with MC [104]. The efficacy of
methotrexate has been assessed in a retrospective
study[105]. Out of 19 patients with CC, a good response,
generally seen within 2-3 wk of treatment, was seen
in 16 and a partial response in two patients. The dose
of methotrexate ranged from 5-25 mg/wk (median
7.5-10 mg/wk).
Surgical therapy may be considered for patients
with severe unresponsive MC. Both split ileostomy and
subtotal colectomy have been performed and reported
as successful[54,106]. The indications for surgical therapy
today are limited, considering the improvement of
medical therapy.
The long-term prognosis of MC is generally good.
In a follow-up study of CC, 63% of the patients had
a lasting remission after 3.5 years, and in another
cohort study, all 25 patients were improved 47 mo after
diagnosis, and only 29% of them required ongoing
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medication [107,108]. A benign course was reported in
27 cases with LC, with resolution of diarrhea and
normalization of histology in > 80% of patients within
38 mo[109]. Others have reported that 63% of patients
with LC had a single attack, with a median duration from
onset of symptoms to remission of 6 mo[20].

CONCLUSION
MC is a fairly common cause of chronic diarrhea,
especially in elderly women, and may considerably
impair the patient’s quality of life. The correct diagnosis
depends on the awareness of the condition by the
clinician (referring the patient with chronic diarrhea
to colonoscopy and not to barium enema), by the
endoscopist (obtaining mucosal biopsies although the
colonic mucosa is endoscopically normal) and by the
pathologist (recognizing the histopathological features
of MC). Treatment with budesonide is effective in the
short term and improves the patient’s symptoms and
quality of life, but the optimal long-term therapy needs
further study. The long-term prognosis is good and the
risk of complications including colonic cancer is low.
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Abstract
Radiation colitis, an insidious, progressive disease of
increasing frequency, develops 6 mo to 5 years after
regional radiotherapy for malignancy, owing to the
deleterious effects of the latter on the colon and the
small intestine. When dealing with radiation colitis and
its complications, the most conservative modality should
be employed because the areas of intestinal injury do
not tend to heal. Acute radiation colitis is mostly selflimited, and usually, only supportive management is
required. Chronic radiation colitis, a poorly predictable
progressive disease, is considered as a precancerous
lesion; radiation-associated malignancy has a tendency
to be diagnosed at an advanced stage and to bear a
dismal prognosis. Therefore, management of chronic
radiation colitis remains a major challenge owing to
the progressive evolution of the disease, including
development of fibrosis, endarteritis, edema, fragility,
perforation, partial obstruction, and cancer. Patients are
commonly managed conservatively. Surgical intervention
is difficult to perform because of the extension of fibrosis
and alterations in the gut and mesentery, and should
be reserved for intestinal obstruction, perforation,
fistulas, and severe bleeding. Owing to the difficulty
in managing the complications of acute and chronic
radiation colitis, particular attention should be focused
onto the prevention strategies. Uncovering the fibrosis
mechanisms and the molecular events underlying
radiation bowel disease could lead to the introduction of
new therapeutic and/or preventive approaches. A variety
of novel, mostly experimental, agents have been used
mainly as a prophylaxis, and improvements have been
made in radiotherapy delivery, including techniques to

reduce the amount of exposed intestine in the radiation
field, as a critical strategy for prevention.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Radiation colitis is an insidious, progressive disease
of increasing frequency. It is usually iatrogenic and
unavoidable and frequently develops 6 mo to 5 years
after regional radiotherapy for malignancy[1,2]. About half
of all patients with malignancies undergo irradiation
as part of their therapy. Considerable morbidity and
mortality accompany radiation treatment because of the
deleterious effects on adjacent normal tissues, mainly
the colon and the small intestine. The type and extent
of injury, depending on the dose of the radiation and
the radiation sensitivity of the gut and the duration, is
highly variable, ranging from 3 mo to 30 years[1,3]. Serious
consequences may develop after years of gestation, and
the disease, its treatment, and the disability produced
are formidable. Apart from acute radiation colitis,
manifestations of chronic radiation injury include
proctitis, hemorrhages, fistulas, abscesses with signs
of sepsis, perforations, strictures, and even cancer.
Therefore, novel means to increase resistance of the
intestine to radiation damage and effective therapeutic
strategies are needed to prevent and manage this disease.

MANAGEMENT OF COLITIS CAUSED BY
IRRADIATION
In general, prior to start, each treatment should be
www.wjgnet.com
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individualized, and any predisposing factor should be
identified during its course in order to early recognize
and treat complications. Once complications have
arisen, it is best to deal with the irradiated tissue by
the most conservative modality, because the areas of
intestinal injury do not tend to heal. This may require
early diversion or resection as conservative therapy,
because fistulas and bleeding will become recurrent
and intractable. The effectiveness of non-surgical
approaches remains far from desirable, and bleeding
recurrence represents a major drawback that leads
to a need for consecutive therapeutic sessions and
combination of techniques[4]. If diversion fails to control
bleeding, resection is necessary, even if it involves an
abdominoperineal resection.
From another general viewpoint, there is a similarity in
the activation of mucosal cytokines between inflammatory
bowel disease (IBD) and radiation proctosigmoiditis.
Indeed, as in the case of IBD patients, the mucosal
levels of interleukin (IL)-2, -6, and -8 are significantly
higher in both diseased and normal segments of colon in
patients with radiation proctitis, compared with normal
controls. In addition, IL-1β levels are significantly higher
in diseased segments, compared with endoscopically
normal-appearing segments in radiation proctitis. Tumor
necrosis factor-alpha (TNF-α) levels are also significantly
elevated in irradiated mice compared with non-irradiated
controls[5]. These data may partially explain the beneficial
effects of similar systemic and topical drugs including
mesalamine compounds and steroids when used in
radiation-induced proctosigmoiditis[6].

ACUTE RADIATION COLITIS (TABLE 1)
Empirical-experimental management
The majority of acute radiation colitis is self-limited,
and only supportive management is required[7]. It must
be emphasized, however, that acute radiation syndrome
with a threshold dose of 8 Gy in man, represents a lethal
clinical-pathological unit, enteritis and proctocolitis
necro-hemorrhagica, with unknown causal therapy. In
this respect, the detection of phospho-Elk-1, a protein
acting as a transcription factor activating specific genes,
might be considered as a suitable and very sensitive
marker of acute radiation-induced injury of large and
small intestine[8]. Whether Elk-1 inhibitors, such as the
compound A (CpdA) or the protective agent U0126
[1,4-diamino-2,3-dicyano-1,4-bis(2-aminophenylthio)butadiene], the effect of which probably results from
the IL-1 β mRNA reduction via the inhibition of
ERK pathway, can be used in the management of this
syndrome remains to be investigated[9,10].
Inflammator y cell infiltration of the colon is
observed at an early stage of radiation-induced colitis.
The migration of inflammatory cells from the circulation
requires interactions between cell adhesion molecules
on the vascular endothelium and molecules on the
surface of leukocytes. Specifically, circulating leukocytes
are recr uited to sites of inflammation by a wellregulated and coordinated process that largely occurs in
www.wjgnet.com
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Table 1 Management of acute radiation colitis
Management of acute radiation colitis
Supportive management
Anti-diarrheal medications and by reducing fat and lactose intake;
In intractable cases hospitalization is required for parenteral feeding
and elementary diet
Elk-1 inhibitors
Compound A (CpdA)
U0126 [1,4-diamino-2,3-dicyano-1,4-bis(2-aminophenylthio)
butadiene]
Modulation of leukocyte recruitment and activation pathway
Targeting P-selectin and/or lymphocyte function antigen-1
Cu/Zn-SOD1 supplementation
Synthetic somatostatin analog octreotide
Other measures
Antiemetics
Steroid-containing suppositories
Recombinant granulocyte colony-stimulating factor in neutropenia
Epidermal growth factor

postcapillary venules. Adhesion molecules are expressed
on the surface of endothelial cells, and leukocytes are
involved in an orderly sequence of cell-cell interactions
that include leukocyte adherence to vascular endothelium
and the subsequent transendothelial migration into the
inflamed tissue. Finally, reactive oxygen metabolites
produced by activated leukocytes can induce damage
to various cellular components, including structural
and regulatory proteins, carbohydrates, lipids, DNA
and RNA. In this respect, upregulation of intercellular
adhesion molecule (ICAM)-1 and the accumulation
of inflammatory myeloperoxidase-positive cells have
been observed during acute radiation colitis prior to an
overt radiation-induced ulcer, thereby playing important
roles in the development of radiation-induced colonic
ulcer[11]. Moreover, there is direct in vivo evidence that
antioxidant mechanisms of the intestinal mucosa are
not mobilized during the acute tissue radiation response;
four days after exposure, during the inflammatory phase,
superoxide dismutases (SOD) and catalase are decreased
and glutathione peroxidases and metallothioneins are
induced. Dexamethasone treatment modulates only
glutathione peroxidase expression and does not influence
either metallothionein or SOD expression. These
experimental data indicate that during the radiationinduced acute inflammatory response, an imbalance of
the antioxidant network of intestinal mucosa occurs[12].
In view of the aforementioned data, modulation
of the leukocyte recruitment and activation pathway
seems to be a potential therapeutic strategy against acute
radiation colitis. Further supporting this consideration,
experimental studies have demonstrated that leukocyte
rolling is mediated by P-selectin and that firm leukocyte
adhesion is supported by lymphocyte function antigen-1
in radiation-induced colitis. P-selectin-dependent
leukocyte rolling is a precondition for subsequent
leukocyte adhesion in radiation-induced intestinal damage.
Therefore, targeting P-selectin and/or lymphocyte
function antigen-1 might protect against pathologic
inflammation in the colon induced by radiotherapy[13].
Moreover, Cu/Zn-SOD1 supplementation in an

Kountouras J et al . Management of radiation colitis

experimental model of radiation-induced intestinal
inflammation has also been shown to decrease oxidative
stress and adhesion molecule upregulation in response
to abdominal irradiation. Specifically, a significant
increase in the flux of rolling leukocytes and number
of firmly adherent leukocytes in intestinal venules is
observed after irradiation. Although administration of
SOD1 has no effect on leukocyte rolling, it decreases
leukocyte adhesion to intestinal venules significantly
and in a dose-dependent way. Treatment with SOD1,
at doses that reduce leukocyte recruitment, abrogates
the increase in hydroperoxides in intestinal tissue and
ICAM-1 upregulation in intestinal endothelial cells.
The inflammatory score, but not a combined histology
damage score, is also significantly reduced by SOD1[14].
Diarrhea associated with acute radiation colitis
frequently resolves with anti-diarrheal medications
and by reducing fat and lactose intake. The diarrhea
rarely requires discontinuation of treatment unless
chemotherapy is given concurrently with radiation[15].
Intractable diarrhea during the combined treatment
may require hospital admission for administration
of parenteral feeding. Elementary diet may also be
introduced as an alternative to parenteral nutrition[16].
Patients refractory to anti-diarrheal medications may
benefit from administration of the synthetic somatostatin
analog octreotide[7]. Specifically, it has been shown that
subcutaneous octreotide administration (150 μg t.i.d.)
for 5 d is apparently an effective, well-tolerated treatment
modality for concurrent chemoradiotherapy-induced
diarrhea refractory to loperamide[17]. Octreotide appears
to be more effective than conventional therapy with
diphenoxylate and atropine in controlling acute radiationinduced diarrhea and eliminating the need for radiotherapy
interruptions[18].
Apart from anti-diarrheal medications, other measures
of general management of acute radiation enteropathy
include administration of antiemetics. Steroid-containing
suppositories may be helpful in the treatment of patients
with anorectal inflammation [7] . Severe neutropenia
from chemotherapy might require growth factors, such
as recombinant granulocyte colony-stimulating factor
(G-CSF, filgrastim) or granulocyte-macrophage colonystimulating factor (GM-CSF, sargramostim) to shorten
the period of neutropenia, and avoid excessively delayed
therapy from the bone marrow depression[19]. G-CSF
is a cytokine known to activate neutrophils in vivo
and GM-CSF mediates its effects on the neutrophil
lineage through its effects on phagocytic accessory cells
and its synergy with G-CSF[20,21].
Epidermal growth factor, an endogenous peptide,
trophic to the gastrointestinal tract, significantly decreases
the acute clinical manifestations of experimental radiation
enteritis[22]. Therefore, it may be effective in human acute
radiation colitis[23].

CHRONIC RADIATION COLITIS (TABLE 2)
Empirical-experimental management
Chronic radiation colitis is recognized as a frequent
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Table 2
TNF-α)

Management of chronic radiation colitis (IL;

Management of chronic radiation colitis
Empirical-experimental management
Total parenteral nutrition
Anti-IL-6R
Cyclooxygenase-2 inhibitors
Rho kinase inhibitors
Small molecular inhibitors of TNF-α
Targeting cadherin-catenin complex pathways
Recombinant human IL-11
Low-residue diet combined with bismuth subsalicylate or opiate
drugs, such as loperamide or diphenoxylate (for mild diarrhea)
Aminosalicylates
Prostaglandin-inhibiting compounds
Oral steroids (for severe cases)
Probiotics (Lactobacillus bulgaricus)
Antioxidants
Colestyramine Balsalazide (in radiation-induced proctosigmoiditis)
Peroxisome proliferation-activated receptor activators
Sucralfate enemas
Short-chain fatty acids
Hyperbaric oxygen
Control of bleeding (by endoscopic cauterization using a heater, BICAP
probe, Nd: YAG or argon laser)
Surgery (indicated in intestinal obstruction, perforation, fistulas, and
severe bleeding)

and clinically important sequel of abdominal and
pelvic irradiation treatment for malignant disease. Since
radiotherapy is now being used more than ever before in
the therapy of solid organ neoplasms of the abdomen
and the pelvis, the incidence of radiation colitis is
likely to increase in the future[24-26]. Importantly, it is a
precancerous lesion: Radiation-associated rectal cancer
originates from dysplasia due to radiation colitis and has
a tendency to be diagnosed at an advanced stage and to
bear a dismal prognosis[27,28]. Therefore, management
of chronic radiation colitis remains a major challenge
owing to the progressive evolution of the disease that
includes development of fibrosis, endarteritis, edema,
fragility, perforation, partial obstruction, and even
cancer. Patients with this condition are commonly
managed conservatively. Because the obstruction is only
partial, decompression is easily achieved by nasogastric
suction and parenteral support. The patient is then
often discharged on a liquid-to-soft diet. However, this
therapeutic regimen does nothing for the underlying
pathology. Although total parenteral nutrition corrects
denutrition and facilitates deferred surgery in some
patients, severe radiation enteritis remains a poorly
predictable prog ressive disease with numerous
relapses[29]. The problem, sooner or later, will return with
the patient further depleted by the chronic radiation
colitis. In a recent meta-analysis assessing the incidence
and significance of malnutrition and examining the
efficacy of therapeutic nutritional interventions used
to manage gastrointestinal side effects in patients
undergoing pelvic radiotherapy, it has been shown that
there is no evidence favoring the use of nutritional
interventions to prevent or manage bowel symptoms
attributable to radiotherapy[30]. Regarding the underlying
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pathology, vascular damage consisting of fibrin thrombi,
fibrinoid necrosis and subintimal thickening of the
arterioles leads to persistent local ischemia, which results
in diffuse fibrosis of the lamina propria and submucosa.
The diffuse fibrosis, in turn, accelerates vascular damage
and further worsens local ischemia, forming a vicious
cycle, finally leading to ulceration of the bowel wall and
serious complications including massive gastrointestinal
hemorrhages and perforations [31]. Therefore, surgical
inter vention appears to be appropriate when the
diagnosis of chronic radiation colitis is confirmed[32].
Nevertheless, chronic changes in cytokine levels after
abdominal irradiation in rodents have recently been
documented[33]. Structural injury of the bowel wall and
mesentery were scored and correlated with the levels of
TNF-α, IL-6, transforming growth factor (TGF)-β1,
- β 2, -β 3 and interferon (IFN)- γ mRNA in large and
small bowel of mice 18-25 wk after whole abdominal
irradiation with 12.5 and 13.5 Gy. Abdominal irradiation
seems to induce considerable bowel damage associated
with increased levels of all cytokines compared with
sham-irradiated (0 Gy) mice. These experimental data
demonstrate long-term cytokine expression changes in
the bowel wall after irradiation that parallel the responses
noticed in other tissues prone to radiation-induced
fibrosis, such as cutaneous and pulmonary tissues,
thereby having implications for the prediction, treatment
and/or prevention of chronic radiation colitis. For
instance, chronic IL-6 elevations, even prior to the start
of irradiation, may predict patients at risk of radiation
fibrotic bowel damage in the same way that IL-6 baseline
elevations have been shown to identify patients with an
increased risk of radiation pneumonitis and pulmonary
fibrosis following thoracic irradiation[33]. Since studies
in animal models of IBD have shown that various
antibodies to pro-inflammatory cytokines and their
receptors, such as IL-6 receptor (IL-6R) or TNF, appear
to suppress chronic intestinal inflammation by inducing
T-cell apoptosis[34], it is reasonable to assume that such
antibodies (anti-IL-6R) might also be used to manage
radiation colitis. In addition, reduction in cytokine
expression with cyclooxygenase (COX)-2 inhibitors
and small molecular inhibitors of TNF-α may reduce
the frequency and severity of long-term bowel damage.
There is some evidence that the COX-2 pathway is
implicated in radiation-induced gut injury[31,35,36]. COX-2
and nuclear factor κB (NF-κB) expression have been
associated with histopathological changes in the human
colon and rectum following abdominal radiotherapy[31].
Besides, in radiation colitis involving aberrant glands,
cellular proliferation increases and spotted oncogene p53
expression is noticed. Therefore, radiation colitis and
aberrant glands with p53 overexpression might predict
malignant potential of this condition[37].
Three typical phases of radiation proctitis are defined
on histological grounds (acute damage, and early and
late regenerative phases), essentially correlating with the
time interval between radiotherapy and surgery. Such
characteristics are mirrored by alterations in cadherincatenin expression and localization in rectal crypts;
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morphology at both cellular and glandular levels in
the large bowel is dependent to an extent on cell-cell
adhesion mediated by cadherin-catenin complexes. In
this regard, P-cadherin is highly expressed in the acute
radiation damage and early regenerative phases, with a
decreased level of expression during late regeneration.
E-cadherin and associated catenins are translocated
from the membrane to the cytoplasm in degenerating
crypts, with return to normal membranous expression
in regenerating crypts. Therefore, radiation-induced
proctitis represents an in vivo model of mucosal damage
and regeneration, thereby providing a valid model
to study events during epithelial injury and repair:
altered cadherin and associated catenins expressions
appear to be predictive indicators closely associated
with these processes [38]. On the other hand, because
the E-cadherin-catenin complex plays a critical role
in the maintenance of nor mal tissue architecture,
mutation of any of its components is believed to result
in loss of cell-cell adhesion, thereby contributing to
neoplasia development. In this respect, adenomatous
polyposis coli (APC) gene abnormalities, found to be
the “gate-keeping” event for the initiation of colorectal
neoplasia, may lead to a disruption of normal cellcell adhesion through altered association with catenins
and the cell adhesion molecule E-cadherin that binds
catenins[39]. Translocation of the β-catenin protein, a
key downstream effector of the Wnt signal transduction
pathway, is frequently found in colorectal cancer. This
protein is also observed in the cytoplasm and/or nucleus
of non-neoplastic irradiated colonocytes. Nuclear
translocation of β -catenin correlates with loss of
APC and gain of cyclin D1 expression, suggesting the
activation of the Wnt pathway during radiation-induced
colorectal carcinogenesis. Because the translocation
of β-catenin is found in irradiated-colonic mucosa as
well as in colon cancer, the disruption of the β-catenin
expression may be one of the early events in radiationinduced colonic oncogenesis[40]. Based on these data,
interventions on cadherin-catenin complex pathways
may also be used against chronic radiation colitis and
radiation-induced colonic carcinogenesis. Finally, in
a novel mouse model of radiation-induced colitis, a
combination of high-dose γ -irradiation and lack of
major histocompatibility complex (MHC) class Ⅱ
expression on cells of hematopoietic origin results in the
development of radiation colitis. Therefore, protection
and/or inhibition from radiation-induced colitis seems
to require MHC class Ⅱ antigen expression by cells of
hematopoietic origin[41]. In this regard, administration
of the recombinant pleiotropic human cytokine IL-11,
which stimulates bone marrow stem cells to proliferate,
has been shown to decrease intestinal mucosal injury
produced by radiation in animals, thereby providing a
potential therapeutic regimen for the treatment and/or
prevention of chronic radiation colitis[42].
Diarrhea, with or without abdominal cramps, is the
most common symptom of chronic radiation colitis[26].
The etiology of chronic radiation-induced diarrhea
may be attributable to accelerated small and large
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bowel transit, bacterial overgrowth, increased intestinal
permeability, malabsorption of bile salts, lactose, fat
and carbohydrate, and pancreatic insufficiency, all of
which can exist with or without small bowel or large
bowel strictures [43,44] . In case of colonic strictures,
spurious diarrhea can occur. Moreover, the above
mentioned microvascular changes in the bowel wall
lead also to mucosal atrophy and a non-specific chronic
inflammatory cell infiltrate, which has resulted in a
mistaken diagnosis of celiac sprue [45] . However, in
most cases, the pathophysiology of the diarrhea is
uncertain. While changes in intestinal absorption and
motility, unrelated to bacterial overgrowth, have been
implicated in the etiology of diarrhea, there has been no
comprehensive evaluation of gastrointestinal function
in chronic radiation colitis. Perhaps partly as a result of
this, present approaches to treatment have often been
empirical. A low-residue diet (i.e. a low-fiber diet poor
in foods that increase bowel activity) combined with
bismuth subsalicylate or opiate drugs, such as loperamide
or diphenoxylate, might be sufficient for mild diarrhea[1];
loperamide-N-oxide slows small intestinal transit,
increases bile acid absorption, and is effective in the
treatment of diarrhea associated with chronic radiation
colitis[26]. Other antidiarrheal agents can be administered,
including aminosalicylates and prostaglandin (PG)inhibiting compounds[46,47]. In severe cases of radiation
colitis, oral steroids have been tried with limited
success[48]. Randomized controlled trials are not available,
and all treatment regimens are based on evidence from
small pilot studies, including the administration of
sulfasalazine[49], glutathione (GSH)[50], and antioxidants[51].
Furthermore, antibiotics are indicated if there is small
bowel bacterial overgrowth syndrome[52,53]. Preliminary
results suggest that probiotics may also be useful for
treatment of radiation bowel disease, although no robust
data exist[54]. Other studies suggested that colestyramine,
an agent that binds bile acids in the colonic lumen, might
be effective in preventing radiation-induced diarrhea
if administered in dosages of 4 g t.i.d. during radiation
therapy[55]. In the presence of low serum magnesium
levels, intravenous administration of magnesium sulfate,
together with low residue diet and antidiarrheals, may
also ameliorate the diarrhea[56].
Anti-diarrheal and bulk-forming agents have a role
in the management of rectal urgency, frequency, and
fecal incontinence, which might be induced by radiation
damage of the myenteric plexus of the rectum and
internal anal sphincter[57]. Sulfasalazine, 5-aminosalicylic
acid (5-ASA) preparations and corticosteroid enemas have
minimal or no effects on rectal tenesmus or bleeding[48].
However, recent pilot studies indicate that balsalazide,
a new 5-ASA drug that yields a high concentration of
active drug to the distal colon, is able to prevent or reduce
symptoms of radiation-induced proctosigmoiditis [58].
In addition, irradiation-induced inflammatory response
could be modulated pharmacologically based on the antiinflammatory properties of 5-ASA, which is a peroxisome
proliferation-activated receptor (PPAR) activator. PPAR
agonists are now emerging as therapeutic drugs for

7293

various inflammatory diseases characterized by impaired
PPAR expression: Irradiation drastically reduces mRNA
and protein levels of PPAR- α and - γ . Specifically,
5-ASA treatment normalizes both PPAR-α and PPAR-γ
during the post-irradiation period (after 7 and 3 d,
respectively). By promoting PPAR expression and its
nuclear translocation, 5-ASA interferes with the NF-κB
pathway, both reducing irradiation-induced NF-κB p65
translocation/activation and increasing the expression of
NF-κB inhibitor (IκB) mRNA and protein. Therefore,
5-ASA prevents irradiation-induced inflammatory
processes as well as expression of TNF-α, monocyte
chemotactic protein-1, inducible nitric-oxide synthase,
and macrophage infiltration. In addition, 5-ASA
restores the IFN-γ/signal transducer and activator of
transcription (STAT)-1 and STAT-3 concentrations
that were impaired at 3 and 7 d post-irradiation and
are correlated with suppressor of cytokine signaling-3
repression. Collectively, these data suggest that PPAR
ag onists might be effective in the prevention of
inflammatory processes and immune responses during
and after pelvic radiotherapy[59].
Fecal incontinence appears to be a late complication
that causes symptoms years after radiation treatment.
The specific mechanisms that cause incontinence are
changes in anal resting tone, squeeze pressure, and rectal
volume or rectal compliance. Other aspects associated
with incontinence include further disorders such as
proctitis, colitis, and other disturbances involving the
lower digestive tract. The therapeutic options mainly
comprise management of associated aspects, such as
proctitis or diarrhea; surgical intervention should be the
absolute exception[60].
It has been reported that sucralfate treatment has a
protective effect against experimental radiation colitis.
Sucralfate enemas prior to radiation lead to reduction in:
(a) the number of apoptotic colonic crypt cells; (b) the
number of caspase-3 positive cells; (c) oncogene p53
accumulation and p21 expression; and (d) proapoptotic
Bax/anti-apoptotic Bcl-2 ratio in rats. Therefore, the
protective effects of sucralfate against radiation colitis
might be partially due to the suppression of radiationinduced apoptosis in the colon and the protection of
the colonic epithelial stem cell region [61]. Sucralfate
administration may be also effective in human radiation
proctocolitis[62]. In addition, when compared with oral
sulfasalazine plus rectal prednisolone enemas, sucralfate
enemas give a better clinical response in human
proctosigmoiditis, are better tolerated, and, because
of the lower cost, they might be the preferred shortterm regimen[48]. Moreover, topical sucralfate induces
a lasting remission in the majority of patients with
moderate to severe rectal hemorrhage due to radiation
proctosigmoiditis[63].
Clinically, short-chain fatty acids (SCFAs) have
been proposed as possible therapeutic agents in several
conditions including radiation proctitis. Although some
promising effects have been observed in uncontrolled
studies, a specific therapeutic role for SCFAs remains to
be defined[64].
www.wjgnet.com
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Hyperbaric oxygen
Hyperbaric oxygen application appears to be a very
effective means of treatment of chronic radiation colitis
and non-healing wounds in the involved anorectal
region[65]. Hyperbaric oxygen therapy can be considered
as a treatment option after failure of standard treatments
in patients with severe radiation proctopathy[66]. The
rationale for hyperbaric oxygen is the creation of
an oxygen gradient in hypoxic tissue that stimulates
the creation of new blood vessels. Neoangiogenesis
improves the blood supply and reduces the ischemia
and necrosis responsible for severe complications. In
a retrospective study of patients with severe radiation
colitis refractory to medical management, hyperbaric
oxygen therapy provided clinical relief and can thus
prove to be a useful alternative to conventional treatment
in patients with chronic radiation-induced necrosis of
the digestive tract[67]. Moreover, in a systematic review
of the literature on the application of hyperbaric oxygen
prevention and treatment of delayed radiation injuries,
all but seven of the 74 publications analyzed reported
positive results when hyperbaric oxygen was delivered as
treatment for or prevention of delayed radiation injury.
These results are particularly impressive in the context
of alternative interventions [68] . Hyperbaric oxygen
may also be helpful in management of bleeding due
to chronic radiation colitis in patients not controlled
with conser vative measures such as for malin and
laser therapy [69,70]. Hyperbaric oxygen treatment and
infusion of PG E1 abolishes completely tarry stools
and hematuria, and reverses the endoscopic findings of
radiation colitis and cystitis[71].
Control of bleeding
Rectal bleeding due to radiation colitis usually results
from telangiectasias. It is frequently minor, but blood
transfusions may be required. Endoscopic cauterization
using a heater, BICAP probe, Nd:YAG or argon laser
can reduce bleeding.
Argon plasma coagulation therapy appears to be a
simple, safe, and effective technique in the management
of hemorrhagic radiation-induced proctosigmoiditis
and is now generally accepted as the treatment of
choice followed by local application of formalin if this
fails [31,72,73]. Argon plasma coagulation, a non-contact
ther mal coagulation technique that reduces rectal
bleeding in 80%-90% of cases, is applied endoscopically,
with a probe passing through the endoscope that delivers
a field of argon gas to the mucosal surface, where it is
ionized by a high-voltage filament resulting in superficial
mucosal heating and coagulation of friable blood vessels.
Topical formalin therapy depends on direct application
of a 4% concentration of the chemical soaked in gauze
to the hemorrhagic areas under direct vision using a
rigid sigmoidoscope. Thrombosis of the neovasculature
and coagulation necrosis of the superficial mucosa
ensues, with a complete response rate of 78%. While
topical formalin appears to be slightly less effective than
argon plasma coagulation therapy, formalin application
alone or a combination of the two treatments has been
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advocated for severe cases of hemorrhagic radiation
proctitis. Although formalin installation may be effective
in controlling refractory bleeding due to radiationinduced proctitis, the procedure is not risk-free and
may induce major complications such as acute colitis[74].
Preliminary results of a randomized study of the two
therapeutic interventions, however, show equivalent
efficacy but an absence of effect of either treatment on
anorectal dysfunction.
Another approach to treat hemorrhagic radiation
proctitis involves use of low-dose thalidomide, a potent
inhibitor of (neo)angiogenesis, following a case report
with successful outcome [75] . In addition, hormone
therapy consisting of an estrogen-progesterone
combination might provide a promising new additional
symptomatic therapy for bleeding radiation colitis[76].
Rectal strictures should be managed initially nonoperatively with a low-fiber diet, stool softeners, mineral
oil enemas, and analgesics. Manual or endoscopic
dilations of rectal strictures might be required. Short
strictures with minimal angulation can be dilated by
transendoscopic balloons or other dilators, albeit
with considerable risk of perforation. Long, tortuous
strictures should be managed operatively[77].
Surgery
About one third of patients with chronic radiation
enteritis will need to be operated during followup. Surgical inter vention is indicated in intestinal
obstruction, perforation, fistulas, and severe bleeding.
Surgery should be performed by an experienced team
familiar with the treatment of radiation colitis. It is
difficult to perform surgery for chronic radiation colitis
because of the diffuse process of fibrosis and alterations
in the gut and mesentery. The risk of anastomotic leak
is high if the anastomosis is performed using irradiated
tissue[78]. The risk can be lowered if at least one limb of
the anastomosis did not receive prior radiotherapy[79]. It
is difficult to distinguish between the normal tissue area
and the irradiated area of the gut by gross evaluation
during operation even when the fresh tissue is sent
for frozen section. The accuracy in localizing injured
intestine may be improved by intraoperative endoscopic
evaluation, which can detect radiation-induced mucosal
injury[80].
Resection of the affected intestine is significantly
better than an enteric bypass procedure in overall
outcome. However, extensive surgical resection of
the diseased bowel may lead to short bowel syndrome
and increase the need for total parenteral nutrition.
Moreover, because of the progressive evolution of
the fibrosis, the patient may require additional surgery.
Surgical bypass of the damaged bowel is associated with
a blind loop syndrome, and the patient may be still at
risk of perforation, bleeding, abscess, and fistulae due to
the persistence of the affected bowel. Bypass procedures
should be performed when resection is not possible or
as a temporary management before resection at a later
date. Limited resection of the diseased intestine is the
goal, but if the lesion is too diffuse, a bypass procedure
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might be attempted.
Management of a pelvic fistula (e.g. vaginal or
bladder fistula) is also complex and requires fecal
diversion before the corrective surgery. Patients with
fistulae frequently present with additional challenges such
as electrolyte imbalance, malnutrition and infections.
Many surgical techniques have been described to repair
fistulae, but corrective surgery is best done when the
patient is medically stable and enough time has elapsed
after the surgical diversion. This permits the healing and
decreased inflammation of the affected tissues[81,82].
In cases with severe fibrotic strictures, surgical
intervention with establishment of a primary anastomosis
may be required[83]. Strictureplasty may be an effective and
safe tool to conserve intestinal length in certain highly
selected patients with chronic radiation colitis and smallbowel strictures, namely those with limited intestinal
reserve where strictures are located within long segments
of diseased bowel which, if resected or bypassed, would
have significant nutritional or metabolic consequences.
Strictureplasty is not indicated for the treatment of
perforation, hemorrhage, fistula, or short segments of
disease in patients with adequate intestinal reserve[84].
Surgical complications of chronic radiation colitis such
as intestinal obstruction, enterocutaneous fistula, intestinal
stenosis, intestinal bleeding, severe proctocolitis and
intestinal perforation should be managed operatively[85].
It is important to note that vigorous preoperative and
postoperative nutritional support and evaluation are vital
because of the poor healing qualities of the irradiated
gut.
If conservative measures and local intervention
to control bleeding prove unsuccessful, resection or
ligation of the affected area(s) is preferred over a bypass
procedure because the latter will allow the hemorrhage
to continue and may lead to a higher mor tality
rate[86]. A promising surgical approach is small bowel
transplantation, which may be considered in the pediatric
population with radiation colitis.

PREVENTION OF RADIATION COLITIS
Based on the above data, it appears that the management
of radiation bowel damag e can be difficult and
problematic; chronic radiation colitis is complex and
rarely curable. Recent advances in the approaches to
its prevention or amelioration are therefore particularly
encouraging. Research to uncover the mechanisms of
fibrosis and the molecular events underlying radiation
bowel disease could lead to the development of new
therapeutic and/or preventive approaches and provide
the basis for predicting the risk of bowel damage
and oncogenesis using levels and expressions of the
mentioned cytokine IL-6, oncogene p53 or cadherincatenin complexes, and for amelioration of bowel
damage through inhibition, for example, of the COX-2
and Rho/Rho kinase pathways [33,87] . In this regard,
the COX-2 inhibitor Rofecoxib® has been shown to
suppress cytokine expression and to reduce acute bowel
damage in rodents following abdominal irradiation[36]. In
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addition, piroxicam (a nonsteroidal anti-inflammatory
agent) significantly decreases the incidence of colonic
neoplasia in general and also delays the endoscopic
appearance of colonic neoplasia in rats after pelvic
irradiation [88]. Moreover, specific inhibition of Rho
kinase is a promising approach for the amelioration
of radiation fibrotic gut damage, as reported by a
study investigating molecular pathways involved in
the maintenance of fibrosis of the bowel wall of late
radiation colitis patients[87]. Alterations in expressions
of genes coding for Rho proteins was first established
by molecular profile analysis of ileal biopsies. Primary
cultures of gut smooth muscle cells derived from the
ileal biopsies are associated with retention of fibrogenic
differentiation in vitro and exhibit a typical cytoskeletal
network, a high constitutive connective tissue growth
factor level, increased collagen secretory capacity and
altered expression of genes coding for the Rho family.
Rho kinase blockade induces a simultaneous reduction
in the number of actin stress fibers, α-smooth muscle
actin and heat shock protein (Hsp) 27 levels. It also
reduces connective tissue growth factor levels, the
latter probably through NF-κB inhibition, leading to
decreased expression of the type 1 collagen gene[87].
These obser vations show the involvement of the
Rho/Rho kinase pathway in radiation fibrosis and
intestinal smooth muscle cell fibrogenic differentiation,
suggesting the potential role of Rho kinase inhibitors in
ameliorating the radiation bowel damage.
Additional biomarkers potentially playing a role in
the prediction, reduction or prevention of radiation
colitis include genetic alterations of the cellular radiation
response genes, such as the ataxia telangiectasia gene,
and micronutrients, such as selenium and zinc. Genetic
variants of the ataxia telangiectasia gene have been
correlated with the risk of rectal hemorrhage associated
with chronic radiation proctitis among prostate
cancer patients who received the full brachytherapy
prescription dose to defined volumes of the rectum[89].
The ataxia telangiectasia sequence alterations lead to an
approximately sevenfold increase in mild to moderate
(Radiation Therapy Oncology Group grades 1 and 2)
radiation proctitis among patients who had received
the full prescription dose to either low (< 0.7 mL) or
moderate (0.7-1.4 mL) volumes of their rectum. Patients
contemplating this increasingly popular radiation
treatment modality for early prostate cancer should
not only be better informed about the risks of bowel
complications, but could also have their radiation dose
prescriptions individualized based on genetic profiling.
Dietary supplementation of selenium and zinc may
be useful in reducing anorectal sequelae after pelvic
radiotherapy; an indirect relationship between baseline
plasma levels of these micronutrients and abnormalities
in anorectal function one year after radiotherapy for
prostate cancer has been suggested. Notably, the heavy
metal zinc induces Hsps, also known as stress proteins
and molecular chaperones, which play a central role
in protecting cellular homeostatic processes from
environmental and physiologic insults by preserving the
www.wjgnet.com
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structure of normal proteins and repairing or removing
damaged ones. Lowering Hsps in cancer tissues can
amplify the effectiveness of chemo- or radiotherapy[90].
Importantly, improvements in the deliver y of
radiotherapy, including techniques to reduce the
amount of exposed intestine in the radiation field, also
represent a critical strategy for prevention. The ideal
radiation toxicity preventive therapy must have high
efficacy, low toxicity, low cost, and not afford cancer
protection. Unfortunately, the currently available therapy
often does not fulfill all of these objectives and there
is a need to identify patients who may truly benefit
from preventive therapies. Specifically, the radiation
therapy technique plays an essential role in reducing
the rate of complications; particular attention should
be paid to optimizing radiotherapy technique and dose
prescriptions. The use of only anterior and posterior
fields for pelvic radiation should be avoided, if possible,
because of the high dose and large volume of intestine
irradiated. A higher operative mortality was reported
in trials using this technique preoperatively for rectal
cancers[91,92]. The toxicity of radiation is directly related
to the volume of small bowel being irradiated [93]. In
many patients, therapy in the prone position with a
special "belly" board allows the protrusion of the small
intestine out of the radiation field[94,95]. Patients should be
instructed to maintain a full bladder during the radiation
session, which mechanically displaces the intestine out
of the pelvis[96].
Modern radiation treatment techniques, such as
three-dimensional treatment planning, also optimize the
treatment technique by developing more accurate dose
distributions. Notably, three-dimensional conformal
radiotherapy techniques, including intensity-modulated
radiotherapy, may not reduce late intestinal toxicity
because margins around the cancer may not be able to
be safely reduced and because of the prescription of
higher radiation doses[97,98]. Brachytherapy, alone or as
a supplement to external beam radiotherapy, is now
increasingly being utilized to decrease normal tissue
toxicity, without compromising treatment efficacy, in the
management of prostate carcinoma[99,100]. Brachytherapy
is a kind of radiotherapy whereby the source of radiation
is located either within the malignant tissue (interstitial
brachytherapy) or within a cavity in its immediate vicinity
(intracavitary brachytherapy), rather than at a distance
(typically 100 cm) from the center of the neoplasm
target, as it is the case with external beam radiotherapy.
Brachytherapy exploits the physical characteristics
inherent with this modality of radiotherapy, whereby
the high radiation dose is limited to the neoplasm target,
while the surrounding normal tissues are spared from
radiation by the rapid dose reduction (with the square
of the distance). Brachytherapy alone, in the therapy of
low-risk prostate carcinoma, is well tolerated, even in
patients with a history of IBD[101].
Another related treatment, such as intensitymodulated radiotherapy (IMRT), uses sophisticated
planning techniques to avoid critical structures. IMRT
uses multiple segments of beams to shape the dose
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distribution to a desired result.
Operation, as a major risk factor, leads to the
prolapse of the small intestine into the pelvis, exposing
it to a full dose of radiation. Postoperative bowel
adhesions also increase the volume of gut irradiated
compared with normal intestine, usually mobile and able
to move out of the radiation field. With gut adhesions,
the intestine is trapped and is more likely to receive a
high dose of radiation. If radiation therapy is anticipated
after surgery, every attempt should be made at the time
of surgery to displace the bowel outside of the radiation
field[102]. One simple technique is the surgical placement
of a polyglycolic, biodegradable mesh that moves
the intestine out of the pelvis [103,104]. The procedure
has negligible morbidity and it does not increase the
operating time significantly. It also does not require
a second operation to remove the mesh because it is
absorbed 3 to 4 mo postoperatively. MRI can be used
post-operatively to verify the position of the mesh, the
small bowel, and its disappearance. Placement of a mesh
during surgery allows a higher dose of radiation to be
given postoperatively when indicated, thereby decreasing
by 50% the volume of the small bowel exposed to
the radiation [105,106]. Other techniques such as pelvic
reconstruction, omentoplasty, and transposition of the
large bowel also reduce the volume of gut at risk for
radiotherapy up to 60%[106-109].
Amifostine (WR-2721) is an amino-thiol with wellestablished radioprotective effects. Recent studies
have documented its effectiveness in protection of the
salivary glands in patients receiving radiotherapy for
head-and-neck cancer[110]. It has also been investigated
for the prevention of chronic radiation colitis. According
to preclinical studies, amifostine protects both the
small and large intestine[111]. Specifically, it is converted
intracellularly to an active metabolite, WR-1065, which
in turn binds to free radicals and protects the cell from
radiation damage[112]. In a randomized study, the late
effects of radiation were significantly reduced in the
group receiving parenterally administered amifostine.
However, the median follow-up was quite short (24
mo), and longer follow-up is necessary to confirm
the benefits of this medication because the incidence
of late complications increases with time[113]. There is
also evidence suggesting that intrarectal application of
amifostine directly onto the rectum may reduce the risk
of proctitis in patients undergoing radiotherapy for
prostate cancer[114]; its intrarectal application is feasible
and well tolerated. Systemic absorption of amifostine
and its metabolites is negligible, and close monitoring
of patients is not required after rectal administration[115].
Systemic administration of amifostine, used concurrently
with radiotherapy in advanced rectal cancer, has been
reported to reduce acute and late pelvic radiation
toxicity [113] . Other investigators [116] , however, were
not able to demonstrate any protection afforded by
amifostine.
Since cytotoxic effects of ionizing radiation on
gastrointestinal epithelium may be related to oxidative
stress, a number of agents have been used as a prophylaxis
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treatment. Eicosanoids and free radicals release have
been implicated in the pathogenesis. Selenium and/or
vitamin E pretreatments are shown to improve postirradiation disturbances in pro-oxidant-antioxidant
balance, such as increased intestinal lipid peroxide and
decreased GSH levels, increased intestinal SOD and
GSH peroxidase activities and decreased glutathione
transferase activity. T his amelioration has been
confirmed by histopathological findings[117]. In another
study, the early side effects of radiation were suggested
to be prevented by vitamin A supplementation[118].
PGs have been investigated as potential radioprotectors. PGE2 and the PG analogs enprostil and
misoprostol (Cytotec®) display radiation protection in
animal studies [119-122]. Misoprostol suppositories also
reduced symptoms of acute radiation colitis in patients
undergoing radiation therapy for prostate cancer [123].
With respect to the mechanism of action, PGE2 has
pro-proliferative and anti-apoptotic effects on epithelial
cells in gastrointestinal injury. PGE2 decreases radiationinduced apoptosis and increases crypt survival[124].
Experimental data indicate that in control animals,
glucagon-like peptide-2 (GLP-2) induces an increase
in intestinal mucosal mass, along with an increase in
villus height and crypt depth. GLP-2 administration
before and after irradiation completely prevents the
acute radiation-induced mucosal ulcerations and
strikingly reduces the late radiation damage. Microscopic
observations show an improved organization of the
intestinal wall and an efficient wound healing process,
especially in the smooth muscle layers. This therapeutic
effect is mediated through an increased mucosal
mass before tissue injury and the stimulation of still
unknown mechanisms of tissue response to radiation
damage. Although these preliminary results still need
to be confirmed, GLP-2 might be a way to limit patient
discomfort during radiotherapy and reduce the risk of
consequential late effects[125].
Irradiated intestine consistently exhibits increased
immunoreactivity of transfor ming growth factor
(TGF)-β1. It has been demonstrated that mucosal barrier
breakdown is closely associated with increased TGF-β
immunoreactivity in subsequent radiation enteropathy.
The highly significant correlation between TGF- β
expression levels and alterations in late-responding tissue
compartments also suggest a role for TGF-β in primary
radiation colitis. A recent preclinical study showed a
role for possible anti-TGF-β1 interventions to reduce
delayed radiation fibrosis and enteropathy[126].
Preliminary studies also suggest that IFN-γ may be
effective in the treatment of patients with radiationinduced cutaneous fibrosis. IFN-γ should be considered
in Phase Ⅰ-Ⅱ studies to assess its toxicity and efficacy in
the treatment of patients with radiation colitis[127].
Many special diets and nutrients, such as the
mentioned fiber, elemental diets, SCFAs and amino
acids like glutamine, may reduce small-bowel radiation
toxicity. Specifically, probiotics (Lactobacillus bulgaricus
strain isolated from yogurt) added as substrates can be
given by an oral or enteral route to patients who undergo
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radiotherapy to prevent radiation-induced colitis and
related malnutrition[128].
Glutamine and arginine support the mucosal barrier
in several ways. In experimental studies, a 7-d glutamineor arginine-enriched diet administered both pre- and
post-irradiation showed that they have protective effects
on gut mucosa in the post-irradiation state. However,
pre- and post-irradiation administration together do not
provide superior protection compared to post-irradiation
administration alone[129].
Administration of insulin-like g rowth factor
(IGF)-I immediately following abdominal irradiation
increases small-intestinal mass and improves indicators
of mucosal integrity, suggesting acceleration of smallintestinal mucosal recovery from radiation injury [130].
More recently, growth hormone and IGF-I have been
demonstrated to protect intestinal cells from radiationinduced apoptosis both in vitro, by inhibiting apoptosis
of the cells and preserving the mucosal integrity[131], and
in vivo[132], utilizing IGF-Ⅰ transgenic mice.
Pancreatic enzymes can exacerbate acute intestinal
radiation toxicity, and suppressing pancreatic secretion
with synthetic somatostatin receptor analogs, such as
octreotide, can reduce both early and delayed radiation
colitis[133]. Of note, in an experimental model, irradiation
significantly increased intestinal and pancreatic
myeloperoxidase activities and intestinal malondialdehyde
levels of intestinal tissues, and octreotide treatment
improved this elevation. The histopathologic evaluation
of the mucosal structure was also preserved in the
octreotide-treated group. Inflammation of pancreatic
tissue was also confir med with histopathological
examinations. Moreover, irradiation seems to induce NFκB overexpression, and octreotide treatment decreases
the end organ damage and inflammation of the small
intestine. Thus, octreotide appears to have beneficial
effects on intestinal and pancreatic damage in abdominal
irradiation through the inflammatory process[134].
Despite the aforementioned promising agents used in
acute and chronic radiation colitis, further understanding
of the pathophysiological mechanisms involved in
the pathogenesis of acute and chronic irradiation
colitis and the interaction of the molecular events
controlling mainly apoptosis and fibrosis may assist in
the development and establishment of new therapeutic
approaches.

REFERENCES
1
2
3
4

5

Nielsen OH, Vainer B, Rask-Madsen J. Non-IBD and
noninfectious colitis. Nat Clin Pract Gastroenterol Hepatol
2008; 5: 28-39
Berthrong M, Fajardo LF. Radiation injury in surgical
pathology. Part II. Alimentary tract. Am J Surg Pathol 1981;
5: 153-178
Berthrong M. Pathologic changes secondary to radiation.
World J Surg 1986; 10: 155-170
Cotti G, Seid V, Araujo S, Souza AH Jr, Kiss DR, HabrGama A. Conservative therapies for hemorrhagic radiation
proctitis: a review. Rev Hosp Clin Fac Med Sao Paulo 2003; 58:
284-292
Skwarchuk MW, Travis EL. Changes in histology and
www.wjgnet.com

7298

6

7

8
9

10

11

12

13

14

15

16

17

18

19
20

21
22

23

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

fibrogenic cytokines in irradiated colorectum of two murine
strains. Int J Radiat Oncol Biol Phys 1998; 42: 169-178
Indaram AV, Visvalingam V, Locke M, Bank S. Mucosal
cytokine production in radiation-induced proctosigmoiditis
compared with inflammatory bowel disease. Am J
Gastroenterol 2000; 95: 1221-1225
Cho LC, Antoine JE. Radiation Injury to the Gastrointestinal
Tract. In: Feldman M, Friedman LS, Sleisenger MH, eds.
Sleisenger & Fordtran's Gastrointestinal and Liver Disease.
8th ed. Philadelphia: WB Saunders, 2006: 813-826
Driak D, Osterreicher J, Rehakova Z, Vilasova Z, Vavrova J.
Expression of phospho-Elk-1 in rat gut after the whole body
gamma irradiation. Physiol Res 2008; 57: 753-759
Yemelyanov A, Czwornog J, Gera L, Joshi S, Chatterton RT
Jr, Budunova I. Novel steroid receptor phyto-modulator
compound a inhibits growth and survival of prostate cancer
cells. Cancer Res 2008; 68: 4763-4773
Wang ZQ, Chen XC, Yang GY, Zhou LF. U0126 prevents
ERK pathway phosphorylation and interleukin-1beta
mRNA production after cerebral ischemia. Chin Med Sci J
2004; 19: 270-275
Ikeda Y, Ito M, Matsuu M, Shichijo K, Fukuda E, Nakayama
T, Nakashima M, Naito S, Sekine I. Expression of ICAM-1
and acute inflammatory cell infiltration in the early phase of
radiation colitis in rats. J Radiat Res (Tokyo) 2000; 41: 279-291
Haton C, Francois A, Vandamme M, Wysocki J, Griffiths
NM, Benderitter M. Imbalance of the antioxidant network
of mouse small intestinal mucosa after radiation exposure.
Radiat Res 2007; 167: 445-453
Mihaescu A, Thornberg C, Mattsson S, Wang Y, Jeppsson
B, Thorlacius H. Critical role of P-selectin and lymphocyte
function antigen-1 in radiation-induced leukocyteendothelial cell interactions in the colon. Dis Colon Rectum
2007; 50: 2194-2202
Molla M, Gironella M, Salas A, Closa D, Biete A, Gimeno M,
Coronel P, Pique JM, Panes J. Protective effect of superoxide
dismutase in radiation-induced intestinal inflammation. Int
J Radiat Oncol Biol Phys 2005; 61: 1159-1166
Classen J, Belka C, Paulsen F, Budach W, Hoffmann W,
Bamberg M. Radiation-induced gastrointestinal toxicity.
Pathophysiology, approaches to treatment and prophylaxis.
Strahlenther Onkol 1998; 174 Suppl 3: 82-84
Goschke H, Buess H, Gyr K, Leutenegger A, Ott S, Stalder
GA, Tholen H, Fahrlander H. [Elementary diet as an
alternative to parenteral feeding in severe gastrointestinal
diseases] Schweiz Med Wochenschr 1977; 107: 43-49
Topkan E, Karaoglu A. Octreotide in the management
of chemoradiotherapy-induced diarrhea refractory to
loperamide in patients with rectal carcinoma. Oncology 2006;
71: 354-360
Yavuz MN, Yavuz AA, Aydin F, Can G, Kavgaci H. The
efficacy of octreotide in the therapy of acute radiationinduced diarrhea: a randomized controlled study. Int J
Radiat Oncol Biol Phys 2002; 54: 195-202
Lyman GH. A novel approach to maintain planned dose
chemotherapy on time: a decision-making tool to improve
patient care. Eur J Cancer 2000; 36 Suppl 1: S15-S21
Bermudez LE, Petrofsky M, Stevens P. Treatment with
recombinant granulocyte colony-stimulating factor
(Filgrastin) stimulates neutrophils and tissue macrophages
and induces an effective non-specific response against
Mycobacterium avium in mice. Immunology 1998; 94: 297-303
Glaspy JA. Hematopoietic management in oncology
practice. Part 1. Myeloid growth factors. Oncology (Williston
Park) 2003; 17: 1593-1603
McKenna KJ, Ligato S, Kauffman GL Jr, Abt AB, Stryker
JA, Conter RL. Epidermal growth factor enhances intestinal
mitotic activity and DNA content after acute abdominal
radiation. Surgery 1994; 115: 626-632
Villareal DT, Morley JE. Trophic factors in aging. Should
older people receive hormonal replacement therapy? Drugs
Aging 1994; 4: 492-509

www.wjgnet.com

24
25
26

27
28

29

30

31
32
33

34

35

36

37

38

39
40

41

42

43

December 28, 2008

Volume 14

Number 48

Toomey DP, Cahill RA, Geraghty J, Thirion P. Radiation
enteropathy. Ir Med J 2006; 99: 215-217
Watanabe H, Suda T. [Precancerous lesions of the colon and
rectum] Gan To Kagaku Ryoho 1984; 11: 1-9
Yeoh EK, Horowitz M, Russo A, Muecke T, Robb T,
Chatterton BE. Gastrointestinal function in chronic radiation
enteritis--effects of loperamide-N-oxide. Gut 1993; 34:
476-482
Tamai O, Nozato E, Miyazato H, Isa T, Hiroyasu S, Shiraishi
M, Kusano T, Muto Y, Higashi M. Radiation-associated
rectal cancer: report of four cases. Dig Surg 1999; 16: 238-243
Narui K, Ike H, Fujii S, Nojiri K, Tatsumi K, Yamagishi S,
Saito S, Kunisaki C, Imada T, Nozawa A, Ohki S, Ota M,
Ichikawa Y, Shimada H. [A case of radiation-induced rectal
cancer] Nippon Shokakibyo Gakkai Zasshi 2006; 103: 551-557
Silvain C, Besson I, Ingrand P, Beau P, Fort E, Matuchansky
C, Carretier M, Morichau-Beauchant M. Long-term outcome
of severe radiation enteritis treated by total parenteral
nutrition. Dig Dis Sci 1992; 37: 1065-1071
McGough C, Baldwin C, Frost G, Andreyev HJ. Role
of nutritional intervention in patients treated with
radiotherapy for pelvic malignancy. Br J Cancer 2004; 90:
2278-2287
Yeoh E. Radiotherapy: long-term effects on gastrointestinal
function. Curr Opin Support Palliat Care 2008; 2: 40-44
O'Brien PH, Jenrette JM 3rd, Garvin AJ. Radiation enteritis.
Am Surg 1987; 53: 501-504
Okunieff P, Cornelison T, Mester M, Liu W, Ding I, Chen
Y, Zhang H, Williams JP, Finkelstein J. Mechanism and
modification of gastrointestinal soft tissue response to
radiation: role of growth factors. Int J Radiat Oncol Biol Phys
2005; 62: 273-278
Kountouras J, Kouklakis G, Zavos C, Chatzopoulos D,
Moschos J, Molyvas E, Zavos N. Apoptosis, inflammatory
bowel disease and carcinogenesis: overview of international
and Greek experiences. Can J Gastroenterol 2003; 17: 249-258
Yeoh AS, Bowen JM, Gibson RJ, Keefe DM. Nuclear
factor kappaB (NFkappaB) and cyclooxygenase-2 (Cox-2)
expression in the irradiated colorectum is associated with
subsequent histopathological changes. Int J Radiat Oncol Biol
Phys 2005; 63: 1295-1303
Keskek M, Gocmen E, Kilic M, Gencturk S, Can B,
Cengiz M, Okten RM, Koc M. Increased expression of
cyclooxygenase-2 (COX-2) in radiation-induced small bowel
injury in rats. J Surg Res 2006; 135: 76-84
Minami K, Matsuzaki S, Hayashi N, Mokarim A, Ito M,
Sekine I. Immunohistochemical study of p53 overexpression
in radiation-induced colon cancers. J Radiat Res (Tokyo)
1998; 39: 1-10
Hardy RG, Brown RM, Miller SJ, Tselepis C, Morton DG,
Jankowski JA, Sanders DS. Transient P-cadherin expression
in radiation proctitis; a model of mucosal injury and repair.
J Pathol 2002; 197: 194-200
Kountouras J, Zavos C, Chatzopoulos D, Katsinelos P. New
aspects of Helicobacter pylori infection involvement in
gastric oncogenesis. J Surg Res 2008; 146: 149-158
Nakashima M, Meirmanov S, Matsufuji R, Hayashida M,
Fukuda E, Naito S, Matsuu M, Shichijo K, Kondo H, Ito M,
Yamashita S, Sekine I. Altered expression of beta-catenin
during radiation-induced colonic carcinogenesis. Pathol Res
Pract 2002; 198: 717-724
Marguerat S, MacDonald HR, Kraehenbuhl JP, van
Meerwijk JP. Protection from radiation-induced colitis
requires MHC class II antigen expression by cells of
hemopoietic origin. J Immunol 1999; 163: 4033-4040
Keith JC Jr, Albert L, Sonis ST, Pfeiffer CJ, Schaub RG.
IL-11, a pleiotropic cytokine: exciting new effects of IL-11 on
gastrointestinal mucosal biology. Stem Cells 1994; 12 Suppl
1: 79-89; discussion 89-90
Andreyev J. Gastrointestinal complications of pelvic
radiotherapy: are they of any importance? Gut 2005; 54:
1051-1054

Kountouras J et al . Management of radiation colitis
44

45

46

47
48

49

50

51

52
53

54

55
56
57
58

59

60

61

62

Skinn AC, Vergnolle N, Cellars L, Sherman PM,
MacNaughton WK. Combined challenge of mice with
Citrobacter rodentium and ionizing radiation promotes
bacterial translocation. Int J Radiat Biol 2007; 83: 375-382
Jazwinski A, Palazzo J, Kastenberg D. Capsule endoscopy
diagnosis of radiation enteritis in a patient previously
considered to have celiac sprue. Endoscopy 2007; 39 Suppl 1:
E66
Baughan CA, Canney PA, Buchanan RB, Pickering RM. A
randomized trial to assess the efficacy of 5-aminosalicylic
acid for the prevention of radiation enteritis. Clin Oncol (R
Coll Radiol) 1993; 5: 19-24
Vane JR. Inhibition of prostaglandin synthesis as a
mechanism of action for aspirin-like drugs. Nat New Biol
1971; 231: 232-235
Kochhar R, Patel F, Dhar A, Sharma SC, Ayyagari S,
Aggarwal R, Goenka MK, Gupta BD, Mehta SK. Radiationinduced proctosigmoiditis. Prospective, randomized,
double-blind controlled trial of oral sulfasalazine plus rectal
steroids versus rectal sucralfate. Dig Dis Sci 1991; 36: 103-107
Goldstein F, Khoury J, Thornton JJ. Treatment of chronic
radiation enteritis and colitis with salicylazosulfapyridine
and systemic corticosteroids. A pilot study. Am J Gastroenterol
1976; 65: 201-208
De Maria D, Falchi AM, Venturino P. Adjuvant radiotherapy
of the pelvis with or without reduced glutathione: a
randomized trial in patients operated on for endometrial
cancer. Tumori 1992; 78: 374-376
Kennedy M, Bruninga K, Mutlu EA, Losurdo J, Choudhary
S, Keshavarzian A. Successful and sustained treatment of
chronic radiation proctitis with antioxidant vitamins E and
C. Am J Gastroenterol 2001; 96: 1080-1084
Meyers JS, Ehrenpreis ED, Craig RM. Small Intestinal
Bacterial Overgrowth Syndrome. Curr Treat Options
Gastroenterol 2001; 4: 7-14
Attar A, Flourie B, Rambaud JC, Franchisseur C, Ruszniewski
P, Bouhnik Y. Antibiotic efficacy in small intestinal
bacterial overgrowth-related chronic diarrhea: a crossover,
randomized trial. Gastroenterology 1999; 117: 794-797
Floch MH, Madsen KK, Jenkins DJ, Guandalini S, Katz
JA, Onderdonk A, Walker WA, Fedorak RN, Camilleri M.
Recommendations for probiotic use. J Clin Gastroenterol
2006; 40: 275-278
Heusinkveld RS, Manning MR, Aristizabal SA. Control of
radiation-induced diarrhea with cholestyramine. Int J Radiat
Oncol Biol Phys 1978; 4: 687-690
Cohen L, Kitzes R. Early radiation-induced proctosigmoiditis
responds to magnesium therapy. Magnesium 1985; 4: 16-19
Varma JS, Smith AN, Busuttil A. Function of the anal
sphincters after chronic radiation injury. Gut 1986; 27:
528-533
Jahraus CD, Bettenhausen D, Malik U, Sellitti M,
St Clair WH. Prevention of acute radiation-induced
proctosigmoiditis by balsalazide: a randomized, doubleblind, placebo controlled trial in prostate cancer patients. Int
J Radiat Oncol Biol Phys 2005; 63: 1483-1487
Linard C, Gremy O, Benderitter M. Reduction of peroxisome
proliferation-activated receptor gamma expression by
gamma-irradiation as a mechanism contributing to
inflammatory response in rat colon: modulation by the
5-aminosalicylic acid agonist. J Pharmacol Exp Ther 2008; 324:
911-920
Petersen S, Jongen J, Petersen C, Sailer M. Radiationinduced sequelae affecting the continence organ: incidence,
pathogenesis, and treatment. Dis Colon Rectum 2007; 50:
1466-1474
Matsuu-Matsuyama M, Shichijo K, Okaichi K, Ishii K, Wen
CY, Fukuda E, Nakayama T, Nakashima M, Okumura Y,
Sekine I. Sucralfate protects intestinal epithelial cells from
radiation-induced apoptosis in rats. J Radiat Res (Tokyo)
2006; 47: 1-8
Pienkowski P, Fioramonti J, Skalli F, Frexinos J. [Effects

7299

63

64
65

66

67

68

69

70

71

72
73
74

75
76
77
78
79
80
81
82
83

of corticoids, 5-aminosalycilic acid and sucralfate on the
potential difference of the rectum in inflammatory colitis in
man] Gastroenterol Clin Biol 1989; 13: 202-207
Kochhar R, Sriram PV, Sharma SC, Goel RC, Patel F.
Natural history of late radiation proctosigmoiditis treated
with topical sucralfate suspension. Dig Dis Sci 1999; 44:
973-978
Cook SI, Sellin JH. Review article: short chain fatty acids in
health and disease. Aliment Pharmacol Ther 1998; 12: 499-507
Bem J, Bem S, Singh A. Use of hyperbaric oxygen chamber
in the management of radiation-related complications of
the anorectal region: report of two cases and review of the
literature. Dis Colon Rectum 2000; 43: 1435-1438
Nakabayashi M, Beard C, Kelly SM, Carr-Locke DL, Oh
WK. Treatment of a radiation-induced rectal ulcer with
hyperbaric oxygen therapy in a man with prostate cancer.
Urol Oncol 2006; 24: 503-508
Gouello JP, Bouachour G, Person B, Ronceray J, Cellier
P, Alquier P. [The role of hyperbaric oxygen therapy in
radiation-induced digestive disorders. 36 cases] Presse Med
1999; 28: 1053-1057
Feldmeier JJ, Hampson NB. A systematic review of the
literature reporting the application of hyperbaric oxygen
prevention and treatment of delayed radiation injuries: an
evidence based approach. Undersea Hyperb Med 2002; 29:
4-30
Zimmermann FB, Feldmann HJ. Radiation proctitis. Clinical
and pathological manifestations, therapy and prophylaxis
of acute and late injurious effects of radiation on the rectal
mucosa. Strahlenther Onkol 1998; 174 Suppl 3: 85-89
Feldmeier JJ, Heimbach RD, Davolt DA, Court WS,
Stegmann BJ, Sheffield PJ. Hyperbaric oxygen an adjunctive
treatment for delayed radiation injuries of the abdomen and
pelvis. Undersea Hyperb Med 1996; 23: 205-213
Miura M, Sasagawa I, Kubota Y, Iijima Y, Sawamura
T, Nakada T. Effective hyperbaric oxygenation with
prostaglandin E1 for radiation cystitis and colitis after pelvic
radiotherapy. Int Urol Nephrol 1996; 28: 643-647
Silva RA, Correia AJ, Dias LM, Viana HL, Viana RL. Argon
plasma coagulation therapy for hemorrhagic radiation
proctosigmoiditis. Gastrointest Endosc 1999; 50: 221-224
de Parades V, Bauer P, Marteau P, Chauveinc L, Bouillet
T, Atienza P. [Nonsurgical treatment of chronic radiationinduced hemorrhagic proctitis] Presse Med 2008; 37: 1113-1120
Pikarsky AJ, Belin B, Efron J, Weiss EG, Nogueras JJ,
Wexner SD. Complications following formalin installation
in the treatment of radiation induced proctitis. Int J
Colorectal Dis 2000; 15: 96-99
Craanen ME, van Triest B, Verheijen RH, Mulder CJ.
Thalidomide in refractory haemorrhagic radiation induced
proctitis. Gut 2006; 55: 1371-1372
Wurzer H, Schafhalter-Zoppoth I, Brandstatter G, Stranzl
H. Hormonal therapy in chronic radiation colitis. Am J
Gastroenterol 1998; 93: 2536-2538
Qadeer MA, Vargo JJ. Approaches to the prevention and
management of radiation colitis. Curr Gastroenterol Rep 2008;
10: 507-513
Girvent M, Carlson GL, Anderson I, Shaffer J, Irving M,
Scott NA. Intestinal failure after surgery for complicated
radiation enteritis. Ann R Coll Surg Engl 2000; 82: 198-201
Galland RB, Spencer J. Surgical management of radiation
enteritis. Surgery 1986; 99: 133-139
Kuroki F, Iida M, Matsui T, Matsumoto T, Fujishima M, Yao
T. Intraoperative endoscopy for small intestinal damage in
radiation enteritis. Gastrointest Endosc 1992; 38: 196-197
Frileux P, Berger A, Zinzindohoue F, Cugnenc PH, Parc R.
[Rectovaginal fistulas in adults] Ann Chir 1994; 48: 412-420
Mann WJ. Surgical management of radiation enteropathy.
Surg Clin North Am 1991; 71: 977-990
Yoshimura K, Hirata I, Maemura K, Sugi K, Tahara T.
Radiation enteritis: a rare complication of the transverse
colon in uterine cancer. Intern Med 2000; 39: 1060-1063
www.wjgnet.com

7300

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

84

Dietz DW, Remzi FH, Fazio VW. Strictureplasty for
obstructing small-bowel lesions in diffuse radiation
enteritis--successful outcome in five patients. Dis Colon
Rectum 2001; 44: 1772-1777
85 Li N, Zhu WM, Ren JA, Li YX, Zhao YZ, Jiang ZW, Li YS,
Li JS. [Surgical management of chronic radiation enteritis]
Zhonghua Waike Zazhi 2006; 44: 23-26
86 Libotte F, Autier P, Delmelle M, Gozy M, Pector JC, Van
Houtte P, Gerard A. Survival of patients with radiation
enteritis of the small and the large intestine. Acta Chir Belg
1995; 95: 190-194
87 Bourgier C, Haydont V, Milliat F, Francois A, Holler
V, Lasser P, Bourhis J, Mathe D, Vozenin-Brotons MC.
Inhibition of Rho kinase modulates radiation induced
fibrogenic phenotype in intestinal smooth muscle cells
through alteration of the cytoskeleton and connective tissue
growth factor expression. Gut 2005; 54: 336-343
88 Northway MG, Scobey MW, Cassidy KT, Geisinger KR.
Piroxicam decreases postirradiation colonic neoplasia in the
rat. Cancer 1990; 66: 2300-2305
89 Cesaretti JA, Stock RG, Atencio DP, Peters SA, Peters CA,
Burri RJ, Stone NN, Rosenstein BS. A genetically determined
dose-volume histogram predicts for rectal bleeding among
patients treated with prostate brachytherapy. Int J Radiat
Oncol Biol Phys 2007; 68: 1410-1416
90 Tytell M, Hooper PL. Heat shock proteins: new keys to the
development of cytoprotective therapies. Expert Opin Ther
Targets 2001; 5: 267-287
91 Preoperative short-term radiation therapy in operable
rectal carcinoma. A prospective randomized trial.
Stockholm Rectal Cancer Study Group. Cancer 1990; 66:
49-55
92 Goldberg PA, Nicholls RJ, Porter NH, Love S, Grimsey JE.
Long-term results of a randomised trial of short-course lowdose adjuvant pre-operative radiotherapy for rectal cancer:
reduction in local treatment failure. Eur J Cancer 1994; 30A:
1602-1606
93 Letschert JG, Lebesque JV, de Boer RW, Hart AA, Bartelink
H. Dose-volume correlation in radiation-related late smallbowel complications: a clinical study. Radiother Oncol 1990;
18: 307-320
94 Caspers RJ, Hop WC. Irradiation of true pelvis for bladder
and prostatic carcinoma in supine, prone or Trendelenburg
position. Int J Radiat Oncol Biol Phys 1983; 9: 589-593
95 Shanahan TG, Mehta MP, Bertelrud KL, Buchler DA,
Frank LE, Gehring MA, Kubsad SS, Utrie PC, Kinsella TJ.
Minimization of small bowel volume within treatment fields
utilizing customized "belly boards". Int J Radiat Oncol Biol
Phys 1990; 19: 469-476
96 Green N. The avoidance of small intestine injury in
gynecologic cancer. Int J Radiat Oncol Biol Phys 1983; 9:
1385-1390
97 Yeoh EE, Holloway RH, Fraser RJ, Botten RJ, Di Matteo AC,
Butters J, Weerasinghe S, Abeysinghe P. Hypofractionated
versus conventionally fractionated radiation therapy
for prostate carcinoma: updated results of a phase III
randomized trial. Int J Radiat Oncol Biol Phys 2006; 66:
1072-1083
98 Su AW, Jani AB. Chronic genitourinary and gastrointestinal
toxicity of prostate cancer patients undergoing pelvic
radiotherapy with intensity-modulated versus 4-field
technique. Am J Clin Oncol 2007; 30: 215-219
99 Chen AB, D'Amico AV, Neville BA, Earle CC. Patient
and treatment factors associated with complications after
prostate brachytherapy. J Clin Oncol 2006; 24: 5298-5304
100 Lee WR, Bae K, Lawton C, Gillin M, Morton G, Firat
S, Baikadi M, Kuettel M, Greven K, Sandler H. Late
toxicity and biochemical recurrence after external-beam
radiotherapy combined with permanent-source prostate
brachytherapy: analysis of Radiation Therapy Oncology
Group study 0019. Cancer 2007; 109: 1506-1512
101 Peters CA, Cesaretti JA, Stone NN, Stock RG. Low-dose rate
www.wjgnet.com

102
103

104

105
106

107
108
109
110

111

112
113
114

115

116

117

118

119
120

December 28, 2008

Volume 14

Number 48

prostate brachytherapy is well tolerated in patients with a
history of inflammatory bowel disease. Int J Radiat Oncol
Biol Phys 2006; 66: 424-429
Waddell BE, Rodriguez-Bigas MA, Lee RJ, Weber TK,
Petrelli NJ. Prevention of chronic radiation enteritis. J Am
Coll Surg 1999; 189: 611-624
Meric F, Hirschl RB, Mahboubi S, Womer RB, Goldwein J,
Ross AJ 3rd, Schnaufer L. Prevention of radiation enteritis
in children, using a pelvic mesh sling. J Pediatr Surg 1994;
29: 917-921
Rodier JF, Janser JC, Rodier D, Dauplat J, Kauffmann P, Le
Bouedec G, Giraud B, Lorimier G. Prevention of radiation
enteritis by an absorbable polyglycolic acid mesh sling. A
60-case multicentric study. Cancer 1991; 68: 2545-2549
Dasmahapatra KS, Swaminathan AP. The use of a
biodegradable mesh to prevent radiation-associated smallbowel injury. Arch Surg 1991; 126: 366-369
Logmans A, van Lent M, van Geel AN, Olofsen-Van
Acht M, Koper PC, Wiggers T, Trimbos JB. The pedicled
omentoplasty, a simple and effective surgical technique to
acquire a safe pelvic radiation field; theoretical and practical
aspects. Radiother Oncol 1994; 33: 269-271
Logmans A, Trimbos JB, van Lent M. The omentoplasty: a
neglected ally in gynecologic surgery. Eur J Obstet Gynecol
Reprod Biol 1995; 58: 167-171
Smedh K, Moran BJ, Heald RJ. Fixed rectal cancer at
laparatomy: a simple operation to protect the small bowel
from radiation enteritis. Eur J Surg 1997; 163: 547-548
Chen JS, ChangChien CR, Wang JY, Fan HA. Pelvic
peritoneal reconstruction to prevent radiation enteritis in
rectal carcinoma. Dis Colon Rectum 1992; 35: 897-901
Brizel DM, Wasserman TH, Henke M, Strnad V, Rudat
V, Monnier A, Eschwege F, Zhang J, Russell L, Oster W,
Sauer R. Phase III randomized trial of amifostine as a
radioprotector in head and neck cancer. J Clin Oncol 2000;
18: 3339-3345
Ito H, Meistrich ML, Barkley HT Jr, Thames HD Jr, Milas
L. Protection of acute and late radiation damage of the
gastrointestinal tract by WR-2721. Int J Radiat Oncol Biol
Phys 1986; 12: 211-219
Dorr RT. Radioprotectants: pharmacology and clinical
applications of amifostine. Semin Radiat Oncol 1998; 8: 10-13
Liu T, Liu Y, He S, Zhang Z, Kligerman MM. Use of
radiation with or without WR-2721 in advanced rectal
cancer. Cancer 1992; 69: 2820-2825
Ben-Josef E, Han S, Tobi M, Vargas BJ, Stamos B, Kelly L,
Biggar S, Kaplan I. Intrarectal application of amifostine for
the prevention of radiation-induced rectal injury. Semin
Radiat Oncol 2002; 12: 81-85
Ben-Josef E, Han S, Tobi M, Shaw LM, Bonner HS, Vargas
BJ, Prokop S, Stamos B, Kelly L, Biggar S, Kaplan I. A pilot
study of topical intrarectal application of amifostine for
prevention of late radiation rectal injury. Int J Radiat Oncol
Biol Phys 2002; 53: 1160-1164
Montana GS, Anscher MS, Mansbach CM 2nd, Daly
N, Delannes M, Carke-Pearson D, Gaydica EF. Topical
application of WR-2721 to prevent radiation-induced
proctosigmoiditis. A phase I/II trial. Cancer 1992; 69:
2826-2830
Mutlu-Turkoglu U, Erbil Y, Oztezcan S, Olgac V, Toker
G, Uysal M. The effect of selenium and/or vitamin E
treatments on radiation-induced intestinal injury in rats. Life
Sci 2000; 66: 1905-1913
Beyzadeoglu M, Balkan M, Demiriz M, Tibet H, Dirican
B, Oner K, Pak Y. Protective effect of vitamin A on acute
radiation injury in the small intestine. Radiat Med 1997; 15:
1-5
Hanson WR, Thomas C. 16, 16-dimethyl prostaglandin
E2 increases survival of murine intestinal stem cells when
given before photon radiation. Radiat Res 1983; 96: 393-398
Tomas-de la Vega JE, Banner BF, Hubbard M, Boston DL,
Thomas CW, Straus AK, Roseman DL. Cytoprotective effect

Kountouras J et al . Management of radiation colitis

121

122
123

124
125

126

127
128

of prostaglandin E2 in irradiated rat ileum. Surg Gynecol
Obstet 1984; 158: 39-45
Keelan M, Walker K, Cheeseman CI, Thomson AB. Two
weeks of oral synthetic E2 prostaglandin (Enprostil)
improves the intestinal morphological but not the
absorptive response in the rat to abdominal irradiation.
Digestion 1992; 53: 101-107
Delaney JP, Bonsack ME, Felemovicius I. Misoprostol in
the intestinal lumen protects against radiation injury of the
mucosa of the small bowel. Radiat Res 1994; 137: 405-409
Khan AM, Birk JW, Anderson JC, Georgsson M, Park TL,
Smith CJ, Comer GM. A prospective randomized placebocontrolled double-blinded pilot study of misoprostol
rectal suppositories in the prevention of acute and chronic
radiation proctitis symptoms in prostate cancer patients. Am
J Gastroenterol 2000; 95: 1961-1966
Stenson WF. Prostaglandins and epithelial response to
injury. Curr Opin Gastroenterol 2007; 23: 107-110
Torres S, Thim L, Milliat F, Vozenin-Brotons MC, Olsen
UB, Ahnfelt-Ronne I, Bourhis J, Benderitter M, Francois
A. Glucagon-like peptide-2 improves both acute and late
experimental radiation enteritis in the rat. Int J Radiat Oncol
Biol Phys 2007; 69: 1563-1571
Zheng H, Wang J, Koteliansky VE, Gotwals PJ, HauerJensen M. Recombinant soluble transforming growth factor
beta type II receptor ameliorates radiation enteropathy in
mice. Gastroenterology 2000; 119: 1286-1296
Nguyen NP, Antoine JE, Dutta S, Karlsson U, Sallah S.
Current concepts in radiation enteritis and implications for
future clinical trials. Cancer 2002; 95: 1151-1163
Demirer S, Aydintug S, Aslim B, Kepenekci I, Sengul

7301

129

130

131

132

133

134

N, Evirgen O, Gerceker D, Andrieu MN, Ulusoy C,
Karahuseyinoglu S. Effects of probiotics on radiationinduced intestinal injury in rats. Nutrition 2006; 22: 179-186
Ersin S, Tuncyurek P, Esassolak M, Alkanat M, Buke C,
Yilmaz M, Telefoncu A, Kose T. The prophylactic and
therapeutic effects of glutamine- and arginine-enriched
diets on radiation-induced enteritis in rats. J Surg Res 2000;
89: 121-125
Howarth GS, Fraser R, Frisby CL, Schirmer MB, Yeoh EK.
Effects of insulin-like growth factor-I administration on
radiation enteritis in rats. Scand J Gastroenterol 1997; 32:
1118-1124
Mylonas PG, Matsouka PT, Papandoniou EV, Vagianos
C, Kalfarentzos F, Alexandrides TK. Growth hormone and
insulin-like growth factor I protect intestinal cells from
radiation induced apoptosis. Mol Cell Endocrinol 2000; 160:
115-122
Wilkins HR, Ohneda K, Keku TO, D'Ercole AJ, Fuller CR,
Williams KL, Lund PK. Reduction of spontaneous and
irradiation-induced apoptosis in small intestine of IGF-I
transgenic mice. Am J Physiol Gastrointest Liver Physiol 2002;
283: G457-G464
Wang J, Zheng H, Hauer-Jensen M. Influence of ShortTerm Octreotide Administration on Chronic Tissue
Injury, Transforming Growth Factor beta (TGF-beta)
Overexpression, and Collagen Accumulation in Irradiated
Rat Intestine. J Pharmacol Exp Ther 2001; 297: 35-42
Olgac V, Erbil Y, Barbaros U, Oztezcan S, Giris M, Kaya
H, Bilge H, Guler S, Toker G. The efficacy of octreotide
in pancreatic and intestinal changes: radiation-induced
enteritis in animals. Dig Dis Sci 2006; 51: 227-232
S- Editor Tian L L- Editor Negro F

E- Editor Lin YP

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7302

			  World J Gastroenterol 2008 December 28; 14(48): 7302-7308
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

TOPIC HIGHLIGHT
Ioannis E Koutroubakis, MD, PhD, Assistant Professor of Medicine, Series Editor

Ischemic colitis: Clinical practice in diagnosis and treatment

Αngeliki Theodoropoulou, Ioannis E Κoutroubakis
Αngeliki Theodoropoulou, Gastroenterology Unit Venizelion General Hospital of Heraklion, Heraklion 71110, Crete,
Greece
Ioannis E Κoutroubakis, Department of Gastroenterology,
University Hospital Heraklion, Heraklion 71110, Crete, Greece
Author contributions: Theodoropoulou A reviewed the literature
and wrote the first draft of the paper; Koutroubakis IE contributed
to providing the idea and performing the review and editing of
the manuscript.
Correspondence to: Ioannis E Κoutroubakis, MD, PhD,
Assistant Professor of Medicine, Department of Gastroenterology, University Hospital Heraklion, PO Box 1352,
Heraklion 71110, Crete, Greece. ikoutroub@med.uoc.gr
Telephone: +30-28-10392253 Fax: +30-28-10542085
Received: October 28, 2008    Revised: November 11, 2008
Accepted: November 18, 2008
Published online: December 28, 2008

Abstract
Ischemic colitis is the most common form of ischemic
injury of the gastrointestinal tract and can present either
as an occlusive or a non-occlusive form. It accounts for
1 in 1000 hospitalizations but its incidence is underestimated because it often has a mild and transient nature.
The etiology of ischemic colitis is multifactorial and the
clinical presentation variable. The diagnosis is based on
a combination of clinical suspicion, radiographic, endoscopic and histological findings. Therapy and outcome
depends on the severity of the disease. Most cases of
the non-gangrenous form are transient and resolve
spontaneously without complications. On the other
hand, high morbidity and mortality and urgent operative
intervention are the hallmarks of gangrenous ischemic
colitis.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Ischemic colitis (IC), first described by Boley et al,
is the most common form of ischemic injury to the
gastrointestinal tract representing more than half of the
cases with gastrointestinal ischemia[1,2]. The incidence
of IC is underestimated because it often has a mild and
transient nature. Moreover, many cases are misdiagnosed
as suffering from other diseases such as inflammatory
bowel disease or infectious colitis.
An acute, self-limited compromise in intestinal blood
flow which is inadequate for meeting the metabolic demands of a region of the colon is the underlying pathophysiology[3]. Colonic blood flow may be compromised
by changes in the systemic circulation or by anatomic or
functional changes in the local mesenteric vasculature.
The original insult precipitating the ischemic event often
cannot be established, but frequently occurs in the elderly patient with diffuse disease in small segmental vessels
and various co-morbidities. Approximately 90% of cases
of colonic ischemia occur in patients over 60 years of
age although younger patients may also be affected[4].
IC presents either as an occlusive or a non-occlusive
form. In most cases no specific occlusive lesion is recognized on angiography, and patients are referred to as
suffering from non-occlusive colon ischemia.
The aim of this review is to transfer the current
knowledge on diagnosis and management of ischemic
colitis into daily clinical practice.

RISK FACTORS
A plethora of conditions may predispose to IC: Mesenteric artery emboli, thrombosis, or trauma may lead to
occlusive vascular disease and impaired colonic perfusion[5]. Hypo-perfusion states due to congestive heart
failure, transient hypotension in the perioperative period
or strenuous physical activities and shock due to a variety of causes such as hypovolemia or sepsis can result
in IC[3]. Mechanical colonic obstruction due to tumors,
adhesions, volvuli, hernias, diverticulitis or prolapse may
also infrequently cause IC[3]. There is a long list of medications that predispose to colon ischemia. Major classes
of pharmacologic agents known to be associated with IC
include the following[6]: antibiotics, appetite suppressants
(phentermine), chemotherapeutic agents (vinca alkaloids
and taxanes), constipation inducing medications, decongestants (pseudoephedrine), cardiac glucosides, diuretics,
ergot alkaloids, hormonal therapies, statins, illicit drugs,
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immunosuppressive agents, laxatives, nonsteroidal antiinflammatory drugs, psychotropic medications, serotonin
agonists/antagonists and vasopressors. Iatrogenic causes
may result in IC. Ischemic colitis follows aortic reconstruction with an incidence of 2% to 3% and is higher
after abdominal aortic aneurysm repair[7,8]. IC may be a
complication of coronary artery bypass surgery or a rare
complication of colonic surgery or colonoscopy[3].
A state of increased coagulability, although not extensively investigated, has been raised as a significant
factor in the pathogenesis of IC. Some cases of IC have
been reported to be associated with genetic defects such
as deficiencies of protein C, protein S, and antithrombin
[9-11]
, factor V Leiden (FVL) mutation[12,13], and proⅢ
thrombin 20210G/A mutation[14], as well as acquired
factors such as antiphospholipid antibodies[15]. Protein
Z deficiency has also been reported in IC patients[16].
A thrombophilic tendency in the majority of patients
was shown in a study of comprehensive thrombophilic
screening in colon ischemia[17]. The most significant associations were found with the antiphospholipid antibodies and the FVL mutation[17]. These results were confirmed by another recent study in which thrombophilic
disorders were found in 28% of patients studied[18].
IC might also spontaneously appear in apparently
healthy individuals. In these cases no clear cause for the
ischemia is identified. This idiopathic or “spontaneous”
form is generally thought to be related to localized nonocclusive ischemia of the bowel[5]. In younger patients
a predisposing cause is more easily recognized. Vasculitides, estrogens, cocaine and methamphetamine use,
psychotropic drugs, sickle cell disease, long-distance
running and heritable disorders of coagulation should
be considered[19-24]. In a recent study[25], the frequency of
the 506 Q allele of the factor V (FV) 506 RQ (Leiden)
mutation and the mutant 4G allele of plasminogen activator inhibitor (PAI) polymorphism were found to be
significantly higher in young patients with IC compared
with healthy controls.

PATHOPHYSIOLOGY
The colon is predisposed to ischemia by its relatively
low blood flow and its less developed microvasculature
plexus compared with the small bowel. Two major arteries supply most of the blood to the colon: the superior
mesenteric artery (which supplies the ascending and
transverse colon) and the inferior mesenteric artery (IMA)
(which supplies the descending and sigmoid colon). The
internal iliac arteries supply the rectum.
The colon is protected from ischemia by a collateral
blood supply via a system of arcades connecting the two
major arteries. The anatomy is highly variable, however,
and certain areas are more vulnerable in some people[26].
The splenic flexure and sigmoid colon are regions where
two circulations meet each other (so-called watershed
areas), have more limited collateral networks and therefore ischemic damage is more common in these areas.
The marginal artery of Drummond is one of the collateral vessels supplying the splenic flexure; 5% of the
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population has a diminished or absent marginal artery
of Drummond[27]. These patients are at particular risk of
ischemia. The right colon may be vulnerable in systemic
low-flow states, as the marginal artery of Drummond is
poorly developed here in 50% of the population[28]. The
vasa recta are smaller and less developed in the right colon compared to the left colon. Collateral flow between
the IMA and the internal iliac arteries occurs via the superior and middle/inferior rectal (hemorrhoidal) vessels.
Ischemic damage of the rectum is rare because of its
dual blood supply from the mesenteric and iliac arteries.
Classification
Clinically, ischemic colitis may be classified into
gangrenous and non-gangrenous forms. The latter can
also be subdivided into transient and chronic forms.
According to the classification of Brandt and Boley the following types are suggested[29]: (1) Reversible
ischemic colonopathy; (2) Transient IC; (3) Chronic
ulcerative IC; (4) Ischemic colonic stricture; (5) Colonic
gangrene; and (6) Fulminant universal.
The non-gangrenous form accounts for 80%-85%
of cases[26]. The disease is transient, and reversible in
about 50% of cases. Chronic forms, presenting either as
chronic segmental colitis or strictures, occur in 20%-25%
and 10%-15% of cases, respectively[26,29]. Predictive factors of the chronic form are older age, longer elapsed
time from the onset of illness to the termination of subjective symptoms, and a prolonged period until normalization of the white blood cell count or the erythrocyte
sedimentation rate[5]. Gangrene occurs in about 15% of
patients and requires laparotomy as soon as possible[26].
Fulminant pancolitis is rare, occurring in only 1% of
cases[26].
A worse prognosis has been reported in elderly patients. There are conflicting results with regard to the
relationship between the medical history of patients and
the severity of IC. High blood pressure, history of cancer, diabetes mellitus, aortic surgery, peripheral vascular
disease and involvement of the right side of the colon
have been suggested by some authors to be predisposing
factors for a worse evolution of the disease[30-32]. In the
study by Anon et al[33], factors predicting poor prognosis
in ischemic colitis were the absence of hematochezia,
tachycardia and peritonism, anemia, hyponatremia and
colonic stenosis.
Any part of the colon may be affected but the left
colon is the predominant location in approximately 75%
of patients[5]. Splenic flexure is involved in approximately
one-quarter of patients[5] and isolated right colon ischemia (IRCI) in about 10% of cases[29]. In a recent biopsyproven study, IRCI accounted for 26% of cases[34]. Its
clinical presentation was found to be different in patients
who presented more commonly with abdominal pain
without bloody diarrhea. IRCI has been reported to be
associated with hemodialysis and chronic renal failure
and in patients with shock. It is associated with severe
colitis and patients have a worse outcome than those
with colon ischemia involving other regions, including
www.wjgnet.com
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a five-fold need for surgery and a two-fold increase in
mortality[34]. Patients on hemodialysis who develop IRCI
have a particularly unfavorable outcome[34]. Insufficient
collateralization and blood flow to the right side of the
colon is believed to be the reason for the poor prognosis in these patients. Alternatively, it is possible that the
presence of an acute superior mesenteric artery occlusion and thus its outcome reflects that of acute mesenteric ischemia.
Clinical presentation
The clinical presentation varies, depending on the severity
and extent of the disease. None of the symptoms and
signs is specific. Most patients present with a sudden
onset of crampy abdominal pain, diarrhea and an urge
to defecate. The pain is mild, located over the affected
bowel, usually to the left side of the lower abdomen and
hypogastrium, followed by mild rectal bleeding within 24 h.
The blood may be bright red or maroon, frequently
mixed with the stools. Rectal bleeding is usually minimal.
Significant hematochezia accompanied with hemodynamic
instability or the need for blood transfusion suggests a
different diagnosis. The presence of an associated ileus
may be manifested by anorexia, nausea and vomiting.
Clinical examination of the abdomen reveals mild to
moderate tenderness over the affected area of the colon.
Rectal examination shows heme-positive stools. Fever
is unusual while the white cell count is generally raised.
In cases of severe ischemia with transmural infarction
and necrosis, marked tenderness with peritoneal signs
may be present on physical examination accompanied by
metabolic acidosis and septic shock.

DIAGNOSIS
Given that the presentation of colon ischemia is not
specific and is highly variable, diagnosis and management
is clinically challenging. Diagnosis requires a high index
of clinical suspicion. The chronology of symptoms
and the clinical situations upon which these symptoms
appear must be taken into account.
Special attention must be paid to the presence of
conditions that predispose to the disease, such as strenuous physical activity, dehydration, illicit drugs, thrombophilic tendency, aortic surgery or cardiac bypass,
vasculitis, major cardiovascular episode accompanied by
hypotension or an obstructing lesion of the colon.
The presence of diarrhea, abdominal pain and tenderness as well as mild lower gastrointestinal bleeding,
even in the absence of any risk factor, should prompt
consideration of IC as a cause. Early and repeated clinical evaluation in addition to radiological and endoscopic
assessment is necessary to avoid complications. Common clinical conditions should be excluded. The differential diagnosis includes infectious colitis, inflammatory
bowel disease, pseudomembranous colitis, diverticulitis
and colon carcinoma. Severe forms may be difficult to
distinguish from acute mesenteric ischemia.
All patients with clinical suspicion of IC should have
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stool cultures for Salmonella, Shigella, Campylobacter and
Escherichia coli O157:H7[35]. The latter organism has been
implicated in causing colonic ischemia. Infection with
parasites or viruses such as cytomegalovirus should also
be excluded.
Laboratory tests
Various laboratory markers of ischemia have been
investigated such as: lactate, LDH, CPK, amylase levels,
leucocytes, alkaline phosphatase, inorganic phosphate,
intestinal fatty acid binding protein and alfa-glutathione
S-transferase[36]. These markers have been studied mainly
in acute bowel ischemia, and none has been found to be
sufficiently specific to diagnose IC. They are uncommon
in mild ischemia and only increase with advanced and
severe ischemic damage, late in the course of the disease.
Imaging techniques
Plain abdominal radiography can reveal nonspecific
findings such as thumbprinting, air-filled loops, colonic
aperistalsis, mural thickening and exhausted bowel in
up to 21% of patients[3]. It is a useful examination for
excluding colon infarction[37]. When intra-abdominal air
secondary to perforation, air within the bowel wall, or air
in the portal vein, is demonstrated by plain radiography,
an emergency exploratory laparotomy is indicated.
Barium enema may suggest colon ischemia in up
to 75% of patients with thumbprinting being the most
common finding. Ulcers, ridges, edema, eccentric mural
deformity, succulation and strictures may also be seen.
Findings are non specific[38]. Barium enema should be
avoided in cases where there is a suspicion of gangrene
or perforation. Barium enema also makes the later use
of angiography or endoscopy more difficult because of
residual contrast agent.
Computed tomography (CT) is often used as the initial
diagnostic test when assessing patients with nonspecific
abdominal pain. It may suggest the diagnosis and location,
exclude other serious medical conditions, narrow the
differential diagnosis possibilities and illustrate the
complications. Although intrinsic colonic abnormalities
cannot be used to diagnose or predict the development of
infarction[39].
In non-transmural IC, the initial bowel wall thickening,
thumbprinting, and pericolonic stranding, with or without
peritoneal fluid, can be seen on CT images. In these
cases, CT usually demonstrates the double halo or target
sign. After reperfusion of the ischemic bowel wall, the
sign may be produced by edema in the submucosa and
appear as low attenuation or by hemorrhage and appear
as high attenuation. If there is total vascular occlusion
without reperfusion (infarction), the colonic wall remains
thin and unenhancing, associated with dilatation of the
lumen. In these cases, CT may demonstrate a thrombus
in the corresponding mesenteric vessel. If ischemia is
transmural, strictures may form. Occasionally, a toxic
megacolon develops. Pneumatosis and/or gas in the
mesenteric veins are ominous signs when associated with
bowel wall thickening and are due to bowel infarction.
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Pneumatosis coli or pneumatosis intestinalis can be
diagnosed by demonstrating air bubbles in the colonic or
intestinal wall. The gas bubbles are arranged in a linear
fashion and are best visualized with the window settings
for bone or lung[40].
Mesenteric angiography usually has no role in the
evaluation and management of IC because at the time
of symptom onset, colon blood flow has returned to
normal. Damage from hypoperfusion is often at the
arteriolar level, whereas mesenteric vessels and arcades
are patent. There are two exceptions where angiography
may have some utility: when acute mesenteric ischemia
is considered and cannot be clearly distinguished from
IC by clinical presentation, or when there is isolated
involvement of the right side of the colon, suggesting
superior mesenteric artery occlusion.
Sonography is a sensitive technique for the early
detection of changes in the colon wall resulting from
ischemia, and it can suggest this cause in the appropriate
clinical setting. Location and length of the involved
colonic segment, colon wall thickening, bowel wall
stratification and abnormal echogenicity of the pericolic
fat and peritoneal fluid are some of the findings on
sonography[41].
Color Doppler sonography may be useful in the
differentiation between inflammatory and ischemic
bowel wall thickening[42]. Sonography may provide data
for identifying patients who will develop necrosis. In one
study, altered pericolic fat or the absence of improvement
in sonographic follow-up studies were factors associated
with transmural necrosis[41]. Nevertheless, overlying bowel
gas, operator-dependent quality and poor sensitivity for
low flow vessel disease limit its use.
Scintigraphy has recently been used in the diagnosis
of ischemic colitis. In-111 or Tc-99m-labeled leukocyte
scintigraphy has been studied and has demonstrated
successful imaging of bowel infarction while Tc-99m(V)
DMSA was recently found to have no role in the detection
and diagnosis of IC[43-45].
Colonoscopy
In recent years, colonoscopy has replaced barium enema
as the most common diagnostic method and the gold
standard for confirmation of IC. It is more sensitive and
allows visualization of colonic mucosa and histological
analysis of biopsies. However, with the exception of
colonic gangrene, neither endoscopic nor histological
findings are specific[29] and highly depend on the duration
and severity of ischemic injury. Diagnosis requires
early colonoscopy (< 48 h). Serial studies in connection
with the clinical setting are necessary to establish the
diagnosis.
Ischemic tissue damage to the colon is thought to be
a result of both local hypoperfusion during the ischemic
period and reperfusion injury when blood flow returns.
When the ischemic period is brief, reperfusion may
be significant and accounts for most of the histologic
and endoscopic damage present in IC[2]. Reperfusion
injury may be associated with the release of oxygen
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free radicals which cause lipid peroxidation within cell
membranes, resulting in cell lysis and tissue damage.
When the ischemic period is of long duration,
hypoperfusion deprives the involved bowel of oxygen
and nutrients, leading to hypoxia and direct cell death[2];
damage progresses from the lumen outwards to the
serosa (from the mucosa and submucosa to deeper
layers).
In the early stages only the mucosa and the submucosa are involved. Hemorrhagic nodules may be
seen at colonoscopy and represent bleeding into the
submucosa. These findings parallel the “thumbprints” or
“pseudotumors” found on barium studies[5]. The purple
submucosal hemorrhages usually dissipate within 48 h or
are followed by ulceration. Hence, the initial diagnostic
study should be performed soon after the onset of
symptoms. Focal areas of pale and edematous mucosa
interspersed with areas of petechial hemorrhage or
superficial ulceration may also be seen in mild cases[2,46].
Later, segmental erythema with or without ulcerations and
bleeding may be observed. A single longitudinal ulcerated
or inflamed colon strip represents the characteristic singlestripe sign[47]. In more severe ischemia when transmural
infarction of the bowel wall occurs, the mucosa appears
gray-green or black over a significant area. Pseudopolyps
and pseudomembranes may also co-exist[5]. In chronic
stages, weeks or months later, stricture, mucosal atrophy
and granularity or a mucosal pattern suggestive of
“segmental ulcerative colitis” may occur[2].
Histologic changes in IC include edema, distorted
crypts, mucosal and submucosal hemorrhage, inflammatory infiltration in the lamina propria, granulation
tissue, intravascular platelet thrombi and necrosis. In the
phase of stricture, inflammation is minimal and fibrosis
predominates[5].
Endoscopic findings which distinguish between
IC and inflammatory bowel disease are the segmental
distribution, rectum sparing and rapid resolution on
serial examinations[3]. Special care should be taken during
colonoscopy to avoid overinflation which can lead to the
risk of perforation. Distention of the bowel with room
air may cause a further reduction in intestinal perfusion.
Using carbon dioxide as the insufflating agent which is
rapidly absorbed, and has the benefit of vasodilation and
direct improvement in colonic perfusion, may minimize
these risks [26]. When signs of peritonitis are present,
endoscopy should be avoided. When endoscopy reveals
findings of gangrene, colonoscopy should be stopped
and laparotomy performed as soon as possible.
Total colonoscopy when it is considered safe, is
preferred because 30% of IC cases occur proximal to
the left flexure[3]. Given the high morbidity and mortality
of IRCI and the vague presenting symptoms, early
diagnosis and aggressive management is critical.

TREATMENT
Treatment depends on acuteness and severity of
presentation. Most cases of IC are transient and resolve
www.wjgnet.com
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spontaneously. Such patients do not require specific
therapy. Very mild cases can be managed on an outpatient
basis with liquid diet, close observation and antibiotics.
Patients with more severe symptoms must be hospitalized.
In the absence of colonic gangrene or perforation, general
measures of supportive care are recommended. Patients
should be placed on bowel rest and given intravenous
fluids to resuscitate extracellular volume and reduce
intestinal oxygen requirements. Parenteral nutrition should
be considered for patients who need prolonged bowel rest
and have major medical contraindications to surgery[26].
Cardiac function and oxygenation should be optimized.
Swan-Ganz catheterization may assist in guiding fluid
status and cardiac function in hemodynamically unstable
patients. Vasopressors or any medications which are
associated with colon ischemia should be withdrawn
if possible. Oral cathartics and bowel preparations
should not be given because they can, in some cases,
precipitate colonic perforation or toxic dilatation of the
colon. Likewise, the use of systemic corticosteroids may
potentiate ischemic damage and predispose to colonic
perforation. Local corticosteroids may have a role in
the treatment of patients with chronic IC although no
published experience supports their use. A nasogastric
tube should be placed if ileus is present. Decompression
of a distended colon by use of a rectal tube may be
useful. Empiric broad-spectrum antibiotics are given
to cover aerobic and anaerobic bacteria and minimize
bacterial translocation and sepsis which has been shown
to occur with the loss of mucosal integrity[48]. The use
of antibiotics is based on several experimental studies
which showed a reduction in severity and extent of bowel
damage when antibiotics were given before or during an
ischemic event[2,49]. Antibiotics have resulted in prolonged
survival after intestinal ischemia in rats[49]. Although there
is a lack of substantial evidence in humans, this practice
is justified because of the difficulty in predicting who will
progress to gangrenous colitis. In experimental studies[5],
substances such as papaverine, isoproterenol, bradykinin,
histamine, serotonin, adenosine, vasoactive intestinal
polypeptide and glucagon have been found to dilate
colonic vasculature and improve local colonic blood flow
and tissue oxygenation.
Frequent clinical follow up of the abdomen, careful
monitoring of vital signs and serial radiographic
and colonoscopic examinations are needed. Clinical
suspicion of colonic infarction justifying an emergency
laparotomy may arise if there are signs of clinical
deterioration despite conservative therapy, such as sepsis,
persistent fever and leukocytosis, peritoneal irritation,
protracted pain, diarrhea or bleeding, protein-losing
colopathy for more than 14 d, free intra-abdominal air,
or endoscopically-proved extensive gangrene[26].
About 20% of patients with acute IC will require
surgery with an associated mortality rate of up to 60%[31].
At laparotomy, the diagnosis is confirmed and all affected
bowel resected. It is important to ensure normal surgical
margins. The external appearance of the bowel may
be normal during laparotomy since the serosa may be
www.wjgnet.com
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unaffected, despite extensive mucosal damage. The extent
of resection should be guided by the distribution of
disease seen on preoperative studies. Some authors have
reported on intraoperative techniques such as Doppler
ultrasonography, intraoperative colonoscopy, evaluation
of the antimesenteric serosal surface by hand-held
photoplethysmography, pulse oximetry or transcolonic
oxygen saturation and intravenous fluorescein for
assessment of colonic viability[49,50]. In general, the resected
segment should be examined in the operating room for
mucosal injury. If needed, additional colon should be
removed. Questionably viable areas of colon are generally
resected. A colectomy is followed by colostomy or
ileostomy. Patients with left-sided IC undergo resection
with a proximal stoma and a distal mucous fistula or
Hartman pouch. Primary anastomosis is unusual. Rarely,
an ileocolostomy may be performed in patients with rightsided IC and viable ileum and transverse colon. In a series
by Longo et al[51], the stoma was closed in 75% of patients
with IC who underwent segmental resection vs only a
third of those with total colonic involvement.
Fortunately, in the majority of patients, signs and
symptoms of the disease resolve within 24 to 48 h and
complete clinical, radiographic and endoscopic resolution
occurs within 2 wk. In these circumstances no further
therapy is indicated. In severe but reversible injury,
when segmental ulcerative colitis exists, the colon may
take 1 to 6 mo to heal[29]. Asymptomatic patients should
have frequent follow-up examinations to document
healing or the development of strictures or persistent
colitis. In such cases, the patient may have persistent
diarrhea, rectal bleeding or repeated episodes of sepsis,
which may lead to perforation. Chronic ischemia may
respond to topical steroid preparations in addition to
general conservative measures. Resection of the affected
segment is curative and subsequent development of
further ischemic disease is rare. Asymptomatic strictures
should be observed, since some may return to normal
within 12 to 24 mo with no specific therapy[31]. When a
stricture produces symptoms of obstruction, segmental
resection is adequate while endoscopic dilation has been
proposed as an alternative to surgery[48].

CONCLUSION
The etiology of ischemic colitis is multifactorial and
the clinical presentation variable. The diagnosis is based
on a combination of clinical suspicion, endoscopic and
histological findings. Therapy and outcome depend
on the severity of the disease. Most cases of the nongangrenous form are transient and resolve spontaneously
without complications. High morbidity and mortality
and urgent operative intervention are the hallmarks of
gangrenous ischemic colitis.
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Abstract
Splanchnic or gastrointestinal ischemia is rare and
randomized studies are absent. This review focuses on
new developments in clinical presentation, diagnostic
approaches, and treatments. Splanchnic ischemia can
be caused by occlusions of arteries or veins and by
physiological vasoconstriction during low-flow states.
The prevalence of significant splanchnic arterial stenoses
is high, but it remains mostly asymptomatic due to
abundant collateral circulation. This is known as chronic
splanchnic disease (CSD). Chronic splanchnic syndrome
(CSS) occurs when ischemic symptoms develop. Ischemic
symptoms are characterized by postprandial pain, fear
of eating and weight loss. CSS is diagnosed by a test for
actual ischemia. Recently, gastro-intestinal tonometry
has been validated as a diagnostic test to detect
splanchnic ischemia and to guide treatment. In singlevessel CSD, the complication rate is very low, but some
patients have ischemic complaints, and can be treated
successfully. In multi-vessel stenoses, the complication
rate is considerable, while most have CSS and treatment
should be strongly considered. CT and MR-based
angiographic reconstruction techniques have emerged
as alternatives for digital subtraction angiography for
imaging of splanchnic vessels. Duplex ultrasound is still
the first choice for screening purposes. The strengths
and weaknesses of each modality will be discussed.
CSS may be treated by minimally invasive endoscopic
treatment of the celiac axis compression syndrome,
endovascular antegrade stenting, or laparotomy-assisted
retrograde endovascular recanalization and stenting.

The treatment plan is highly individualized and is mainly
based on precise vessel anatomy, body weight, comorbidity and severity of ischemia.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
In this review we will cover the current insights in
splanchnic or gastrointestinal ischemia. This disorder
is still rarely seen in daily practice, and randomized
controlled trials are absent, therefore the view of this
paper is highly personal and partly authority-based in its
conclusions. The spectrum of ischemic bowel disease
is broad, ranging from transient left-sided ischemic
colitis (with a good prognosis) to full blown intestinal
infarction, with a high death rate. We will focus on
new developments in clinical presentation, diagnostic
approaches, and treatment options. Splanchnic ischemia
can develop during low-flow states in patients with
patent vessels, and in subjects with varying degree
of splanchnic artery stenoses or splanchnic venous
thrombosis. The prevalence of significant splanchnic
arterial stenoses, or chronic splanchnic disease (CSD) is
high, ranging from 30% to 50%[1,2]. Chronic splanchnic
syndrome (CSS) occurs when ischemic symptoms
develop. The most characteristic ischemic symptoms
consist of postprandial pain, with resultant fear of eating
and weight loss. When epigastric bruit is included, these
are the so-called classical triad of CSS. In most patients
www.wjgnet.com

7310

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

with CSS, this triad is incomplete. The true incidence of
CSS is currently unclear, but is rare compared to CSD
due to abundant collateral circulation.
Two important developments occur red in the
last decade. Firstly, validation of the gastric exercise
tonometry, which is currently the only clinically available
and validated diagnostic test to ascertain the presence
of splanchnic ischemia[3,4]. Using an ischemia-specific
test it should be possible (1) to identify patients with
symptomatic vessel stenoses, or CSS, which can be
treated, and (2) to make this diagnosis in time and
thus prevent the disaster of acute intestinal infarction.
Secondly, the increasing evidence that one vessel CSD
may cause splanchnic ischemia resulting in one vessel
CSS, and can be successfully treated with appropriate
selection procedures [5]. An important difference in
presentation, treatment and outcome has been shown
to exist between single and multi-vessel disease[6]. In the
latter group, the clinical presentation is often less typical,
with diarrhea, unexplained gastric ulcers, or dyspepsialike symptoms. These insights stem mainly from our
work with tonometry.
An entirely different entity consists of patients
suffering from splanchnic ischemia without splanchnic
stenoses; the so-called non-occlusive mesenteric
ischemia (NOMI). It can be seen as a consequence of
physiological adaptation mechanisms during low-flow
states were blood is dispersed from the gastrointestinal
region to more vital organs [7]. This situation is very
common in intensive care and operative units, but
can also be seen in outpatients. Treatment consists of
aggressive fluid resuscitation and medication. However,
bowel infarction can still occur.
In the last decade a change in imaging of the
splanchnic vessels occur red. Duplex ultrasound,
although operator dependent and suitable for 80% of
patients, is still the first choice. Visceral angiography
has increasingly been replaced by CT and MR-based
angiographic reconstruction techniques. The clinically
important advantages and disadvantages of these
techniques will be discussed. Whichever technique is used,
it leaves the clinician with only anatomical information.
To decide whether a given stenosis has caused the
symptoms, information on actual ischemia is required.
This information can be obtained using tonometry,
which has a proven accuracy of 80%-90%. Other tests
including, serological iFABP, endothelial progenitor cell
measurement, or MR angiography (MRA)-based saturation
measurements, may serve that purpose in the near future.
Treatment options have changed considerably over
the last decade. Apart from the classical transabdominal
vascular reconstructive surgery techniques, minimally
invasive endoscopic treatment of the celiac axis compression syndrome, endovascular antegrade stenting, or
laparotomy-assisted retrograde endovascular recanalization and stenting have broadened our therapeutic
“armory” considerably. The main patient characteristics
to guide therapy choice, which include anatomical
considerations, as well as body weight, co-morbidity and
severity of ischemia, will be discussed.
www.wjgnet.com
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Epidemiology
The prevalence of CSD is not insignificant, and rises
with increasing age. In a 30-year-old angiographic study
of 713 patients, 5% of the splanchnic arteries were
occluded and in 70% of these occlusions the IMA was
involved[8]. In a retrospective study including 980 patients
with a mean age of 68 years who underwent angiography
for various indications, 8% had significant stenoses of at
least one splanchnic artery[9]. In a screening study with
duplex ultrasonography in 553 healthy elderly subjects
with a mean age of 84 years, stenoses in the celiac artery
(CA) or superior mesenteric artery (SMA) were found
in 18%[10]. In patients with atherosclerotic disorders of
aorta, iliac and femoral vessels the incidence ranged
from 25% to 40%[11,12].
A minority of patients with CSD will develop CSS
or acute splanchnic syndrome (ASS). A follow-up of
the study in elderly subjects in whom duplex had shown
CSD, revealed no CSD-related mortality after 6 years of
follow-up[13]. This risk is increased in subjects with 2 and
3 vessel CSD. In the study by Thomas et al 4.5% of patients with three-vessel CSD developed CSS and another
1.5% died of ASS after a follow-up of an average of
2.6 years[9]. In the Detroit experience, of the 23 patients
with severe acute intestinal ischemia studied between
1963 and 2000, 12 (52%) patients had undetected CSS
symptoms well before presentation[14].

Anatomy and (patho)-physiology
Anatomy
Three major arteries supply blood to the stomach, small
intestine and colon. The first branch, the celiac artery
(CA) supplies the stomach, proximal duodenum, liver
and spleen. The second, the superior mesenteric artery
(SMA) supplies the distal duodenum, small intestine
and proximal colon. The third branch supplies the
distal colon and the rectum. There is an abundance of
collateral vessels to protect the gastrointestinal tract
from ischemia. Branches of these arteries enter the
serosa of the gut on the mesenteric side and form a
vascular plexus around the gut. After penetration of the
bowel wall, a dense submucosal plexus is formed. From
this plexus, arterioles penetrate the muscularis mucosa
to the superficial mucosal layers. At the mucosal tip they
branch into an intense capillary network of capillaries
and venules. Each villus has a single, central arteriole.
This arteriole travels to the tip of the villus, then splits
into a network of capillaries, which form a central venule
at the base of the villus. This is why countercurrent
exchange can take place[15]. The tip of the villus is quite
susceptible to ischemia[16].
Blood flow
Under normal conditions, approximately 20% of the
cardiac output goes through the splanchnic vessels.
This splanchnic blood flow doubles after a meal to
approximately 2000 mL/min. Blood draining from the
bowel enters the splanchnic veins and finally drains into
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the portal vein. The liver, therefore, receives its blood
supply from two sources: venous blood from the portal
vein and arterial blood from the hepatic artery, which
branches from the CA in 75% and from the SMA in
remaining 25%. This dual blood supply renders the
liver relatively protected against ischemia. When the
blood flow to the bowel decreases below a certain level
(the critical O2 delivery level), the cells will switch to
anaerobic glycolysis, resulting in lactate production[17]. In
the gastrointestinal system this occurs when blood flow
is reduced below 50% of the basal rate[18,19]. In most
cases of splanchnic ischemia, the arterial lactate levels
will remain normal despite increased lactate production
by the gut. The reason for this discrepancy is the large
lactate metabolizing capacity of the liver. Thus, systemic
lactic acidosis is a late phenomenon in these patients,
indicating severe transmural ischemia and probably liver
involvement as well.
The regulation of the splanchnic blood flow involves
both vasoconstrictive and vasodilating substances. The
main vasoconstricting substances are the catecholamines
and endothelin, especially endothelin-1[20,21]. The main
splanchnic vasodilators are nitric oxide (NO) and
prostaglandins. It is assumed that part of the gastrointestinal toxicity of NSAIDs can be attributed to vasoconstriction because of reduced mucosal prosta-glandin
concentration[22].
During low-flow states, splanchnic vasoconstriction
is an early and profound phenomenon[23], which may
lead to blood flow reduction below the 50% threshold.
Splanchnic ischemia develops well before systemic
hemodynamic instability arises[24]. This splanchnic vasoconstriction may be triggered by shock states, including
hemorrhage, sepsis, dehydration or cardiac failure, from
vasoactive medications, nicotine and cocaine abuse, or
even in strenuous exercise[19,25-27] or severe psychological
stress[28]. This combination of ischemia despite normal
vessel anatomy, has given rise to the term non-occlusive
mesenteric ischemia (NOMI).
Ischemic and reperfusion damage
After the onset of ischemia, an ischemic and reperfusion
phase can be distinguished. When this ischemia lasts for
less than 6-8 h all processes are reversible; thereafter,
transmural gangrene may be the result of completely
interrupted blood flow. The ischemic phase starts when
the energy-containing ATP is depleted due to lack of
oxygen, leading to disruptions of the tight junctions. Also,
membrane-bound enzymatic pumps stop functioning,
leading to inflow of luminal electrolytes and water into
epithelial cells resulting in cell death. Both effects lead
to reduced intestinal epithelial barrier function, with
bacteria and other luminal contents entering the blood
stream[29]. At the same time, the mucosal enzyme xanthine
dehydrogenase is converted to xanthine oxidase (XO),
which at this stage is harmless. These early effects of
the ischemic phase alone are localized and can remain
clinically undetected for many hours. The reperfusion
phase starts when oxygen-enriched blood re-enters
the ischemic tissue. This reperfusion may begin after
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Figure 1 Classification of splanchnic, or gastrointestinal ischemia. ASS:
Acute splanchnic syndrome; CSS: Chronic splanchnic syndrome; CACS, Celiac
artery compression syndrome; NOMI: Non-occlusive mesenteric ischemia.

partial dissolution of an embolus or thrombus or after
revascularization. This oxygen is transformed into reactive
oxygen species (ROS) by the abundantly present XO.
ROS are toxic to proteins and DNA[30], and diffuse into
tissues, leading to intensification and spreading of the
damaged area. This so-called ischemia-reperfusion cascade
initiates an inflammatory and thrombotic response in the
submucosal layer of the villus. In the future, antagonists
of leukocyte vessel wall adhesions, an early event in
the ischemia-reperfusion cascade, could attenuate these
inflammatory and thrombotic responses[31]. Successful
restoration of splanchnic blood flow, containing toxic
products, from the ischemic area into the systemic
circulation might trigger multiple organ failure.

Clinical presentation
The naming of gastrointestinal ischemic syndromes is
often confusing and requires a brief introduction. We
will divide the different syndromes based on duration of
complaints and vessel abnormalities (Figure 1). Acute
splanchnic syndrome (ASS; synonym: acute mesenteric
ischemia, acute bowel infarction) is characterized by
a sudden onset of abdominal pain due to interrupted
splanchnic circulation. It consists of occlusive disorders:
acute splanchnic emboli, venous thromboses and endstage arterial thrombotic occlusions, and the nonocclusive disorder, NOMI. Chronic splanchnic syndrome
(CSS) is defined by a combination of chronic splanchnic
disease (CSD) with ischemic symptoms. Celiac artery
compression syndrome (CACS) is defined by the
combination of eccentric celiac artery compression
by the arcuate ligament of the diaphragm and chronic
abdominal symptoms caused by ischemia. NOMI may
be diagnosed with chronic or remittent splanchnic
hypoperfusion, for example in heart failure [32] or in
dialysis patients[33]. Finally, ischemic colitis is a separate
entity and will be discussed separately.
Acute splanchnic syndrome
Acute splanchnic ischemia can result from arterial
thrombosis, acute embolism, venous thrombosis or nonocclusive ischemia[34-39]. Most often the superior mesenteric
www.wjgnet.com
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artery is involved. Clinically, it is recognized by an acute
onset of abdominal pain, which might be accompanied
by nausea, vomiting and hypotension. On physical
examination and laboratory testing there are usually
minimal abnormalities at first[40]. If left untreated, the
pain often disappears. Without restoration of blood flow
and depending on the collateral circulation, a full blown
peritonitis follows within hours or days, with translocation
of bacteria and SIRS, or systemic inflammatory response
syndrome, and multiple organ failure. Mortality is high,
ranging from 32%-80% depending on the etiology. In the
last four decades a reduced mortality rate was observed
for venous thrombosis and arterial embolism (now 32%
and 51%), while the mortality of NOMI and arterial
thrombosis remained unchanged at 73% and 77% [39].
Therefore, the most important factors for improvement
of survival should be a high index suspicion, a proper
diagnosis of CSS before ASS develops and an immediate
restoration of blood flow.
Chronic splanchnic syndrome
Chronic splanchnic syndrome (CSS), a synonym for
chronic mesenteric ischemia, gastrointestinal ischemia
or intestinal angina, is a relatively rare disorder and
may be under-diagnosed. After institution of a
multidisciplinary approach team for the evaluation of
insufficiently explained abdominal pain in the Medisch
Spectrum Twente Hospital, the recognition of CSS
increased from seven to 23 persons per million per
year[41]. The major symptoms of CSS are outlined in
Table 1. The most characteristic is postprandial pain,
starting 15-30 min after a meal, and persisting for 1-3 h.
Patients often report fear of eating, and take smaller
meals, with less fat and proteins. Weight loss, the second
characteristic finding in CSS, is almost always caused
by reduced intake due to this fear of eating and not to
malabsorption. Diarrhea, unexplained gastric ulcers or
even gastroparesis can also be presenting symptoms.
This multidisciplinar y team, with nationwide
referrals, also found a differentiation between single- and
multi-vessel disease[6]. Although the clinical presentation
is quite similar, the course and outcome justifies separate
discussion of both groups[42].
Single-vessel disease
The etiology of isolated stenoses of the splanchnic
arteries, most often the celiac artery, is caused in
most cases by splanchnic arteriosclerosis or external
compression by the crux of the diaphragm[5]. Due to the
presence of abundant collateral vessels, it was generally
assumed that a single stenotic lesion rarely, if ever,
causes complaints[43]. In 1972, Szilagyi et al[44] reviewed
the entire literature on CA compression syndrome
and found no proof of any abnormality of intestinal
structure or function that could be attributed to this
compression, nor proof that treatment had more than a
placebo effect. However, several papers were published
with good results for CA decompression operations[45-47].
These opinions were challenged recently by our group.
We have shown that by using tonometry as a functional
www.wjgnet.com
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Table 1 Clinical picture in 107 CSS patients[6]
Patient characteristics in 107 CSS patients
Age
Male:Female
Duration of symptoms
Reported weight loss
BMI
BMI < 20 kg/m2
Weight loss (kg/mo)
Pain after meal
Pain after exercise
Abdominal buit
Classical abdominal angina
Cardiovascular history
Nicotine use

Mean 55 years, range 18-85
26%:74%
Mean 18 mo, range 3-192
78%
Mean 20.8 kg/m2, range 12.0-33.2
35%
Mean 1.3 kg/mo, range 0-8
86%
43%
24%
22%
40.20%
45.80%

test, we could successfully distinguish patients that
benefited from surgery from those who did not, and
that the disappearance of symptoms after successful
revascularization was associated with normalization of
this functional test [5]. The prognosis of single-vessel
CSS seems rather benign. In 50 patients with an isolated
stenosis, no mortality and low post-operative morbidity
were seen on follow-up, which contrasts sharply with
multi-vessel CSS[6]. No difference in short-term outcome
between patients with CACS or atherosclerotic lesions
was observed. In our view, single-vessel CSS can be
diagnosed when (1) there is a significant stenosis on
duplex ultrasound or angiography (> 70%), (2) the
clinical history fits CSS and (3) the functional test (gastric
exercise tonometry) indicates splanchnic ischemia.
Multi-vessel disease
When 2 or 3 of the main splanchnic arteries have
significant stenoses the ratio of CSS versus CSD increases
to almost 90% in patients referred to our unit (unpublished
data). Although the clinical presentation is in essence not
very different from patients with single vessel disease,
(postprandial pain and weight loss as the main symptoms)
sometimes quite atypical presentations can be seen. Even
experienced clinicians can miss an adapted lifestyle that
masks a case of slowly progressive CSS. In multi-vessel
CSS the clinical presentation can mimic simple dyspepsia
with bloating and fullness, gastroparesis, unexplained
diarrhea or simply lack of energy. When the disease
progresses, the pain may be provoked by small triggers
such as a simple drink, or even during rest. Abdominal
vascular resting pain, persisting abdominal pain not
related to a meal, are important prognostic indicators, and
often indicate imminent or ongoing bowel infarction, or
ASS. It should be remembered that the time to develop
irreversible ischemic changes is about 6-8 h in end-stage
2- or 3-vessel CSS.
Ischemic colitis
There are two types of ischemic colitis: left-sided and
right-sided ischemic colitis. Left-sided ischemic colitis
usually presents with abrupt onset abdominal pain,
followed by bloody diarrhea, which may persist for days
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to weeks. It is often associated with low-flow states[48],
coagulation disorders[49], cardiac abnormalities or after
abdominal aortal surgery. Low-flow states may be
induced by arrhythmias or cardiac dysfunction, drugs,
dehydration or (aortic) surgery. Isolated right-sided
ischemic colitis usually presents with abdominal pain,
but rarely with bloody diarrhea[50]. Right-sided ischemic
colitis is usually associated with SMA stenosis or
occlusion. It should therefore be considered as part of
CSS or ASS.
The late stages of ischemic colitis can be a clinical
challenge, with clinical presentation and endoscopic
findings mimicking both Crohn’s disease and ulcerative
colitis. In most cases isolated ischemic colitis will be
transient, although persistent colitis, stricture formation
and even gangrenous colitis have been seen to develop[48].
NOMI
NOMI has already been mentioned as cause of
ASS in 20%-30% of patients. Most NOMI patients
however, never develop ASS, and this condition is quite
common due to the early splanchnic vasoconstriction
with reduced circulating blood volume of any cause.
Moreover, the bowel has limited capacity to preserve
aerobic metabolism. NOMI is very common and widely
recognized in intensive care and peri-operative medicine,
where it is referred to as intramucosal acidosis or
mucosal ischemia[7]. Here, the clinical signs of NOMI
may range from abdominal tenderness, nausea, diarrhea,
ulceration, bleeding and full thickness ischemia, and may
lead to bowel wall necrosis and even death. In critically
ill patients, this process can easily lead to translocation
of bacteria and endotoxins, causing SIRS and multi
organ failure[51].
We also distinguished a group of patients with
‘abdominal migraine’ characterized by symptoms
compatible with splanchnic ischemia, abnormal functional
tests (tonometry) indicating ischemia, splanchnic
angiography without relevant pathology, and good
response to vasodilators[4,52].

DIAGNOSTIC METHODS
Duplex ultrasound
Duplex-ultrasound is widely used as screening tool for
detection of splanchnic stenosis. In experienced hands
the CA and the SMA can be visualized in 80%-90% of
patients. Proper visualization can be difficult because of
the location behind the, often air-filled, stomach. First,
vessel anatomy is established using the B-mode. This
is followed by assessment of blood-flow pattern and
velocity. The arterial blood-flow in the splanchnic vessels
varies during the cardiac cycle. The normal CA has a
biphasic signal. Retrograde flow in the common hepatic
artery may indicate proximal CA stenosis or occlusion.
The SMA normally has a triphasic signal. A biphasic signal
in the SMA is normal after a meal or when the right, or
rarely the common hepatic artery, comes from the SMA
as an anatomic variant; it may indicate a proximal stenosis
if it occurs in the fasting state. Blood-flow measurement
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is performed using a measurement angle of less than 60
degrees. A significant stenosis is characterized by areas of
high velocity jets (small streaks of very high, sometimes
turbulent flow) within the artery, and overall increased
flow velocity. The widely accepted cut-off values,
published by Moneta in 1993, are: for the CA a Peak
Systolic Velocity (PSV) and End Diastolic Velocity (EDV)
of 200 m/s and 55 m/s; and for the SMA, PSV and EDV
of 275 and 45 m/s, respectively[53]. Using these threshold
values, the sensitivity and specificity for stenoses > 70%
were 89% and 44% for the inspiration CA, 89% and 62%
for the expiration CA, 100% and 61% for the inspiration
SMA, and 80% and 42% for the expiration SMA. One
criticism of the “Moneta criteria” has been that he used a
cohort from the general population with atherosclerotic
disease, who did not necessarily suffer from chronic
abdominal symptoms. In daily practice, duplex ultrasound
is performed under fasting conditions. Some studies
suggested measurement after test meals, because patients
with ischemia had suppressed augmentation of bloodflow following a meal compared to subjects with normal
vessels [54-58]. Until recently, post-test meal splanchnic
duplex made no headway in daily practice. Duplex-derived
flow velocities after splanchnic artery bypass grafting may
be affected by graft diameter or type of reconstruction
and are not equal to the preoperative criteria[59].
MRA
By using contrast, so-called contrast enhanced (ce)-MRA it
is possible to identify splanchnic artery stenoses and even
collaterals, for example Riolan’s artery[60-62]. Surprisingly,
we could identify only two studies that compared digital
subtraction angiography (DSA) with MRA in 19[63] and 23
patients[61] with good correlation. In our own experience,
with 25 patients in whom DSA and MRA were performed
within 2 mo, the MRA had a 95% sensitivity and 90%
specificity, compared to DSA as the “gold standard”. We
observed a significant inter and intra observer variation
in grading of stenoses in 45% of the cases[64]. Although
widely used, it can therefore not be considered a gold
standard investigation for assessment of vessel anatomy.
A potential advantage of MRA is its ability to measure
actual flow through the splanchnic and portal circulation.
The arterial flow is harder to measure than in veins,
because of the smaller caliber and the pulsatile character
of arterial flow[56]. However, a consistent relationship
between flow in the arteries and veins was observed[65,66].
Several studies with healthy volunteers and patients have
shown augmentation of flow after a meal and significant
differences between patients with vessel stenoses and
healthy volunteers[54,58]. These results may be promising
for future use in diagnosing CSS.
CT angiography
With the introduction of the multi-slice CT scan, CT
angiography of the abdominal arteries has become
possible. There are several studies showing that CT
angiography is an accurate way to image the splanchnic
arteries, veins, and collaterals[67-70]. Surprisingly, studies
focusing on CSD and comparing this technique to the gold
www.wjgnet.com
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Figure 2 Collateral vessels: gastroduodenal (GD) artery and Buehlers artery (B). A: The gastroduodenal (GD) artery and Buehlers artery (B) are visible on
non-selective aortography indicating stenosis of the origin of either the CA or SMA. The late filling of the CA points to a stenosis in its origin; B: Lateral aortography
showing an asymmetrical stenosis of the CA; C: On selective cannulation of the SMA, both collaterals are more clearly visible.

standard (DSA) in a representative group of patients, are
lacking to our knowledge. It is essential to use multi-slice
scanners with slice thicknesses of 2 mm at most (preferably
1 mm) to allow accurate visualization of the arteries. With
the state-of-the-art technology, CT-scanning in inspiration
and expiration is possible and is a prerequisite when there
is suspicion of celiac artery compression syndrome. The
advantages of CT angiography are clear: in a patient
with acute abdominal complaints it can show or exclude
arterial and venous obstruction, bowel involvement
(wall distention and thickening, presence or absence of
contrast enhancement, pneumatics), as well as alternative
diagnoses. Among these are perforations, pancreatitis, and
abscesses. Similarly, in the setting of chronic unexplained
postprandial pain, CT angiography may also show
alternative diagnoses. In our experience, these include
pancreatitis, pancreatic cancer, and retroperitoneal tumors.
Adding the advantages of minimal invasiveness and lower
costs, CT angiography can be a serious competition for
conventional angiography[67,69,71,72].
Angiography
Intra-arterial digital subtraction angiography (DSA)
of the splanchnic vessels can be used to perfor m
endovascular therapeutic procedures in the same session,
including infusion of papaverine and angioplasty
or stenting of stenoses. The combination of high
diagnostic accuracy and the possibility for intervention
makes angiography the procedure of choice in patients
suspected of symptomatic splanchnic stenoses,
especially with imminent or ongoing infarction. In acute
splanchnic infarction, angiography serves as guideline
for endovascular or operative revascularization.
A state-of-the art visceral angiography involves three
steps: (1) a non-selective anterior-posterior abdominal aortic angiography. When collaterals show in this
stage, they indicate significant splanchnic artery stenosis and are considered pathological (Figure 2A and B);
(2) a lateral aortography during maximal inspiration and expiration, for detection of external compression of the CA and/or, rarely, the SMA; and
(3) selective angiography of all three splanchnic vessels
to obtain a detailed view of the vascular anatomy, stenowww.wjgnet.com

ses and anatomical variations[42]. Although CT and MR
angiography are gaining ground as the principal investigative tools for splanchnic vessel anatomy, detailed angiographic information of anatomy, stenosis, collaterals
and anatomical variations is, in our view, essential in the
preparation of an optimal revascularization strategy.
Endoscopy
Although almost all patients with CSS underwent upper
GI endoscopy during the work-up of their complaints,
abnormalities were rarely noted. Reports on gastroparesis
and gastric gangrene have been published, but are also
rare. In our experience, 7% of patients with CSS presented
with unexplained gastroduodenal ulcers (Helicobacter
negative, no NSAID-use). In colonic ischemia endoscopy
is the mainstay of diagnosis. The typical picture consists
of superficial ulceration, mucosal friability, edema, and
patchy areas of either bleached or cyanotic mucosa[73,74].
Colonic ischemia of longer duration may mimic ulcerative
colitis or even Crohn’s disease. Some papers have focused
on endoluminal light spectroscopy oximetry. With this
technique, mucosal hemoglobin oxygen saturation can be
measured[75-80]. In a recent study it was shown that mucosal
saturations are low in patients with chronic splanchnic
ischemia, compared to healthy subjects. After successful
treatment in these patients, mucosal oxygen saturations
increased substantially[76]. There are a several potential
limitations to this technique. Firstly, ischemia is patchy in
nature, and can therefore be missed. Secondly, ischemia
might be present in parts of the small bowel that are
difficult to reach endoscopically. Thirdly, ischemia might
only be present in a situation of increased oxygen demand
(after a meal, or during exercise), especially earlier in the
course of the disease.
Tonometry
Tonometry of the gastrointestinal tract has the unique
potential to the detect ischemia, irrespective of flow or
metabolism. Tonometry is based on a general physiological
principle that during ischemia, anaerobic metabolism
leads to increased production of acids, which are buffered
locally by bicarbonate ions, leading to increased carbon
dioxide tension (PCO2) in the tissue. This relation between
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ischemia and increased PCO2 has been observed in all
ischemic models and animals studied. The most specific
marker of ischemia is an increased difference between
luminal and arterial CO2, the PCO2 gradient, which is
barely influenced by other systemic factors, including
hyper- or hypoventilation. The luminal PCO2 can be
measured conveniently using a nasogastric tonometry
catheter and air tonometry (Figure 3). The unique property
of tonometry in measuring ischemia per se[3] sets it apart
from all other diagnostic methods. Indeed, when blood
flow is gradually reduced, the PCO2 gradient remains
normal until the blood flow decreases to < 50% of the
basal flow and then increases sharply[18,19].
In patients with suspected chronic ischemia, gastric
tonometry has been used initially using a test meal with
variable, but overall disappointing, results[81-83]. The main
methodological problems involved buffering effects
by gastric acid and dilution effects of the ingested test
meals [84]. We therefore developed a tonometric test
involving 10 min of submaximal exercise, in order to
provoke GI ischemia[19]. The diagnostic accuracy of the
gastric exercise tonometry test (GET) was evaluated in
a cohort of patients referred for suspected CSS. GET
had a 78% sensitivity and 92% specificity for ischemia
detection [4] . We have used GET to guide treatment
in patients with single vessel stenoses. The main
finding in this study was the tight relationship between
normalization of GET and disappearance of symptoms
after anatomically successful revascularization [5]. We
also re-examined the potential use of a 24-h tonometry
test, including test meals, with standardization of the
test circumstances, including potent acid suppression
and standard test meals[85]. In a pilot study in 33 patients
referred for suspected CSS, the 24 h tonometry showed
promising results, with a sensitivity of 76% and a
specificity of 94%, comparable to those of exercise
testing [86]. We are now analyzing a study comparing
GET and 24-h tonometry. The preliminary data suggest

Figure 4 Imminent ASS and normal gastric and jejunal PCO2 pattern. A:
Normal 24 h PCO2 pattern in the stomach (squares) and jejunum (diamonds)
with variation in PCO2, but no peaks above 11 kPa following meals; B: Imminent
bowel infarction in a patient with severe 3 vessel CSS. After her evening meal
she had pain for almost 6 h, and extreme ischemia with PCO2 > 16 kPa for
7 h. She was treated with endovascular stent placement the day after this
measurement, with immediate relief of complaints. She is still doing well, over 3
years later.
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Figure 3 Tonometer balloon placed in the stomach nasogastrically. CO2
diffuses rapidly over different membranes, therefore the tonometer PCO 2
(PtCO2) will be in equilibrium with gastric luminal PCO2 (PgCO2) and mucosal
PCO2 (PmCO2). The PCO2 can be measured from the catheter either from
injected saline using blood gas analyzers or by connection to a semi-automated
Tonocap device. The underlying physiological principle is that ischemia is
always associated with PCO2 increase. Therefore, focal measurement of
ischemia is possible for long periods via a minimally invasive technique.
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that 24-h tonometry permits accurate measurement
of postprandial and fasting PCO 2 levels; following
meals, gastric and small bowel PCO 2 gradients may
physiologically increase up to 10 kPa. During ischemia,
gradients exceed 11 kPa (60 mmHg)[87]. Also, prolonged
PCO2 increases for several hours (up to 7 h in one subject,
Figure 4), especially in combination with abdominal pain
during fasting, indicate imminent infarction, and thereby
provide invaluable extra information.
Serological markers
Currently, there is no reliable marker to diagnose
gastrointestinal ischemia. Studies have been performed
using several markers, including (L and D)-lactate, LDH,
D-dimer; however, none of these was proven to be
sensitive or specific. In contrast, various animal models
have successfully used markers like D-lactate and i-FABP
(intestinal Fatty Acid Binding Protein) as an early marker
of intestinal ischemia. This enzyme is present in the
mature enterocytes of the small intestine, in the highest
concentration at the villi[88,89], the region most susceptible
to ischemia, and is released early after an ischemic insult.
Therefore it seems a good candidate marker for early
ischemia detection[90]. There are a few patient studies
indicating its potential as marker for ASS[89,91], but also
during pancreatitis[92] or inflammatory bowel disease[93]. We
performed a pilot study comparing tonometric responses
to a test meal and indeed found increased i-FABP in these
subjects[94]. More studies are needed before the role of this
and other promising plasma markers can be established.
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Work-up and treatment
In the work-up of patients in whom splanchnic ischemia is suspected four questions should be addressed:
(1) is the history compatible with splanchnic ischemia,
(2) which of the three vessels are narrowed, to what degree and are pathological collaterals present, (3) is there
(functional) evidence of actual ischemia, and (4) is the
impairment of the splanchnic blood flow in the shortterm threatening for the bowel.
Endovascular techniques have emerged allowing for
stent placement in CA and SMA in most patients. The
choice is between dilation or stent placement. Dilation
alone has a low short-term success rate, and we currently
use it only as diagnostic tool to distinguish between CSS
and CSD. Although some vessels can be treated via the
femoral artery; the sharp downward angulation (60 degrees) of the AMS and CA often necessitates brachial
artery cannulation in many cases. In our center, both
techniques are often combined, using the femoral catheter as a guide for the stent placed via the brachial catheter. Compared to operative revascularization, the main
disadvantage of stent placement is the shorter long-term
patency. The latter was shown in three recent studies,
of which two compared endovascular and open repair.
Atkins et al reported in a cohort of 80 patients with CSS
primary patency at 1 year of 58% after endovascular and
90% after open repair and a primary assisted patency of
65% vs 96% respectively[95]. Bieble et al reported that in a
cohort of 49 patients with CSS, 75% after endovascular
and 89% after open repair were symptom free after 2
years[96]. The main difference in this study was the restenosis rate of 8% after open versus 25% after endovascular treated patients, with lower complication rates in the
latter. Sarac et al[97] reported a primary, primary assisted
and secondary patency of 65%, 97% and 99% in a cohort of 87 endovascular treated splanchnic arteries. The
low short-term morbidity makes it an excellent choice in
patients with limited life expectancy or those too weak
or underweight for operative revascularization.
A variety of surgical techniques have been advocated
for open repair of the splanchnic arteries, including reimplantation, transarterial and transaortic endarterectomy,
antegrade and retrograde aortovisceral bypass using vein
or arterial autograft bypasses and prosthetic bypass, with
early success rates between 91% and 96% and late success
rates between 80% and 90%[98]. The choice of technique
is usually based on the preference and experience of the
surgeon. However, the majority of centers with wide experience believe that antegrade autogenous revascularization techniques of both the CA and the SMA in selected
cases offers the best long-term results. The disadvantage
of major aortic surgery is the not inconsiderable burden
for the patient. In general, we prefer antegrade two-vessel
reconstruction for young patients with CSS and a body
mass index above 19.5 kg/m2, and endovascular or minimal invasive retrograde single or multi-vessel reconstructions for patients with relevant comorbidity or reduced
life expectancy. Also endovascular repair could act as
www.wjgnet.com
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bridge to open repair after full recovery and weight gain in
selected young patients with end stage CSS.
Acute splanchnic syndrome
The diagnosis of ASS begins with a high index of
suspicion. Any patient with acute onset of abdominal
pain that remains unexplained after proper investigation
for two hours should be suspected to have ASS. An
urgent investigation of vessel patency should be
ordered. The choice is between an acute angiography
and a CT scan. Simultaneously with the CT scan or
DSA, the volume status should be aggressively restored
to counterbalance the splanchnic vasoconstriction,
which is almost always present in these patients. All
necrotic bowel should be removed and blood flow
restored as soon as possible. The latter will involve
intravenous heparin in venous ASS, revascularization or
embolectomy in arterial ASS, and in selected cases, intraarterial vasodilation in ASS-NOMI[73]. In arterial ASS,
the choice of revascularization, and whether it should be
done before or after bowel resection, depends on local
expertise. Bowel vitality can be hard to assess initially,
therefore second- and third look operations to ascertain
bowel vitality are often advised and seem prudent. It
has been shown that aggressive treatment might be
responsible for the modest improvement in outcome
of ASS[39]. In cases of limited extent of severe bowel
ischemia we advise immediate retrograde endovascular
revascularization [99,100] and resection of the ischemic
bowel to diminish the detrimental cascade of ischemiareperfusion resulting in multi organ failure and high
mortality.
Acute ischemic colitis
Isolated acute left-sided ischemia can usually be treated
conservatively, as it is almost always non-occlusive in
nature. Right-sided ischemic colitis should be considered
as ASS and treated accordingly. Patients with left-sided
ischemic colitis should be treated with intravenous
fluid and bowel rest. Broad spectrum antibiotics are
advised, which might reduce bowel damage[48,101], but
there is no evidence to back this up. Left-sided ischemic
colitis subsides in 2 wk[48] in most patients. About 20%
of patients with acute ischemic colitis ultimately need
surgery, either because the ischemic colitis persists
or complications occur. A non-responsive left-sided
ischemic colitis can manifest as ongoing sepsis refractory
to medical treatment, persistent diarrhea, bleeding, or
protein-losing enteropathy for more than 14 d. In some
patients progressive peritonitis or gangrene of the colon
develops, with a mortality rate of 30%-60%[48,102].

CHRONIC SPLANCHNIC SYNDROME
Single-vessel CSS and CACS
Patient selection is crucial in these patients. When singlevessel CSS is diagnosed by history, vessel anatomy
and functional tests, treatment may help to relieve the
symptoms. The prognosis quod vitam is good; therefore
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treatment is aimed at relief of symptoms only. Some
patients prefer conservative measures including small meals
and proton pump inhibitors. When a revascularization
is indicated, the choice of technique depends on vessel
abnormalities as well as local experience.
In CACS patients primary stent placement is not
an option because the repeated force by the diaphragm
with each respiration will fracture the stent in the shortterm. Different techniques are currently used to release
the CA from compression by the diaphragm’s crux. One
potential complication is the development of reflux
disease[5], which is related to the damage to the crux,
which also plays an important role in the physiological
anti-reflux barrier. Recently, we have performed the
release by an endoscopic retroperitoneal technique with
equally good results compared to the open approach in
the short-term[103]. The problem of reflux seems to be
reduced, although more studies with longer follow-up
times are needed.
Multi-vessel CSS
Most patients with abdominal symptoms and multivessel stenoses have, in our experience, CSS. The risk
of developing ASS is considerable [6] , therefore the
treatment goal is aimed at symptom relief as well as
prevention of ASS. There are no prospective studies on
the conservative treatment of CSS, but advice on diet
and lifestyle have been described. Most patients have
already changed their eating pattern, with smaller and
more frequent meals that contain less fat and protein. It
should be strongly advised to stop smoking because it
causes strong splanchnic vasoconstriction. The use of
proton pump inhibition is not evidence based, however,
it makes sense as these drugs reduce the secretion of
gastric acid, and thus gastric metabolic demand, while
increasing the gastric blood flow [104]. Atherosclerosis
is a generalized disorder; therefore the usual measures
should be initiated including treatment of hypertension,
hyperlipidemia, and diabetes.
Most multi-vessel CSS patients have an indication
for revascularization. Whether patients with multi-vessel
(asymptomatic) CSD should be treated to prevent ASS
is uncertain. It may be considered in young patients in
good health, but firm evidence is lacking. The choice of
revascularization in multi-vessel CSS again depends on
anatomy, experience, and comorbidity as discussed before.
NOMI
Chronic splanchnic ischemia due to NOMI comes in
two different patient groups. The first group has severe
underlying medical conditions, with reduced effective
circulating volume and splanchnic vasoconstriction
and ischemia. These include dialysis patients [33] and
chronic heart failure[32] patients. Treatment is difficult
because the treatment of their underlying disease
requires reduction of intravascular volume, which may
worsen their abdominal complaints. In our experience
the use of nitrates, ketanserin and alpha-inhibitors may
have a positive effect on the abdominal symptoms,
whereas calcium channel blockers seemed to worsen
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these. A second group we encountered are patients
with a clinical presentation similar to CSS, with normal
microvasculature but functional tests indicating ischemia.
As discussed earlier, in some of these we have observed
vascular spasms during angiography, with onset of pain
within minutes thereafter[4]. In a pilot study, we treated
them with vasodilators, nitrates, ketanserin or nicorandil.
Over 50% of patients show a reduction of abdominal
pain of at least 50% on a visual analog scale, which is
sustained for years in most cases[52]. Further studies are
needed to assess the prevalence, precise mechanism and
the best treatment options of this disorder.
Post-intervention care
After revascularization, severe reperfusion injury can
occur. The exact risk factors for its development are
unknown. In our experience it is more common in
patients with serious and long-standing multi-vessel
disease. The following pattern in reperfusion damage
after revascularization is typical. The first 1-2 d after
revascularization the patient has good clinical recovery.
Most could start eating again without pain or special
discomfort. After 2-3 d symptoms develop, in hours
to days, consisting of nausea, abdominal pain, similar
or even worse than before treatment, diarrhea and in
extreme cases, protein-losing enteropathy with very
low serum albumin levels. Massive ascites may develop
during reperfusion.
It is crucial to distinguish reperfusion injury from
vessel occlusion; therefore vessel patency has to be
ascertained with CTA or DSA. This bowel reperfusion
syndrome can persist for days to weeks. We therefore
treat these patients with parenteral nutrition, intravenous
fluids, and proton pump inhibitors. The end of the
reperfusion syndrome is usually heralded by increased
appetite, reduced pain and reduced diarrhea. Patients
can restart oral intake, be taken off parenteral nutrition
and generally have uneventful recovery within weeks
thereafter. No long-term complications have been
observed in these patients.

Conclusion
Splanchnic ischemia has developed into a broad
spectr um of diseases. These are characterized by
onset, vessel anatomy, and presence of ischemia. Each
syndrome has different characteristics, outcome, and
treatment options, therefore a state-of-the art vessel
anatomy assessment and accurate functional test are
crucial. Tonometry is the only validated test assessing the
adequacy of the splanchnic blood-flow and consequently
is crucial in proper patient selection. Treatment options,
including noninvasive, minimal invasive and classical
open vascular reconstructive techniques, are wide and
require a multi-disciplinary team-approach for proper
selection and follow-up.
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of cell cycle, the percentage of cells in S phase was
significantly decreased, while the percentage of cells
in G1 phase was increased. Flow cytometry assay also
showed that ESB had a positive effect on apoptosis.
Typical apoptotic morphologies such as condensation
and fragmentation of nuclei and blebbing membrane of
apoptotic cells could be observed under transmission
electron microscope and fluorescence microscope.
To further investige the molecular mechanism behind
ESB-induced apoptosis, ESB-treated cells rapidly lost
their mitochondrial transmembrane potential, released
mitochondrial cytochrome C into cytosol, and induced
caspase-3 activity in a dose-dependent manner.
CONCLUSION: ESB can effectively inhibit the
proliferation and induce apoptosis of H22 cells involving
loss of mitochondrial transmembrane potential, release
of cytochrome C, and activation of caspase-3.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To study the growth inhibitory and apoptotic
effects of Scutellaria barbata D.Don (S. barbata ) and to
determine the underlying mechanism of its antitumor
activity in mouse liver cancer cell line H22.
METHODS: Proliferation of H22 cells was examined
by MTT assay. Cellular morphology of PC-2 cells
was observed under fluorescence microscope and
transmission electron microscope (EM). Mitochondrial
transmembrane potential was determined under laser
scanning confocal microscope (LSCM) with rhodamine
123 staining. Flow cytometry was performed to analyze
the cell cycle of H22 cells with propidium iodide
staining. Protein level of cytochrome C and caspase-3
was measured by semi-quantitive RT-PCR and Western
blot analysis. Activity of caspase-3 enzyme was
measured by spectrofluorometry.
RESULTS: MTT assay showed that extracts from S.
barbata (ESB) could inhibit the proliferation of H22 cells
in a time-dependent manner. Among the various phases
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INTRODUCTION
Scutellaria barbata D.Don (S. barbata) is a perennial
herb, also known as Ban-Zhi-Lian (barbat sskullcap) in
traditional Chinese medicine. It is mainly distributed in
southern China and has been used as an antitumor agent
for lung cancer, digestive system cancer, hepatoma,
www.wjgnet.com
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breast cancer, and chorioepithelioma as well as an
anti-inflammatory agent and a diuretic in China and
Korea[1-9]. Extracts from S. barbata (ESB) have in vitro
growth inhibitory effects on a number of human
cancers including leukemia, colon cancer, hepatoma and
skin cancer[4-10]. However, its antitumor mechanism still
remains unclear.
It was reported that many Chinese herbs have
anticancer properties and induce apoptosis [11]. Three
apoptotic pathways have been addressed, including the
mitochondrial pathway[12,13], death receptor pathway[14],
and endoplasmic reticulum stress-mediated apoptosis
pathway[15]. The mitochondrial pathway initiates apoptosis
in most physiological and pathological situations.
Permeabilization outside mitochondrial membrane plays
the most important role in mitochondrial apoptosis. In the
mitochondria-initiated pathway, mitochondria undergoing
permeability transition release apoptogenic proteins
such as cytochrome C or apoptosis-inducing factor
from the mitochondrial intermembrane space into the
cytosol[16]. Released cytochrome C can activate caspase-9,
and activated caspase-9 in turn cleaves and activates
executioner caspase-3. After caspase-3 activation, some
specific substrates for caspase-3 such as poly (ADP-ribose)
and polymerase (PARP) are cleaved, and eventually lead to
apoptosis[17].
In this study, S. barbata extract showed anti-tumor
activity in vitro and could inhibit the growth of mouse
H22 hepatoma cells by inhibiting cell apoptosis and
cytotoxic effects, demonstrating that the extract from
S. barbata can strongly inhibit cell proliferation and
induce apoptosis of H22 cells through the mitochondrial
dysfunction pathway.

MATERIALS AND METHODS
Reagents and animals
N e w b ov i n e s e r u m ( G i b c o, U S A ) , R P M I - 1 6 4 0
medium(Gibco, USA), propidium iodide (PI) (Sigma,
USA), dimethyl sulfoxide (DMSO), ribonuclease (RNase
A), rhodanmin123 (Rh123), and 3-(4,5-dimethylthiazol2-yl)-2,5-diphenytetrazolium bromide (MTT) were
purchased from Sigma Chemical (St. Louis, MO).
Mouse monoclonal antibodies against caspase-3
and cytochrome C were purchased from Santa Cruz
Biotechnology, Inc. (Santa Cruz, USA). Apoptotic
cell Hoechst 33258 detection kit was purchased from
Nanjing Kai-ji Biotechnology Development Ltd (China),
and fluorescence probes Rhodamine 123 was purchased
from Sigma (USA). Male SD rats weighing 220-250 g
were purchased from the Experiment Animal Center,
Medical School of Xi’an Jiaotong University (China).
Preparation of S. barbata extract and drug containing
serum
S. barbata crude extract (ESB) was purchased from Xi’an
Zhongxin Biotechnology Development Ltd (China).
One kilogram of S. barbata was extracted three times
with water as previously described[18]. Final qualification

www.wjgnet.com

December 28, 2008

Volume 14

Number 48

was 10:1. More specifically, stems of SB were cut into
small pieces, boiled in water for 2 h, put into a filtrate,
and concentrated by spray drying until the specific
density reached 1.15-1.18.
“Serum pharmacology” was used to study the in vitro
pharmacological activity of herb medicine as previously
described [19]. ESB-containing serum was prepared as
previously described[18,20]. Twenty male SD rats were randomly divided into control group, high ESB dose group,
medium ESB dose group, and low ESB dose group (n =
5). Rats in the high, medium and low ESB dose groups
received intragastric ESB of 6, 3 and 1.5 g/d per kg of
body weight. Rats in the control group received normal
saline, twice a day for 3 d. Two hours after the last administration, blood was immediately obtained from the
heart and kept at room temperature for 4 h. The serum
was separated by centrifugation at 2400 r/min for 10
min, collected following twice of filtration with a 0.22 μm
cellulose acetate membrane, calefied in 56℃ water for
30 min, and stored at -20℃ for use.
Cell lines and culture
Mouse H22 hepatoma cells, purchased from Shanghai
Institute of Cell Biology, Chinese Academy of Sciences
(Shanghai, China), were cultured in RPMI-1640 medium
(Gibco, USA) supplemented with 10% fetal bovine serum (Gibco, USA), 1 × 105 U/L penicillin and 100 mg/L
streptomycin in an incubator containing a humidified
atmosphere with 50 mL CO 2 at 37℃. The cells were
subcultured until reaching logarithmic growth phase. The
viability of H22 cells, stained with trypan blue, was above
97%.
Cell viability assay
Cell viability was assessed by 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide (MTT) dye
reduction assay (Sigma, USA). H22 cells were seeded
at a concentration of 5 × 103 cells/well in a 96-well
plate, and grown at 37℃ until adherence. At end of the
treatment, 50 μg/10 μL of MTT was added and the
cells were incubated for another 4 h. Two hundred μL
of DMSO was added to each well after the supernatant
was removed. After the plate was shaken for 10 min, cell
viability was detected by measuring the absorbance at
490 nm wavelength using an enzyme-labeling instrument
(EX-800 type) in quintuplicate.
Cell viability (%) = the absorbance of experimental
group/the absorbance of blank control group × 100%.
Detection of morphological apoptosis
Staining of cells with uranyl acetate and lead citrate was
performed to detect morphological changes. Briefly,
adherent H22 cells were treated with ESB at a high dose
for 48 h. The treated cells were digested with pancreatin
and fixed in 3% glutaraldehyde precooled at 4℃ for 2 h.
To make ultra-thin sections of copper, cells were washed
with PBS, fixed in 1% osmic acid for an additional hour,
dehydrated in acetone and embedded in epoxide resin.
After stained with uranyl acetate and lead citrate, the
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sections were examined under a Hitachi-800 transmission
electron microscope as previously described[21].

Cell cycle analysis
H22 cells were incubated at 5 × 105 cells/well in 6-well
plates, treated with a homologous drug for 48 h. The
detached and attached cells were harvested and fixed in
70% ice-cold ethanol at -20℃ overnight. After fixation,
cells were washed with PBS, resuspended in 1 mL PBS
containing 1 mg/mL RNase (Sigma) and 50 μg/mL PI
(Sigma), and incubated at 37℃ for 30 min in the dark.
Samples of 10 000 cells were then analyzed for DNA
content by FACScan flow cytometry (Beckman, USA),
and cell cycle phase distributions were analyzed with the
CellQuest acquisition software(BD Biosciences).
Detection of mitochondrial membrane potential
Mitochondria transmembrane potential (∆ψm) was detected under laser scanning confocal microscope(LSCM)
with Rhodamine 123 (Rh123) staining as previously
described [22]. About 1 × 10 6 cells were harvested by
trypsinization, washed twice with PBS, and incubated
with Rh123 at the final concentration of 1 μL/mL for
20 min at 37℃ in the dark, centrifuged at 1000 r/min
for 5 min, washed twice with a medium, resuspended in
the medium, cultured at 37℃ in an incubator containing
50 mL CO2 for 60 min. Fluorescence intensity was determined at an excitation wavelength of 488 nm, emission
wavelength of 530 nm under a laser scanning confocal
microscope (Olympus, FluoView™ FV300, Japan). The
fluorescence intensity of Rhodamine 123 in cells represents the mitochondrial membrane potential[23].
Western blot analysis
H22 cells (2.5 × 107) were collected by centrifugation at
2000 r/min for 10 min at 4℃, washed twice with cold
PBS (pH 7.2), centrifuged at 2000 r/min for 10 min.
Protein content was determined using a Bio-Rad protein
assay reagent with bovine serum albumin as the standard.
Total proteins (30 μg/lane) were separated by 15% SDSPAGE gel electrophoresis, and transferred to a 0.45 μm
PVDF membrane (Amersham Pharmacia Biotech). The
blots were incubated with the desired primary antibody
overnight at the following dilutions: caspase 3 (1:1000),
cytochrome C (1:1500), and β -actin (1:1500). Primary
antibodies were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Subsequently, the membrane
was incubated with appropriate secondary antibodies for
1 h at room temperature. The immunoblots were analyzed
by densitometry on a GelDoc 2000 system (Bio-Rad
Laboratories Inc. USA) as previously described[17,24].

110

ESB low dose group

ESB medium dose group

ESB high dose group

5-FU group

100
The cell viability (%)

Nuclear staining
H22 cells were harvested by centrifugation, washed with
PBS and fixed in 1% glutaraldehyde for 1 h at room
temperature. The fixed cells were washed with PBS,
stained with 200 μmol/L Hoechst 33258 for 10 min.
Changes in nuclei after stained with Hoechst 33258 were
observed under a fluorescence microscope (Olympus,
BX-60, Japan).
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Figure 1 Inhibition of H22 cell proliferation by ESB. H22 cells were treated
with different doses of ESB. The number of cells was determined at 0, 24, 48, 72,
and 96 h, respectively. The viability of cells was detected by MTT assay. ANOVA
analysis showed that the growth of H22 cells was inhibited by ESB in a dose- and
time- dependent manner (P < 0.05).

Assay for caspase-3 activity
Caspase-3 activity was assayed using the caspase-3
activity assay kit (Nanjing Kai-ji, China) as previously
described[25,26]. In brief, standard curve was plotted by
detecting the absorbance of standard samples with
terminal concentrations at each well, respectively. After
1 h incubation at room temperature, H22 cells were
collected and lysed completely in a caspase assay buffer.
The activity of caspase-3 was assayed in triplicate using a
plate-reading luminometer (Turner Designs, Sunnyvale,
CA) at the wavelength of 405 nm. Nkat was used to
represent the activity measured[25].
Statistical analysis
All data were expressed as mean ± SD. Statistical analysis
was performed with analysis of variance (ANOVA) using
the statistical software SPSS 11.0. P < 0.05 was considered
statistically significant.

RESULTS
Effect of ESB on proliferation of H22 cells
H22 cells were treated with different doses of ESB.
The growth rate of H22 cells was evaluated after 0, 24,
48, 72, and 96 h, respectively. The cell viability of H22
cells in different ESB treatment groups was significantly
higher than that in 5-FU treatment group (Figure 1).
High and medium dose ESB inhibited the proliferation
of H22 cells (P < 0.05), while low dose ESB could not
obviously inhibit the proliferation of H22 cells (P > 0.05).
MTT assay showed that high and medium dose ESB
inhibited the proliferation of H22 cells in vitro in a timedependent manner.
Morphological observation of apoptosis of H22 cells
induced by ESB
High resolution transmission electron microscopy showed
that normal H22 cells were round and regular in shape
www.wjgnet.com
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Figure 2 Morphological observation of H22 cells by EM after treatment. A: normal hepatoma H22 cells (5000 ×); B: karyopyknosis and chromatic agglutination in
high ESB dose group (5000 ×); C: apoptotic body in high ESB dose group (5000 ×); D: chondriosome swelling in high ESB dose group (6000 ×); E: cellular swelling
and necrosis in 5-FU group (5000 ×).
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Figure 3 Cell apoptosis observed with Hoechst 33258 staining under a fluorescence microscope (× 200). After cells were treated with different doses of ESB
for 48 h, Hoechst 33258 staining was used to observe apoptotic cells as described in MATERIALS AND METHODS. The number of apoptotic cells gradually increased
in a dose-dependent manner with marked morphological changes found in cell apoptosis including condensation of chromatin and nuclear fragmentation. A: Control
group; B: Low dose treated group; C: Medium dose treated group; D: High dose treated group.

with chromatin margination in few tumor cells (Figure
2A). After treatment with a high ESB dose for 48 h, a part
of nuclear membrane domed outward with a sharp angle.
The typical morphologies of apoptotic H22 cells such
as chromatic agglutination and fragmentation of nuclei,
chondriosome swelling, formation of apoptotic body,
could be observed in high ESB dose group (Figure 2B-D),
while in 5-FU group, cellular swelling and necrosis could
be observed in many fields of vision.
Detection of apoptosis of H22 cells by Hoechst 33258
staining
After treatment with different doses of ESB for 48 h,
H22 cells were stained with Hoechst 33258 and observed
under a fluorescence microscope. The condensely stained
chromatin of apoptotic cells was more bright than that
of normal cells. The characteristics of apoptosis, such as
nuclear shrinkage, DNA condensation and fragmentation,
were found in ESB treatment group (Figure 3B-D), while
no apoptosis occurred in blank control group (Figure
3A). The percentage of apoptotic cells in control group
and low and high ESB dose groups was 3.36% ± 2.14%,
14.57% ± 4.28%, 43.15% ± 5.33%, 72.65% ± 6.52%,
respectively. Furthermore, the number of apoptotic cells
gradually increased in a dose-dependent manner.
Effect of ESB on cell cycle distribution by flow cytometry
The effects of ESB on cell cycles were analyzed by flow
cytometry. The percentage of cells was significantly
decreased at S phase and increased at G1 phase in high
ESB dose group.
www.wjgnet.com

Table 1 Effect of ESB on cell cycle and apoptosis of H22
cells by flow cytometry (mean ± SD)
Groups

n

Control
ESB low dose
ESB medium
dose
ESB high dose

5 37.63 ± 2.12 32.73 ± 2.24
5 39.35 ± 2.25 33.56 ± 3.12
5 45.91 ± 2.56a 30.65 ± 2.64

G0/G1

S

G2/ M

Apoptosis
rate

21.75 ± 1.52
21.20 ± 1.27
17.15 ± 1.34a

0.51 ± 0.12
1.07 ± 0.15
3.15 ± 0.27a

5 56.05 ± 2.37b 21.33 ± 3.42b 12.30 ± 1.25b 7.83 ± 0.43b

Cell cycle distributions in control and ESB-treated cells were determined
by PI staining and flow cytometric analysis. Results presented were
representative of three independent experiments. aP < 0.05, bP < 0.01 vs
control group.

The sub-G1 population indicated apoptotic-associated
chromatin degradation. The ratio of cell apoptosis in
blank control group, and low, medium, high ESB dose
groups was 0.51%, 1.07%, 3.15%, 7.83%, respectively.
There was significantly difference between the 4 groups
(P < 0.05). These results suggest that high ESB dose can
induce cell cycle arrest at G0/G1 phase and apoptosis in
H22 cells ( Table 1).
Effect of ESB on mitochondrial membrane potential
Mitochondria play an essential role in apoptosis. To
assess whether ESB affects the function of mitochondria,
mitochondrial membrane potential was detected under a
laser scanning confocal microscope with Rh123 staining.
The fluorescence intensity of Rhodamine123 in H22
cells of blank control group was the strongest (Figure 4).
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Figure 5 Protein level of caspase-3 and cytochrome C in H22 cells. A:
Control group; B: Low ESB dose group; C: Medium ESB dose group; D: High
ESB dose group. After treatment with different doses of ESB for 48 h, cellular
proteins were detected by Western blot analysis.
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Figure 6 Effect of ESB on caspase-3 enzyme activity in H22 cells. A: Control
group; B: Low ESB dose group; C: Medium ESB dose group; D: High ESB dose
group. There was a dose dependent increase in activity of caspase-3 enzyme in
ESB treated cells (P < 0.05). This assay was done triplicate, independently. Nkat
was used to represent activity measured.
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Figure 4 Effect of ESB on ∆ψm measured with laser scanning confocal
microscope by staining with Rhodamine 123 (200 ×). A: Control group; B:
Low ESB dose group; C: Medium ESB dose group; D: High ESB dose group.
Fluorescence intensity (FI) indicates membrane potential of mitochondria in the
cells. FI was decreased in a dose-dependent manner (P < 0.05, ANOVA analysis).

After treatment with different doses of ESB for 48 h,
ANOVA analysis showed that the fluorescence intensity
was decreased in a dose-dependent manner (P < 0.05).
Caspase-3 activity in ESB-induced apoptosis of H22 cells
Caspase-3, acting on downstream of the mitochondrial
signaling pathway, is a major mediator of apoptosis.
Dysfunction of mitochondria provoked us to detect the
changes of caspase-3 activity in H22 cells following ESB
treatment. The expression intensities of caspase-3 protein in the control and low-high ESB dose groups were
0.21 ± 0.02, 0.33 ± 0.04, 0.59 ± 0.03, and 0.85 ± 0.05,
respectively (Figure 5). Western blot analysis revealed
that there was a gradual increase in caspase-3 protein in
low-high ESB dose groups (P < 0.05), indicating that

caspase-3 can be activated by ESB.
Caspase-3 activities were detected after treatment with
different doses of ESB for 48 h, showing that caspase-3
activity was induced by ESB in a dose-dependent manner
(Figure 6).
Release of cytochrome C from mitochondria in ESBinduced apoptosis
Cytochrome C release from mitochondria into cytosol
is a critical step in the apoptotic cascade. The reduction
of mitochondrial membrane potential may facilitate
the release of cytochrome C, which will then activate
the apoptotic pathway to trigger cell death. The protein
level of cytochrome C in cytosol was measured in H22
cells treated with different doses of ESB by Western
blot analysis with mouse monoclonal cytochrome
C antibodies. As shown in Figure 5, the amount of
cytosolic cytochrome C in the cytosolic fraction after
ESB treatment was significantly increased in a dosedependent manner (P < 0.05).

DISCUSSION
S. barbata, which has been traditionally used in treatment
of inflammation, hepatitis, tumor and gynecological
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diseases in China and Korea [1-9]. Studies have shown
that S. barbata contains a large number of alkaloids and
flavones, alkaloid, sterides, and polysaccharides [27,28].
However, the active site of chemical structure for
antitumor activity has not been fully determined [29].
Recent studies indicate that S. barbata extract (ESB) is
effective against hepatoma, lung and digestive system
cancers, et al[4-10], and can be used in combination with
other traditional Chinese medicines in treatment of
other tumors.
In pharmacology study, crude Chinese drugs or
their compounds are often added directly into the
culture system of cells or organs in vitro[30]. However,,
experimental results in vitro are often different from
those in vivo. Serum pharmacology has been extensively
used to study the effects and mechanisms of Chinese
drugs in vitro[30]. It is believed that serum pharmacology
is more scientific and beter for Chinese drugs than
traditional pharmacology in which crude drugs are
directly added into the culture system of cells or organs
in vitro[19-20,30,31]. In this study, we investigated the effects
of ESB on inducing apoptosis of H22 cells with serum
pharmacology.
H22 cells were treated with different doses of ESB
containing serum, and the growth rate of H22 cells was
evaluated by MTT assay after 0, 24, 48, 72, and 96 h,
respectively. High and medium ESB dose inhibited the
proliferation of H22 cells, while low ESB dose could not
obviously inhibit the proliferation of H22 cells. MTT
assay showed high and medium ESB dose inhibited the
proliferation of H22 cells in vitro in a time-dependent
manner, which may provide useful information for
development of anti-tumor drugs.
Morphological changes of apoptosis include
membrane blebbing, cell shrinkage, chromatin condensation, DNA fragmentation and formation of apoptotic
bodies [32] . These morphological changes were also
observed in our study under transmission electron
microscopy and fluorescence microscope after treatment
with a high ESB dose for 48 h. Typical morphologies
of apoptotic H22 cells, such as chromatic agglutination
and fragmentation of nuclei, chondriosome swelling,
formation of apoptotic body, were observed in ESB high
ESB dose group (Figure 2B-D), but no apoptosis occurred
in blank control group. Furthermore, fluorescence
microscopy showed that the number of apoptotic cells
gradually increased in a dose-dependent manner.
Blocking of cell cycle is one of the mechanisms of
ESB by which the growth and proliferation of tumor
cells are inhibited [33] . Flow cytometry showed that
cell apoptosis was significantly decreased at S-phase,
increased at G1-phase, and reached its peak at subG1phase. The blocking of cell cycle may be one of the
mechanisms of ESB by which the growth of H22 cells
is inhibited and cell apoptosis is induced.
Mitochondria play a critical role in apoptosis induced
by chemotherapeutic agents [12-14] . Many agents can
induce, directly or indirectly, apoptosis by insult to the
mitochondria[34,35]. Apoptosis could cause loss of Δψm
www.wjgnet.com
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and release of cytochrome C into cytosol, and induce
caspase-9-dependent activation of caspase-3 [13] . In
this study, the effect of ESB on Δψm was examined
using Rhodamine 123, a mitochondrial potential
probe, showing that H22 cells lost Δψm following ESB
treatment. Forty-eight hours after ESB treatment, the
cells exhibited significant alterations in Δψm, and the
fluorescence intensity of disruption of Δψm gradually
decreased in a dose-dependent manner
One of the major apoptotic pathways is activated
by the release of cytochrome C from mitochondria into
cytosol[36], which is the hallmark of cells undergoing
apoptosis. In this study, Western blotting analysis was
performed to measure the protein level of cytochrome C
in H22 cells after treatment with different doses of ESB.
The amount of cytosolic cytochrome C in the cytosolic
fraction after ESB treatment was increased in a dosedependent manner (Figure 6).
Caspases are cystein proteases that play a key role
in the execution phase of apoptosis [37]. Caspase-3, a
member of the family of caspases, extensively studied
as “the executor of apoptosis”, plays a crucial role in
cell death[38]. Apoptosis mediated by caspase-3 occurs
in many cancer cells. In this study, Western blot analysis
revealed that caspase-3 protein was gradually increased
in the low-high ESB dose groups. At the same time,
caspase-3 enzyme activity was increased in a dosedependent manner. These results indicate that caspase-3
can be activated by ESB. ESB treatment resulted in
loss of mitochondrial membrane potential, release of
cytochrome C and caspase-3, demonstrating that ESB
induces apoptosis and mitochondria are involved in
apoptosis mediated by ESB.
In conclusion, ESB has antiproliferative activities
against H22 cells by inducing apoptosis involving loss
of ∆ψm, release of cytochrome C, and activation of
caspase-3.

COMMENTS
COMMENTS
Background

Medicinal plants have been used as traditional remedies for hundreds of years.
Among them, Scutellaria barbata D.Don (S. barbata) has been traditionally used
in treatment of hepatitis, inflammation, osteomyelitis and gynecological diseases
in China. Studies indicate that extracts from S. barbata have growth inhibitory
effects on a number of human cancers. Reports are available on the treatment of
lung, breast and digestive system cancer, hepatoma, and chorioepithelioma with S.
barbata extracts. However, the underlying mechanism of the antitumor activity of S.
barbata extracts remains unclear.

Research frontiers

Studies have confirmed that many Chinese herbs have antitumor properties and
induce apoptosis. In the process of signal transduction of cell apoptosis induced
by drugs, mitochondria play a great role in promoting apoptosis signal and
releasing caspase. Permeabilization of the outside mitochondrial membrane plays
the most important role in mitochondrial apoptosis, during which loss of Δψm and
release of cytochrome C into cytosol, and caspase-9- dependent activation of
caspase-3 occur sequentially.

Innovations and breakthroughs

There is no evidence that the mitochondrial pathway is involved in apoptosis
induced by S. barbata. The present study was undertaken by culturing mouse
liver cancer H22 cells treated with serum containing different concentrations of
ESB. ESB containing serum induced apoptosis of H22 cells, and apoptosis was
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involved in loss of mitochondrial transmembrane potential, release of cytochrome
C, and activation of caspase-3.

Applications

This experimental study on the mechanism of the antitumor activity of S.
barbata, may offer new evidence for S. barbata in the treatment of hepatoma in
clinical practice.
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Terminology

ESB is an extract from Scutellaria barbata; ∆ψm indicates mitochondrial
transmembrane potential;1 nanokatal defined as the amount of enzyme required
to increase the rate of reaction by 1 nmol/s under defined assay conditions.

Peer review

This study examined the anti-tumour effects of Scutellaria barbate. The authors
used serum containing extract from S. Barbata (ESB) to determine its effect on
proliferation of H22 hepatoma cells in vitro. ESB inhibited cell proliferation by
inducing cell cycle arrest at Go/G1 phase and by increasing apoptosis with a
reduction in mitochondrial membrane potential, release of cytochrome C and
capase-3 activation. This work is novel and improves our understanding of the
mechanisms of action of ESB.
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Abstract
AIM: To detect the MLH1 gene promoter germlinemethylation in probands of Chinese hereditary nonpolyposis colorectal cancer (HNPCC), and to evaluate
the role of methylation in MLH1 gene promoter and
molecular genetics in screening for HNPCC.
METHODS: The promoter germline methylation of
MLH1 gene was detected by methylation-specific PCR
(MSP) in 18 probands from unrelated HNPCC families
with high microsatellite-instability (MSI-H) phenotype
but without germline mutations in MSH2 , MLH1 and
MSH6 genes. At the same time, 6 kindreds were collected with microsatellite-stability (MSS) phenotype but
without germline mutations in MSH2 , MLH1 and MSH6
genes as controls. The results of MSP were confirmed
by clone sequencing. To ensure the reliability of the
results, family H65 with nonsense germline mutation at
c.2228C > A in MSH2 gene was used as the negative

control and the cell line sw48 was used as the known
positive control along with water as the blank control.
Immunochemical staining of MLH1 protein was performed with Envision two-step method in those patients
with aberrant methylation to judge whether the status
of MLH1 gene methylation affects the expression of
MLH1 protein.
RESULTS: Five probands with MLH1 gene promoter
methylation were detected in 18 Chinese HNPCC families with MSI-H phenotype but without germline mutations in MSH2 , MLH1 and MSH6 genes. Two of the five
probands from families H10 and H29 displayed exhaustive-methylation, fulfilling the Japanese criteria (JC) and
the Amsterdam criteria (AC), respectively. The other 3
probands presented part-methylation fulfilling the AC. Of
the 13 probands with unmethylation phenotype, 8 fulfilled the JC and the Bethesda guidelines (BG), 5 fulfilled
the AC. The rate of aberrant methylation in MLH1 gene
in the AC group (22.2%, 4/18) was higher than that in
the JC/BG groups (5.6%, 1/18) in all HNPCC families
with MSI-H phenotype but without germline mutations
in MSH2 , MLH1 and MSH6 genes. However, no proband
with methylation in MLH1 gene was found in the families
with MSS phenotype and without germline mutations in
MSH2 , MLH1 and MSH6 genes. No expression of MLH1
protein was found in tumor tissues from two patients
with exhaustive-methylation phenotype, whereas positive expression of MLH1 protein was observed in tumor
tissues from patients with partial methylation phenotype
(excluding family H42 without tumor tissue), indicating
that exhaustive-methylation of MLH1 gene can cause
defective expression of MLH1 protein.
CONCLUSION: Methylation phenotype of MLH1 gene
is correlated with microsatellite phenotype of MMR
genes, especially with MSI-H. Exhaustive-methylation
of MLH1 gene can silence the expression of MLH1 protein. MLH1 promoter methylation analysis is a promising tool for molecular genetics screening for HNPCC.
Key words: Hereditary non-polyposis colorectal cancer;

MLH1 ; Methylation; Germline; Methylation-specific PCR;
Microsatellite phenotype
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INTRODUCTION
Hereditary non-polyposis colorectal cancer (HNPCC),
also known as Lynch syndrome, is characterized by an
autosomal dominant inheritance of early-onset microsatellite instability (MSI)-positive colorectal cancer and an
increased risk of other cancers, including cancers of the
endometrium, stomach, ovary, urinary tract, pancreas,
and small bowel. HNPCC accounts for 5%-10% of all
colorectal cancers and is caused by a mutation in one
of the following DNA mismatch repair (MMR) genes:
MLH1, MSH2, MSH6, PMS1 and PMS2[1-3]. Germline
mutations in MLH1 and MSH2 account for > 90% of
all known MMR mutations in HNPCC[4], and germline
mutations in MSH6 account for 5%-10%, whereas mutations in other genes are rare[3,5]. MSI has been observed
in approximately 13% of sporadic colorectal cancers
(CRC) and in virtually all CRC arising in patients with
HNPCC. Germline mutations in MMR genes, highfrequency microsatellite instability (MSI-H) and loss of
MMR protein expression are the hallmarks of HNPCC.
Epigenetic silencing is usually considered a kind of somatic phenomenon and somatic MLH1 promoter hypermethylation is generally accepted in the tumorigenesis
of sporadic tumours. However, little is known about the
maintenance of epigenetic state in the germline[6] and
abnormal MLH1 gene promoter methylation in normal
body cells is controversially discussed as a mechanism
predisposing patients to HNPCC. Recently, aberrant
methylation in MMR genes, MLH1 or MSH2, has been
supposed as a basic factor for cancer[7]. Promoter hypermethylation in MLH1 gene of colorectal tumors correlates well with loss of MLH1 protein in sporadic MSIpositive cases[8,9]. This study was to investigate the MLH1
gene germline epimutation by methylation-specific PCR
(MSP) in 18 Chinese HNPCC kindreds with MSI-H but
without germline mutations in MSH2, MLH1, or MSH
gene, in order to identify HNPCC families and provide
experimental information for HNPCC database.

MATERIALS AND METHODS
Materials
From Januar y 1998 to October 2005, 24 Chinese
HNPCC families fulfilling different clinical criteria were
registered at the Department of Abdominal Surgery in
Shanghai Cancer Hospital/Institution. Germline mutations in MLH1, MSH2 and MSH6 genes were excluded
by DNA-PCR-based sequencing in the probands of all
Chinese HNPCC families[10-12]. Of them, 18 unrelated
HNPCC probands were selected for the study objects
www.wjgnet.com
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Table 1 Characteristics of 18 probands with MSI-H
Case
H21
H22
H28
H29
H32
H42
H46
H57
H63
H10
H12
H41
H55
H7
H8
H30
H35
H51

Gender Age (yr)
M
M
F
F
M
M
M
F
F
M
F
M
M
M
M
M
F
F

38
46
30
37
51
65
48
47
47
41
50
46
49
38
43
48
38
27

Criteria

MSI

MLH1/MSH2/MSH6

AC
AC
AC
AC
AC
AC
AC
ACⅡ
AC
JC
JC
JC
JC
BG
BG
BG
BG
BG

MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H
MSI-H

NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM
NM

mutation study

AC: Amsterdam criteria; JC: Japanese criteria; BG: Bethesda guidelines;
MSI-H: High microsatellite instability; NM: No mutation.

Table 2 Characteristics of 6 probands with MSS
Case

Gender

Age (yr)

Criteria

MSI

MLH1/MSH2/MSH6

H16
H20
H44
H48
H50
H54

F
F
F
M
M
M

44
54
39
28
55
43

JC
BG
BG
BG
BG
BG

MSS
MSS
MSS
MSS
MSS
MSS

NM
NM
NM
NM
NM
NM

mutation study

JC: Japanese criteria; BG: Bethesda guidelines; MSS: Microsatellite stability;
NM: No mutation.

with the phenotype of MSI-H, and the remaining 6 were
for the control group with the phenotype of microsatellite stability (MSS). Each participant was asked to give
10 microliters of peripheral blood and consented for
access to archival tumor tissue. The characteristics of
the selected cases are listed in Tables 1 and 2. To ensure
the reliability of the results, family H65 with nonsense
germline mutation at c.2228C > A in MSH2 gene was
used as the negative control and the cell line sw48 was
used as the known positive control for the methylation
in MLH1 gene as well as water as the blank control. This
study was proved by the Medical Ethical Committee of
Cancer Hospital, Fudan University. The procedures of
the study were in accordance with the international rules
and regulations.
DNA extraction
Genomic DNA from peripheral blood and the cell line
sw48 was extracted with the QIAGEN (Hilden, Germany)
DNA extraction kit following its manufacturer’s
introductions. Concentration of the genomic DNA
was determined with an ultraviolet spectrophotometer
(Beckman, DU640 type).
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A

M1

U1

U2

M2

M3

M

124 bp

115 bp

B

U3

M U7 M7 U12 M12 U30 M30 U10 M10 U29 M29 U41 M41 U65 M65 USW MSW

200 bp
100 bp
  50 bp

C

M U8 M8 U32 M32 U10 M10 U60 M60 U29 M29 U42 M42 U65 M65 USW MSW

115 bp

124 bp

Figure 1 Results of MLH1 MSP assay using primers that amplify methylated
(M) or unmethylated (U) alleles (Lane M represents 100-bp DNA marker).
A: MLH1 MSP assay in families H10, H65 and cell line SW48. M1, M2, U1and
U2 indicate the methylated and unmethylated products of familiy H10, cell line
SW48, and the methylaed band (115 bp); M3 and U3 indicate the methylated
and unmethylated products in family H65; B: MLH1 MSP assay in families H7,
H12, H30, H10, H29, H41, H65 and cell line SW48. U7, U12, U30, U41 and
U65 indicate the unmethylated products of families H7, H12, H30, H41, and
H65,respectively; M10, M29 and MSW indicate the methylated products of
families H10, H29, and positive control SW48, respectively; C: MLH1 MSP assay
in families H8, H32, H10, H60, H29, H42 H65 and cell line SW48. U8, U60 and
U65 indicate the unmethylated products of families H8, H60 and H6, respectively;
M10, M29 and MSW indicate the methylated products of families H10, H29, and
positive control SW48, respectively; U32, M32 and U42, M42 are products of
families H32 and H42, respectively.

PCR for methylation in MLH1
MSP exploits the effect of sodium bisulfite on DNA,
which efficiently converts unmethylated cytosine to uracil
with methylated cytosine unchanged. Consequently, after
treatment, methylated and unmethylated alleles have
different sequences that can be used to design allelespecific primers.
Genomic DNA was modified with sodium bisulfite
as described previously[13,14]. The modified DNA was
then subjected to MSP using primer pairs engineered to
amplify either methylated or unmethylated DNA. Methylated and unmethylated primer pair sequences were also
designed as previously described[15] and synthesized (Sangon, shanghai). PCR was carried out with HotstarTaq
DNA polymerase (Cat. No. 203203): preheating at 94℃
for 10 min, followed by 40 cycles of denaturation at 94℃
for 45 s, annealing at 58℃ for 45 s and extension at 72℃
for 45 s, and a final elongation at 72℃ for 7 min. PCR
products were subjected to 2% agarose gel electrophoresis. The products of exhaustive-methylation only indicated a methylated band of 124 bp and the unmethylated
products only indicated an unmethylated band of 115 bp,
while the partially methylated products indicated both of
them. After observation of clear and expected bands, the
products were purified using the QIAquick gel extraction
kit (Qiagen) and sequenced on a 3700 DNA sequence
system (ABI, USA) in order to check the correct bisulfite
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modification. Appropriate positive and negative reference
samples were included. Each result of sequencing was
analyzed by DNA Star 5.08 bioanalysis software.
Immunochemical staining for MLH1
A monoclonal antibody against MLH1 (Pharmingen,
San Diego, CA, USA) was prepared at a 1:40 dilution
and detected by the Envision two-step method to judge
whether the status of methylation in MLH1 gene would
affect the expression of MLH1 protein. The expression of
MLH1 was diminished in cancer tissues in the absence of
detectable nuclear staining of neoplastic cells. Infiltrating
lymphocytes and normal colonic crypt epithelium next to
the tumor area served as internal positive controls.

RESULTS
Five probands with MLH1 gene methylation were
found in 18 unrelated Chinese HNPCC families with
MSI-H phenotype but without germline mutations in
MSH2, MLH1 and MSH6 genes. The rate of abnormal
methylation in MLH1 gene was approximately 27.8%
(5/18). Among the 18 patients, 2 displayed exhaustively
methylated phenotype and the other 3 presented partiallymethylated phenotype. The exhaustive methylation
accounted for 11.1% (2/18) in the HNPCC families with
MSI-H but without germline mutations in MSH2, MLH1
and MSH6 genes. Perhaps, the changes might be much
lower in all unselected HNPCC families. Among the
13 probands with unmethylation phenotype, 8 fulfilled
the Japanese criteria (JC)/Bethesda guidelines (BG),
5 fulfilled the Amsterdam criteria (AC). All probands
with partially-methylated phenotype fulfilled the AC,
whereas probands of families H10 and H29 displaying
exhaustively-methylated phenotype fulfilled the JC and
AC, respectively. The rate of aberrant methylation in
MLH1 gene in the AC group (22.2%, 4/18) was higher
than that in the JC/BG groups (5.6%, 1/18) in all
HNPCC families with MSI-H phenotype and without
germline mutations in MSH2, MLH1 and MSH6 genes.
However, no proband with methylation in MLH1 gene
was found in HNPCC families with MSS phenotype
but without ger mline mutations in MS H2, MLH1
and MSH6 genes. In our study, the expected size of
bands was clear and specific. The study was repeated in
triplicate to make sure all results credible (Figure 1A-C).
Moreover, all exhaustively and partially methylated PCR
products were purified and clone-sequenced in order to
further substantiate the results of MSP (Figure 2). We
believed that the methylation in MLH1 gene might be
related with microsatellite phenotype. No expression of
MLH1 protein was observed in tumor tissues from two
patients with exhaustively methylated phenotype, while
positive expression of MLH1 protein was found in tumor
tissues from patients with partially methylated phenotype
(excluding family H42 without tumor tissue), suggesting
that exhaustive-methylation in MLH1 gene can cause
defective expression of MLH1 protein and influence its
function while the partial methylation in MLH1 gene may
have no impact on the expression of MLH1 protein.
www.wjgnet.com
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Figure 2 Methylation analysis of the promoter MLH1 gene by clone
sequencing. Arrow indicates CpG dinucleotide, WTS indicates the wildtype sequence of transcription start site. A: Unmethylated band presenting all
unmethylated cytosines was converted to uracil after bisulfite modification; B:
Methylated band presenting all unmethylated cytosines was unchanged after
bisulfite modification.

DISCUSSION
HNPCC syndrome is the most common for m of
hereditary colorectal cancer. Predisposed individuals
have a higher risk of developing cancer. The syndrome
is primarily due to heterozygous germline mutations in
MLH1, MSH2, MSH6 and PMS2 genes. The resulting
mismatch repair deficiency leads to MSI which is the
hallmark of tumors arising within this syndrome, as well
as a variable proportion of sporadic tumors. Diagnostic
guidelines and criteria for molecular testing of suspected
families have been proposed and continuously updated.
However, not all families fulfilling these criteria show
mutations in MMR genes and/or MSI implicating other
unknown carcinogenic mechanisms and predisposition
genes. This subset of tumors is the focus of current
clinical and molecular research.
Germline mutations in the coding regions of MSH2
and MLH1 genes are known to be responsible for up
to 45%-64% of all HNPCC families[16], and those of
MSH6 account for 10% of HNPCC kindreds [17]. We
have previously detected germline mutations in the entire
coding regions of MS H2, MLH1 and MS H6 genes
in 24 probands meeting the AC, 15 probands fulfilling
the JC and 19 probands meeting the BG by PCR-genesequencing with 20 germline mutations detected including
two mutations occurring in a same patient and three novel
mutations[10,11]. Subsequently, 3 new mutations are found
by mRNA-based PCR sequencing[12]. It was speculated
that the remaining probands without mutations in
MSH2, MLH1, and MSH6 genes might be associated
with other aberrant types of genes. It was reported
that DNA methylation associated with transcriptional
silencing of MLH1 is the underlying cause of MMR
defects in most sporadic colorectal cancers with a MSI+
phenotype[9,18]. Moreover, reversal of methylation with
5-aza-deoxycytidine not only results in reexpression of
MLH1 protein, but also restoration of the MMR capacity
in MMR-deficient cell lines[9]. These findings further
substantiate that the promoter methylation in MLH1 gene
is another deficient mechanism of MLH1 gene.
Hypermethylation of CpG island in the promoter sewww.wjgnet.com
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quence has been proved to be an important mechanism
of gene silencing and is particularly associated with transcriptional silencing of tumor suppressor genes in sporadic cancers[19,20]. Germline mutations might occur in
individuals with a well-characterized genetic disease but
lack an identifiable mutation in known disease genes[21].
It was recently reported that monoallelic promoter
hypermethylation in MLH1 gene is observed in peripheral blood from a number of patients with early-onset
colorectal cancer[7,22-24]. The above results indicate that
MLH1 promoter-germline mutation might be related to
HNPCC.
Our study demonstrated 5 probands with MLH1
gene methylation (including 2 exhaustive-methylations
which fulfill the JC and the AC, respectively, and 3 partmethylations fulfilling the AC) in 18 unrelated Chinese
HNPCC families with MSI-H phenotype but without
germline mutations in MSH2, MLH1 and MSH6 genes.
The rate of aberrant methylation in MLH1 gene (22.2%,
4/18) was higher in probands fulfilling the AC than that
(5.6%, 1/18) in those meeting the JC and BG. Of the
13 probands with unmethylated phenotype, 8 fulfilled
the JC and BG (61.5%, 8/13), 5 fulfilled the AC (38.5%,
5/13). However, no proband was detected with the
aberrant methylation in MLH1 gene in the 6 suspected
HNPCC families with MSS phenotype and without
germline mutations in MSH2, MLH1 and MSH6 genes.
These findings illuminate that the promoter methylation in MLH1 gene is likely another underlying cause
of MMR defect in HNPCC fulfilling the AC. In order
to ravel whether the aberrant methylation in MLH1
gene influences the expression of MLH1 protein, immunostaining of MLH1 protein was carried out in 5
probands with MLH1 aberrant methylation in our study.
No expression of MLH1 protein was found in 2 probands with exhaustively methylated phenotype, whereas
positive expression of MLH1 protein was observed in 2
probands with partially methylated phenotype (excluding
family H42 without tumor tissue) suggesting that exhaustive methylation in MLH1 gene can cause defective
expression of MLH1 protein and influence its function
while partial methylation of MLH1 gene may have no
impact on the expression of MLH1 gene, revealing that
methylation in MLH1 gene may be related with the microsatellite phenotype and influence the expression of
MLH1 protein and its function, which is consistent with
the reported findings in other studies[8,9].
In neoplastic cells, stable allele-specific loss of transcription due to aberrant methylation in an unmutated
promoter region can identify hypermethylation as a direct
mechanism of tumor suppressor gene inactivation[25].
Moreover, the promoter methylation can be passed in
somatic mitosis, which is reversible. Persons with hypermethylation in MLH1 alleles of somatic cells can predispose to the development of cancer in patterns with
hereditary nonpolyposis colorectal cancer. It was reported
that epimutation can be transmitted from a mother to her
son[26], which is consistent with transgenerational epigenetic inheritance.
In the present study, the rate of aberrant methyla-
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tion in MLH1 gene was only 27.8% (5/18) in selected
HNPCC with MSI-H phenotype but without germline
mutations in MLH1, MSH2 and MSH6 genes. Among
the probands with aberrant methylation, the rate of
methylation in those fulfilling the AC accounted for 80%
(4/5), which was significantly higher than that [20% (1/5)]
in those meeting the JC and BG. Methylation analysis of
the MLH1 promoter should be performed for all earlyonset or multiple colorectal cancer patients with MSI-H
tumors or loss of MLH1 protein expression due to unknown causes in HNPCC probands fulfilling the AC.
There is evidence that aberrant methylation in
the promoter region of MLH1 alleles is functionally
equivalent to a pathogenic MLH1 germline mutation
and mimics the clinical phenotype of Lynch syndrome.
‘Sporadic’ HNPCC-patients need to be treated Lynch
syndrome patients. Individuals carrying MLH1 germline
epimutations are at a high risk of developing colorectal
and other tumors and should be considered carriers of
germline mutations. Inheritance should be discarded in
each case, until more conclusive data are obtained. MLH1
promoter methylation analysis should be performed at
least for the first degree relatives with positive methylation
to exclude the inheritance of a familial epimutation[27].
Identification of hypermethylation as an epigenetic
defect has important implications for surveillance recommendations, since these patients should be treated like
Lynch syndrome patients.The heritability of methylation
needs to be further investiged.

Applications

MLH1 promoter methylation analysis can be used for the microsatellite
phenotype of mismatched repair genes and is a promising tool for molecular
genetics screening of HNPCC.

Terminology

HNPCC is an abbreviation of hereditary nonpolyposis colorectal cancer; MSP is
an abbreviation of methylation-specific PCR.
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In this study, MLH1 promoter germline-methylation was detected in 18 unrelated
Chinese HNPCC probands with high microsatellite-instability phenotype but
without germline mutations in MSH2, MLH1 and MSH6 gene. The rate of aberrant
methylation in probands meeting theAmsterdam criteria was higher than that in
those fulfilling the Japanese criteria/Bethesda guidelines. However, the function
of MLH1 promoter germline-methylation should be further studied with a large of
samples.
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CONCLUSION: The results are the first standardized
metrical evaluation of the geometric properties of the
parenchyma, inflammation, fibrosis, and alterations
in liver tissue tectonics of the biopsy sections. The
present study confirms that biopsies are still valuable,
not only for diagnosing chronic hepatitis, but also for
quantifying changes in the organization and order of
liver tissue structure.
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Abstract
AIM: To describe a quantitative analysis method for
liver biopsy sections with a machine that we have
named “Dioguardi Histological Metriser” which automatically measures the residual hepatocyte mass
(including hepatocytes vacuolization), inflammation,
fibrosis and the loss of liver tissue tectonics.
METHODS: We analysed digitized images of liver biopsy sections taken from 398 patients. The analysis
with Dioguardi Histological Metriser was validated by
comparison with semi-quantitative scoring system.
RESULTS: The method provides: (1) the metrical extension in two-dimensions (the plane) of the residual
hepatocellular set, including the area of vacuoles
pertinent to abnormal lipid accumulation; (2) the geometric measure of the inflammation basin, which distinguishes intra-basin space and extra-basin dispersed
parenchymal leukocytes; (3) the magnitude of collagen
islets, (which were considered truncated fractals and
classified into three degrees of magnitude); and (4)
the tectonic index that quantifies alterations (disorders)
in the organization of liver tissue. Dioguardi Histological Metriser machine allows to work at a speed of
0.1 mm2/s, scanning a whole section in 6-8 min.

INTRODUCTION
The main purpose of this paper is to describe a rigorous method based on the fundamentals of measurement
theory[1], which metrically defines the changes in magnitude of liver tissue prime basic structural elements that
occurring during the course of chronic hepatitis B and C.
Each available score to evaluate hepatic lesions is
characterized by some methodological inaccuracy[2-4]. In
fact, transient elastography (Fibro-Scan)[5,6] is limited by
the skill of the operator and because liver stiffness is not
only dependent from fibrosis, and serological assays not
directly involved in tissue evolution, but in patient diagnosis[7-11]. In addition to the inherent risks of excising a liver
specimen[12], current morphometric analyses[13-17] are timeconsuming, depend on subjective choices of the regions
of interest, involve the interactive elimination of Glisson’s
capsule and staining artefacts, and use the International
System (IS), which is unsuitable for measuring the irregular shapes found in histology[18-21].
The study concerning the status of the liver tissue affected by chronic viral hepatitis was suggested by three
www.wjgnet.com
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main needs. The first was ethical because methodological
accuracy and repeatability are essential. The second was
clinical because many problems remain unsolved in hepatology, such as non-responders to therapy[3], and regression
of cirrhosis[2]. The third need was economic, as the price
of the metrical data supplied by the “Dioguardi Histological Metriser” analysis is relatively low, and the repeatable
biopsy interpretation is obtained with a few minutes.
The lack of an appropriate geometry had prevented
the real measurement of irregular liver structures, until
Mandelbrot’s fractal geometry[22] (also called the geometry
of irregularity) offered a correct approach for obtaining
reproducible and closer to reality metrical measurements
of hepatocellular mass, inflammation, and fibrosis, and
also provided a quantitative index for evaluating the
organization of liver tissue tectonics. In order to apply
these new measurements, we constructed a practical and
fully-automated machine that we called the “Dioguardi
Histological Metriser”, which is capable of measuring 10
parameters to describe the status of the residual hepatocyte mass (including hepatocyte vacuolization), inflammation, fibrosis, and the loss of liver tissue tectonics in liver
biopsy sections, at a speed of 0.1 mm2/s. Hepatitis B and
C virus infections do not usually affect the biliary system.
The study concerning the status of the liver tissue affected by chronic viral hepatitis B and C, was suggested
by three main needs: (1) Ethical: methodological accuracy
and reproducibility are essential; (2) Clinical: because
many questions remain unsolved in hepatology, such as
non-responders patients to therapy[3], and regression of
cirrhosis[2]; (3) Economical: metrical data analysis supplied
by the “Dioguardi Histological Metriser” is not expensive
reproducible and is obtained within a few minutes.

MATERIALS AND METHODS
Case list
We studied 398 patients randomly collected (250 male)
aged 52 ± 12 years with chronic hepatitis B or C, who
were admitted to the hepatology departments of the
Istituto Clinico Humanitas (ICH) IRCCS, Rozzano, and
the University of Milan Department of Gastroenterology, Ospedale Maggiore IRCCS, Milan, Italy. The biopsies
were performed in accordance with the guidelines of
the Ethics Committees of ICH and Ospedale Maggiore
IRCCS. All of the liver specimens were approximately
17 ± 12 mm2.
The logarithmic curve of the ordered set according
to the fibrosis data magnitude obtained from the 398
patients, can be interpreted as the trajectory (from α to
ω)of the ideal dynamics of collagen deposition during
the course of chronic hepatitis (Figure 1).
Histological methods
Three consecutive 2 μm thick sections were cut from
formalin-fixed, paraffin-embedded biopsy specimens:
the first was stained with hematoxylin and eosin for diagnostic purposes; the second was treated to identify inflammatory cells by using monoclonal antibodies raised
against leukocyte common antigen (LCA: Dako, Milan,
www.wjgnet.com
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Figure 1 Markovian logarithmic curve obtained with the fibrosis content
in each single biopsy section from 398 patients, ordered by increasing
severity. AF = area of fibrosis.

Italy) and a standardized immunoperoxidase method[23],
and hepatocellular lipids vacuoles; and the third was
stained with Sirius red to visualize fibrosis.
Semi-quantitative analyses
Expert hepatopathologists graded and staged the biopsy
sections using the Knodell[24], Sheuer[25], Ishak[26], and
METAVIR[27] semi-quantitative scoring systems.
Example of liver tissue geometric analysis
A specific example of the set of metrical parameters
obtained by quantitatively evaluating liver residual
parenchyma, inflammation, fibrosis, and disordered liver
tissue tectonics is shown in Figure 2.
Methodology validations
Variations in the water bath temperatures used to distend the histological sections were tested at 41, 43, 45
and 47℃, (which accounted for 12% of the variations
in fibrosis). Variations in paraffin section thickness were
tested using five sequential thicknesses from 2-6 μm,
(which accounted for 20% of the variations in fibrosis).
Variations in staining times (tested using nine sequential
sections stained with a freshly-made Sirius red solution
for 15-135 min), (which accounted for 13% of the variations in fibrosis). Intra-sample variability in the tissue
area covered with Sirius-red-stained collagen was assessed using three series of thirty 2 μm-thick sections
obtained from three biopsies, two series of fifteen 4 μmthick sections obtained from two further biopsies, and
one series of ten 6 μm-thick sections obtained from a
sixth biopsy. The results showed wide intra-sample variability, because of the highly irregular distribution of
the collagen matrix. Also the loss of the thinner matrix
components because of histological section processing
might have play played a role in this result.
Statistical analysis
The results were analyzed using Statistica software
(StatSoft Inc., Tulsa, OK, USA). Variability was evaluated
using the coefficient of variation (CV) given by the
formula CV = (SD/mean) × 100%. P values of less than
0.05 were considered statistically significant.
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The method automatically eliminates the capsule of Glisson, if present
(Marked in black in catalogue image)

Analysis of the histological section:
Inflammation is low
The fibrosis is present in low quantity and consists mainly of small islets (thin fibres)
Residual liver tissue is normal. Tectonic order is normal
Automatic diagnosis:
Chronic hepatitis with prevalent fibrotic component present in low quantity, with
normal structural order

Figure 2 An example of LTGA. The machine completes the analysis by providing a common language description of the histological pattern and diagnosis.

The model and its pathological transformation
Our model for measuring the state of liver tissue is
based on two canonical points: the choice of the prime
structural elements of the tissue, and the most general
kind of tissue organization[1].
Prime structural elements (determine property of the
system) and are the most representative structural elements of an organ tissue insofar as they have the property of changing their shape and size over time, without
losing their individuality.
Prime liver structural elements were considered: (1)
the parenchyma (i.e. the substantia jecuris), which consists
of the hepatocytic mass that, in this phase of the research,
includes regenerative nodular hepatocytes; (2) the dispersed set of topical immunological cells; (3) the collagen
scaffold that consists collagen fibers and included the portal spaces; and (4) the tectonic, defined by the MalpighiKiernan lobular organization of the liver. All of these
elements were taken in their strictly structural form.
The most general kind of organization[1] of an organ
tissue is the state of its prime structural elements defined
by quantitative relationships. It determines tissue tectonics and the reference for every structural change in organ
architecture which, in the case of the liver, is the lobular
structure.
Pathological events occurring during the course of
chronic viral hepatitis transform the shape and size of
these prime physical structures, and consequently alter
the most general organization of the liver system.
The main events altering the natural physical state
of the prime structural elements and tectonics of liver

tissue, are enlargement, reduction and “vacuolization”.
The pathological transformations determined by these
events during the course of chronic viral hepatitis, can
be interpreted as follows: (1) necrosis reduces lipid
hepatocyte determines vacuolization increases the size
of the parenchyma; (2) Increase in the number of dispersed cells generated by the topical general immune
system determine inflammatory cell clusters; (3) Growth
of septa that evolve into porto-portal or porto-central
fibrotic bridges results in expansion of the collagen support network (which appears as Sirius-red-stained islets
in a histological section). Taken together these individual
transformations (in shape and size) generate a loss of
the natural harmony in the inter-relationship of the
prime elements. This loss of order is also measurable.
The Dioguardi Histological Metriser
We designed and built our own user-friendly Liver Tissue
Geometric Analyser (LTGA or Dioguardi Histological Metriser; patent pending), which automatically ensures correct
microscope focusing, metrically evaluates the image of an
entire digitalized histological slide, and defines the areas
covered by the residual parenchymal mass (including lipid
vacuolization), inflammation and fibrosis; it also disregards
any unfilled spaces (vascular and biliary cavities or sinusoidal spaces) and artifactual tissue-free spaces.
The Dioguardi Histological Metriser consists of
two parts: a “client” (or dedicated microscope system)
that captures and digitizes the images of the specifically
stained histological section, and a central “server” that receives the images, automatically measures the parameters
www.wjgnet.com
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Measuring the pathological structures
We took as a reference for the following measurements
the physical transformation average of the areas of the
studied histological section.
Residual parenchymal mass: We consider the surviving
hepatocellular set that remains after necrotic viral destruction, together with the nodular regenerated hepatocytes.
This surviving part of the hepatocellular set (residual
mass) is expressed as a percentage of the reference area
using the formula:
HS = 100% - AI - AF
Where HS is the area of the residual hepatocellular set,
AI the sum of the area of the inflammation basin, and AF
the area covered by fibrosis. Vacuolization is due to the accumulation of lipids within hepatocytes (Figure 4). In this
phase of the research we included lipid vacuoles in the
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Figure 3 Liver fibrosis. A: Prototypical examples of multifarious Siriusred-stained collagen islets makingup the liver collagen network; B: the
Metriser automatically selected and
excluded Glisson’s capsule (black
islets) from the computation of fibrosis
by means of an appropriate algorithm.

B

listed in Table 1, and sends the results back to the client.
In this study, the microscope system consisted of a
Leica DMLA microscope (Leica, Milan, Italy) equipped
with an X-Y translator table, a digital camera (QICam,
QImaging, Surrey, Canada), and an Intel Pentium 4, 2.60
GHz computer. We used ad hoc built-in image analysis
software that automatically filtered, selected, and marked
the outlines of the images of interest using color thresholds based on the levels of red, green and blue. All of the
measurements were made at 10 × objective magnification.
The Dioguardi Histological Metriser automatically selected
and excluded Glisson’s capsule from the computation of
fibrosis by means of an appropriate algorithm (Figure 3).
The minimum and maximum scalars obtained empirically on the basis of the Dioguardi Histological Metriser
measurements of 398 biopsies are shown in Table 1.
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Table 1 Quantitative parameters automatically obtained with
the Metriser
Parameter

min

Residual hepatocellular set
Residual hepatocellular set (%)

max

67.97

99.59

Inflammation
Inflammatory cell cluster space (%)
Pure inflammatory cell cluster space (%)
Extra-basin inflammatory space (%)

0
0
0

8.71
3.67
1.14

Fibrosis
Area of Sample covered by fibrosis (%)

0

32

Islets magnitude
10-103 (%)
103-104 (%)
> 104 (%)
Wrinkledness

8.9
0
0
0

100
58.15
87.4
1666

Tectonic Index
Liver tissue
Low or no disorder
Middle disorder
High disorder

0
0
0.4
0.6

0.78
0.4
0.6
1

Data are expressed as percentage of true liver surface. The value 0 is
obtained when no cell clusters were recognized. Quantitative evaluation
of steatosis. At this phase of the research this quantitative parameter is still
obtained with an ad hoc software.

residual parenchyma. The extension of these cytoplasmic
enclaves was measured separately, to define the steatosis
grade.
Inflammation basin: We called the inflammation basin
(Figure 5A) the classic liver tissue pattern characterized
by various sets of spatial immune-cell aggregates[23]. We
consider three components. (1) Inflammatory cell clusters
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Figure 4 Computer-aided recognition of vacuolization, due to the accumulation of lipid vacuoles within hepatocytes. The image represents only a
limited exemplificative area taken from the whole histological section (× 10).

A

A

B

B

C

D

Figure 5 Liver inflammation (× 10). A: Morphological picture showing the
inflammatory cell’ clusters forming the inflammation basin; B: inflammatory cell
cluster; C: discrimination of the cluster outline (black line) using the Delaunay’
triangulation; D: pure intra-cluster inflammatory space covered by the inflammation
cell bodies (green surface). The immunological staining was performed by treating
the sections with monoclonal antibodies raised against LCA.

(Figure 5B). The boundaries of this dot-like pathological

Figure 6 Liver inflammation (× 10). A: Extra-cluster inflammatory space,
which is the sum of micro-areas covered by individual inflammatory cells
represented by the nodes of the Delaunay’ triangulation network; B: irregular
outline (black line) in which lies the outermost cells distant each other no more
than 20-mm; C: the irregular outline divided outermost cells from the inside
resident cluster cells. The immunological staining was performed treating the
sections with monoclonal antibodies raised against LCA.

structure are arbitrarily fixed using Delaunay’s triangulation (Figure 5C), which defines their edges, as a continuous line, connecting the centers of the outermost cells
(with a maximum distance of 20 μm)[23]. This line separates the intra-cluster inflammatory cells, from the immunologically evidenced parenchymal leukocytes throughout
the tissue[23]. (2) Intra-cluster inflammatory space (Figure
5D), which is intra-cluster area covered by resident inflammatory cell bodies micro-areas[23]. (3) Extra-cluster inflammatory space, which is the sum of micro-areas covered
by individual inflammatory cells that remain outside the
clusters, within the liver tissue interstitium (Figure 6)[23].
Fibrosis: The fibrotic framework appears as a multifarious set of collagen islets (Figure 3). Three classes of
collagen islets were arbitrarily identified on the basis of
their area the first one included islets with an area of between 10 and 103 μm2, the second are those with an area
of between 103 and 104 μm2, and the third are those with
an area of > 104 μm2[21] (Figure 7).
The wrinkledness of collagen islets is calculated
using the formula:
W=

P
−R
2 pA

Where wrinkledness (W) is expressed as the ratio between the perimeter and area of an object[21], P is the fracwww.wjgnet.com
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tal-corrected perimeter of the collagen area, A the fractalcorrected collagen area, and R the roundness coefficient
of the collagen islets[21].
Liver tectonics: Natural liver tectonics defines the organization of the intersecting elements of liver tissue.
The tectonic order was quantitatively described by the
Tectonic Index (TCI, which ranges from 0 to 1) obtained
using the Euclidean and fractal dimensions and TCI was
obtained from H using the conversion formula:
TCI = 1 - H
Where H = Dγ + 1 - D, in which D is the fractal
dimension and Dγ the Euclidean dimension.
TCI describes the loss of tissue organization or any
deviation from natural order: a high TCI indicates a high
degree of tissue disorder, and a low TCI indicates a low
degree of tissue disorder. It can therefore be written:
TCI = 1 - H = D - Dγ
Fractal dimension correction of the IS meter
The irregularity of collagen islets makes it impossible to
measure them using IS linear units unless these units are
corrected by means of fractal dimension[20,21]. This correction makes it possible to include details of shape that escape (or do not interact with) linear unit measurements at
any given scale[20,21]. We derived the fractal dimension using the box-counting method[20,21,28,29]. Since the biological
objects has been classified as “truncated fractals”[20,21,30] we
used the fractal dimension to correct the reference units
as a dilation factor[20,21].
Table 2 shows the differences between the uncorrected
and fractal dimension-corrected IS measurements.

RESULTS
Dioguardi Histological Metriser resolution power
The Dioguardi Histological Metriser resolution was aswww.wjgnet.com

Number 48

Figure 7 Liver collagen islets magnitude (× 10). A: The Histological
Metriser Dioguardi distinguish and
highlight with different colours three
classes of Sirius-red stained collagen
islets; B: islets with magnitudes
arbitrarily fixed at 10-103 mm2 (colored
in blue); C: islets with magnitudes
fixed at 10 3 -10 4 mm 2 (colored in
green); D: islets with magnitudes fixed
at and > 104 mm2 (coloured in pink).

A

B
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Table 2 Differences between the uncorrected and fractalcorrected IS measurements of fibrosis surface extension
n

193
156
49

Uncorrected
fibrosis extension
range (%)

Mean increase of fibrosis
extension after IS meter
correction (%)

min
(%)

max
(%)

0-3
3-10
10-40

25
10
4

0
5
2

65
18
6

n: Number of liver biopsy.

sessed by computing the surface area of liver fibrosis in
13 tissue sections, and repeating the measurements 10
times in order to define the instrument error. Two objects were considered distinct if, and only if, their values
and 95% confidence intervals (twice the standard deviation of the experimental values) did not overlap. The
Dioguardi Histological Metriser distinguished 68 different categories, as against the six of Ishak, the five of the
METAVIR scoring system, and the four of Knodell’s or
Sheuer’s methods. The mean distance between the data
with no overlap was 0.786% (range: 0.056%-2.216%).
The selective power of the metrical quantifications
defines the capacity of the method to distinguish small
differences in magnitude.
Comparison of metrical and semi-quantitative data
A study a part, was performed to define differences of
the metrical date concerning residual hepatocytic mass
inflammation, fibrosis and liver tissue tectonics on the
same patient. The digital images of 61 pairs of histological
biopsies from patients with hepatitis C virus-dependent
disease. The first measurement was made 4-15 years after
of the interval (after the antiviral treatment). The aim was
to study the date differences after a long and irregular time.
For each pair of biopsies, we studied: (1) the difference
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Table 3 Residual parenchyma metrical and semi-quantitative
case numbers

			

Table 5 Fibrosis metrical and semi-quantitative case numbers
D metrical measure

D metrical measure

Semi-quantitative evaluations
HAI

Increase
24
Stationarity 0
Decrease
37

19
30
12

Scheuer
26
23
12

Ishak
26
18
17

METAVIR Average
23
25
13

23.5
24.0
13.5

Mean value of the four semi-quantitative scoring systems; Data refer to
the difference between two biopsies taken at different times.

Table 4 Inflammatory basin metrical and semi-quantitative
case numbers

Increase
42
Stationarity 0
Decrease
19

Semi-quantitative evaluations
HAI

Scheuer

Ishak

METAVIR

Average

19
30
12

26
23
12

26
18
17

23
25
13

23.5
24.0
13.5

Mean value of the four semi-quantitative scoring systems; Data refer to
the difference between two biopsies taken at different times.

Table 6 Tectonic Index metrical and semi-quantitative case
numbers
D of loss of the natural

D metrical measure
Increase
35
Stationarity 1
Decrease
25

Semi-quantitative evaluations
HAI

Scheuer

Ishak

16
25
20

16
22
23

23
19
19

liver tissue order

METAVIR Average
7
36
18

15.5
25.5
20.0

Mean value of the four semi-quantitative scoring systems; Data refer to
the difference between two biopsies taken at different times.

(Δ) between the scalar measurements performed with
Dioguardi Histological Metriser; and (2) the changes of
the semiquantitative evaluation with the four most widely
used semi-quantitative methods (Knodell, Sheuer, Ishak,
METAVIR).
Juxtaposing the quantitative variations in the metrical
measurements with the time to the same parameters studied by means of the semi-quantitative methods in order
to collate the results of the two scores, we found the following. (1) The metrical measurements of residual parenchyma gave, in comparison to semi-quantitative results,
fewer indications of no change and more indications of
decreases (Table 3). (2) The metrical measurements of inflammation gave more indications of increases, and fewer
indications of no change than the semi-quantitative results (Table 4). (3) The metrical measurements of fibrosis
gave more indications of increases and fewer indications
of no change than the semi-quantitative results (Table 5).
(4) The quantitative evaluations of the tectonic index of
liver architecture gave more indications of increased disorder, and fewer indications of no change than the semiquantitative results (Table 6).
To compare the difference of the metrical scalars,
with the ordinally numbered categories is not possible,
because metrical measurements are in continuum (and
thus additive with successive points separated by Δ = 0),
whereas semi-quantitative evaluations are discrete and
not additive with intervals of Δ ≠ 0.
Differences between the metrical and semi-quantitative
results
On the straight line of real numbers, we reported the
value of the cases grouped by each category recognized
with the current semi quantitative scoring systems.
The collate of the distribution of the data reported
on the state shows the overlapping of the metrical meas-
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Increase
Stationarity
Decrease

46
3
12

Semi-quantitative evaluations
HAI
19
30
12

Scheuer Ishak METAVIR Average
26
23
12

26
18
17

23
25
13

23.5
24.0
13.5

Mean value of the four semi-quantitative scoring systems; Data refer to
the difference between two biopsies taken at different times.

urements that correspond to patients classified in different semi quantitative categories (Knodell, Ishak, Sheuer,
and METAVIR). This highlights the inadequacy of all
four semi-quantitative methods in discriminating different states of liver fibrosis (Figure 8).
Classes of magnitude of collagen islets
Our method distinguished three classes of collagen islets
with magnitudes arbitrarily fixed at 10-103 μm2, 103-104
2
4
2
μm , and > 10 μm (Figure 7). As the process of fibrosis is a progressive deposition of extracellular matrix
that coalesces into islets that are subsequently thickened
by matricial deposits, it can be speculated that thin islets
indicate the initiation and persistence of inflammation.
Stad-ging and grading
Stad-ging indicates the part of the disease course already
covered and the part that remains to be covered, before
it reaches its end. It is established by placing the value
of fibrosis (expressed as a scalar) on the ideal trajectory
that indicates the phase of fibrosis, at the time of
measurement (Figure 9)[21]. In brief, stad-ging indicates the
tendency of the process to evolve in both senses from
one state to another.
The staging and stad-ging of fibrosis are different
insofar as the former indicates the current fibrotic state,
and the latter indicates the phase of the process: i.e. the
percentage of the course before collagen deposition
reaches its maximum level of tolerance, which in our
case, was empirically found to be 32% of fibrosis. The
magnitude of inflammation defines the current status
(grading) of the disease process.

DISCUSSION
The aim of this study was to test the means of rapidly
www.wjgnet.com
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Figure 8 Comparison of the
phase portraits obtained using
the scalar values of fibrosis
(%) calculated from each
biopsy section, projected onto
the state spaces. A: Knodell
HAI; B: Sheuer; C: Ishak;
and D: METAVIR categories
(staging). All graphs highlight a
considerable overlap of scalar
data that corresponds to different
categories. Forty-six cases for
HAI, 34 for Sheuer, 10 for Ishak
and 29 for METAVIR resulted
uncertain to be classified in a
unique category of severity.
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Figure 9 Stad-ging indicates the part of the disease course already
covered and the part that remains to be covered before it reaches its end,
and is established by placing the value of fibrosis (expressed as a scalar)
on the ideal trajectory that indicates the phase of fibrosis at the time of
measurement. AF = fibrosis area (× 10).

making standardized and precise metrical measurements
of pathological elements in a liver biopsy histological
section using the rules of measurement theory.
The model used to make quantitative comparisons
between the structural elements of the natural liver system
and the same elements in liver tissue affected by chronic
viral inflammation was constructed on the basis of a set of
four observables, which were considered the prime structural elements of the system. Three of these (the hepatocyte sub-set, topical immune system and collagen support
network) were taken as axioms for measuring the purely
www.wjgnet.com

10

Fibrosis area (%)

Staging score

C

Volume 14

4

n =1
0

December 28, 2008

structural organized matter; the fourth (tissue tectonics)
was taken as an axiom because it defines the harmony that
orders the natural conformation of liver tissue. Recognizing these observables in their most strictly structural form
makes it possible to define necrosis, the topical immune
system, the collagen network and tissue tectonics in geometrical terms: (1) necrosis of the hepatocyte mass was
considered a reduction, and steatosis an enlargement due
to lipid deposition in the form of intercellular vacuoles; (2)
inflammation was considered an enlargement of the topical
immune cell system; (3) fibrosis an enlargement of natural
liver collagen formed by the deposition of intercellular
matrix; and (4) the transformations in liver tectonics as a
reduction in the natural harmonic state of liver tissue that
caused disorder in the organ’s lobular structure.
This model allows the Dioguardi Histological Metriser
to provide the following quantitative data: (1) the metrical
extension of the residual hepatocellular set including the
area of vacuoles pertinent to abnormal lipid accumulation;
(2) the geometric measure of the inflammation basin (i.e.
that part of the liver surface covered by inflammatory cell
clusters), which distinguishes intra-basin space and extrabasin dispersed parenchymal leukocytes; (3) the magnitude
of collagen islets, which were considered truncated or
asymptotic planar fractals and classified into three degrees
of magnitude; and (4) the TCI that quantifies alterations
(disorders) in the organization of liver tissue.
To quantify these elements, the Dioguardi Histological
Metriser uses three units of measurement. The first are the
traditional IS units, which are used to measure the outlines
of clusters and lipid vacuolization; the second are the traditional IS units corrected by the fractal dimension, which are
used to measure irregular fractal collagen islets and the area
of the residual hepatocellular set; and the third is the TCI,
which is based on the inter-relationships between the Euclidean and fractal dimensions of liver tissue, and provides
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Table 7 Side effects of liver biopsy sampling and other invasive techniques
Examination

Side effects

Ref.

Serious complications (%) Mortality (%)
Liver biopsy
Oesophagogastroduodenoscopy
Colonoscopy
Flexible sigmoidoscopy
Endoscopic retrograde cholangiopancreatography
Percutaneous transhepatic cholangiography
Contrast agents

0.5

> 0.02
0.01
0.02

0.3
0.0001
5-10
3
2-10

a quantitative estimate of the loss of natural tectonic order.
On the basis of our results, it is difficult not to consider biopsies a rich source of information regarding the
course of chronic liver inflammation, despite their undeniable limitations[31]. Our perseverance in studying biopsies should be seen in the light of the risks[32-36] currently
accepted in many fields of medical practice[37-39] (Table 7).
Quantifying liver lesions in a biopsy sample raises many
questions concerning the status and organization of
natural and pathological liver systems that do not seem
to be merely subsidiary matters to be dealt with within
the confines of a specific investigation[1].
Why adopt a new measuring method in hepatology?
One fundamental question is whether hepatology researchers or practitioners need to adopt a metrical method
of tissue analysis in order to confront the everyday problems they already solve in a less precise but what they still
consider to be a satisfactory manner. Viral inflammation is
a dynamic process influenced by a variety of factors that
generate changes in the shapes (wrinkledness) of liver tissue lesions. However, studying the evolution of liver tissue
status can use no more than one biopsy, which must therefore be examined in as much detail as possible, and this
makes any attempt to improve precision crucial. It is clear
that the status of the organ cannot be defined quantitatively without an appropriate technology that is capable of:
(1) discriminating the most representative observables; (2)
eliminating imprecise identifications and measurements; (3)
using a suitable metrical unit for measuring the irregularly
shaped elements of the tissue; (4) standardizing the measurement of previously unavailable histological elements;
and (5) considering the smallest foci of inflammation and
fibrotic islets that cannot be observed through an optical
microscope.
The problem of the most representative observables
was solved by the model, and that of the linear IS unit
was solved by correcting it by the fractal dimension of
the measured object[20,21]. The problem of standardizing
the measurements was solved by constructing an innovative and completely automatic instrument that excludes
human error, provides objective and reproducible results,
and eliminates the need for the tedious work of light
microscopic analysis (the automated analysis of an entire
histological section takes place at a speed of 0.1 mm2/s).
The problem of the representativeness of a biopsy
fragment (which accounts for only 1/40 000-1/60 000 of
the whole liver)[12] cannot be directly solved by our meth-

0.1-1

31
31
31-33
32, 34
32, 35, 36
32
37-39

od which, however, can ensure objective and mathematical precision in measuring elements that may or may not
be visible through a microscope.
At this point it has to be stressed that, although our
metrical measures are rigorous and reproducible, their scalars provide definitions of magnitude and not interpretations, which remain the responsibility of pathologists and
clinicians.
However, our machine can already describe a histological picture in verbal and repeatable terms, and thus
provide a strictly morphological diagnosis. We can also
say that we have begun to consider it in terms that make
it more comparable with an intelligent collaborator than
a sophisticated desk computer. Finally, our data come
from machine-made metrical measurements of the pathological observables in a histological pattern, and are not
hypotheses based on semi-quantitative methods that can
only continue to generate new hypotheses.
This paper is closed with a dedication to Robert
Rosen.

ACKNOWLEDGMENTS
The authors are grateful to Professor Massimo Colombo
and Dr. Guido Ronchi for their kind concession to study
the specimens of the archives of Department of Gastroenterology of Ospedale Maggiore IRCCS, Milan, Italy
and Dr. Rosalind Roberts, Dr. Giuseppe Peverelli and Dr.
Kevin Smart for their language revisions of the manuscript.

COMMENTS
COMMENTS
Background

Liver biopsy can be considered the gold standard for grading, staging and
stad-ging the chronic liver disease. In addition, it remains a primary source for
acquiring new knowledge about liver pathology.

Innovations and breakthroughs

This study introduced a new kind of liver biopsy measurement that bases the tissue
state description on scalars, not with subjective interpretations (i.e. hypothesis).
Furthermore, the Dioguardi Histological Metriser can describe a histological picture
in verbal and repeatable terms, and thus provide a strictly morphological diagnosis.

Applications

The method, with opportune software, based on the same principles can be used
for investigating also non-viral or inflammatory liver disease of other organs.

Peer review

This paper reports an impressive method for automated biopsy scoring.

REFERENCES
1

Rosen R. Fundamentals of measurement and representation
www.wjgnet.com

7344

2
3

4

5

6

7

8

9

10

11
12
13

14

15

16
17

18

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

of natural systems. Elsevier Science Ltd, 1978: 1-81
Desmet VJ, Roskams T. Cirrhosis reversal: a duel between
dogma and myth. J Hepatol 2004; 40: 860-867
Goodman ZD, Becker RL Jr, Pockros PJ, Afdhal NH.
Progression of fibrosis in advanced chronic hepatitis C:
evaluation by morphometric image analysis. Hepatology
2007; 45: 886-894
Fontana RJ, Goodman ZD, Dienstag JL, Bonkovsky HL,
Naishadham D, Sterling RK, Su GL, Ghosh M, Wright EC.
Relationship of serum fibrosis markers with liver fibrosis
stage and collagen content in patients with advanced
chronic hepatitis C. Hepatology 2008; 47: 789-798
Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C,
Mal F, Christidis C, Ziol M, Poulet B, Kazemi F, Beaugrand
M, Palau R. Transient elastography: a new noninvasive
method for assessment of hepatic fibrosis. Ultrasound Med
Biol 2003; 29: 1705-1713
Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal
F, Kazemi F, de Ledinghen V, Marcellin P, Dhumeaux D,
Trinchet JC, Beaugrand M. Noninvasive assessment of liver
fibrosis by measurement of stiffness in patients with chronic
hepatitis C. Hepatology 2005; 41: 48-54
Poynard T, Imbert-Bismut F, Munteanu M, Messous D,
Myers RP, Thabut D, Ratziu V, Mercadier A, Benhamou Y,
Hainque B. Overview of the diagnostic value of biochemical
markers of liver fibrosis (FibroTest, HCV FibroSure) and
necrosis (ActiTest) in patients with chronic hepatitis C.
Comp Hepatol 2004; 3: 8
Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A,
Schuppan D, Hubscher S, Roskams T, Pinzani M, Arthur
MJ. Serum markers detect the presence of liver fibrosis: a
cohort study. Gastroenterology 2004; 127: 1704-1713
Patel K, Gordon SC, Jacobson I, Hezode C, Oh E, Smith
KM, Pawlotsky JM, McHutchison JG. Evaluation of a panel
of non-invasive serum markers to differentiate mild from
moderate-to-advanced liver fibrosis in chronic hepatitis C
patients. J Hepatol 2004; 41: 935-942
Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F,
Benhamou Y, Poynard T. Biochemical markers of liver
fibrosis in patients with hepatitis C virus infection: a
prospective study. Lancet 2001; 357: 1069-1075
Afdhal NH. Biopsy or biomarkers: is there a gold standard
for diagnosis of liver fibrosis? Clin Chem 2004; 50: 1299-1300
Bravo AA, Sheth SG, Chopra S. Liver biopsy. N Engl J Med
2001; 344: 495-500
Kage M, Shimamatu K, Nakashima E, Kojiro M, Inoue
O, Yano M. Long-term evolution of fibrosis from
chronic hepatitis to cirrhosis in patients with hepatitis C:
morphometric analysis of repeated biopsies. Hepatology 1997;
25: 1028-1031
Masseroli M, Caballero T, O’Valle F, Del Moral RM, PerezMilena A, Del Moral RG. Automatic quantification of liver
fibrosis: design and validation of a new image analysis
method: comparison with semi-quantitative indexes of
fibrosis. J Hepatol 2000; 32: 453-464
Pilette C, Rousselet MC, Bedossa P, Chappard D, Oberti F,
Rifflet H, Maiga MY, Gallois Y, Cales P. Histopathological
evaluation of liver fibrosis: quantitative image analysis vs
semi-quantitative scores. Comparison with serum markers.
J Hepatol 1998; 28: 439-446
Matalka II, Al-Jarrah OM, Manasrah TM. Quantitative
assessment of liver fibrosis: a novel automated image
analysis method. Liver Int 2006; 26: 1054-1064
Wright M, Thursz M, Pullen R, Thomas H, Goldin R.
Quantitative versus morphological assessment of liver
fibrosis: semi-quantitative scores are more robust than digital
image fibrosis area estimation. Liver Int 2003; 23: 28-34
Friedenberg MA, Miller L, Chung CY, Fleszler F, Banson FL,

19

20

21

22
23
24

25
26

27
28
29
30
31
32
33
34

35

36
37
38

39

December 28, 2008

Volume 14

Thomas R, Swartz KP, Friedenberg FK. Simplified method of
hepatic fibrosis quantification: design of a new morphometric
analysis application. Liver Int 2005; 25: 1156-1161
Arima M, Terao H, Kashima K, Arita T, Nasu M, Nishizono
A. Regression of liver fibrosis in cases of chronic liver
disease type C: quantitative evaluation by using computed
image analysis. Intern Med 2004; 43: 902-910
Dioguardi N, Franceschini B, Aletti G, Russo C, Grizzi F.
Fractal dimension rectified meter for quantification of liver
fibrosis and other irregular microscopic objects. Anal Quant
Cytol Histol 2003; 25: 312-320
Dioguardi N, Grizzi F, Franceschini B, Bossi P, Russo C.
Liver fibrosis and tissue architectural change measurement
using fractal-rectified metrics and Hurst’s exponent. World J
Gastroenterol 2006; 12: 2187-2194
Mandelbrot BB. The fractal geometry of the nature. San
Francisco: Freeman, 1982: 21-44
Dioguardi N, Franceschini B, Russo C, Grizzi F. Computeraided morphometry of liver inflammation in needle
biopsies. World J Gastroenterol 2005; 11: 6995-7000
Knodell RG, Ishak KG, Black WC, Chen TS, Craig R,
Kaplowitz N, Kiernan TW, Wollman J. Formulation and
application of a numerical scoring system for assessing
histological activity in asymptomatic chronic active
hepatitis. Hepatology 1981; 1: 431-435
Scheuer PJ. Classification of chronic viral hepatitis: a need
for reassessment. J Hepatol 1991; 13: 372-374
Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat
F, Denk H, Desmet V, Korb G, MacSween RN. Histological
grading and staging of chronic hepatitis. J Hepatol 1995; 22:
696-699
Bedossa P, Poynard T. An algorithm for the grading of
activity in chronic hepatitis C. The METAVIR Cooperative
Study Group. Hepatology 1996; 24: 289-293
Bassingthwaighte JB, Liebovitch LS, West BJ. Fractal
physiology. New York: Oxford University Press, 1994: 11-44
Hastings HM, Sugihara G. Fractals. A user's guide for the
natural sciences. Oxford: Oxford Science Publications, 1993:
36-55
Rigaut JP, Schoevaert-Brossault D, Downs AM, Landini G.
Asymptotic fractals in the context of grey-scale images. J
Microsc 1998; 189: 57-63
Kumar P, Clark M. Clinical medicine. WB Saunders, 1998:
296-297
Tierney LM, McPhee SJ, Papadakis MA. Current medical
diagnosis & treatment. McGraw-Hill, 2002: 571-673
Janes SE, Cowan IA, Dijkstra B. A life threatening
complication after colonoscopy. BMJ 2005; 330: 889-890
Levin TR, Farraye FA, Schoen RE, Hoff G, Atkin W,
Bond JH, Winawer S, Burt RW, Johnson DA, Kirk LM,
Litin SC, Rex DK. Quality in the technical performance of
screening flexible sigmoidoscopy: recommendations of an
international multi-society task group. Gut 2005; 54: 807-813
Freeman ML, Nelson DB, Sherman S, Haber GB, Herman
ME, Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw
MJ, Lande JD, Pheley AM. Complications of endoscopic
biliary sphincterotomy. N Engl J Med 1996; 335: 909-918
Baillie J. ERCP training: for the few, not for all. Gut 1999;
45: 9-10
Kandzari DE, Rebeiz AG, Wang A, Sketch MH Jr. Contrast
nephropathy : an evidence-based approach to prevention.
Am J Cardiovasc Drugs 2003; 3: 395-405
Sakai N, Sendo T, Itoh Y, Hirakawa Y, Takeshita A, Oishi
R. Delayed adverse reactions to iodinated radiographic
contrast media after coronary angiography: a search for
possible risk factors. J Clin Pharm Ther 2003; 28: 505-512
Panto PN, Davies P. Delayed reactions to urographic
contrast media. Br J Radiol 1986; 59: 41-44
S- Editor Li DL L- Editor Kerr C

www.wjgnet.com

Number 48

E- Editor Ma WH

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7345

			  World J Gastroenterol 2008 December 28; 14(48): 7345-7352
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

CLINICAL RESEARCH

Disruption of colonic barrier function and induction of
mediator release by strains of Campylobacter jejuni
that invade epithelial cells

Johannes Beltinger, Jo del Buono, Maeve M Skelly, John Thornley, Robin C Spiller, William A Stack,
Christopher J Hawkey
Johannes Beltinger, Jo del Buono, Maeve M Skelly, John
Thornley, Robin C Spiller, William A Stack, Christopher
J Hawkey, Wolfson Digestive Diseases Centre, Nottingham
University Hospital, QMC Campus, Nottingham NG7 2UH,
United Kingdom
Author contributions: Stack WA and Hawkey CJ conceived
and co-ordinated the study and raised funding; Beltinger J did
the majority of the work, ably assisted by del Buono J and Skelly
MM; Thornley J and Spiller RC kindly provided samples; All
authors contributed to the design conduct and authorship of the
paper which was originally drafted by Beltinger J.
Supported by The Medical Research Council (UK), No.
G9716348
Correspondence to: Christopher J Hawkey, Wolfson Digestive
Diseases Centre, Nottingham University Hospital, QMC Campus,
Nottingham NG7 2UH,
United Kingdom. cj.hawkey@nottingham.ac.uk
Telephone: +44-115-9709918 Fax: +44-115-9422232
Received: July 9, 2008
Revised: October 28, 2008
Accepted: November 4, 2008
Published online: December 28, 2008

dehydrogenase, a four-fold increase in permeability to
[3H] mannitol, and ultrastructural disruption of tight
junctions, with rounding and lifting of cells off the
filter membrane. Synthesis of interleukin (IL)-8 and
prostaglandin E2 was increased with strains that invaded
the monolayer but not with those that did not.
CONCLUSION: These data demonstrate two distinct
effects of C. jejuni on colonic epithelial cells and
provide an informative model for further investigation
of initial host cell responses to C. jejuni .

Abstract

Beltinger J, del Buono J, Skelly MM, Thornley J, Spiller RC,
Stack WA, Hawkey CJ. Disruption of colonic barrier function
and induction of mediator release by strains of Campylobacter
jejuni that invade epithelial cells. World J Gastroenterol 2008;
14(48): 7345-7352 Available from: URL: http://www.wjgnet.
com/1007-9327/14/7345.asp DOI: http://dx.doi.org/10.3748/
wjg.14.7345

AIM: To study the mechanisms by which Campylobacter
jejuni (C. jejuni ) causes inflammation and diarrhea. In

particular, direct interactions with intestinal epithelial
cells and effects on barrier function are poorly understood.
METHODS: To model the initial pathogenic effects of
C. jejuni on intestinal epithelium, polarized human
colonic HCA-7 monolayers were grown on permeabilized
filters and infected apically with clinical isolates of
C. jejuni . Integrity of the monolayer was monitored
by changes in monolayer resistance, release of
lactate dehydrogenase, mannitol fluxes and electron
microscopy. Invasion of HCA-7 cells was assessed by
a modified gentamicin protection assay, translocation
by counting colony forming units in the basal chamber,
stimulation of mediator release by immunoassays
and secretory responses in monolayers stimulated by
bradykinin in an Ussing chamber.
RESULTS: All strains translocated across monolayers
but only a minority invaded HCA-7 cells. Strains that
invaded HCA-7 cells destroyed monolayer resistance
over 6 h, accompanied by increased release of lactate

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Campylobacters are small (1.5-6.0 μm long and 0.2-0.5
μ m wide) Gram-negative spiral rods. Campylobacter
jejuni (C. jejuni), a foodborne organism contracted from
untreated water, milk and meat, especially chicken, is
one of the most important causes of bacterial diarrhea
worldwide[1-4]. The clinical spectrum ranges from noninflammatory watery diarrhea to an acute entero-colitis
with neutrophilic invasion of the mucosa and bloody
diarrhea mimicking ulcerative colitis.
Much work has been conducted on laboratory strains
such as NCT11168, which has been completely genowww.wjgnet.com
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typed. This has allowed a number of virulence factors
to be identified, including a number of flagellar proteins,
which not only enable chemotaxis towards mucus and
amino acids and epithelial cell invasion[5-7], but also facilitate secretion of non-flagellar virulence proteins[6],
O-linked glycosylation, which is required for optimal flagella function[7], proteins secreted via flagella that result
in epithelial cell invasion and apoptosis[8-10], a cytolethal
distending toxin (CLDT)[11] with DNAse activity[12], associated with apoptosis[13] and secretion of interleukin
(IL)-8 and other chemokines[14,15] and a lipo-oligosaccharide that resembles human neuronal gangliosides, which
may pre-dispose to autoimmune phenomena such as
Guillain-Barre syndrome[16].
Clinical isolates vary in the extent to which they express these virulence factors. C. jejuni display heterogeneity in its ability to invade cells of the intestinal epithelial
layer[17-21]. Estimates of the proportion of clinical isolates
that are characterized by toxin production range from
12% to 100%[22]. Cell death may occur by a variety of
mechanisms, not all involving CLDT[23]. Release of chemokines such as IL-8 seems to occur by CLDT-dependent and independent mechanisms[14], and it is unclear
how far inflammatory responses to C. jejuni infection,
such as secretion of chemokines, correlate with reported
differences in the ability of the bacteria to invade epithelial cells, or how much this is due to responses of cells in
the lamina propria, such as macrophages. Similarly, the
extent to which secretory responses by epithelial cells
can maintain a secretory diarrhea, which is characteristic particularly of childhood infection, is also unclear.
One possibility is that C. jejuni induces synthesis of prosecretory compounds such as prostaglandins directly in
epithelial cells[24-27]. An earlier study that failed to show
this might have been flawed because it used CaCo2 cells,
which do not readily express cyclo-oxygenases (COXs)
or synthesize prostaglandins[28].
In order to investigate the direct effects of C. jejuni
on colonic epithelial function in vitro, we therefore exposed the well-differentiated colonocyte line HCA-7,
clone 29 to a panel of primary clinical isolates. Our data
suggest two distinct patterns of interaction between
C. jejuni and colonic epithelium, with a minority of
strains invading colonic epithelial cells, which causes barrier destruction and induces elaboration of potentially
pro-inflammatory mediators.

MATERIALS AND METHODS
Bacterial strains
Nineteen consecutive C. jejuni clinical strains from
community patients with acute bacterial enteritis were
isolated and characterized by the Laboratory of Public
Health, University Hospital, Nottingham, UK. Of these,
three fresh clinical isolates (strains 2801055, 2102011
and 1702030) were used for detailed studies along with
the laboratory strain 12189 (a kind gift from Dr. J Ketley), originally isolated from a patient with diarrhea and
passaged several times in the laboratory[28]. Strains were
grown microaerobically for 48 h on chocolate agar plates
www.wjgnet.com

December 28, 2008

Volume 14

Number 48

prior to inoculation into tissue culture flasks containing
liquid medium (RPMI 1640 supplemented with 4% Isosensitest broth and 5% FCS) (Sigma, UK). A stock of
the original isolates was aliquoted and frozen at -80℃.
For study of bacterial-epithelial cell interactions, bacteria were resuspended in 4% Isosensitest broth with 5%
FCS. After static microaerobic incubation for 24 h, bacteria were pelleted, washed and resuspended in PBS.
The bacteria were diluted in Dulbecco’s modified
Eagle’s medium (DMEM) (Sigma, UK) to different
concentrations (105-108 bacteria/mL). Determination
of the number of bacteria was standardized by optical
density at a wavelength of 570 nm. Growth curves for
the different strains and titration and culture of serial
dilutions was used to establish the number of bacteria in
culture. This was done by incubating the different strains
grown on a chocolate agar plates in Isosensitest broth
(5% FCS) overnight. After centrifugation (7000 r/min,
5 min) and washing in PBS, bacteria were resuspended
in 1 mL PBS, and serial diluted. Each dilution was measured in a spectrophotometer at a wavelength of 540
nm. Each sample was then serially diluted in a 96-well
plate and dilutions incubated on chocolate agar plates.
After overnight growth, bacterial colonies were counted
and plotted against absorbance. The results were used to
establish bacterial numbers before incubating epithelial
cells.
Cell culture
Tumor-derived colonic epithelial cells, HCA-7, colony 29 (a
kind gift from Susan Kirkland) were cultured as described
previously[29]. Briefly, cells were grown in DMEM with
10% FCS, glutamine (0.29 mg/mL), ampicillin (8 μg/mL),
penicillin (40 μg/mL), streptomycin (368 μg/mL) and
non-essential amino acids in an atmosphere of 5% CO2 at
37℃. For studies of bacterial cell interactions, normal medium was replaced with antibiotic-free medium for at least
24 h. Tests for mycoplasma contamination were not performed. For electrophysiological studies, cells (105 cells/
membrane) were seeded on Snapwell or Transwell filters
(polycarbonate membrane, pore size 0.45 μm, surface area
1 cm2; Costar UK Ltd) and formed confluent monolayers
within 8-10 d, as assessed by an epithelial volt-ohmmeter
(EVOM; World Precision Instruments, Stevenage, UK)[29].
Effect of C. jejuni on barrier function
Bacteria were grown and added to the apical side of
monolayers grown on Transwell or Snapwell filters at
a concentration of 104-108 bacteria/monolayer. Transepithelial resistance was measured with an EVOM at
various timepoints up to 24 h after inoculation with
different concentrations of bacteria. These data were
supported by detailed studies of filter-grown monolayers
voltage-clamped in Ussing chambers (World Precision
Instruments) and by assessment of [3H] mannitol flux[26].
Ussing chamber studies
Confluent HCA-7 cell monolayers were inoculated
on the apical side with varying amounts of strains of
C. jejuni. After different time periods, filters were
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placed in an Ussing chamber and voltage-clamped by
continuous application of a short circuit current (SCC)[30].
Resistance (Ω cm2) was measured under basal conditions
and the change in short circuit current (∆SCC μA/cm2)
after basolateral stimulation by bradykinin (10-6 mol/L),
and finally after similar stimulation by carbachol (10-4
mol/L).
Invasion assay
Invasion of epithelial cells was investigated using a
gentamicin invasion assay[18]. Bacteria were grown in 4%
Isosensitest broth and 5% FCS. After static microaerobic
incubation for 24 h, bacteria were pelleted, washed and
resuspended in PBS. Bacterial number was assessed
spectrophotometrically and 106 organisms added to the
cell monolayer. Infected monolayers were incubated
for up to 6 h at 37℃, washed and covered with tissue
culture medium containing gentamicin (100 μ g/mL).
After 90 min, the integrity of the monolayer was checked
microscopically, then washed in PBS and flooded with
1 mL 10 mL/L Triton X-100 for 5 min, to release
intracellular bacteria. Dilutions and viable counts were
made of the bacteria within the lysed monolayer. Positive
control was a Yersinia enterocolitica invasive strain 8081c,
and the negative control was Escherichia coli non-invasive
strain HB101. When it became clear that monolayer
destruction occurred with some bacteria, we modified
the assay to correct for the number of remaining cells per
monolayer. We calculated the number of cells remaining
per monolayer by using a hemocytometer, before lysing to
obtain counts of intracellular protected bacteria.
Lactate dehydrogenase (LDH) release
HCA-7 cells were incubated with C. jejuni for 4 h. Media from the apical reservoir of bacterium-exposed and
control monolayers were then collected and analyzed for
spontaneous LDH using a colometric assay (Sigma)[31].
In addition, total intracellular LDH concentration from
HCA-7 cells was determined by addition of 1 mL 0.1%
Triton X-100 to wells of bacterium-exposed and control
monolayers. After vigorous pipetting to ensure lysis of
all cells, the homogenate was then collected from each
well and was also assayed for LDH.
[3H] mannitol flux
Mannitol flux studies were performed in an Ussing
chamber[32]. Mannitol (final concentration 5 mmol/L)
was added to both sides of the monolayer in Krebs solution. After equilibration of the epithelial monolayer, [3H]
mannitol (1 μCi/mL) was added to the apical side. Radioactivity was counted on samples from the basolateral
compartment at 15-min intervals for 60 min. Basolateral
chamber volume was maintained by replacing the sample
aliquot with an equal volume of fresh Krebs buffer.
Apical to basolateral flux, expressed as mol·h/cm2, was
calculated by relating the accumulation of tritium in the
basolateral chamber compared to the apical.
Electron microscopy (EM)
Filters with HCA-7 cells inoculated with 107 bacteria for
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6 h where fixed by immersion in 2.5% glutaraldehyde (in
0.1 mol/L cacodylate buffer, pH 7.4). Subsequent processing was performed as described previously[25].
Bacterial translocation
Translocation was measured by inoculating the apical
side of monolayers with 107 bacteria/0.5 mL. Medium
from the basolateral compartment was collected after 2,
4, 6 and 8 h inoculation, diluted 10-fold and cultured on
agar plates[33,34]. After each collection, membranes were
transferred to fresh wells to establish the number of
bacteria translocating over each 2-h period. The number
of bacteria was established by counting colony-forming
units at each time interval to establish the total number
of bacteria translocated. Colony forming units where
counted after microaerophilic incubation for 24 h to assess the time course of bacterial translocation.
IL-8 measurement
Level of IL-8 in the basolateral supernatant after 6 h
incubation with different strains of C. jejuni and of
control monolayers was measured using a quantitative
ELISA[14] (Amersham, UK). Samples were pipetted into
wells coated with specific antibody for IL-8, followed
by incubation with a biotinilated antibody reagent. After
extensive washing, a streptavidin-horseradish peroxidase
conjugate was added and developed with 3,3',5,5'tetramethylbenzidine substrate. After terminating the
reaction, the optical density was read at 450 nm. Detection
level was 25-1000 pg/mL.
PGE2 measurement
Aliquots of supernatant were prepared in the same
way as for IL-8 release. PGE2 levels were measured by
ELISA (Amersham), based on competition between
unlabeled PGE2 and a fixed quantity of peroxidaselabeled PGE2 for a limited amount of PGE2-specific
antibody[35].
Statistical analysis
Analysis of variance was used in experiments where time
or dose was varied, to investigate the influence of cellular invasive and non-invasive bacteria and the interaction
with time. For simple comparisons, unpaired t tests were
used. P < 0.05 was considered statistically significant.
Statistical analysis was performed using PRISM (Graphpad, San Diego, CA, USA) or Statistical Package for the
Social Sciences (SPSS, Chicago, IL, USA).

RESULTS
Transepithelial resistance
Fourteen of the 19 clinical strains tested, as well as the
laboratory isolate 12189 had no effect on transepithelial
resistance up to 24 h. In contrast, the other five fresh clinical isolates abrogated monolayer resistance entirely by 6 h.
These differences did not correlate with rates of translocation. Detailed studies, with strain 2801055 which abrogated transepithelial resistance, showed that decrease in
transepithelial resistance varied with bacterial load and was
www.wjgnet.com
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Figure 2 Invasion of monolayers of HCA-7 cells determined by a gentamicin
protection assay, corrected for the number of cells remaining per
monolayer. C. jejuni strain 2801055 invaded the cells of the monolayer in a timedependent manner, while strains 12189 and 2102011 showed no cellular invasion.
Data are mean ± SE, n = 4. Analysis of variance showed that the total number of
C. jejuni per monolayer was higher for those strains that abrogated transepithelial
resistance compared to those that did not (P = 0.033), and that this increased with
time (P = 0.02).

time (P = 0.02). When the number of bacteria was related
to the number of HCA7 cells remaining in the monolayer
at the time of assessment, there was a substantial and
highly significant difference between strains that destroyed
and did not destroy the monolayer (Figure 2).

t /h

Figure 1 Time course and dose-response of changes in transepithelial
resistance after inoculation of T84 cells with three different strains of C
jejuni. A: Strain 2801055 reduced resistance to baseline over 6 h in a timeand dose-dependent manner [data are mean ± SE, n = 3 for each bacterial
concentration; P < 0.05 compared with controls (uninfected monolayers)].
Baseline resistance across the filter membrane was 100 Ω.cm2; B: Strain 12189
had no effect on resistance across the monolayer; C: Strain 2102011 had no
effect on resistance across the monolayer.

time dependent, starting after 2 h of inoculation with 108
bacteria/0.5 mL (Figure 1). With strains 12189 or 2102011,
no changes were seen at any time with any of the bacterial
loads inoculated (Figure 1). Measurements in Ussing chambers mirrored those obtained with the EVOM with the
different strain types. There was no significant difference in
electrical resistance in monolayers infected with the strains
12189 and 2102011 at 4 and 8 h. However, strain 2801055
showed a time-dependent decrease in transepithelial resistance, with resistance falling to 71.3% and 17.7% of control at 4 and 8 h respectively (P < 0.05 vs control at 8 h).
Invasion of epithelial cells by C. jejuni
The standard gentamicin protection assay showed
that 1.15% ± 0.05% of the positive control strain Y.
enterocolitica invaded HCA-7 cells vs 0.0005% with the
negative control strain E. coli HB101. Overall, C. jejuni
showed levels of HCA-7 invasion that were intermediate
between these values. Analysis of variance showed that
the total number of C. jejuni per monolayer was higher for
those that abrogated monolayer resistance compared to
those that did not (P = 0.033), and that this increased with
www.wjgnet.com

LDH release
LDH release from monolayers inoculated with the cellinvasive strain 2801055 was significantly increased after
24 h compared to inoculation with the non-invasive
strains 12189 and 210211 (n = 4 per experiment, P <
0.05). LDH release with these strains did not differ from
that seen with uninfected monolayers (Figure 3A).
Transepithelial mannitol flux
Cumulative flux data show that strains 12189 and 210211
did not change the flux of [3H] mannitol, which indicated an intact paracellular resistance, whilst strain 2801055
increased the flux significantly (Figure 3B).
EM studies
In keeping with electrophysiological results, strains 12189
and 2102011 did not affect cellular morphology (Figure
4A and B). Monolayers infected with these strains showed
close cell-to-cell contact, but bacteria were occasionally
located in the pores of the filter membrane (Figure 4C).
In contrast, strain 2801055 showed marked cellular and
tight junction destruction at 6 h (Figure 4D). There was
cell rounding and condensation of the plasma membrane
(Figure 4E). In addition, cells were lifted off the filter
membrane and multiple bacteria were seen between epithelial cells and the filter (Figure 4E and F).
Bacterial translocation
All strains tested translocated across the monolayer to
become detectable after 2 h, with no obvious inter-strain
differences.
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Figure 3 HCA-7 monolayer release of LDH, [3H] mannitol flux and release of
IL8 and PGE2 after inoculation with different strains of C. jejuni. All data are
mean ± SE at 4 h, (n = 4). A: Strain 2801055 showed a significantly higher LDH
release after 4 h (aP < 0.05) incubation compared to the other two strains, which
were similar to control values; B: Strain 2801055 induced a significantly higher
flux rate across the monolayer after 4 h (aP < 0.05) incubation compared to the
other two strains, which were similar to control values; C: Strain 2801055 showed
a significantly higher IL8 release after 4 h (aP < 0.05) incubation compared to the
other two strains, which were similar to control values; D: Strain 2801055 showed
a significantly higher PGE2 release after 4 h (aP < 0.05) incubation compared to
the other two strains, which were similar to control values.

IL-8 production
IL-8 release from HCA-7 monolayers increased in
response to inoculation with the invasive strain 2801055,
whereas IL-8 release with the non-invasive strains 12189
and 210211 was not significantly different from that seen
in uninfected monolayers (Figure 3C).
PGE2 release
There was a two-fold rise in PGE2 released after inoculation with the invasive strain 2801055 (n = 4, P < 0.05).
By contrast, PGE2 levels for strains 12189 and 2102011
were similar to spontaneous PGE2 production in control monolayers (Figure 3D).
Bradykinin- and carbachol-induced secretion
Bradykinin 10-6 mol/L administered basolaterally in-

Figure 4 Comparison of the effects of strains 12189 and 2801055 on
transmission electron micrograph appearance of monolayers of HCA-7
cells. A: Following inoculation of strain 12189, 107 bacteria/0.5 mL, on the
apical side for 6 h, there was no disruption of monolayer integrity; B: There were
normal tight junctions and normal apical microvilli; C: Close cell-to-cell contact
is seen with occasional bacteria located in the pores of the filter membrane; D:
Following inoculation of strain 12189, 107 bacteria/0.5 mL, on the apical side
for 6 h, monolayer integrity was compromised with disruption of tight junctions;
E: Monolayers showed condensation of the plasma membrane with lifting and
rounding of cells off the supporting membrane. C. jejuni are also seen beneath
a cell which is lifting off the membrane; F: Changes are seen at higher power.

duced a ∆SCC of 19.83 ± 3.25 μ Amp/cm 2 . ∆SCC
responses to bradykinin were significantly enhanced by
30% compared with control (uninfected) monolayers at
4 h (n = 4, P < 0.05 for all 3 strains Figure 5A), but were
lost at later time points, when there was a significant reduction with strain 2801055. The early increase was not
seen in response to carbachol (Figure 5B), and at 8 h was
significantly decreased with strains 2801055 and 2102011
(n = 4, P < 0.05).

DISCUSSION
In this study, we showed two distinct patterns of interaction between clinical isolates of C. jejuni and a colonic
epithelial cell line. Strains that invaded epithelial cells were
shown to destroy them, as demonstrated by a fall in transepithelial resistance and release of LDH. These processes
were accompanied by release of IL-8 and PGE2. Strains
that did not invade epithelial cells did not affect barrier
properties or increase mediator production.
Translocation to the lamina propria[2,33] and a consequent interaction between bacterial antigens and antigen
presenting cells, immunocytes and macrophages in the
www.wjgnet.com
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Figure 5 ΔSCC after stimulation with bradykinin (10-6 mol/L) and carbachol
(10-4 mol/L) in monolayers inoculated with different strains of C. jejuni.
Data are mean ± SE (n = 4) and are shown as percentage of control. A:
Reduced chloride secretory response (represented by SCC) to bradykinin after
8 h inoculation with strain 2801055. aP < 0.05; B: Reduced chloride secretory
response to carbachol after 8 h inoculation with strains 2801055 and 2102011. aP
< 0.05.

lamina propria[36], is likely also to result in production of
cytokines and chemokines. However our data show that
epithelial cells can themselves be a source of mediators
that could influence inflammatory and secretory processes in the case of strains that invade epithelial cells.
Although a paracellular route has been invoked to
explain the ability of C. jejuni to invade the mucosa and
achieve systemic infection, intracellular bacteria have been
reported and a paracellular route of invasion inferred[37].
Using a modified gentamicin protection assay that allows
for cell death, we were able to confirm cellular invasion by
C. jejuni, and showed that this was associated with cytotoxicity and elaboration of pro-inflammatory and pro-secretory molecules. As yet it is uncertain whether intracellular
invasion directly causes the associated release of IL-8
and PGE2, or whether this is a secondary consequence
of cell death. A direct specific effect is possible since we
have reported that IL-8 synthesis and PGE2 release from
epithelial monolayers also occur in response to treatment
with a boiled cell-free extract of C. jejuni[38], with induction
of COX-2[39] and activation of nuclear factor-κB (NF-κB)
and other relevant signaling pathways[40].
Enhanced release of IL-8 and other chemokines
would play an important role in chemoattraction of neutrophils that characterizes some clinical infections with
C. jejuni. Whether the increased prostaglandin synthesis
that we observed with cellular invasion is sufficient unwww.wjgnet.com
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der some circumstances to induce secretory diarrhea is
more difficult to evaluate. We showed an early increase
in bradykinin-induced secretion, as indicated by changes
in SCC, with all strains tested, including non-invasive
strains that did not stimulate prostaglandin synthesis.
This increase in bradykinin-induced chloride secretion may therefore occur by prostaglandin-independent
mechanisms. Direct epithelial action, via cAMP, cGMP,
calcium mobilization, or induction of galanin or inducible nitric oxide are alternative mechanisms that are activated directly by bacterial enterotoxins or via signaling
mechanisms that include NF-κB, which we and others
have shown are upregulated by components of C. jejuni[24-27,40-43]. Destruction of the monolayer by strains that
did invade epithelial cells and stimulate prostaglandin
synthesis makes it difficult to evaluate whether enhanced
prostaglandin synthesis by epithelial cells contributed to
secretory diarrhea in these cases.
Campylobacter, like Salmonella, Yersinia, Shigella and Listeria, is an organism capable of translocation, as demonstrated by the current and previous monolayer studies
and clinical features that include septicemia, GuillainBarre syndrome and meningitis[16,33,34,41]. Previous studies
have left unclear whether the main route is transcellular or
paracellular. Both have been described. Our data suggest
the translocation across the monolayer is common since
all of the 19 clinical strains isolated from patients and
one laboratory strain showed this property, regardless of
whether they invaded epithelial cells and/or destroyed the
monolayer. This suggests a dominant paracellular route
of translocation, which is supported by our EM observations, which showed bacteria in the paracellular space.
This appeared to occur efficiently, as judged by the rate
of accumulation of bacteria on the basolateral side, and
without gross disruption of tight or adherence junctions,
as judged by the unchanged transepithelial resistance and
mannitol permeability, seen with strains that translocated
without epithelial cell invasion.
In the case of bacteria that invaded and destroyed
the epithelial monolayer, translocation could be a crude
consequence of its destruction, although bacteria that
destroyed the monolayer did not appear to translocate
faster than those that did not. Translocation results
may differ according to the cell type used for epithelial
monolayers. In previous studies that used differentiated
CaCo2 cells, cellular invasion was not accompanied by
the complete abrogation of monolayer resistance seen
in our study and not all strains translocated[34]. We chose
to use HCA7 cells in preference to CaCo2 cells because
they have a differentiated large rather than small bowel
phenotype and because they are capable of expressing
COX-2 under induction conditions. Our data suggest
that this is an informative model and cell line to study
disease pathogenesis and signaling mechanisms[40].
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Abstract
AIM: To investigate the protective effects of magnolol on

sepsis-induced inflammation and intestinal dysmotility.
METHODS: Sepsis was induced by a single intraperitoneal
injection of lipopolysaccharide (LPS). Male Wistar rats
were randomly assigned to one of three treatment groups:
magnolol prior to LPS injection (LPS/Mag group); vehicle
prior to LPS injection (LPS/Veh group); vehicle prior to
injection of saline (Control/Veh). Intestinal transit and
circular muscle mechanical activity were assessed 12 h
after LPS injection. Tumor necrosis factor-α (TNF-α),
interleukin-10 (IL-10), monocyte chemoattractant protein-1
(MCP-1) and inducible nitric oxide synthase (iNOS) mRNA
in rat ileum were studied by RT-PCR 2 h after LPS injection.
Nuclear factor-κB (NF-κB) activity in the intestine was also
investigated at this time using electrophoretic mobility shift
assay. In addition, antioxidant activity was determined
by measuring malondialdehyde (MDA) concentration and
superoxide dismutase (SOD) activity in the intestine 2 h
after LPS injection.
RESULTS: Magnolol significantly increased intestinal
transit and circular muscle mechanical activity in LPStreated animals. TNF-α, MCP-1 and iNOS mRNA
expression in the small intestine were significantly reduced
after magnolol treatment in LPS-induced septic animals,
compared with untreated septic animals. Additionally,

magnolol significantly increased IL-10 mRNA expression
in septic rat ileum. Magnolol also significantly suppressed
NF-κB activity in septic rat intestine. In addition, magnolol
significantly decreased MDA concentration and increased
SOD activity in rat ileum.
CONCLUSION: Magnolol prevents sepsis-induced
suppression of intestinal motility in rats. The potential
mechanism of this benefit of magnolol appears to be
modulation of self-amplified inflammatory events and
block of oxidative stress in the intestine.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Sepsis frequently occurs after trauma, burns, hemorrhage
or abdominal surgery. It is a leading cause of morbidity
and mortality in critically ill patients[1]. During sepsis, the
most frequent complications within the gastrointestinal
(GI) tract are ileus and mucosal barrier dysfunction[2].
Ileus plays an important role in the pathophysiology of
sepsis by promoting bacterial stasis, bacterial overgrowth
and bacterial translocation, which lead to the development
of secondary infections and multiple organ failure[3].
Although common during sepsis, the etiology of ileus
is still unclear. Current evidence supports the hypothesis
that lipopolysaccharide (LPS) rapidly activates resident
intestinal macrophages, which subsequently initiate a
molecular and cellular inflammatory response that causes
intestinal dysmotility[4-6]. Additionally, oxidative stress
during sepsis may also be involved in this process[7].
Currently, there is no accepted phar macological
prevention or management of sepsis-induced intestinal
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dysmotility. Blocking oxidative stress and modulating the
inflammatory events might be helpful.
Magnolia officinalis, a traditional Chinese herb, is
commonly used in the treatment of abdominal distention
and vomiting associated with many clinical conditions.
It has been reported to attenuate L-arginine-induced GI
dysmotility in rodents[8], and to improve the electrical
activity of GI smooth muscle during endotoxemia[9].
Recently, magnolol (5,5’-di-2-propenyl-1,1’-biphenyl-2,2’
-diol), a principal constituent isolated from the bark
of Magnolia officinalis, has been showed to attenuate
peroxidative damage and to improve survival of rats with
sepsis[10]. Treatment with magnolol after hemorrhagic
shock can suppress the tumor necrosis factor-α (TNF-α)
level and preserve interleukin-10 (IL-10) production in
rats[11].
Thus, we have developed the hypothesis that through
modulation of inflammatory cytokines during sepsis,
magnolol may be helpful for treatment of sepsis-induced
ileus. Therefore, the objective of the present study was
to examine the capacity of magnolol pretreatment to
prevent sepsis-induced intestinal dysmotility and to
determine its effects on pro- and anti-inflammatory
molecular responses in the local intestine.

MATERIALS AND METHODS
Animal preparation and experimental design
Male Wistar rats (250-300 g body weight) were obtained
from the Academy of Military Medicine Sciences
(Beijing, China). The rats were exposed to 12 h
light and 12 h darkness each day, with free access to
food and water. All experiments were performed in
accordance with the institutional criteria for the care
and use of laboratory animals in research. Sepsis was
induced by a single intraperitoneal injection of LPS
(Escherichia coli, O55: B5; Sigma, St Louis, MO, USA) at
20 mg/kg. Controls received intraperitoneal injections
of saline.
Magnolol (National Institute for the Control of
Pharmaceutical and Biological Products, China) was
dissolved in 40% (v/v) propylene glycol and diluted
to the desired concentration in normal saline. Final
concentration of propylene glycol in the injected
solution was < 4.0 × 10-3% (v/v). The single dose used
for the magnolol instillation was 10-5 g/kg, which was
previously shown to be helpful for increasing survival
of surgically induced sepsis[10]. Normal saline with 4.0 ×
10-3% (v/v) propylene glycol served as a vehicle.
Animals were randomly assigned to one of three
treatment groups. LPS/Mag group: rats received
magnolol (10-5 g/kg, intravenous bolus via the tail vein)
30 min before LPS injection; LPS/Veh group: rats
received vehicle 30 min before LPS injection; Control/
Veh: rats received vehicle 30 min before injection of
saline. Preliminary results showed that intraperitoneal
injection of LPS caused a profound suppression of
intestine muscle contractile activity, which was both
dose- and time-dependent. Furthermore, the effects
of LPS are always rat strain specific and relate to the
www.wjgnet.com
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serotype of LPS[12]. In this study, we chose the 12-h
time point for measurement of intestinal smooth
muscle function. To elucidate the potential mechanism
for magnolol preventing sepsis-induced ileus, we also
evaluated changes in the chemokines and cytokines
in the intestine 2 h after LPS injection, because
the inflammatory response in the local intestine
rapidly initiated by LPS is always responsible for GI
dysmotility[4-6].
Intestinal transit
Twelve hours after LPS (or saline) was administered,
the animals received an intragastric injection of 0.1 mL
Evans blue (50 mg in 1 mL 0.9% NaCl). Then, the rats
were killed by exsanguination 1 h later. Intestinal transit
was determined by measuring the distance between the
gastric pylorus and distal small intestine that was stained
blue[13].
Measurement of muscle contractility
Circular muscle mechanical activity was assessed using
full-thickness strips obtained from the ileum of each
animal 12 h after LPS (or saline) injection. Muscle strips
(2 × 10 mm) were placed in a mechanical organ chamber
that was continuously perfused with pre-oxygenated
Krebs-bicarbonate solution maintained at 37 ℃ .
One end of each strip was tied to a fixed post, and the
other was attached to an isometric force transducer.
After an equilibration period of 30 min, spontaneous
mechanical contractions were recorded. The contractile
responsiveness of muscle strips to the muscarinic
receptor agonist bethanechol was also evaluated. Doseresponse curves were generated by exposing the muscles
to increasing concentrations of bethanechol (0.1-100
μmol/L) for 10 min; with intervening 20-min wash
periods. Contractions were recorded, measured, and
stored in a computer using a commercially available
hardware and software package (TaiMeng Technology,
Chengdu, China).
RT-PCR
To elucidate the potential mechanism of magnolol
treatment blunting sepsis-induced intestinal dysmotility,
mRNA for TNF-α, IL-10, monocyte chemoattractant
protein 1 (MCP-1) and inducible nitric oxide synthase
(iNOS) in rat ileum was assessed by RT-PCR.
Total mRNA was extracted with TRIZOL Reagent
(GIBCO BRL, USA). Reverse transcription was
perfor med using a Reverse Transcription System
Kit (Promega, Madison, WI, USA) according to the
manufacturer’s protocol. Primers were designed and
purchased from AuGCT Biotechnolog y (Beijing,
China). β-actin was used as an endogenous control. The
sequences of the RT-PCR primers are listed in Table 1.
PCR was performed with 25 μL reaction mixture of 1 μL
RT product, 2 mmol/L MgCl 2, 0.03 U/L Taq DNA
polymerase, 0.4 mmol/L dNTP, 0.1 μmol/L primer
(endogenous control, target genes), and 1 × Taq DNA
polymerase magnesium-free buffer. Then, the reaction
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Table 1 Primer sequences
Primer sequences

β-actin

F
R
F
R
F
R
F
R
F
R

TNF-α
IL-10
MCP-1
iNOS

5' GAAATCGTGCGTGACATTA 3'
5' TAGGAGCCAGGGCAGTAA 3'
5' GTAGCAAACCACCAAGCAG 3'
5' GGTATGAAATGGCAAATCG 3'
5' GCTATGTTGCCTGCTCTT 3'
5' ATGCTCCTTGATTTCTGG 3'
5' ACTTGACCCATAAATCTGA 3'
5' TGGAAGGGAATAGTGTAAT 3'
5' TTGGGTCTTGTTAGCCTAGTC 3'
5' TGTGCAGTCCCAGTGAGGAAC 3'

80

Product size (bp)
349
211
307
168
264

Intestinal transit (%)

Gene

7355

d

60
40

b

20
0
Control/Veh

mixture was overlaid with two drops of mineral oil and
incubated in a thermocycler (Eppendorf, Germany)
programmed to pre-denature at 94 ℃ for 2 min,
denatured at 94℃ for 30 s, annealed at 55℃ for 30 s,
and extended at 72℃ for 30 s for a total of 30 cycles.
The last cycle was followed by a final incubation at 72℃
for 6 min and cooling to 4 ℃ . PCR products were
electrophoresed on a 1.2% agarose gel and saved as
digital images. Relative quantities of target gene mRNA
were analyzed by Quantity One software (Bio-Rad
Laboratories, USA), normalized with β-actin expression.
Electrophoretic mobility shift assay (EMSA)
Nuclear protein of rat ileum was prepared by hypotonic
lysis followed by high salt extraction [14,15]. Nuclear
factor-κB (NF-κB) activity in the nuclear extract
was analyzed using the EMSA kit according to the
manufacturer’s protocol (Gel Shift Assay System;
Promega). In brief, an NF-κB oligonucleotide probe
(5′-AGTTGAGGGGACTTTCCCAGGC-3′) was
end-labeled with [γ-32P] ATP and T4-polynucleotide
kinase. Binding assays were perfor med in 10 μL
binding reaction mixture that contained 10 μg nuclear
proteins and [γ-32P]-labeled NF-κB oligonucleotides.
The binding reaction mixture was incubated at room
temperature for 20 min and then electrophoresed on 4%
non-denaturing PAGE. After PAGE, the gels were dried
and exposed to X-ray film. The autoradiograms were
quantified by scanning densitometry, using Quantity
One software (Bio-Rad US).
Detection of superoxide dismutase (SOD) and
malondialdehyde (MDA) in ileum
To evaluate the antioxidative capacity of magnolol,
MDA concentration and SOD activity in rat ileum were
measured 2 h after LPS injection. Intestinal tissue samples
were thawed, weighed and homogenized 1:9 (w/v)
in 0.9% saline. The homogenates were centrifuged at
3000 r/min for 10 min at 4℃, and the supernatant was
removed for the assay of MDA content, SOD activity
and total protein.
Total intestinal protein concentration was determined
using the Coomassie blue method, with bovine serum
albumin as a standard. SOD activity and MDA level
were detected with kits, according to the manufacturer’s
instructions (Jiancheng Bioengineering Ltd, Nanjing,

LPS/Veh

LPS/Mag

Figure 1 Magnolol prevents delayed small intestinal transit caused by LPSinduced sepsis. Data are shown as mean ± SE; n = 6. bP < 0.01 (LPS/Veh vs
Control/Veh); dP < 0.01 LPS/Mag vs LPS/Veh, LPS/Mag vs Control/Veh.

China). Results were expressed as N/mg protein and
nmol/mg protein, respectively.
Statistical analysis
Data were expressed as mean ± SE. Statistical
significance was determined by one-way ANOVA using
SPSS 11.0 (SPSS, Chicago, IL, USA). P < 0.05 was
considered statistically significant.

RESULTS
Intestinal transit
As shown in Figure 1, LPS significantly delayed small
intestinal transit from 74% ± 14% in control rats to
25% ± 9% in LPS rats. Pretreatment with magnolol
significantly increased the transit in LPS animals,
although this increase did not return to the control
distribution pattern.
Changes in muscle contractility
The second series of experiments was designed
to determine the effect of intravenous magnolol
pretreatment on the intestinal musculature by measuring
in vitro ileal circular muscle contractility from septic
animals after LPS injection. Figure 2A shows the typical
spontaneous contractility of circular muscle strips
from three different animals. Analysis of the frequency
of spontaneous contraction showed that muscle
contractility in LPS-treated intestines was significantly
lower than that in control tissues. Pretreatment with
magnolol partly restored the spontaneous contractile
pattern (Figure 2B).
Next, we evaluated the contractile response of
muscle strips to the muscarinic receptor agonist
bethanechol (0.1-100 μmol/L) using isometric force
measurements.
As shown in Figure 3A, ileal circular muscle strips
from LPS-treated animals showed significant impairment
in the dose-response curve of bethanechol-stimulated
muscle contraction. Magnolol treatment partly prevented
LPS-induced impairment of ileal circular smooth muscle
contractility. Figure 3B shows that, compared with
www.wjgnet.com
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0.6
Control/Veh

0.5

LPS/Mag

0.4

LPS/Veh

0.3
0.2
0.1
0.0

0.1 g

-7

25

10 s

0.7

d

15
b

10
5

-5

-4

LPS/Veh
b

0.6

20

0

B
Mechanical response (g)

B

30

Frequency of contractions
(cycles/min)

LPS/Mag

-6

Bethanechol (LogM)

0.5

Control/Veh
LPS/Mag
d

b
d

0.4
0.3
0.2
0.1

Control/Veh

LPS/Veh

LPS/Mag

Figure 2 Change in spontaneous rhythmic contractions. A: Original traces
of ileal circular muscle strip rhythmic contractions; B: Frequency of spontaneous
rhythmic contractions. bP < 0.01 (LPS/Veh vs Control/Veh); dP < 0.01 (LPS/Mag
vs LPS/Veh) (n = 6).

controls, LPS significantly suppressed bethanecholinduced circular muscle contractions at bethanechol
concentrations of 10 and 100 μmol/L. Magnolol
treatment significantly increased the mechanical response
of ileal circular muscles in LPS-treated animals.
The effect of magnolol treatment on GI motility of
control rats was also evaluated. Neither intestinal transit
nor circular muscle strip contractility was altered by
magnolol (data not shown).
Molecular inflammatory responses
As shown in Figure 4, LPS induced a significant increase
in TNF-α, IL-10 and MCP-1 mRNA levels in the ileum.
Magnolol treatment significantly decreased LPS-induced
TNF-α and MCP-1 mRNA expression. As for the antiinflammatory mediator IL-10, magnolol significantly
increased IL-10 mRNA expression in the ileum of LPStreated animals.
iNOS has been shown to be the most important
mediator of smooth muscle contraction during sepsis.
Therefore, we also explored the effect of magnolol
on iNOS mRNA expression in the ileum. Magnolol
significantly suppressed LPS-induced iNOS mRNA
expression.
NF-κ B activity in rat intestine
NF-κB comprises a family of transcription factors that
act as regulators of pro-inflammatory mediators[16]. We
hypothesized that magnolol could potentially produce
the above beneficial effects through decreased expression
of NF-κB. As shown in Figure 5, LPS significantly
www.wjgnet.com

0.0
10 mmol/L

100 mmol/L

Figure 3 The contractile responsiveness of circular muscle strips to bethanechol. A: Bethanechol-stimulated dose-response curve; B: Circular muscle
contractions at bethanechol concentration of 10 and 100 μmol/L. bP < 0.01 (LPS/
Veh vs Control/Veh); dP < 0.01 (LPS/Mag vs LPS/Veh) (n = 6).

induced activated NF-κB above control levels, and as
hypothesized, magnolol significantly suppressed this
response.
SOD and MDA in the small intestine
As shown in Figure 6, the MDA concentration in rat ileum,
an index of lipid peroxidation, was significantly increased
after LPS challenge compared with controls. Pretreatment
with magnolol significantly decreased the MDA concentration. SOD activity in intestinal tissue decreased
markedly in LPS-treated animals. Magnolol pretreatment
caused a significant increase in SOD activity in rat ileum.

DISCUSSION
This study demonstrated the ability of magnolol, an
antioxidant isolated from a Chinese herb, to prevent
intestinal dysmotility in LPS-induced septic rats. It
also provided evidence that the potential mechanism
of action of magnolol results from both attenuation
of peroxidative damage and modulation of the
inflammatory response during sepsis.
Sepsis-induced ileus after complicated abdominal
surgery, hemorrhagic shock, trauma and burns still
causes morbidity and mortality in critically ill patients.
Accumulating evidence has indicated that overwhelming
pro-inflammatory and oxidative stress responses
combined with diminished anti-inflammatory pathways
are responsible for GI dysmotility during sepsis [4-7].
Unfortunately, there is no accepted pharmacological
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Figure 5 NF-κB activity in rat intestine. A: Representative EMSA gel; B:
Scanning densitometry analysis of NF-κB activity. bP < 0.01 (LPS/Veh vs
Control/Veh); cP < 0.05 (LPS/Mag vs LPS/Veh) (n = 3).
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Figure 4 RT-PCR analysis of (A) TNF-α, (B) IL-10, (C) MCP-1, and (D) iNOS
mRNA expression in rat ileum. bP < 0.01 (LPS/Veh vs Control/Veh); cP < 0.05
(LPS/Mag vs LPS/Veh) (n = 6); dP < 0.01 (LPS/Mag vs LPS/Veh).

prevention or management of sepsis-induced ileus at
present. The present study demonstrated that magnolol
can partly restore the delayed intestinal transit caused
by LPS. Additionally, magnolol treatment can prevent

Control/Veh

LPS/Veh

LPS/Mag

Figure 6 SOD activity (A) and MDA concentration (B) in rat ileum. bP < 0.01
(LPS/Veh vs Control/Veh); dP < 0.01 (LPS/Mag vs LPS/Veh) (n = 6).

LPS-induced impairment of ileal circular smooth muscle
contractility.
N u m e r o u s s t u d i e s h ave d e m o n s t r a t e d t h a t
exaggerated production of oxygen-derived free radicals
in the face of defective antioxidative protection
occurs in animals and humans with sepsis [17-19]. This
www.wjgnet.com
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imbalance between pro- and anti-oxidants may produce
oxidative stress, which ultimately leads to cellular injury
and necrosis, via several mechanisms including lipid
peroxidation, protein denaturation, and DNA damage.
Magnolia officinalis has been used as a blood-quickening
and stasis-dispelling agent in traditional Chinese
medicine. Magnolol, a compound purified from the
bark of Magnolia officinalis, has been shown to be 1000
times more potent than α-tocopherol in inhibiting lipid
peroxidation in rat heart mitochondria [20], and 50 000
times more potent than glutathione, a well-known
antioxidant. It can also exhibit free radical scavenging
activity. Moreover, it has been reported to suppress
superoxide anion production in myocardium exposed to
ischemia and reperfusion[21]. In accordance with these
studies, we found that magnolol significantly attenuated
the intensity of lipid peroxidation and increased SOD
activity in rat ileum during sepsis. The antioxidant
properties of magnolol are proposed to underlie its
beneficial effects during sepsis.
We considered that prevention of sepsis-induced
intestinal dysmotility by magnolol was partly through
interruption of the cycle of inflammatory events in
the local intestine. To confirm this hypothesis, we
performed semi-quantitative RT-PCR on ileal tissue
for inflammatory cytokines TNF-α, MCP-1 and iNOS,
which have been shown to participate in leukocyte
recruitment and functional muscle impairment[4,5,22]. The
anti-inflammatory mediator IL-10 was also evaluated in
our experiment. We found that magnolol significantly
suppressed the initial surge of TNF-α at the gene level
and increased IL-10 expression in septic rat intestine.
Pro-inflammatory cytokines, such as TNF-α, have
been shown to be released early after an inflammatory
stimulus[23]. The increase in pro-inflammatory cytokines
is followed by an increase in anti-inflammator y
cytokines, such as IL-10, which reflect the compensatory
anti-inflammatory response syndrome [24]. It has been
reported that IL-10 can inhibit cytokine production in
monocytes by blocking LPS-induced NF-κB activation[25].
Additionally, IL-10 modulates the production of various
chemokines (such as MCP-1) and prevents generation of
NO by LPS-activated monocytes/macrophages[26-28].
MCP-1 is a potent chemoattractant that is capable
of promoting monocyte recr uitment into an
inflammatory site, as well as activating monocytes and
macrophages[29,30]. It has previously been shown that
regulation of leukocyte recruitment and subsequent
intestinal smooth muscle dysmotility during endotoxemia
is mediated through MCP-1, and that a major source
of MCP-1 is the dense network of resident muscularis
macrophages[13]. In this study, we used MCP-1 mRNA as
our marker of chemokine activity. As mentioned above,
magnolol significantly reduced intestinal MCP-1 mRNA
expression during LPS-induced sepsis.
NO is known to be the main inhibitory neurotransmitter
of the GI tract, caused by the activity of the constitutive
isoform of neural NO synthase (cNOS) within the enteric
nervous system[31]. Besides, NO is produced at almost all
sites of inflammation by leukocytes through the activity
www.wjgnet.com
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of iNOS[32]. Evidence indicates that NO from iNOS
plays a pivotal role in mediating LPS-induced suppression
of intestinal smooth muscle activity [4], and that upregulation of iNOS activity is mediated by TNF-α and
IL-1[5]. Additionally, NO and superoxide anions can join
to form the toxic metabolite ONOO-[33,34], which is also
involved in the pathogenesis of sepsis-induced motility
disturbances[7]. Magnolol has been reported to suppress
the overproduction of NO and TNF-α in LPS-activated
macrophages[35]. The results obtained in the present study
provide support for this view. Pretreatment with magnolol
significantly decreased iNOS mRNA expression in the
intestine of the LPS-treated animals.
NF-κB is an inducible nuclear transcription factor
that plays a central role in regulating the transcription of
many pro-inflammatory cytokines[16], including TNF-α
and IL-1β. Furthermore, intricate negative and positive
feedback loops exist within NF-κB activation and
cytokine expression. Pro-inflammatory cytokines activate
NF-κB, but IL-10 deactivates NF-κB[36]. In the present
study, we found that magnolol significantly suppressed
NF-κB activation in the intestine of septic rats, which
sug gests that magnolol modulates inflammatory
cytokines may be through intervention in the NF-κB
signal transduction system. In addition, magnolol might
also inhibit NF-κB activation through increasing IL-10
gene expression.
During sepsis, oxidative stress causes direct damage
to cells and tissues and is involved with inflammatory
cytokine production [17]. Suppression of cytokines by
antioxidants has been demonstrated in previous studies.
N-acetyl-cysteine has been shown to prevent the priming
of increased expression of TNF-α mRNA after LPS[37].
Also, it has been reported that the free-radical-trapping
compound phenyl N-tert-butylnitrone administered in
LPS-induced sepsis promotes enhanced production
of endogenous IL-10[38]. Additionally, the involvement
of oxidative stress or oxygen free radicals in NF-κB
activation has been suggested[39]. Therefore, we assume
that magnolol modulation of cytokine synthesis may be
related to its antioxidant properties. This is in agreement
with previous studies that have shown that gut injury is
partly prevented by antioxidants[40]. However, this has
not been proven experimentally.
Although the findings of the present study
predict a role for magnolol in a clinical setting, several
problems should be mentioned. We did not use the
cecal ligation and puncture (CLP) sepsis model in
our study, which appears to be a reliable and clinically
relevant animal model of the human septic condition,
because abdominal surger y can also initiate an
inflammatory cascade and ultimately lead to impairment
of intestinal smooth muscle activity. More intricate
pathophysiological mechanisms may be involved in
the development of gut dysmotility in the CLP sepsis
model[41]. Additionally, Zhang et al[42] previously reported
that, in vitro, magnolol exerted an inhibitory effect on
isolated ileum of guinea pigs. However, we found in our
study that in vivo, magnolol treatment could prevent LPSinduced suppression of intestinal motility but had no
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effect on control animals. These discrepancies suggest
that the pharmacological properties of magnolol on
GI motility might change when it is administered at
different doses or via different routes. At the dose and
route that we used in our study, the antioxidant effect of
magnolol could be the important mechanism through
which it ameliorates the severity of sepsis. Under other
pathophysiological conditions, whether magnolol could
exert a similar effect is still not known. Other welldesigned experiments are needed to further determine
the clinical usefulness and safety of magnolol.
In conclusion, the data presented in this study suggest
a protective role of magnolol in preventing sepsisinduced suppression of intestinal motility. The potential
mechanism of this beneficial effect of magnolol appears
to be modulation of the self-amplified inflammatory
events and block of oxidative stress in the intestine.
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During sepsis, gastrointestinal (GI) dysmotility occurs frequently. Accumulating
evidence has indicated that overwhelming pro-inflammatory and oxidative
stress responses combined with diminished anti-inflammatory pathways are
responsible. Recently, magnolol, an antioxidant isolated from a traditional
Chinese herb, has been showed to attenuate peroxidative damage and to
improve survival of rats with sepsis. It can also suppress the TNF-α level and
preserve IL-10 production in hemorrhagic shock in rats. Thus, the authors
presumed that through modulation of inflammatory cytokines during sepsis,
magnolol might be helpful for treatment of sepsis-induced ileus.
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Sepsis-induced GI dysmotility is a major problem in critically ill patients. The
pharmacological intervention is difficult for the clinician to handle. In addition,
there is a lack of controlled studies on which to build an evidence-based
treatment concept for critically ill patients.

Innovations and breakthroughs

Currently, there is no accepted pharmacologic prevention or management
of sepsis-induced GI dysmotility. Therefore, management remains largely
supportive. Insights gained in this preliminary study might be helpful in
producing an effective pharmacological intervention strategy.
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Applications

This study provides the evidence that pretreatment with magnolol could
attenuate sepsis-induced GI dysmotility. The potential mechanism of this benefit
of magnolol appears to be modulation of the self-amplified inflammatory events
and block of oxidative stress in the intestine.

Terminology

Sepsis is defined as infection plus systemic manifestations of infection.
Cytokines: non-antibody proteins secreted by inflammatory leukocytes and
some non-leukocytic cells, which act as intercellular mediators. Magnolol (5,5’
-di-2-propenyl-1,1’-biphenyl-2,2’-diol), a principal constituent isolated from
a traditional Chinese herb. Lipopolysaccharides (LPS) are large molecules
consisting of a lipid and a polysaccharide joined by a covalent bond; they are
found in the outer membrane of Gram-negative bacteria, act as endotoxins and
elicit strong immune responses in animals.

Peer review

This preliminary study provides us with a new insight into management of
sepsis-induced GI dysmotility. However, the pharmacological properties of
magnolol may change when it is administered at different doses or via different
routes. Other well-designed experiments are needed to further determine its
clinical utility and safety.
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Abstract
AIM: To assess the safety of bismuth used in Helicobacter pylori (H pylori ) eradication therapy regimens.

METHODS: We conducted a systematic review and
meta-analysis. MEDLINE and EMBASE were searched (up
to October 2007) to identify randomised controlled trials comparing bismuth with placebo or no treatment, or
bismuth salts in combination with antibiotics as part of
eradication therapy with the same dose and duration of
antibiotics alone or, in combination, with acid suppression. Total numbers of adverse events were recorded.
Data were pooled and expressed as relative risks with
95% confidence intervals (CI).
RESULTS: We identified 35 randomised controlled trials containing 4763 patients. There were no serious
adverse events occurring with bismuth therapy. There
was no statistically significant difference detected in
total adverse events with bismuth [relative risk (RR) =
1.01; 95% CI: 0.87-1.16], specific individual adverse
events, with the exception of dark stools (RR = 5.06;
95% CI: 1.59-16.12), or adverse events leading to
withdrawal of therapy (RR = 0.86; 95% CI: 0.54-1.37).
CONCLUSION: Bismuth for the treatment of H pylori
is safe and well-tolerated. The only adverse event occurring significantly more commonly was dark stools.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Bismuth salts have been used for centuries in medicine. From a gastroenterology perspective these drugs
have been used to treat peptic ulcer disease, dyspepsia,
parasitic infections, microscopic colitis, and infectious
diarrhoea[1]. The discovery of Helicobacter pylori (H pylori)
in 1983 by Warren and Marshall revolutionised the management of peptic ulcer disease[2], and led to a renewed
interest in bismuth compounds, largely because bismuth
was found to inhibit the growth of H pylori and was effective in eradicating the organism (when combined with
antibiotics or in combination with antibiotics and acid
suppression therapy[3,4]).
The first randomised controlled trial (RCT) of
bismuth in H pylori-positive individuals suggested that
bismuth was superior to erythromycin monotherapy
in eradicating the infection[5]. A further RCT of 6 wk
of colloidal bismuth subcitrate versus cimetidine, in
H pylori-positive duodenal ulcer patients, demonstrated
that bismuth successfully eradicated the bacterium in
up to 50% of patients[6]. Subsequently, an RCT of both
colloidal bismuth subcitrate and cimetidine, alone or in
combination with tinidazole, confirmed that colloidal
bismuth subcitrate and tinidazole cleared the infection in
almost 75% of patients[7]. With the addition of a second
antibiotic, tetracycline or amoxicillin, eradication rates in
later RCTs exceeded 80%[8-10]. However, there were some
problems associated with bismuth-based triple therapy,
which included the number of tablets patients were required to take, the duration of therapy, and side effects
such as altered taste, nausea, and diarrhoea.
www.wjgnet.com
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There are a variety of bismuth salts currently available on the market. All are inorganic, poorly soluble and
therefore less than 1% is typically absorbed systemically[11]. Blood concentrations of bismuth do rise when
these compounds are ingested however, and there is
therefore the potential for toxicity, though levels less
than 50 μg/mL are unlikely to be associated with any
meaningful toxicity in man[11]. In the 1970s, high doses
of bismuth salts were used for long periods and were
associated with neurotoxicity. In France, there were almost 1000 cases of bismuth-associated encephalopathy
of which 72 were fatal[1]. The doses of bismuth used in
H pylori eradication are administered for a much shorter
duration, typically 1 to 2 wk. In a recent bioavailability
study, where bismuth salts were given in combination
with omeprazole for 6 d[12], plasma levels of bismuth remained well below 50 μg/mL, but a review of their safety profile would provide additional evidence that such
low doses of bismuth, given for a short period of time,
do not expose patients to undue risks. We have therefore conducted a systematic review and meta-analysis
of available published literature to assess the magnitude
of the risk of adverse events experienced when bismuth
salts are used, either alone or in combination with one or
more antibiotics, to eradicate H pylori.

MATERIALS AND METHODS
Outcomes assessed
Primary outcomes: The primary aim of this systematic
review and meta-analysis was to assess the total number
of adverse events occurring following treatment for
H pylori with bismuth compounds, either alone, or in
combination with antibiotics and/or acid suppression
therapy, compared to treatment with antibiotics alone,
acid suppression therapy alone, a combination of the
two, or no treatment/placebo.
Secondary outcomes: The secondary aims were to
evaluate the number of specific individual adverse events
occurring and the number of withdrawals of therapy
due to adverse events, and to assess the effect of longterm (defined as 1 mo or more) therapy on number of
adverse events (both total number and by specific category) and withdrawals due to adverse events.
Eligibility criteria
Types of studies: In order to best estimate adverse
events that were directly attributable to the use of bismuth, studies were only eligible for inclusion in this
systematic review if they were RCTs that compared bismuth monotherapy with either acid suppression therapy
alone, placebo, or no treatment, or compared bismuth
compounds in combination with either antibiotics, or
antibiotics and acid suppression therapy as part of a
recognised efficacious eradication regimen with an identical dose and duration of antibiotics either alone or in
combination with acid suppression therapy. We defined
an efficacious bismuth-containing eradication regimen as
any one of: bismuth triple therapy (bismuth in combinawww.wjgnet.com
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tion with two antibiotics); bismuth quadruple therapy
(as for triple therapy, but with the addition of acid suppression therapy); or ranitidine bismuth citrate dual (with
one antibiotic) or triple (with two antibiotics) therapy.
Types of participants: Patients were required to be
H pylori-positive adults (over the age of 16 years) taking
any bismuth compound for more than 1 d with a comparison group of H pylori-positive patients who were not
taking bismuth.
Types of assessment: Bismuth toxicity had to be assessed and recorded using one or more of the following
methods: medical databases; face-to-face interviews;
telephone interviews; symptom diaries; or questionnaire in order for studies to be eligible for inclusion. The
questionnaire used was not required to be previously
validated but, if there were sufficient studies using questionnaires, we aimed to assess the impact of this in a
sensitivity analysis.
Types of outcome measures: The proportion of patients that reported any adverse event and the proportion experiencing specific individual adverse events were
assessed wherever trial reporting allowed this.
Search strategy and identification of eligible studies
Search strategy: Two authors performed searches of
the medical literature to identify articles from MEDLINE
(from 1966 up to October 2007), EMBASE (from 1988 up
to October 2007), and the Cochrane Library and Current
Contents electronic databases. RCTs using bismuth salts
were identified using the medical subject heading term
“bismuth”. These studies were combined using the set operator and with papers that used a variety of free text terms
including “Denol”, “Pepto-Bismol”, “bismuth”, “subsalicylate”, “tripotassium dicitrato bismuthate”, “subnitrate”,
“subgallate”, “ranitidine bismuth citrate”, “pylorid”,
“quadruple therapy”, “pylera”, and “bismuth subcitrate
potassium”. There were no language restrictions, and papers published in abstract form only were also eligible for
inclusion in the review. The abstracts of all papers identified by the initial search were evaluated for appropriateness
to the study question, and all potentially relevant studies
were retrieved and examined in greater detail to determine
whether or not they met all eligibility criteria. The bibliographies of identified studies were then used to perform a
recursive search of the literature to identify other potentially eligible studies. In addition, Digestive Disease Week,
United European Gastroenterology Week, and European
H pylori Study Group conference abstract books between
2000 and 2007 were hand-searched.
Selection of studies: Two reviewers screened all titles
and abstracts of trials that were identified by the search
strategy as being potentially eligible for inclusion in the
systematic review to confirm or refute eligibility. This
was performed using pre-designed eligibility forms. A
third reviewer adjudicated where any disagreements
arose, and a consensus view was taken.
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Assessment of study quality: The quality of studies
was assessed according to the following pre-defined criteria: method of assessment of occurrence of adverse
events (interview, diary, and questionnaire), generation
of randomisation schedule, method of allocation of
concealment, and blinding of assessor as to patient allocation to therapy.
Data extraction
Data concerning total number of adverse events and
number of specific individual adverse events were
extracted on to specially developed for ms by two
reviewers and all data extraction was checked by a third
reviewer. These verified data were then entered onto a
Microsoft Excel spreadsheet (XP professional edition;
Microsoft Corp, Redmond, WA, USA), and again this was
double-checked by a third reviewer. Trial characteristics
including setting (population-based, primary care,
secondary care), country of origin, number of centres
involved, duration of bismuth therapy and dosage
schedule, type of bismuth compound, mean age of
included patients, and proportion of male patients were
recorded to allow exploration of potential reasons for any
heterogeneity detected between trial results.
Data synthesis and statistical analysis
Data were extracted as dichotomous outcomes and
pooled using a random effects model[13], where sufficient
data were available. The impact of bismuth therapy on
the incidence of total and specific individual adverse
effects versus comparison regimen was expressed as a
combined relative risk (RR) with a 95% confidence
interval (CI). The number needed to harm with bismuth
therapy to cause one adverse event, and a 95% CI,
were calculated as the reciprocal of the risk difference
from the meta-analysis, and where this was statistically
significant the results were reported.
Due to differences in methodology, patient populations, and outcome measures between eligible trials,
the results of individual studies can be very diverse and
therefore when they are included in the same metaanalysis this may affect the accuracy of the overall result.
This inconsistency within a single meta-analysis can be
quantified with a statistical test of heterogeneity, to assess whether the variation across trials is due to true
heterogeneity, or chance. This quantity is termed I2, and
its value ranges from 0 to 100 percent, with 0 percent
representing no observed heterogeneity, and larger values indicating increasing heterogeneity. A value below 25
percent is arbitrarily chosen to represent low levels of
heterogeneity[14]. Where the degree of statistical heterogeneity is greater than this, clinical reasons within individual trials that may account for some of this inconsistency can be explored. Wherever statistically significant
heterogeneity existed between trial results in this systematic review, possible explanations were investigated informally using sensitivity analyses. These are exploratory
only, and may explain some of the observed variability,
but the results should be interpreted with caution.
All statistical analyses were performed using Stats
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Studies identified in literature
search (n = 1800)
Excluded (title and abstract suggested
not appropriate) (n = 1251)
Studies retrieved for
evaluation (n = 549)
Excluded (n = 514) because:
Not conducted in H pylori -positive
patients
Not randomised
No adverse events data collected
Not containing the regimens of
interest
Not containing identical dose and
duration of antibiotics
Duplicate publications
Studies eligible for inclusion
(n = 35)

Figure 1 Flow diagram of assessment of studies identified in the systematic
review.

Direct version 2.2.4 (Stats Direct Ltd, Sale, Cheshire,
UK), which was used to generate Forest plots of pooled
relative risks for total adverse event rates and specific individual adverse event rates by category, as well as funnel
plots to assess for evidence of publication bias.

RESULTS
Selection of eligible studies
The search strategy identified 1800 studies, of which 549
were possibly eligible. After reviewing the abstracts of
these it became clear that 209 were RCTs of bismuth, and
these were retrieved for further assessment. Of these,
35 were eligible for inclusion in the meta-analysis[7,15-48],
reporting on 4763 H pylori-positive patients, 2435 of
whom received bismuth or bismuth-based regimen, and
2328 received a comparison regimen (Figure 1). Thirtythree of the trials were found in fully published form,
and two were only published as abstracts [29,44]. Seven
of the RCTs used more than one bismuth-containing
regimen[7,20,31,34,35,41,47].
Trial characteristics
Detailed trial characteristics are provided in Table 1.
Nineteen of the trials were conducted in Europe[15-18,20,
23-25,27-30,37,40,42-45,47]
, eight in the Far East[21,22,32,35,36,38,46,48],
[31,33,34,41]
four in the USA
, one in the Middle East[26], one
[19]
in South America , one in Australia[7], and one was a
multi-national study[39]. Eleven of the studies were multicentre RCTs[15,21,25,29,31,32,34,39,41,44,45]. Duration of bismuth
therapy ranged from 7 to 56 d, with a total daily dose
of between 400 mg and 2100 mg. Nineteen studies used
ranitidine bismuth citrate[15,17,20,22,24,28-32,34,36,39-41,43,45,46,48], ten
studies colloidal bismuth subcitrate[7,16,18,21,26,27,37,38,42,44],
two studies tripotassium dictrato bismuthate[23,35], two
studies bismuth subsalicylate [25,33], one study bismuth
subnitrate[19], and one study both bismuth subnitrate and
www.wjgnet.com
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Table 1 Characteristics of included studies
Study

Bujanda 2001[15]
Burette 1992[16]
Buzas 2001[17]
Carpintero 1997[18]
Carvalho 1998[19]
Catalano 2000[20]
Chuang 2001[22]
Dal Bo 1998[23]
Danese 2001[24]
Eberhardt 1990[25]
Fakheri 2004[26]
Forne 1995[27]
Gasbarrini 2000[28]
Georgopoulos 1999[29]
Gisbert 2000[30]
Graham 1998[31]
Hung 2002[32]
Lanza 1989[33]
Lanza 1998[34]
Liu 1999[35]
Mao 2000[36]
Marshall 1988[7]
Masci 1995[37]
Nafeeza 1992[38]
Pare 1999[39]
Perri 2002[40]
Peterson 1996[41]
Rokkas 1988[42]
Spadaccini 1998[43]
Spiliadis 1998[44]
Spinzi 2000[45]
Sung 1998[46]
Whitehead 2000[47]
Wong 2001[48]
Xiao 2001[21]

Country

No. of
centres

Spain and Portugal Multi-centre
Belgium
1
Hungary
1
Spain
1
Brazil
1
Italy
1
Taiwan
1
Italy
1
Italy
1

Bismuth
Duration Total dose
compound of bismuth (mg/d)
used1
therapy
used
(days)

Greece
Italy

3
6

CBS
RBC

14
7

1200
800

Hong Kong

1

RBC

7

800

UK

1

CBS and
BSN
RBC
CBS

28

Unclear

Unclear
Unclear
Unclear
Unclear
Unclear
Questionnaire
Unclear
Unclear
Validated
questionnaire
Unclear
Unclear
Diary cards
Validated
questionnaire
Unclear
Unclear
Unclear
Diary
Unclear
Diary cards
Diary
Diary
Unclear
Unclear
Unclear
Unclear
Questionnaire
Unclear
Unclear
Face-to-face
interview
Unclear
Face-to-face
interview
Telephone
interview
Unclear

7
7

800
480

Diary
Diary

Germany
Iran
Spain
Italy
Greece
Spain
USA
Hong Kong
USA
USA
China
Vietnam
Australia
Italy
Malaysia
Multi-national
Italy
USA
UK
Italy

Hong Kong
China

4
1
1
1
3
1
111
3
1
47
1
1
1
1
1
Multi-centre
1
38
1
1

1
Multi-centre

RBC
CBS
RBC
CBS
BSN
RBC
RBC
TDB
RBC

7
10
7
42
14
10
7
14
7

800
480
800
480
1200
800
800
480
800

BSS
CBS
CBS
RBC

28
14
7
7

1800
480
480
800

RBC
RBC
RBC
RBC
BSS
RBC
TDB
RBC
CBS
CBS
CBS
RBC
RBC
RBC
CBS
RBC

7
7
28
7
21
28
7
10
56
28 to 56
28
28
7
28
56
7

800
800
800
800
2100
800
480
400
480
480
480
800
800
800
480
800

Method of
collection of
adverse event
data

Generation of Method of Doublerandomization concealment
blind
schedule
of allocation
provided
provided
Yes
No
No
Yes
No
Yes
No
No
No

No
No
No
No
No
No
No
No
No

Yes
No
No
No
No
Yes
Yes
No
No

No
Yes
No
No

No
No
Yes
No

No
No
No
No

No
Yes
No
Yes
No
No
No
No
No
Yes
No
Yes
No
No
No
No

No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No

No
No
Yes
No
Yes
Yes
No
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No

No
No

No
No

No
No

No

No

No

Yes

Yes

Yes

Yes
No

Yes
No

No
No

1

BSN: Bismuth subnitrate; BSS: Bismuth subsalicylate; CBS: Colloidal bismuth subcitrate; RBC: Ranitidine bismuth citrate; TDB: Tripotassium dictrato
bismuthate.

colloidal bismuth subcitrate[47]. Comparison regimens
were proton pump inhibitor or H2-receptor antagonist
(H2-RA)-based eradication therapy in 23 studies[15,17-24,26-30,
32,35,36,39,40,43,45,46,48]
, antibiotics alone in four studies[16,38,44,47],
antibiotics or placebo in three studies[31,34,41], H2-RA alone
in two studies[25,37], placebo alone in two studies [33,42],
and H2-RA in combination with either one antibiotic or
placebo in one study[7]. The mean age of individuals in
included studies ranged from 36.7 years to 50.5 years,
and the proportion of male patients varied between 32
percent and 78 percent. The number of participants in
each RCT ranged from 20 to 530 individuals.

specifically stated that assessors were blinded to treatment
allocation [21,24,45,46,48]. Ten of the studies reported the
method of generation of the randomization schedule[15,18,
20,26,30,32,37,39,47,48]
, but only four the method of concealment
of allocation[27,32,47,48]. Four of the studies recorded adverse
events using a questionnaire[20,24,28,40], but only two of these
stated that the questionnaire was validated[24,28]. Seven
studies collected information concerning adverse events
using a diary or diary cards[21,27,32,34-36,48], two via face-toface interview[43,45], and one via telephone interview[46].
The remainder of trials did not state how they collected
adverse events data.

Trial quality
Thirteen of the trials were double-blind randomised
studies[7,15,20,22,31,33,34,37-39,41,42,47], the remainder being either
single-blind or open. Five of the single-blind trials

Total number of adverse events with bismuth or bismuth-containing regimen versus comparison regimen
There were no serious adverse events such as death
or neurotoxicity in either arm of any of the included
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Table 2 Crude adverse event rates, and relative risk of adverse events
Adverse event

Any
Abdominal pain
Dark stools
Diarrhoea
Dizziness
Headache
Metallic taste
Nausea and/or vomiting
Leading to withdrawal of therapy

Number
of trials

Total
number
of
patients

Number of
patients in
bismuth
arms

25
13
4
22
8
14
14
20
28

3180
2439
467
3406
1630
2433
2475
3417
3951

1585
1221
233
1761
867
1276
1260
1767
2033

Number of
Number of
Number of
patients in adverse events adverse events in
comparison arms
in bismuth
comparison
(%)
arms (%)
arms

RCTs. Twenty-five trials reported the total number of
individuals experiencing any adverse event with bismuth
or bismuth-containing regimens versus comparison regimen [15-20,23-27,30,32,33,35-40,42,44,45,47,48]. Three of these studies utilized more than one regimen[20,35,47], allowing 28
comparisons to be made. The relative risk of an adverse
event with bismuth or bismuth-containing regimens versus comparison regimen was 1.01 (95% CI: 0.87 to 1.16)
(Figure 2 and Table 2). There was statistically significant
heterogeneity detected between trial results (heterogeneity test: I2 = 30.3%). The Egger test did not suggest any
trend for funnel plot asymmetry (P = 0.16). Sensitivity
analysis according to trial setting, country of origin, dose
of bismuth salt used, type of bismuth salt used, mean
age of patients included in the study, and proportion of
males included in the study failed to reveal any obvious
explanation for the observed heterogeneity.
Number of specific individual adverse events with bismuth or bismuth-containing regimen versus comparison
regimen
Abdominal pain: Thirteen trials reported the total
number of individuals experiencing abdominal pain with
bismuth or bismuth-containing regimens versus comparison regimen[17,18,20,21,24,26,28,30,34,39,40,46,47]. Three of these
studies utilized more than one regimen[20,34,47], allowing
16 comparisons to be made. The relative risk of abdominal pain with bismuth or bismuth-containing regimens
versus comparison regimen was 1.06 (95% CI: 0.64 to
1.74) (Table 2). There was no statistically significant heterogeneity detected between trial results (heterogeneity
test: I2 = 22.0%), and the Egger test did not suggest any
trend for funnel plot asymmetry (P = 0.15).
Dark stools: Four trials reported the total number of
individuals experiencing dark stools with bismuth or
bismuth-containing regimens versus comparison regimen[17,42,46,48]. The relative risk of dark stools with bismuth or bismuth-containing regimens versus comparison regimen was 5.06 (95% CI: 1.59 to 16.12) (Figure 3
and Table 2). There was marginal statistically significant
heterogeneity detected between trial results (heterogeneity test: I2 = 25.2%), but no obvious causes were found,
and the Egger test did not suggest any trend for funnel plot asymmetry (P = 0.28). The number of patients

1595
1218
234
1645
763
1157
1215
1650
1918

431 (27.2)
63 (5.2)
39 (16.7)
124 (7.0)
54 (6.2)
41 (3.2)
124 (9.8)
111 (6.3)
33 (1.6)

Relative risk of adverse events
with bismuth versus
comparison regimen
(95% CI)

419 (26.3)
61 (5.0)
5 (2.1)
113 (6.9)
49 (6.4)
28 (2.4)
116 (9.6)
86 (5.2)
38 (2.0)

1.01 (0.87-1.16)
1.06 (0.64-1.74)
5.06 (1.59-16.12)
1.01 (0.72-1.42)
1.18 (0.81-1.72)
1.31 (0.81-2.11)
1.02 (0.81-1.28)
1.16 (0.89-1.52)
0.86 (0.54-1.37)

Relative risk meta-analysis plot (random effects)
Bujanda 2001

0.97 (0.61, 1.53)

Burette 1992

1.18 (0.73, 1.94)

Buzas 2001

1.35 (0.60, 3.08)

Carpintero 1997

1.23 (0.47, 3.22)

Carvalho 1998

0.81 (0.49, 1.31)

Catalano 2000

0.94 (0.61, 1.43)

Catalano 2000

0.87 (0.54, 1.39)

Dal Bo 1998

2.93 (0.94, 9.57)

Danese 2001

0.95 (0.64, 1.39)

Eberhardt 1990

0.96 (0.29, 3.19)

Fakheri 2004

0.31 (0.13, 0.75)

Forne 1995

0.48 (0.07, 3.53)

Gisbert 2000

0.85 (0.41, 1.74)

Hung 2002

0.40 (0.21, 0.73)

Lanza 1989

(excluded)

Liu 1999

1.00 (0.37, 2.70)

Liu 1999

0.83 (0.32, 2.15)

Mao 2000

0.85 (0.36, 1.99)

Masci 1995

0.32 (0.00, 3.59)

Nafeeza 1992

3.20 (0.29, infinity)

Pare 1999

1.22 (0.98, 1.53)

Perri 2002

1.01 (0.28, 3.59)

Rokkas 1988

5.31 (0.88, 33.44)

Spiliadis 1998

(excluded)

Spinzi 2000

0.98 (0.28, 3.49)

Whitehead 2000

1.33 (0.83, 2.19)

Whitehead 2000

0.87 (0.48, 1.54)

Wong 2001

1.38 (1.12, 1.73)

Combined (random)

1.01 (0.87, 1.16)

0.01

0.1 0.2 0.5 1

2

5 10

100

Relative risk (95% confidence interval)

Figure 2 Forest plot of trials of bismuth or bismuth-containing regimens
versus comparison regimen examining the effect on relative risk of any
adverse event.

needed to harm with bismuth or bismuth-containing
regimen versus comparison regimen to cause one case
of dark stools was 7.5 (95% CI: 4 to 71).
Diarrhoea: Twenty-two trials reported the total number
of individuals experiencing diarrhoea with bismuth
or bismuth-containing regimens versus comparison
regimen[7,17,18,20,24-28,30-32,34,36,39-42,45-48]. Six of these studies
utilized more than one regimen[7,20,31,34,41,47], allowing 28
comparisons to be made. The relative risk of diarrhoea
with bismuth or bismuth-containing regimens versus
comparison regimen was 1.01 (95% CI: 0.72 to 1.42)
(Table 2). There was marginal statistically significant heterogeneity detected between trial results (heterogeneity
www.wjgnet.com
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Relative risk meta-analysis plot (random effects)
Buzas 2001

42.31 (5.68, infinity)

Rokkas 1988

5.30 (0.57, infinity)

Sung 1998

4.00 (0.63, 26.18)

Wong 2001

3.00 (1.07, 8.59)

Combined (random)

5.06 (1.59, 16.12)

0.5

  1

2

5

10

100

Relative risk (95% confidence interval)

Figure 3 Forest plot of trials of bismuth or bismuth-containing regimens
versus comparison regimen examining the effect on relative risk of dark
stools.

test: I2 = 26.2%), but no obvious causes were found, and
the Egger test did not suggest any trend for funnel plot
asymmetry (P = 0.75).
Dizziness: Eight trials reported the total number of
individuals experiencing dizziness with bismuth or
bismuth-containing regimens versus comparison regimen[21,26,31,32,35,41,46,48]. Three of these studies utilized more
than one regimen[31,35,41], allowing 11 comparisons to be
made. The relative risk of dizziness with bismuth or bismuth-containing regimens versus comparison regimen
was 1.18 (95% CI: 0.81 to 1.72) (Table 2). There was no
statistically significant heterogeneity detected between
trial results (heterogeneity test: I2 = 0%), and the Egger
test did not suggest any trend for funnel plot asymmetry
(P = 0.20).
Headache: Fourteen trials reported the total number
of individuals experiencing headache with bismuth or
bismuth-containing regimens versus comparison regimen[17,18,20,24-26,30,31,34,39-41,46,47]. Five of these studies utilized
more than one regimen[20,31,34,41,47], allowing 19 comparisons to be made. The relative risk of headache with bismuth or bismuth-containing regimens versus comparison
regimen was 1.31 (95% CI: 0.81 to 2.11) (Table 2). There
was no statistically significant heterogeneity detected
between trial results (heterogeneity test: I2 = 0%), and
the Egger test did not suggest any trend for funnel plot
asymmetry (P = 0.83).
Metallic taste: Fourteen trials reported the total number
of individuals experiencing metallic taste with bismuth
or bismuth-containing regimens versus comparison regimen[17,20,24,27,30,34,35,39-42,45,46,48]. Four of these studies utilized
more than one regimen[20,34,35,41], allowing 18 comparisons
to be made. The relative risk of metallic taste with bismuth or bismuth-containing regimens versus comparison
regimen was 1.02 (95% CI: 0.81 to 1.28) (Table 2). There
was no statistically significant heterogeneity detected between trial results (heterogeneity test: I2 = 0%), though
the Egger test suggested there was funnel plot asymmetry
(P = 0.01).
www.wjgnet.com
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Nausea and/or vomiting: Twenty trials reported the
total number of individuals experiencing nausea and/or
vomiting with bismuth or bismuth-containing regimens
versus comparison regimen[17,18,20,21,24-28,30-32,34,35,39-42,46,47].
Six of these studies utilized more than one regimen[20,31,34,35,41,47], allowing 26 comparisons to be made. The
relative risk of nausea and/or vomiting with bismuth or
bismuth-containing regimens versus comparison regimen
was 1.16 (95% CI: 0.89 to 1.52) (Table 2). There was no
statistically significant heterogeneity detected between trial
results (heterogeneity test: I2 = 0%), and the Egger test
did not suggest that there was any evidence of funnel plot
asymmetry (P = 0.85).
Withdrawal of therapy due to adverse events with bismuth
or bismuth-containing regimen versus comparison
regimen
Twenty-eight trials reported the total number of individuals who terminated therapy due to experiencing adverse
events with bismuth or bismuth-containing regimens
versus comparison regimen[16-18,20,22-32,34-37,39-43,45-48]. Six of
these studies utilized more than one regimen[20,31,34, 35,41,47],
allowing 34 comparisons to be made. The relative risk of
withdrawal of therapy due to adverse events with bismuth
or bismuth-containing regimens versus comparison regimen was 0.86 (95% CI: 0.54 to 1.37) (Table 2). There was
no statistically significant heterogeneity detected between
trial results (heterogeneity test: I2 = 0%), though the Egger test suggested that there was evidence of funnel plot
asymmetry (P = 0.05).
Effect of duration of bismuth therapy on incidence of
adverse events
The duration of bismuth therapy was one month or
more in eleven of the included studies[7,18,25,31,34,37-39,41,42,47].
There were sufficient trials to pool data to examine
the effect of duration of therapy on total number of
adverse events, some of the specific individual adverse
events (including diarrhoea, headache, and nausea and/
or vomiting), and withdrawal of therapy due to adverse
events.
Total number of adverse events: Seven trials provided
data on total number of adverse events in 945 individuals (467 of whom were assigned to bismuth)[18,25,37-39,42,47],
and one study utilized more than one regimen allowing
eight comparisons to be made[47]. The relative risk of an
adverse event with bismuth or bismuth-containing regimens used for one month or more versus comparison
regimen was 1.20 (95% CI:1.00 to 1.44), with no statistically significant heterogeneity detected between trial
results (heterogeneity test: I2 = 0%).
Diarrhoea: Nine studies provided data on the incidence
of diarrhoea with one month or more of bismuth in
1601 patients (859 of whom were assigned to bismuth)[7,18,25,31,34,39,41,42,47], with five of the studies utilizing
more than one regimen allowing fourteen comparisons
to be made[7,31,34,41,47]. The relative risk of diarrhoea with
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bismuth or bismuth-containing regimens used for one
month or more versus comparison regimen was 1.72
(95% CI: 1.14 to 2.60), with no statistically significant
heterogeneity detected between trial results (heterogeneity test: I2 = 0%).
Headache: Seven studies provided data on the incidence of headache with one month or more of bismuth
in 1435 patients (778 of whom were allocated to bismuth)[18,25,31,34,39,41,47], with four of the studies utilizing
more than one regimen allowing eleven comparisons
to be made[31,34,41,47]. The relative risk of headache with
bismuth or bismuth-containing regimens used for one
month or more versus comparison regimen was 1.39
(95% CI: 0.76 to 2.53), with no statistically significant
heterogeneity detected between trial results (heterogeneity test: I2 = 0%).
Nausea and/or vomiting: Eight studies provided data
on the incidence of nausea and/or vomiting with one
month or more of bismuth in 1501 patients (810 of
whom were allocated to bismuth)[18,25,31,34,39,41,42,47], with
four of the studies utilizing more than one regimen allowing twelve comparisons to be made [31,34,41,47]. The
relative risk of nausea and/or vomiting with bismuth
or bismuth-containing regimens used for one month or
more versus comparison regimen was 1.47 (95% CI: 0.87
to 2.48), with no statistically significant heterogeneity detected between trial results (heterogeneity test: I2 = 0%).
Withdrawal of therapy due to adverse events: Nine
studies provided data on the incidence of withdrawal of
therapy due to adverse events with one month or more
of bismuth in 1554 patients (837 of whom were allocated to bismuth)[18,25,31,34,37,39,41,42,47], with four of the studies
utilizing more than one regimen allowing thirteen comparisons to be made[31,34,41,47]. The relative risk of withdrawal of therapy due to adverse events with bismuth
or bismuth-containing regimens used for one month or
more versus comparison regimen was 0.86 (95% CI: 0.47
to 1.57), with no statistically significant heterogeneity detected between trial results (heterogeneity test: I2 = 0%).

DISCUSSION
This is, to our knowledge, the first systematic review and
meta-analysis to examine the safety profile of bismuth
compounds used either alone or in combination with
antibiotics for the treatment of H pylori infection, or
H pylori-related diseases. This information is very
important because there have been previous concerns
surrounding the issue of potential for toxicity with use
of the drug in some countries, particularly in France,
where severe neurological adverse events related to the
prolonged use of bismuth, given in large quantities, led
to the complete withdrawal of all bismuth compounds.
This is in contrast to much of the rest of the world,
particularly North America, where these drugs are still
available without prescription over the counter.
Serfontein et al[11], when reviewing blood bismuth
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levels in patients following administration of therapeutic
bismuth formulations, concluded that levels less than
50 μg/mL were highly unlikely to be associated with any
meaningful toxicity in man. The authors also reported
site-specific toxicity issues depending on whether the
complexes of bismuth were water or lipid soluble, the
former being associated with renal toxicity, the latter
with neurotoxicity. In both cases the doses used and the
duration of treatment leading to such adverse effects
were much greater than the ones used in the context of
H pylori eradication therapy. When bismuth-based compounds are used in the treatment of H pylori they are
usually only given for 1 to 2 wk at low doses, so it would
be expected that in this situation the incidence of severe
adverse events such as death or neurotoxicity would be
lower. These data, with no reported deaths or neurotoxicity in any of the included RCTs, would support this hypothesis. Less serious adverse events are still important
though, particularly from the patient’s perspective. These
may affect compliance with therapy, which is important
as successful eradication of H pylori is likely to lead to
successful ulcer healing and prevention of ulcer relapse[49], and may also improve symptoms in a small but
significant proportion of those with functional dyspepsia[50,51]. In a previous analysis of factors that determine
the likely success of H pylori eradication with bismuthbased triple therapies, patient compliance was shown to
be the most important predictor of response[52].
No statistically significant difference was detected in
the total number of side-effects between those receiving
bismuth-based therapy and comparison regimen in
this meta-analysis. In addition, there was no statistically
significant difference detected in individual adverse events
such as abdominal pain, diarrhoea, dizziness, headache,
metallic taste, and nausea and/or vomiting with bismuth
compounds versus comparison regimen. Finally, there
was no statistically significant increase detected in the
number of individuals requiring cessation of therapy
as a direct result of adverse events with bismuth-based
therapy versus comparison regimen. The number of
individuals reporting dark stools with bismuth was
significantly higher, though there were fewer studies
reporting this adverse event, which probably explains the
wider confidence interval. This is unlikely to have any
serious consequences related to patient safety, but it is still
important to warn patients that this is an expected sideeffect of therapy. This observation also has implications
for the successful blinding of patients allocated to
bismuth therapy in double-blind RCTs.
Total number of side-effects did appear to increase
slightly when only those trials that used one month
or more of bismuth therapy were included in the
meta-analysis, though this did not achieve statistical
significance. Diarrhoea was significantly more common
with bismuth compounds when only studies using
more than one month of therapy were included, but
no statistically significant difference was detected in the
incidence of other adverse events reported, where there
were sufficient trials to examine this issue. Again, there
was no increase in cessation of therapy in individuals
www.wjgnet.com
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Abstract
AIM: To determine the seroprevalence of Hepatitis
A (HAV) amongst Saudi children and compare it with
previously reported prevalence data from the same
population.
METHODS: A total of 1357 students were randomly
selected between the ages of 16 and 18 years (689
males and 668 females) from three different regions
of Saudi Arabia (Madinah, Al-Qaseem, and Aseer) and
tested for anti-HAV-IgG.
RESULTS: The overall prevalence of anti-HAV-IgG
among the study population was 18.6%. There was
no difference between males and females but there
was a significant difference in the seroprevalence (P =
0.0001) between the three different regions, with Madinah region showing the highest prevalence (27.4%).
When classified according to socioeconomic status,
lower class students had a prevalence of 36.6%, lower
middle class 16.6%, upper middle class 9.6%, and upper class 5.9% (P = 0.0001). Comparing the current
study results with those of previous studies in 1989
and 1997 involving the same population, there was
a marked reduction in the overall prevalence of HAV

from 52% in 1989, to 25% in 1997, to 18.6% in 2008
(P < 0.0001).
CONCLUSION: Over the last 18 years, there has been
a marked decline in the prevalence of HAV in Saudi
children and adolescents. The current low prevalence
rates call for strict adherence to vaccination policies in
high-risk patients and raises the question of a universal HAV vaccination program.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis A (HAV) is a major health problem worldwide
and, like other enteric infectious diseases, is classically
an infection of childhood. Although acute infection
commonly passes unnoticed, a significant proportion
of patients may have fulminant liver failure, especially
patients with liver cirrhosis or immune deficiencies.
Generally, its prevalence pattern varies from one
population to the other and is closely related to the
socioeconomic conditions of sanitation and hygiene.
An improvement in sanitation and living standards in
many areas of the world has caused the epidemiology of
HAV to rapidly evolve. As such, with an improvement in
living conditions, more clinical cases are being diagnosed
owing to the increased age of those susceptible, which
is paradoxical to childhood infection where the majority
of infections are subclinical [1-5]. The availability of
safe and efficacious vaccines against HAV has made it
www.wjgnet.com
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increasingly important to understand the epidemiology
of HAV in a given area before a strategy for the use of
the vaccine is advised or implemented[6-8]. In particular,
the epidemiological data from the previous decade may
no longer be valid now.
Understanding the epidemiological shift in HAV
seropositivity is of strategic importance to a nation’s
healthcare system. In countries that dramatically improve
their socioeconomic status and standards of living, the
susceptible pool may increase rapidly to such an extent
that HAV becomes a major public health concern. The
epidemiology of HAV in developed countries is characterized by low prevalence rates among children with a
large group of susceptible adults being negative for antiHAV.
Two decades ago, studies performed in Saudi Arabia
indicated the HAV prevalence rate to be in the range of
90%-100% amongst the adult population[9-13]. However,
later studies showed a consistent decline in anti-HAV
prevalence rate[14,15]. In the years 1989 and 1997, community-based studies revealed that the overall prevalence rate
of HAV infection among children of age 1-12 years had
reduced dramatically from 52% (1989) to 25% (1997)[16,17].
We aimed to evaluate the epidemiological shift in
HAV serostatus within the adolescent population of
three predefined regions of Saudi Arabia and compare it
to previously published data.

MATERIALS AND METHODS
Study population
We selected our sample from a population of 10-12th
grade school students (corresponding to the age of 16-18
years) in three regions. These regions were as follows: (1)
The Aseer region: school population of 25 512, 13 996
males and 11 516 females; (2) Madinah: school population of 23 852, 12 133 males and 11 719 females; and (3)
The Al-Qaseem region: school population of 16 067,
7974 males and 8093 females. These regions were selected because they represented low, medium, and high
prevalence rates in our previous studies. The sample was
selected using a stratified random sampling technique
where the Kingdom was stratified into three strata according to the previous endemicity of infection. The
proportional allocation method was used to determine
the recruited number of students in each stratum. Within
the stratum, the sample was proportionally allocated according to gender. In every region, schools served as the
sampling units. From the list of schools in the region, one
or more male schools and one or more female schools
that satisfied the required sample size were randomly
selected.
A total of 1357 students (689 males, 668 females)
from these three regions of the Kingdom of Saudi Arabia
(KSU), were randomly selected. The socioeconomic status
of this population was also stratified (low, middle and high
class). King Abdulaziz City for Science and Technology
approved the protocol of this study, and informed
consent was obtained from the parents as well as from the
students participating in the study.
www.wjgnet.com
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Data collection, blood sampling and testing
Fieldwork for this study was undertaken in December
2007 and January 2008. Demographic data were recorded, and a venous blood sample (5-10 mL) was taken
from each student. Serum was separated by centrifugation, coded, and stored at -70℃ until tested. Blood
samples were tested for anti-HAV-IgG using EIA kits
ADVIA Centaur system.
The socioeconomic status of each student was
taken to be representative of that of the father and/or
the mother and classified using a socioeconomic status
3-point scoring system derived according to the type of
house (mud-built = 1, apartment or ordinary house =
2, villa = 3), number of rooms in the house (1-2 rooms
= 1, 3-4 rooms = 2, 5 and more = 3), number of family members (4 or less = 3, 5 = 3, 6 = 2, 7 or more = 1),
father and mother education (primary grade or less = 1,
secondary/high school = 2, university or equivalent =
3), parent occupation (laborer = 1, farmer or office clerk
= 2, trader = 3). An overall score of less than 10 from a
maximum of 21 was classified as representative of a low
socioeconomic status, 10-15 as low middle, 15-17 as high
middle and above 17 as high class.
Statistical analyses
Data was entered in MS Excel and analyzed using SPSS
Pc+ version 16.0 statistical software. Descriptive statistics
(proportional) were used to summarize the categorical
variables. χ2 test followed by analysis of residuals was
used to calculate the statistical association between two
categorical variables. χ2 test for trend was used to calculate
the significance of proportions of categorical variables at
different time points. P value of < 0.05 was considered
statistically significant.

RESULTS
The blood samples of 1357 students (aged 16 to 18
years; 689 males and 668 females) were collected and
analyzed. The overall prevalence rate of anti-HAV-IgG
among the population study was 18.6%.
Association between anti-HAV-IgG values and gender
A significant association between gender and anti-HAV
serostatus was seen. The proportion of males who were
anti-HAV positive (21%) was significantly higher when
compared with females (16.2%) (P = 0.021). The adjusted residuals of the frequencies were also statistically
significant when compared with the 5% standard normal
deviate value (1.96) (Table 1).
Association between anti-HAV-IgG values and regions
A significant association was observed between the
area (Aseer, Madinah, and Al-Qaseem) and anti-HAV
serostatus. The proportion of subjects from Madinah
who were anti-HAV positive (27.4%) was significantly
higher compared with samples from other areas (Aseer:
13.5% and Al-Qaseem: 13.9%; P < 0.0001). The adjusted residuals of the frequencies of Madinah area (6.2)
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Table 1 Prevalence of anti-HAV within the study population
and its association with gender
Gender
Male (n = 689)
Female (n = 668)

P value

Anti-HAV (%)
Positive

Negative

145 (21)
108 (16.2)

544 (79)
560 (83.8)

0.021

Table 2 Prevalence of anti-HAV and its association with the
socioeconomic status of study population
Socioeconomic status
Low class (n = 239)
Lower middle class (n = 880)
Upper middle class (n = 136)
High class (n = 102)

Anti-HAV(%)
Positive

Negative

88 (36.8)
146 (16.6)
13 (9.6)
6 (5.9)

151 (63.2)
734 (83.4)
123 (90.4)
96 (94.1)
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Table 3 Prevalence of anti-HAV and its association with the
region of study population
Region

P value

Anti-HAV(%)

Aseer (n = 532)
Al-Qaseem (n = 332)
Madinah (n = 493)

Positive

Negative

72 (13.5)
46 (13.9)
135 (27.4)

460 (86.5)
286 (86.1)
358 (72.6)

< 0.0001

Table 4 Prevalence of HAV infection in KSA over the last
18 years (1989[16], 1997[17], and 2008)

P value

< 0.0001

were also statistically significantly higher when compared with the 5% standard normal deviate value (1.96)
(Table 2).
Association between anti-HAV-IgG values and socioeconomic status
A significant association between social status of the
sampled population and anti-HAV status was found. The
proportion of low class subjects who were anti-HAV
positive (36.8%) was significantly higher compared with
subjects of other classes (lower middle class: 16.6%; upper middle class: 9.6% and high class: 5.9%; P < 0.0001).
The adjusted residuals of the frequencies of low class
(7.9) were also statistically significantly higher when
compared with the 5% standard normal deviate value
(1.96) (Table 3).
Comparison of anti-HAV-IgG of previous studies
performed in 1989[16] and 1997[17], with the present study
There was a high statistically significant trend for decreased prevalence of HAV infection in all three areas
over the three time points. Among the three areas (AlQaseem, Aseer and Madinah), the Al-Qaseem area had
a significantly decreased prevalence of HAV infection
(61.1% in 1989, 31.5% in 1997 and 13.8% in 2007-2008).
The decrease in prevalence of HAV infection in Aseer
area from 1997 to 2007-2008 was only 5.4% and in Madinah for the same period was only 1.2%, whereas in AlQaseem the decrease was 17.7% during the same period
(Table 4).

DISCUSSION
The results of this study show a marked decline in the
endemicity of HAV within the Saudi population in the
age range of 16-18 years. This trend is highlighted by
the dramatic linear decline from 53% in 1987 to 25%
in 1997 and finally to 18.6% in the present study. Other
studies from the region have shown a similar trend.

Region

1989
1997
2007-2008
P value
prevalence (%) prevalence (%) prevalence (%)

Al-Qaseem
Aseer
Madinah
Total

126/201 (61.1)
212/476 (44.5)
208/350 (59.4)
546/1027 (53.1)

71/225 (31.5)
78/411 (18.9)
83/317 (26.2)
232/953 (24.3)

46/332 (13.8) < 0.00001
72/532 (13.5) < 0.00001
135/493 (27.4) < 0.0001
253/1357 (18.6)

Al Muneef and colleagues found a hepatitis A seroprevalence of 28.9% in 2399 Saudi children two years
ago[18]. However, the present study which was performed
on the same population cohort three times over the past
18 years showed a graded but dramatic decline in prevalence. In addition, this study was performed in three
areas of different endemicity within the country, representing different levels of socioeconomic development.
HAV endemicity is closely linked to improvements in
sanitation and living conditions in the population. In the
case of Saudi Arabia, the Saudi government’s real-estate
bank has helped to build 851 000 housing units through
a government loan from 1974 to 2003[19].
According to the official human development report
in 2003, the Saudi per Capita GDP increased from 1145
USD in 1970 to 10 853 USD in 2002 and the life expectancy at birth has changed from 53.9 years (1970-1975) to
70.9 in 2000[19].
We believe therefore, that the vast improvement in
the socioeconomic status of the Saudi population is the
factor most likely to be responsible for this decline. Furthermore, the overall reduction in illiteracy within the
Saudi population from greater than 90% in the 1960s
to 13.4% in 2007-2008 (7% in males and 19.8% in females)[20] is likely to have contributed to this decline.
A difference was also observed in the prevalence rates
of anti-HAV between the three different regions of the
KSA in our study, in effect reflecting the different stages
of economic development of these regions. The role of
socioeconomic status in the study population in determining the level of HAV prevalence was also demonstrated in
this study (Table 3) similar to previous publications[16-17].
Previous community-based studies conducted in the
Saudi population have shown differing gender-based results in HAV seropositivity. Al-Rashed showed no difference in the anti-HAV prevalence rates between male and
female populations[17], while in another study, Khalil et al[21]
showed a higher seropositivity for Saudi males. The dif-
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ference between male and female prevalence rates among
this age group is likely to be related to the greater exposure of the male population to HAV infection sources
in the community. For instance, the eating habits of the
Saudi male population are certainly more gregarious compared to the female population. Similarly, the local culture
of less female co-habitation and social interaction may
also play a role in reducing their exposure to infection
sources.
Finally, this study indicated that more than 82% of
the adolescent population of Saudi Arabia is susceptible
to symptomatic HAV infection. This could occur either
by exposure to infected persons, either where they live or
upon travel to high endemic areas either within or outside the country. Outbreaks of symptomatic acute HAV
infection have been recently reported within increasing
pools of susceptible populations within the country[22-24].
This high susceptibility of the young population represents a continuous challenge to the healthcare system of
the country.
Recently, an HAV vaccine has been introduced in
many countries as part of an Extended Program of Immunization (EPI). Several studies have demonstrated the
efficacy and safety of the vaccine[25-28] and some authorities have recommended its universal implementation in
certain populations[29]. Therefore, the recent decision by
the Saudi Ministry of Health to introduce the HAV vaccine as part of the EPI program starting from 2008, to
children of 18-24 mo of age is certainly timely. The effect
of this strategy needs to be studied in future communitybased studies, where the results of the present study could
well serve as a reference point for comparative analysis.
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Abstract
AIM: To determine the prevalence of celiac disease
(CD) in children with idiopathic short stature (ISS)
and the diagnostic value of immunoglobulin (Ig) A G
antigliadin antibodies (AGA) and transglutaminase (TTG)
antibodies for CD.
METHODS: A total of 104 children (49 male, 55
female) with ISS without a specific etiology were
studied. Extensive endocrine investigations had shown
no abnormalities in any subject. Anthropometric
parameters and IgA AGA and IgA TTG antibodies were
evaluated in this study group. These antibodies were
measured by enzyme-linked immunosorbent assay.
All patients were referred for an endoscopic intestinal
biopsy. The biopsy samples were classified according to
revised Marsh criteria (UEGW 2001).
RESULTS: We detected positive IgA TTG antibodies in
36 and IgA AGA in 35 of these patients. Thirty one IgA
TTG antibody positive and 28 IgA AGA positive subjects
showed histological abnormalities compatible with
celiac disease (33.6%). Sensitivity, specificity, positive
predictive value (PPV) and negative predictive value for
IgA AGA were found to be 80%, 88.4%, 77.8% and
89.7%, respectively. Sensitivity, specificity and PPV for
IgA TTG antibodies were 88.6%, 94.2% and 88.6%,
respectively.
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INTRODUCTION
Short stature is one of the most common causes for
referrals to pediatric endocrinologists. Many of these
patients have no identifiable medical abnormality and
are classified as idiopathic short stature (ISS). For most
of these patients, it is believed that genetic variations
are the underlying cause. Short stature is a well-known
feature of pediatric celiac disease (CD) [1]. In recent
studies, CD was considered to be a more common
cause of short stature in otherwise healthy children
than growth hormone deficiency[2,3]. In other studies,
CD has been found without typical gastrointestinal
symptoms in some cases of short stature[4-26]. Moreover,
some studies suggested an association between CD and
growth hormone deficiency[27]. Diagnosis of CD depends
on the demonstration of a flat or almost flat jejunal
mucosa in biopsy specimens from the small intestine and
regeneration of the mucosa after a gluten-free diet[5]. It
has been suggested that patients with untreated CD have
circulating antibodies against gliadin, and antiendomysium
antibodies (anti-EMA) have proven to be a reliable
screening test for CD, even in asymptomatic patients[6,7].
The immunofluorescence test is technically difficult to
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interpret, with large interobserver variability. In addition,
esophageal tissue from monkeys is a common substrate,
and the testing is time consuming. Transglutaminase
(TTG) antibodies are also highly sensitive and specific
and since IgA antibodies to TTG can be examined by
enzyme-linked immunosorbent assay (ELISA), they are
easier to use as screening antibodies compared with EMA
testing[9]. The purpose of the present study was to evaluate
prospectively the clinical, laboratory and histologic features
of CD and the sensitivity, specificity and positive and
negative predictive values (PPV and NPV, respectively) of
antibodies against gliadin and TTG in 104 children with a
diagnosis of ISS but with no specific etiology.
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Table 1 The age, weight, height, short stature and BMI of
patients (mean ± SD)
Group

Age

Short stature (n )

Height

BMI

> 2 SD > 3 SD
Without 16.6 ± 6.5 38.7 ± 13.4 140 ± 17.1
CD
With CD 16.9 ± 7.1 37.9 ± 13.1 137.6 ± 13.1
Total
16.8 ± 6.7 38.5 ± 13.2 139.2 ± 17.3

54

15

19 ± 3.5

30
84

5
20

19.1 ± 3.1
19.1 ± 3.5

15
15

MATERIALS AND METHODS
A total of 104 children (55 female, 49 male) with ISS
and height less than the 2nd percentile adjusted for age
and sex, but without specific etiology were enrolled
in the study from November 1, 2003 to September
1, 2005 at Ahwaz Jundishapour University Hospitals.
Ages ranged from 2 to 18 years. The height, weight and
weight for height measurements had been recorded for
all patients at presentation and the patients and their
parents answered a CD-specific questionnaire used for
data collection. All children were being followed at the
Department of Endocrinology of Golestan Hospital
and had undergone an extensive negative endocrine
investigation which included: concentrations of serum
electrolytes and glucose, sweat test, total proteins and
albumin, determination of immunoglobulin A (IgA),
assessment of liver and renal function (determined by
standard methods), and hormonal evaluation through
the measurement of thyroid-stimulating hormone, freethyroxin, and growth hormone.
All etiologic factors known to produce growth
retardation had also been excluded, e.g, diabetes
mellitus, hematological and liver disease, renal failure,
fetal growth failure, diseases of bone metabolism, and
chromosomal abnormalities. When no cause of the
short stature was found, additional investigations were
performed by measuring the serum levels of IgA antiTTG antibodies and IgA antigliadin antibodies (AGA).
AGA was measured by a commercial ELISA assay
(ELISA-Biosystem, Madrid, Spain). A serum dilution
of 1:100 was used and the results were reported in
terms of arbitrary units (AU/mL). An IgA AGA ≥ 20
AU/mL was considered positive. A commercial ELISA.
(Orgentec) kit was used to measure anti-TTG antibodies
and a titer of more than 1/10 was considered positive.
Intestinal biopsies were obtained from all 104 patients
with endoscopic grasp forceps (who had negative or
positive results for anti-TTG antibody). Four to six
biopsy specimens were taken from the second and
third parts of the duodenum. Formalin-fixed biopsy
specimens stained with hematoxylin and eosin were
studied with the use of light microscopy. The slides were
examined and confirmed by a pathologist experienced
in CD. Mucosal lesions were classified according to
the criteria of Marsh[8] as: (1) type 0, normal mucosa,

Weight

1
Marsh Ⅰ

Marsh Ⅲb

4
Marsh Ⅲc

Marsh Ⅳ

Figure 1 Histological findings of celiac disease.

pre-infiltrative lesions; (2) type 1, normal mucosal
architecture with epithelial lymphocyte infiltration,
infiltrative lesions; (3) type 2, hypertrophic crypts with
epithelial lymphocyte infiltration, hyperplastic lesions;
and (4) type 3, typical flat mucosa, destructive lesions.
The research protocol was reviewed and approved by the
Medical Ethics Committee of the Ahwaz Jundishapour
University Hospitals. Written informed consent was
obtained from the children’s parents.
Statistical analysis
The results are reported as mean ± SD. Statistical
analysis was performed by the unpaired Student t-test
(GraphPad Prism Software Incorporated), with the level
of significance set at P < 0.05.

RESULTS
The most frequent symptom was diarrhea (n = 13)
followed by abdominal pain and distention (n = 3)
in patients with CD and the patients affected by CD
did not differ from those without CD in any of the
symptoms. A family history of CD was detected in two
patients (5.7%). At diagnosis, in the CD patient group,
mean weight was 37.9 ± 13.1 and mean height was 137.6
± 13.1. In this group, short stature of > 2 SD and >
3 SD was found in 30 patients (85.7%) and 5 patients
(14.3%), respectively (P > 0.05, Table 1).
Small intestine biopsies were performed in all 104
patients with ISS. Duodenal mucosal histopathology was
normal in 69 patients. Histopathologic analysis showed
evidence of abnormalities compatible with CD in 35
cases (33.6%).
The following histological findings were obtained:
(a) 15 of 35 patients had normal mucosal architecture
with epithelial lymphocyte infiltration and (b) 15 cases
had hypertrophic crypts with epithelial lymphocyte
infiltration and partial villous atrophy and (c) five cases
showed subtotal or total villous atrophy (Figure 1).
Therefore, the prevalence of properly diagnosed CD
www.wjgnet.com
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Table 2 Relationship between positive and negative IgA
AGA, and IgA TTG antibodies and histological evidence of
celiac disease (n )
Lab group

IgA AGA

IgA TTG antibodies

Positive

Negative

Positive

Negative

8
28
36

61
7
68

4
31
35

65
4
69

Without CD
With CD
Total

65.7
14.3

Normal

Scalloping

2.9
5.7
Nodularity

11.4
Mosaic pattern

Ulcer

Figure 2 Endoscopic features.

among patients with ISS in this study was 33.6% (35 of
104 patients). IgA AGA, and I IgA TTG antibodies were
found in 80% (n = 28), and 88.6% (n = 31) of patients
with ISS, respectively. Specificity and the positive
predictive value (PPV) for TTG antibodies were found
to be 94.2% and 88.6% for CD in the group of patients
with ISS in this study. Table 2 shows the relationship
between positive and negative IgA AGA, and IgA TTG
antibodies and histological evidence of CD. IgA AGA:
sensitivity 80%, specificity 88.4%, PPV: 77.8%, negative
predictive value (NPV) 89.7%; IgA TTG antibodies:
sensitivity 88.6%, specificity 94.2%, PPV 88.6%, NPV
94.2%. The endoscopic features are summarized in
Figure 2.

DISCUSSION
Screening for CD in the general population indicates
a prevalence of 1:300 to 1:100. About 50% of these
children are completely symptomless but because of
these figures some experts suggest CD screening for all
adults[28] and children[29]. In a British population-based
study on short stature, where CD was not specifically
investigated, the prevalence of CD was 2:180. In
children with short stature and no gastrointestinal
symptoms who were investigated for CD, the prevalence
increased to 2%-8%. When other (endocrine) causes
for short stature are excluded, the prevalence might rise
as high as 59%[30,31]. Although CD was once thought to
be rare in Iran, several recent reports have cleared this
misconception [23,24]. Dr. Shahbazkhani reported that
the minimum prevalence of gluten sensitivity among
apparently healthy urban Iranian blood donors is
1/166[25]. However, all of these reports deal with typical
presentation of CD.
We perfor med a prospective study on newly
diagnosed cases of CD in a group of short stature
patients in the south-West of Iran in 2003-2005. Despite
the presence of clinical signs of CD during childhood in
more than one-third of the patients, the disease remained
www.wjgnet.com
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undiagnosed for many years. This late diagnosis may lead
to short stature and low female fertility.
In the last 20 years the clinical picture of CD has
changed considerably. The classic form of CD now
accounts for a small and systematically shrinking
percentage of cases, while atypical forms that present
with few or no symptoms are the majority [11]. Short
stature is a well-recognized complication of CD [12]
although Cacciari et al [13] found that adult height is
normal in patients who experienced their first symptoms
of CD during adulthood. Adult height was shorter only
in patients who had symptoms during childhood. This
study demonstrated the prevalence and clinical features
of CD (n = 35) in a group of 104 patients with ISS. Ages
ranged from 2 to 18 years and the mean age of diagnosis
was 16.9 years, similar to the results of the study by
Mäki et al[14]. The age at onset of symptoms appeared to
modify the clinical picture. Patients with an earlier onset
of CD have a typical clinical picture, whereas patients
with delayed onset have atypical presentation, such as
short stature.
According to our findings, the prevalence of biopsyproven CD was 33.6% in the group of ISS children,
thereby justifying screening for this disease in all children
with short stature. The proportion of CD in cases with
ISS ranged from 18.6% to 59.1% in other studies[15,16].
The mechanism of growth retardation is not clearly
understood in patients with CD; nutritional deficiencies
especially zinc deficiency, low serum somatomedin
activity and defects in growth hormone secretion have
been proposed as underlying mechanisms [17-19]. An
association between CD and autoimmune disorders,
such as type Ⅰ diabetes, autoimmune thyroid disease,
and Sjögren’s syndrome, has been well documented in
the literature [20]. These conditions were not detected
in patients in the present study. Susceptibility to CD is
determined by genetic factors, which is confirmed by
the occurrence of multiple cases of CD in the same
family. The prevalence of CD found among first degree
relatives is approximately 10%[21]. Screening of siblings
in the present study showed that only two siblings
(5.7%) had CD. The tests used for CD in this study were
IgAAGA and IgA TTG antibodies. The total IgA level
was determined also, because CD is associated with
IgA deficiency. Antiendomysial antibody and anti-TTG
antibodies have been shown to have a high sensitivity
and specificity for the diagnosis of CD and correlate
well with villous atrophy in untreated patients[32], but
false-negative results have been obtained for patients
with IgA deficiency[22]. A jejunal biopsy remains the gold
standard for the diagnosis of CD but both serologic and
histopathologic parameters of CD were investigated in
the patients in this study. The sensitivity and specificity
of serologic tests were variable. The TTG antibody
test has been shown to have a higher sensitivity and
specificity for the diagnosis of CD in our patients.
Our patients were also tested for IgA deficiency and
all were found to have normal IgA values. However,
negative results for these tests would not exclude CD.
Shamir et al [10], using multiple serological strategies
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to diagnose silent CD, demonstrated that using any
serological marker alone, including EMA antibodies
detected by immunofluorescence, would underestimate
the prevalence of CD [10]. We found that seven cases
with partial villous atrophy had normal AGA, and four
of this subgroup had normal anti-TTG antibodies also.
Anti-TTG antibodies seem to be more specific but both
measurements had limitations in the diagnosis of CD.
Our data support the view that there is no single test or
measurement that can identify all subjects with CD and
ISS. Histological findings of CD showed a spectrum
ranging from type 1 mucosal lesions to total villous
atrophy type 4 in our study. Fifteen of 35 CD patients
(42.9% of CD cases) had mild mucosal abnormality
without villous atrophy, 15 (42.9% of CD cases) had
partial villous atrophy, four (10.3% of CD cases) had
subtotal villous atrophy and one (2.9% of CD cases) had
total villous atrophy. According to histological findings,
if we limited the diagnosis of CD to cases with villous
atrophy, only 20 of 106 ISS cases in our study would
have CD (19.3% of all cases) which is obviously more
common than the general population.
In conclusion, the possibility of CD should be kept
in mind as the prevalence of CD is high in patients with
ISS. The patients affected by CD did not differ from
those without CD in any of the symptoms. Patients with
ISS should be evaluated for CD even in the absence
of typical clinical symptoms. It is important to test all
children with ISS for CD by measuring anti-EMA IgA
or anti-TTG antibodies and performing an intestinal
biopsy.
Clinical bottom line: In 33.6% patients with
idiopathic short stature, CD may be the underlying cause.
Investigation of CD is recommended in the diagnostic
assessment of a short child with no endocrinological
abnormality.

7379

Peer review

This is a well written manuscript with a good abstract. In the text they mentioned
jejunal biopsies as the gold standard for diagnosis.

REFERENCES
1

2

3

4
5
6
7

8

9

10

11

ACKNOWLEDGMENTS
It is our greate pleasure to thanks Dr. SP Payami for
referring of some cases and Dr. T Rajabi for revewing of
pathologic slides and Mr SA Latifi for statistical analysis
of data. We greatly appreciate the cooperation and
assistance we received from the nursing staff of Emam
and Golestan Hospitals. The authors sincerely thank
the children and their parents for their participation in
this study. The authors also thank Mrs Shahnaz Shahid
Zadeh for her excellent assistance.

COMMENTS
Background

Short stature is one of the most common causes for referrals to pediatric
endocrinologists. Many of these patients have no identifiable medical
abnormality and are classified as idiopathic short stature (ISS). For most of
these patients, it is believed that genetic variations are the underlying cause.
Short stature is a well known feature of pediatric celiac disease (CD).

Research frontiers

The prevalence of CD is high in patients with ISS and it is important to test all
children with ISS for CD by measuring serologic markers and performing an
intestinal biopsy.

12

13

14
15

16

17
18

Pasquino AM, Albanese A, Bozzola M, Butler GE, Buzi F,
Cherubini V, Chiarelli F, Cavallo L, Drop SL, Stanhope R,
Kelnar CJ. Idiopathic short stature. J Pediatr Endocrinol Metab
2001; 14 Suppl 2: 967-974
Cacciari E, Salardi S, Volta U, Biasco G, Lazzari R, Corazza
GR, Feliciani M, Cicognani A, Partesotti S, Azzaroni D. Can
antigliadin antibody detect symptomless coeliac disease in
children with short stature? Lancet 1985; 1: 1469-1471
Cacciari E, Salardi S, Lazzari R, Cicognani A, Collina A,
Pirazzoli P, Tassoni P, Biasco G, Corazza GR, Cassio A.
Short stature and celiac disease: a relationship to consider
even in patients with no gastrointestinal tract symptoms. J
Pediatr 1983; 103: 708-711
Visakorpi JK, Maki M. Changing clinical features of coeliac
disease. Acta Paediatr Suppl 1994; 83: 10-13
Misra S, Ament ME. Diagnosis of coeliac sprue in 1994.
Gastroenterol Clin North Am 1995; 24: 133-143
Grodzinsky E, Franzen L, Hed J, Strom M. High prevalence
of celiac disease in healthy adults revealed by antigliadin
antibodies. Ann Allergy 1992; 69: 66-70
George EK, Mearin ML, Bouquet J, von Blomberg BM,
Stapel SO, van Elburg RM, de Graaf EA, Hertzberger-ten
Cate R, van Suijlekom-Smith LW, Reeser HM, Oostdijk
W. Screening for coeliac disease in Dutch children with
associated diseases. Acta Paediatr Suppl 1996; 412: 52-53
Oberhuber G, Granditsch G, Vogelsang H. The
histopathology of coeliac disease: time for a standardized
report scheme for pathologists. Eur J Gastroenterol Hepatol
1999; 11: 1185-1194
Vitoria JC, Arrieta A, Arranz C, Ayesta A, Sojo A, Maruri N,
García-Masdevall MD. Antibodies to gliadin, endomysium,
and tissue transglutaminase for the diagnosis of celiac
disease. J Pediatr Gastroenterol Nutr 1999; 29: 571-574
Shamir R, Lerner A, Shinar E, Lahat N, Sobel E, Bar-or R,
Kerner H, Eliakim R. The use of a single serological marker
underestimates the prevalence of celiac disease in Israel: a
study of blood donors. Am J Gastroenterol 2002; 97: 2589-2594
Visakorpi JK, Maki M. Changing clinical features of coeliac
disease. Acta Paediatr Suppl 1994; 83: 10-13
Bonamico M, Scire G, Mariani P, Pasquino AM, Triglione
P, Scaccia S, Ballati G, Boscherini B. Short stature as the
primary manifestation of monosymptomatic celiac disease. J
Pediatr Gastroenterol Nutr 1992; 14: 12-16
Cacciari E, Corazza GR, Salardi S, Pascucci MG, Tacconi
M, Cicognani A, Tassinari D, Biasco G, Volta U, Lazzari
R. What will be the adult height of coeliac patients? Eur J
Pediatr 1991; 150: 407-409
Mäki M, Holm K. Incidence and prevalence of coeliac
disease in Tampere. Coeliac disease is not disappearing.
Acta Paediatr Scand 1990; 79: 980-982
de Lecea A, Ribes-Koninckx C, Polanco I, Calvete JF.
Serological screening (antigliadin and antiendomysium
antibodies) for non-overt coeliac disease in children of short
stature. Acta Paediatr Suppl 1996; 412: 54-55
Tumer L, Hasanoglu A, Aybay C. Endomysium antibodies
in the diagnosis of celiac disease in short-statured children
with no gastrointestinal symptoms. Pediatr Int 2001; 43:
71-73
Vanderschueren-Lodeweyckx M, Wolter R, Molla A,
Eggermont E, Eeckels R. Plasma growth hormone in coeliac
disease. Helv Paediatr Acta 1973; 28: 349-357
Lecornu M, David L, Francois R. Low serum somatomedin
activity in celiac disease. A misleading aspect in growth
failure from asymptomatic celiac disease. Helv Paediatr Acta
1978; 33: 509-516

www.wjgnet.com

7380
19
20
21

22
23

24
25

ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

Naveh Y, Lightman A, Zinder O. A prospective study of
serum zinc concentration in children with celiac disease. J
Pediatr 1983; 102: 734-736
Swinson CM, Slavin G, Coles EC, Booth CC. Coeliac disease
and malignancy. Lancet 1983; 1: 111-115
Mäki M, Holm K, Lipsanen V, Hällström O, Viander M,
Collin P, Savilahti E, Koskimies S. Serological markers and
HLA genes among healthy first-degree relatives of patients
with coeliac disease. Lancet 1991; 338: 1350-1353
Hin H, Bird G, Fisher P, Mahy N, Jewell D. Coeliac disease
in primary care: case finding study. BMJ 1999; 318: 164-167
Shahbazkhani B, Faezi T, Akbari MR, Mohamadnejad M,
Sotoudeh M, Rajab A, Tahaghoghi S, Malekzadeh R. Coeliac
disease in Iranian type I diabetic patients. Dig Liver Dis 2004;
36: 191-194
Malekzadeh R, Sachdev A, Fahid Ali A. Coeliac disease in
developing countries: Middle East, India and North Africa.
Best Pract Res Clin Gastroenterol 2005; 19: 351-358
Shahbazkhani B, Malekzadeh R, Sotoudeh M, Moghadam
KF, Farhadi M, Ansari R, Elahyfar A, Rostami K. High
prevalence of coeliac disease in apparently healthy Iranian
blood donors. Eur J Gastroenterol Hepatol 2003; 15: 475-478

26
27

28
29
30
31

32

December 28, 2008

Volume 14

Number 48

Queiroz MS, Nery M, Cancado EL, Gianella-Neto D,
Liberman B. Prevalence of celiac disease in Brazilian
children of short stature. Braz J Med Biol Res 2004; 37: 55-60
Bozzola M, Giovenale D, Bozzola E, Meazza C, Martinetti
M, Tinelli C, Corazza GR. Growth hormone deficiency and
coeliac disease: an unusual association? Clin Endocrinol (Oxf)
2005; 62: 372-375
Collin P. Should adults be screened for celiac disease? What
are the benefits and harms of screening? Gastroenterology
2005; 128: S104-S108
Hoffenberg EJ. Should all children be screened for celiac
disease? Gastroenterology 2005; 128: S98-S103
van Rijn JC, Grote FK, Oostdijk W, Wit JM. Short stature
and the probability of coeliac disease, in the absence of
gastrointestinal symptoms. Arch Dis Child 2004; 89: 882-883
Dieterich W, Laag E, Schopper H, Volta U, Ferguson A,
Gillett H, Riecken EO, Schuppan D. Autoantibodies to
tissue transglutaminase as predictors of celiac disease.
Gastroenterology 1998; 115: 1317-1321
Ahmed ML, Allen AD, Sharma A, Macfarlane JA, Dunger
DB. Evaluation of a district growth screening programme:
the Oxford Growth Study. Arch Dis Child 1993; 69: 361-365
S- Editor Li JL L- Editor Cant MR E- Editor Yin DH

www.wjgnet.com

Online Submissions: wjg.wjgnet.com
wjg@wjgnet.com
doi:10.3748/wjg.14.7381

			  World J Gastroenterol 2008 December 28; 14(48): 7381-7385
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Gluten sensitive enteropathy in patients with iron deficiency
anemia of unknown origin

Farhad Zamani, Mehdi Mohamadnejad, Ramin Shakeri, Afsaneh Amiri, Safa Najafi, Seyed Meysam Alimohamadi,
Seyed Mohamad Tavangar, Ardeshir Ghavamzadeh, Reza Malekzadeh
Farhad Zamani, Mehdi Mohamadnejad, Afsaneh Amiri,
Gastrointestinal and Liver Disease Research Centre, Iran
University of Medical Sciences, Tehran, Iran
Ramin Shakeri, Seyed Meysam Alimohamadi, Reza
Malekzadeh, Digestive Disease Research Centre, Tehran
University of Medical Sciences, Tehran 14117-13135, Iran
Safa Najafi, Ardeshir Ghavamzadeh, Hematology, Oncology,
BMT research Center, Tehran University of Medical Sciences,
Tehran 14117-13135, Iran
Seyed Mohamad Tavangar, Department of Pathology, School
of Medicine, Tehran University of Medical Sciences, Tehran
14117-13135, Iran
Author contributions: Zamani F and Mohamadnejad M
participated in conception, design, undertaking of the study and
manuscript writing; Shakeri R and Amiri A participated in data
collection, data analysis and manuscript writing; Malekzadeh
R participated in conception and experimental design of study.
Other authors participated in data collection.
Supported by Local funds from Digestive Disease Research
Centre, University of Tehran and Gastrointestinal and Liver
Disease Research Centre, Iran University of Medical Science
Correspondence to: Reza Malekzadeh, Professor, Digestive
Disease Research Center, Shariati Hospital, North Kargar Ave,
Tehran 14117-13135, Iran. malek@ams.ac.ir
Telephone: +98-21-88012992 Fax: +98-21-88012992
Received: October 15, 2008 Revised: December 3, 2008
Accepted: December 10, 2008
Published online: December 28, 2008

Abstract
AIM: To determine the prevalence of gluten sensitive
enteropathy (GSE) in a large group of patients with
iron deficiency anemia (IDA) of obscure origin.
METHODS: In this cross-sectional study, patients with
IDA of obscure origin were screened for GSE. Antiendomysial antibody (EMA) and tissue transglutaminase antibody (tTG) levels were evaluated and duodenal
biopsies were taken and scored according to the Marsh
classification. The diagnosis of GSE was based on a
positive serological test and abnormal duodenal histology. Gluten free diet (GFD) was advised for all the GSE
patients.
RESULTS: Of the 4120 IDA patients referred to our
Hematology departments, 206 (95 male) patients were
found to have IDA of obscure origin. Thirty out of 206
patients (14.6%) had GSE. The mean age of GSE patients was 34.6 ± 17.03 (range 10-72 years). The female
to male ratio was 1.3:1. Sixteen patients had Marsh 3,

12 had Marsh 2, and 2 had Marsh 1 lesions. The severity of anemia was in parallel with the severity of duodenal lesions. Twenty-two GSE patients (73.3%) had no
gastrointestinal symptoms. Fourteen GSE patients who
adhered to GFD without receiving iron supplementation
agreed to undergo follow up visits. After 6 mo of GFD,
their mean hemoglobin levels (Hb) increased from 9.9 ±
1.6 to 12.8 ± 1.0 g/dL (P < 0.01). Interestingly, in 6 out
of 14 patients who had Marsh 1/2 lesions (e.g. no villous
atrophy) on duodenal biopsy, mean Hb increased from
11.0 ± 1.1 to 13.1 ± 1.0 g/dL (P < 0.01) while they did
not receive any iron supplementation.
CONCLUSION: There is a high prevalence (e.g.
14.6%) of GSE in patients with IDA of obscure origin.
Gluten free diet can improve anemia in GSE patients
who have mild duodenal lesions without villous atrophy.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Gluten sensitive enteropathy (GSE) is an autoimmune
enteropathy due to food gluten intolerance in genetically
predisposed people[1]. While GSE was thought to be a
rare disease in the past and was believed to be essentially a
disease of Europeans[2-5], recent screening studies showed
that GSE is one of the most frequent genetically based
diseases which occurs worldwide, with a prevalence ranging from 1:85 to 1:500 in different populations[6-9].
www.wjgnet.com
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Several categories of GSE have recently emerged,
including: monosymptomatic, oligosymptomatic, atypical
(without gastrointestinal symptoms), silent, potential and
latent form[10,11]. Iron deficiency anemia (IDA) is a commonly observed sign in GSE and is the only abnormality
in 40% of patients[12]. In fact, only a minority of GSE
patients present with classical malabsorption symptoms
of diarrhea and weight loss, whereas most patients have
subclinical or silent forms in which IDA can be the sole
presentation[13].
In an extensive evaluation of the gastrointestinal
tract in patients with IDA in order to identify a source
of bleeding, the origin of bleeding cannot be detected
in a significant minority of patients. In some of these
patients IDA could be the result of diseases that impair
iron absorption in the absence of bleeding[14,15]. Gluten
sensitive enteropathy is one of these disorders which
causes chronic inflammation in the bowel surface,
leading to infiltration of T-lymphocytes, hyperplasia
of crypts, villous atrophy and reduction of the bowel
absorption surface for various nutrients such as iron[16].
Considering the broad spectr um of clinical
manifestations of GSE, including anemia, osteoporosis,
dermatitis herpetiformis, neurologic disorders and
life-threatening complications such as non Hodgkin’s
lymphoma, small intestinal adenocarcinoma, esophageal
cancer, and melanoma, early diagnosis of GSE is
essential[17-20].
The present study was conducted to estimate the
prevalence of GSE in a large group of patients with
IDA of unknown origin by use of two highly sensitive
and specific serological tests. We also present the followup data of those GSE patients who adhered strictly to a
GFD and agreed to undergo follow up visits.

MATERIALS AND METHODS
Subjects
In this prospective study we evaluated all 4120 patients
with IDA referred to the Hematology departments of
Shariati Hospital, and Firoozgar Hospital from April
2003 to September 2007. Iron deficiency anemia was defined as: hemoglobin concentration less than 13.5 g/dL
in men and less than 11.5 g/dL in women; mean corpuscular volume (MCV) less than 80 fl; and ferritin level less
than 30 ng/mL.
Methods
Patients were evaluated in 6 steps. In step 1, patients with
the following conditions were excluded from the study:
known malignancies, hematological diseases (hemolytic
anemia, aplastic anemia, thalassemia and myelodysplasia),
known chronic diseases (e.g. chronic renal failure, chronic
infectious disease, severe cardiac and respiratory disease,
collagen vascular disease and chronic liver disease), pregnancy, heavy menstrual flow (cycles ≥ 7 d), menometrorrhagia, drug addiction, alcoholism, gastric surgery, and
obvious blood loss (e.g. melena, hematochezia, hematuria,
recurrent epistaxis). In this step 3559 patients were excluded and 561 were entered into the next step.
www.wjgnet.com
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In step 2, patients were offered the chance to participate in the study, and a questionnaire was completed
by each patient. Ninety-four patients declined to enter
the study, and 467 patients entered into the next step.
Informed consent was obtained from each patient and
documented under institutional guidelines and oversight.
In step 3 all patients underwent colonoscopy. Patients with likely sources of blood loss, including any
mass lesions, polyps greater than 1.5 cm, five or more
vascular ectasias, histologically-proven inflammatory
bowel disease, ischemic colitis, or solitary rectal ulcer
were excluded. In this step 108 patients were excluded,
and 359 patients were entered into the fourth step.
In step 4, all remaining patients underwent upper
gastrointestinal endoscopy to exclude sources of blood
loss, including varices, peptic ulcer, mass lesions, polyps
greater than 1.5 cm in diameter, five or more vascular
ectasias, or erosive gastritis. If none of the above lesions
were detected, three biopsy specimens were taken from
the second part of the duodenum. One hundred and
forty seven patients were excluded in step 4.
In step 5, the remaining 212 patients underwent
small bowel barium study. Six patients with abnormal
small bowel series were excluded in this step.
Thus, from the 4120 patients with IDA who entered
the Hematology department, 206 patients were found to
have IDA of obscure origin.
In step 6, venous blood samples for tissue transglutaminase antibody (tTG) and endomysial antibody (EMA)
were obtained from the 206 remaining patients with
IDA of obscure origin. The duodenal biopsy specimens
were fixed immediately in formalin solution for 4-8 h
at room temperature and were routinely processed for
conventional histological evaluation. The biopsy specimens were read by one expert histopathologist and the
histological damage of duodenum was expressed based
on Modified Marsh classification[3]: 0: Normal mucosal
structure without significant lymphocytic infiltration; 1:
Lymphocytic enteritis (more than 30 lymphocytes/100
epithelial cells); 2: Lymphocytic enteritis and crypt hyperplasia; 3A: Partial villous atrophy; 3B: Subtotal villous
atrophy.
The levels of antibodies against IgA tTG were determined by ELISA using human recombinant tTG
as the antigen (Orgentec Diagnostika GmbH, Mainz,
Germany). Serum samples were diluted to 1:100 with
distilled water, incubated with antigen for 30 min at
room temperature, washed three times, and subsequently
incubated for another 30 min with antihuman IgA. Optical density was read at 450 nm. Results were expressed
in arbitrary units (AU) according to the reference calibrator. The cut-off value for a positive outcome was
considered to be 10 AU, according to the instructions on
the kit. IgA EMA assay was performed using an indirect
immunofluorescence technique. The result was considered positive when bright green reticular fluorescence
of smooth muscle was detected by fluorescence microscopy. Total serum IgA was measured in patients with
negative tTG and EMA results to exclude IgA deficiency
as a cause of false-negative tTG and EMA.
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Table 1 Hemoglobin (Hb), Mean Corpuscular Volume (MCV)
and Ferritin in GSE patients as compared with other anemic
patients

Hb (g/dL)
MCV
Ferritin (ng/mL)

GSE

Other IDA patients1

9.8 ± 1.7
74.0 ± 9.2
12.4 ± 9.8

9.3 ± 2.0
69.1 ± 12.6
11.2 ± 24.2

1

P value was not significant compared to GSE patients (independent t-test).

The presence of positive tTG or EMA plus abnormal duodenal histology (e.g. Marsh 1, 2 or 3) was defined as gluten sensitivity enteropathy (GSE). All GSE
patients were referred to our nutrition clinic and advised
to follow a strict gluten free diet, but iron supplementation was withheld. Patients were followed up after 6 mo.
Adherence to GFD was assessed in the follow up visit.
Statistical analysis
Data are presented as mean ± SD or percentage. Statistical analysis was performed using SPSS software version
15 and t-test for comparison of the means of quantitative variables. P < 0.05 was considered statistically significant.

RESULTS
From the 206 patients with IDA of obscure origin, 95
were men with a mean age of 37.6 ± 19.8 years, and 111
were women with a mean age of 39.1 ± 14.4 years.
Serological findings
Serological screening tests showed 31 patients had one
or two positive tests. Twenty eight patients had positive
tTG, and 23 had positive EMA. In 20 patients both tests
were positive. None of the patients with negative serological tests was IgA-deficient.
Biopsy findings
Thirty-eight patients had abnormal duodenal histology.
Sixteen patients had Marsh 3, 15 had Marsh 2 and 7 had
Marsh 1. Among 38 patients with abnormal duodenal
histology, 8 patients (3 with Marsh 2, and 5 with Marsh 1)
had negative serologic tests. Eight patients who had abnormal duodenal histology but negative serological tests
were not considered to have GSE.
GSE patients
Thirty out of 206 (14.6%) of the patients had GSE.
The mean age of these patients was 34.6 ± 17.03 (range
10-72 years). The female/male ratio was 1.3:1. Thirtyone patients were positive for one or two serologic tests,
but one of the tTG-positive patients had normal duodenal histology. Among 30 GSE patients, three had negative tTG, and seven had negative EMA. The mean duration of anemia before the diagnosis of GSE was 3.6 ± 1.4
years. These patients had been treated with oral iron for
a mean duration of 1.9 years. Anemia improved in only
8 patients (26.8%) treated with oral iron supplementa-
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Table 2 Mean hemoglobin level among patients with various
degrees of duodenal lesions
MARSH classification
1
2
3

No. of GSE patients
2
12
16

Mean Hemoglobin level
11.2 ± 1.6
10.9 ± 1.2b
8.68 ± 1.5b,d

b
P < 0.001 compared to Marsh 1 group (independent t-test), dP < 0.001
compared to Marsh 2 group (independent t-test).

tion before GSE diagnosis. Four patients (13.3%) had a
family history of prolonged anemia of unknown cause
in first degree relatives.
Six patients (20%) mentioned flatulence, two (6.7%)
had intermittent diarrhea and one (3.3%) had dermatitis
herpetiformis. There were no gastrointestinal symptoms
in 22 GSE patients (73.3%).
The mean age of the GSE patients was not significantly different from other IDA of obscure origin patients (34.6 ± 17.0 vs 39.3 ± 17.1 years, respectively).
In Table 1, mean Hb, MCV and ferritin in GSE
patients are compared with other patients with IDA of
obscure origin. There were no statistically significant
differences between the patient groups.
In GSE patients, the decrement in hemoglobin level
was parallel to the severity of duodenal lesion. Patients
with Marsh 3 lesions had more severe anemia (Table 2).
Sensitivity and specificity of the serologic tests
We calculated the sensitivity and specificity of the serological tests based on our definition of GSE (e.g. positive tTG or EMA, plus abnormal duodenal histology).
The sensitivity and specificity of IgA tTG-Ab for diagnosing GSE were 90% and 98.5% respectively. Also, the
sensitivity and specificity of EMA for diagnosing GSE
were 76.6% and 100%, respectively.
Follow up
All the GSE patients were referred to our Nutrition
Clinic, and GFD was advised for all of them. Iron
supplementation was not started in the patients. The
patients were invited for a follow up visit 6 mo after the
diagnosis.
Four GSE patients were lost to follow up. Seven
patients did not strictly adhere to GFD. For five other
patients, iron supplementation was started at other
clinics during the follow up period. Thus, we present
the follow up data of 14 patients who strictly adhered to
GFD and did not use iron supplementation during the
6 mo follow up period.
Mean hemoglobin increased from 9.9 ± 1.6 to 12.8
± 1.0 g/dL (P < 0.001), and mean serum ferritin level
increased from 12.0 ± 6.0 to 22.1 ± 7.9 ng/mL.
Interestingly, in 6 patients with Marsh 1/2 lesions (e.g.
without villous atrophy) mean Hb increased from 11.0 ±
1.1 to 13.1 ± 1.0 g/dL (P = 0.002), and mean serum ferritin level increased from 16.5 ± 4.3 to 25.9 ± 6.2 ng/ml
(P = 0.014). Demographic and clinical data are presented
in Table 3.
www.wjgnet.com
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Table 3 Demographic and clinical data of the 6 patients with
Marsh 1/2 lesions that adhered to GFD
Patient Gender Age Marsh Hb level Hb level 6
No.
classifi- before
mo after
cation
GFD
GFD
(g/dL)
(g/dL)

1
2
3
4
5
6

Male
Male
Female
Male
Male
Female

29
10
17
22
30
38

1
2
2
2
2
2

12.8
10.5
9.5
11.5
11.1
10.4

14.0
13.5
12.2
13.0
14.2
11.8

Ferritin Ferritin
level
level
before
6 mo
GFD after GFD
(ng/mL) (ng/mL)

19
13.7
20
18
9
19

24.6
34.0
23.5
31.0
16.2
26.0

DISCUSSION
In this prospective study, we found GSE as the cause of
IDA of obscure origin in a significant proportion (14.6%)
of patients. Various rates of prevalence of GSE in IDA
patients have been reported among different studies[21-24].
This discrepancy may be explained by patient selection
criteria in the different studies.
In our study, the prevalence of GSE is amongst the
highest rates reported. One reason is that we evaluated
GSE among highly selected patients in whom the cause
of IDA could not be identified after extensive evaluation. Also, we considered patients with positive serological tests and milder degrees of duodenal mucosal lesions
(e.g. Marsh 1 or 2) as having GSE.
Physicians may fail to consider GSE as a cause of IDA
when gastrointestinal symptoms are absent or nonspecific.
In this study, most GSE patients (73.3%) did not report
any gastrointestinal symptoms. In our study, there were no
differences in demographic characteristics or hematological indices between GSE patients and other patients with
anemia of obscure origin to help to distinguish them (Table
1). In GSE patents, the hemoglobin level was inversely
correlated with the severity of the histological injury. Patients with Marsh 3 lesions had the most severe anemia,
consistent with the role of impaired intestinal absorption
in the pathogenesis of IDA. We found marked improvement of anemia in 14 patients who adhered to GFD but
did not use iron supplementation. Many authors consider
the presence of villous atrophy (e.g. Marsh 3) as one of
the major criteria for diagnosing celiac disease (CD)[25,26].
In order to avoid this controversy in the definition of CD,
we used the term “gluten sensitive enteropathy” rather
than celiac disease to describe patients with any degree of
intestinal damage together with positive serologic tests.
In this study, we showed a significant objective improvement in hemoglobin level with GFD alone in patients
with positive serology but no villous atrophy (e.g. Marsh 1
or 2). Our study suggests that restriction of the diagnosis
of CD to patients with overt villous atrophy will exclude
some patients who might benefit from GFD.
In this study, we used a human recombinant proteinbased tTG test, which has higher sensitivity and accuracy
than a guinea pig protein-based tTG test[27]. However,
neither tTG nor EMA was 100% sensitive. We found
7 patients with positive tTG, negative EMA and inteswww.wjgnet.com
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tinal damage. On the other hand, we found 3 patients
with negative tTG, positive EMA, and duodenal lesions.
While some guidelines suggest that either EMA or tTG
is sufficient for identifying patients with CD[27,28], our
study provides evidence that both tTG and EMA should
be used for diagnosing CD.
In this study we did not evaluate GSE in all patients
with IDA. One may speculate that some patients who
were excluded before step 5, may have had GSE as well
as another cause of IDA. The prevalence of GSE in
IDA has been reported in previous studies[21-23]. In fact,
the aim of our study was to evaluate GSE in a large
population of patients with IDA of obscure origin. In a
population based study done in Iran, the female to male
ratio of GSE was 1 to 1.1[9]. Thus, the female to male ratio found in our study represents the ratio of the disease
found in the general population of the country.
In conclusion, celiac disease should be considered in
any patient with unexplained IDA, even if they do not
have any gastrointestinal symptoms. Furthermore, GFD
can improve anemia in IDA patients who have positive
tTG/EMA and mild duodenal lesions without villous
atrophy.
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and MCP treatment groups was significantly higher than
that in the negative control group. However, there was
no significant difference between them. Except for the
negative control group, the expression of galectin-3 in
liver metastases of the other 4 groups showed no significant difference.
CONCLUSION: Expression of galectin-3 increases significantly in liver metastasis of colon cancer, which can
be effectively inhibited by MCP.
© 2008 The WJG Press. All rights reserved.
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Abstract
AIM: To discuss the expression of glactin-3 in liver
metastasis of colon cancer and its inhibition by modified citrus pectin (MCP) in mice.
METHODS: Seventy-five Balb/c mice were randomly divided into negative control group (n = 15), positive control group (n = 15), low MCP concentration group (n =
15), middle MCP concentration group (n = 15) and high
MCP concentration group (n = 15). CT26 colon cancer
cells were injected into the subcapsule of mouse spleen
in positive control group, low, middle and high MCP
concentrations groups, except in negative control, to set
up a colon cancer liver metastasis model. The concentration of MCP in drinking water was 0.0%, 0.0%, 1.0%,
2.5% and 5.0% (wt/vol), respectively. Liver metastasis
of colon cancer was observed after 3 wk. Enzyme-linked
immunosorbent assay (ELISA) was used to detect the
concentration of galectin-3 in serum. Expression of galectin-3 in liver metastasis was detected by immunohistochemistry.
RESULTS: Except for the negative group, the percentage of liver metastasis in the other 4 groups was 100%,
80%, 73.3% and 60%, respectively. The number of
liver metastases in high MCP concentration group was
significantly less than that in positive control group (P
= 0.008). Except for the negative group, the median
volume of implanted spleen tumor in the other 4 groups
was 1.51 cm3, 0.93 cm3, 0.77 cm3 and 0.70 cm3, respectively. The volume of implanted tumor in middle and
high MCP concentration groups was significantly smaller
than that in positive control group (P = 0.019; P = 0.003).
The concentration of serum galectin-3 in positive control
www.wjgnet.com
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INTRODUCTION
Liver metastasis is the main cause that impacts the therapeutic effect and postoperative prognosis of colorectal
cancer. Inhibiting liver metastasis is beneficial to the therapeutic effect and postoperative prognosis of colorectal
cancer[1]. Galectin-3, a carbohydrate-binding protein on tumor cell surface, is closely related to cell to cell adhesion,
aggregation of cancer cells in vitro, tumor growth and metastasis in vivo[2,3]. Galectin-3 is highly expressed in a variety
of metastatic cancer cells[4]. Galactosyl, a main component
of modified citrus pectin (MCP), can specifically inhibit
tumor growth and metastasis in vivo and galectin-3-mediated functions in vitro[5]. Few studies are available dealing
with the inhibitory effects of MCP on cancer metastasis.
The aim of this study was to discuss the inhibitory effect
of MCP on liver metastasis in a rat colon cancer model.

MATERIALS AND METHODS
Cell lines
Mouse colon adenocarcinoma cell line (CT-26), preserved
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and passaged in our biotechnology laboratory, was cultivated in RPMI-1640 culture medium containing 10% new
born calf serum, penicillin G and streptomycin at 37℃ in
an 5% CO2 incubator containing 50 mL/L CO2.
Animals
Seventy-five 6-8 wk old Balb/c female mice, offered
by Guangdong Medical Laboratory Animal Center
(certification No. 2006A019), weighing 20-25 g, were
used in this study. The mice were free from specifiedpathogens. Experiments were performed in the SPF
Animal Laboratory.
Drugs and reagents
MCP was provided by Centraxinc International, Inc
(Francisco, USA). Mouse galectin-3 ELISA kit was
provided by R&D Company (Minneapolis, USA). Mouse
galectin-3 affinity purified pol was purchased from
Jingmei Biotech Co, Lid (Shanghai, China).
Main equipments
U.S Beecher tissue microarray meter, ST360 auto ELIASA
were purchased from Kehua (Shanghai, China).
Establishment of mouse model of liver metastasis of
colon cancer
Seventy-five Balb/c mice were randomly divided into
negative control group, positive control group, low MCP
concentration group, middle MCP concentration group
and high MCP concentration group. The concentration
of MCP in drinking water was 0.0%, 0.0%, 1.0%, 2.5%
and 5.0% (wt/voL), respectively. CT26 cells in exponential
growth with sufficient NS were used to mix up into a
suspension (1 × 106/mL). The mice were anesthetized
with 4% chloral hydrate (10 mL/kg) by injecting into
their abdominal cavity and an abdominal wall incision
paralleling the left subcostal margin was then made.
Laparotomy was performed and 0.05 mL of CT-26
suspension was injected into the spleen. A same volume
of NS was injected into the abdominal cavity of mice in
the negative control group. The incision was closed with
#1 suture. All mice continuously received MCP dissolved
in drinking water from the 2nd d after operation, to the
necropsy day 21. A same volume of distilled water was
given in negative control group. All mice had free access
to food and water during the experiment.
Observation
After a 3-wk observation, the eyeball of mice was removed to collect 0.5-1.0 mL peripheral blood. All mice
were killed by decapitation. The abdominal cavity was
opened to observe primary neoplasms of the spleen and
record the volume and number of neoplasms (volume
= ab 2/2, a = max diameter, b = min diameter). The
total volume was recorded if there were more than 2
neoplasms. The number of liver metastases was calculated. All neoplasms were identified with HE staining.
Liver metastasis was divided into 4 grades as previously
described[6]: grade 0: no liver metastases; gradeⅠ: 1-5
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liver metastases; grade Ⅱ: 6-10 liver metastases; grade Ⅲ:
more than 10 liver metastases.
ELISA analysis of galectin-3
Blood sample was centrifuged at 3000 r/min for 5 min
to separate serum. The isolated serum was stored at ≤
-20℃. The serum sample was diluted in a diluent at 1:
20. In brief, 100 μL of a diluent was added into each
well of a plate and incubated for 2 h at room temperature, and the plate was washed with a washing buffer.
One hundred μL of detection antibody was added into
each well of a plate, incubated for 2 h at room temperature, and the plate was washed with a washing buffer.
One hundred μL of a working diluent of streptavidinHRP was added into each well of a plate, incubated
for 20 min at room temperature in the dark, the plate
was washed. Finally, 100 μL of a substrate solution was
added into each well of a plate, incubated for 20 min at
room temperature in the dark, and 50 μL of a stop solution was then added into each well of the plate. A microplate reader was used to read the absorbance at 450 nm,
then a standard curve was plotted and a formula was
used to fit the OD of standard samples.
Liver metastasis tissue microarray
Liver tissue sections were stained with HE to select typical nidi, such as a region rich of neoplasms but lack of
necrosed areas and bleeding. A tissue microarray meter
was used to perforate into a paraffin block (25 mm × 25
mm × 20 mm). The diameter of each hole was 1.2 mm,
and the distance between two holes was 1.0 mm. Fifty
holes were arranged in 10 lines and 5 arrays. A 1.2-mm
long puncture needle was used to draw out the marked
typical tissue core and to transfer it to a certain location
on the paraffin block. Forty-seven metastasis samples
were arranged into 2 paraffin blocks. Each sample included 2 marked cores. The tissue array paraffin was kept
on a 55℃ copper board for 30 min. The paraffin block
was pressed gently to array the tissue cores and cooled at
room temperature. The arrays were sliced quickly after
pre-cooled at 4℃ for 4 h.
Immunohistochemistry analysis
The tissue sample sections were stained with galectin-3
immunohistochemistry following the instructions
provided with galectin-3 affinity purified polyclonal
antibody. The sections were deparaffined and hydrated.
After washed with PBS, the sections were incubated with
3% hydrogen dioxide for 10 min at room temperature,
with antibody for 10 min at room temperature, with
EnVision for 30 min at room temperature, finally with
DAB for color development. The results were judged
double-blindly by 2 pathologists. The level of galectin-3
expression was classified into negative (-), weakly
positive (+), positive (++) and strong positive (+++) as
previously described[7].
Statistical analysis
All the data were analyzed by SPSS10.0 Software. Tumor
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Figure 1 Mouse
model of liver metastastic colon cancer.
A : Tu m o r - b e a r i n g
and healthy mice; B:
Primary spleen tumor
and liver metastasis.

Figure 2 Liver metastastic colon cancer
tissue sections stained with HE (A × 200,
B × 400).

Table 2 Volume of primary spleen tumor (cm3)

Table 1 Liver metastases
Groups
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Numbers of liver metastases
0
(0)

Ⅰ
(1-5)

15

0

2

7

6

15
15
15

3
4
6

6
7
4

2
1
2

4
3
3

c2

P

Ⅱ
Ⅲ
(6-10) (> 10)

3.996
7.069
8.052

> 0.05
> 0.05
< 0.051

Groups

n

M

mean ± SD

c2

Positive control group
1.0% MCP group
2.5% MCP group
5.0% MCP group

15
15
15
15

1.51
0.93
0.77
0.70

1.71 ± 1.29
1.28 ± 0.68
0.90 ± 0.55
0.76 ± 0.30

2.955
8.083
7.989

P
> 0.05
< 0.051
< 0.051

1

The volume of primary spleen tumor in middle and high MCP concentration groups was significantly smaller than that in positive control
group (P = 0.003).

1

The number of liver metastases in high MCP concentration (5.0%) group
was significantly less than that in positive control group (P = 0.008).

volume, number of liver metastases, concentration of
galectin-3 in serum and tissue were analyzed by nonparametric test.

RESULTS
Mouse living status
No mouse died during the 3-wk experiment period.
Some mice were found to have tumor mass bulging on
the abdominal wall. Some of the cancer-carrying mice
appeared signs of mental depression, such as reduced
activity, slow response, gloomy hair color, loss of appetite
(Figure 1).
Metastatic liver cancer
Except for the negative control group, the liver metastatic
rate for the other 4 groups treated with high, middle and
low MCP concentrations was 100%, 80%, 73.3% and
60%, respectively. The number of liver metastases in high
www.wjgnet.com

MCP concentration group was significantly less than that
in low and middle MCP concentration groups (P < 0.05)
(Table 1).
Volume of primary spleen tumor
The median volume of implanted spleen tumor in
high, middle and low MCP concentration groups was
1.51 cm3, 0.93 cm3, 0.77 cm3 and 0.70 cm3, respectively.
No tumor was found in negative control group. The
volume of tumor in high MCP concentration group was
significantly lower than that in middle and low MCP
concentration groups (P < 0.05) (Table 2, Figure 2).
Concentration of galectin-3 in serum
The concentration of galectin-3 in serum samples calculated according to the standard regression formula
was (14.63 ± 10.08) ng/mL in negative control group,
(91.01 ± 22.94) ng/mL in positive control group, (82.75
± 20.33) ng/mL in low MCP concentration group, (79.01
± 17.64) ng/mL in middle MCP concentration group
and (85.94 ± 15.52) ng/mL in high MCP concentration
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A
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C

D

Figure 3 Expression
of galectin-3 (× 200)
in positive control
group (A),1.0% MCP
concentration (B),
2.5% MCP concentration group (C),
and 5.0% MCP concentration group (D).

Table 3 Serum concentration of galectin-3 (µg/mL)
Groups
Negative control group
Positive control group
1.0% MCP group
2.5% MCP group
5.0% MCP group

n
15
15
15
15
15

mean ± SD
14.63 ± 10.08
91.01 ± 12.94
82.75 ± 20.33
79.01 ± 17.64
85.94 ± 15.52

H
9.37

7389

Table 4 Expression of galectin-3 in liver metastasis
P

Groups

n

< 0.01

4.34

Expression of galectin-3

H

P

(-) (+) (++) (+++)

1

Positive control group 15
1.0% MCP group
12
2.5% MCP group
11
5.0% MCP group
9

5
4
2
3

6
3
6
4

2
2
2
1

2
3
1
1

0.52 P = 0.170

1

The serum concentration of galectin-3 in negatives control group was
significantly lower than that in positive control group (P < 0.01).

group, respectively. The results indicate that the concentration of serum galectin-3 in positive control group and
MCP treatment groups was significantly higher than that
in negative control group (P < 0.01, Table 3).
Expression of galectin-3 in liver metastasis
Brown cells in cytolymph under microscope were
considered positive cells. The percentage of positive cells
in metastatic liver tissue showed that galectin-3 had no
significant difference in liver metastases positive control
and MCP treatment groups (Figure 3, Table 4).

DISCUSSION
Liver metastasis of colon cancer includes tumor
cell infiltration, exfoliation, adhesion, aggregation
and invasion, which involve carbohydrate-mediated
recognition proteins, such as the galectins. Adhesion of
tumor cells to tumor embolus and anchorage of tumor
cells to blood vessel endothelium or basement membrane
are the two crucial steps of liver metastasis of colon
cancer. Different galectins expressed in different steps

of metastasis cascade might play a crucial role in tumor
progression[8]. Galectin-3, a member of the lectin family,
is a multifunctional oncogenic protein which regulates cell
growth, adhesion[9], proliferation and apoptosis, as well
as cell-cell interaction and angiogenesis[10-13]. A large body
of evidence has confirmed that metastatic cancer cells
significantly express galectin-3, and high expression of
galectin-3 can be detected in both primary and metastatic
lesions[14], even in blood[15], showing a strong relation
with cancer growth and metastasis[16-18]. Moreover, the
expression of galectin-3 can be used as a diagnostic and
prognostic marker of colorectal cancer[19-21]. Therefore, if
the function of galectin-3 is blocked, the progression of
adhesion and aggregation can be intercepted, which may
stimulate the development of novel drugs for the targeted
treatment of colorectal cancer and other cancers[22].
MCP is a non-digestible, water-soluble polysaccharide
fiber derived from citrus fruits, and also a complex
polysaccharide rich in galactosyl residues. MCP can
specifically inhibit carbohydrate-binding protein as a high
affinitive ligand [23]. When the concentration of MCP
reaches an adequate level, galectin-3 protein on the surface
of cancer cells would be almost completely blocked by
MCP molecules. As a result, the procession of adhesion
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and aggregation between cancer cells will be intercepted.
In addition, MCP can inhibit morphogenesis of
endothelial cells and angiogenesis by blocking galectin-3,
thus intercepting cancer cells to absorb nutrition from
vessels and cancer progression[24,25]. However, there is
no evidence that MCP attacks cancer cells directly or
indirectly with or without toxicity and side effects[26].
In vitro experiments have shown that MCP is able to
inhibit adhesion of cancer cells to laminin and homotypic
aggregation[27]. Animal experiments also showed that
oral MCP can inhibit the growth and metastases of
rat prostate cancer cells[28], human breast cancer[5] and
melanoma cells[29-31].
The results of our study show that MCP could effetely
inhibit the growth and metastasis of implanted colon
cancer in mouse spleen. The number of liver metastases
and tumor volume in high MCP concentration group were
significantly less and smaller than those in control group,
indicating that MCP can inhibit the growth and metastasis
of colon cancer in a dose-dependent manner, which
is consistent with the reported data[5,28-30]. In contrast,
low MCP concentration group showed no significant
difference in colon cancer growth and liver metastasis,
which may be due to the lack of samples and the low
sensitivity of non-parametric statistics. Further studies are
needed to clarify the role of MCP concentration in this
regard.
ELISA and immunohistochemistry analysis have
shown that MCP does not impact glactin-3 concentration
and expression in liver metastatic cancer cells, but inhibits
liver metastasis in vitro[30]. The possible mechanism is that
MCP only blocks out galectin-3 molecules on the surface
of cancer cells, but does not intercept the expression or
secretion of cancer cells. It was recently reported that
galectin-3 can be used as a reliable diagnostic marker
of colorectal cancer and is one of the target proteins in
cancer treatment[22].
In conclusion, MCP can effectively inhibit the growth
of colon cancer and liver metastasis by intercepting the
adhesion and aggregation of cancer cells. MCP, as a
natural polysaccharide derived from fruits and a nontoxic
drug, may pave a new way in controlling the growth and
metastasis of colon cancer and other cancers. The role
of MCP and chemotherapy in controlling and curing
liver metastatic colon cancer needs further study.

Galectin-3 is a carbohydrate-binding protein closely related with cancer growth
and metastasis. Studies have shown that galectin-3 is over-expressed in
different types of cancer. Dietary components play an important role in cancer
progression and metastasis, carbohydrate-mediated recognition processes
participate in cancer progression. Modified citrus pectin (MCP), a non-digestible
and water-soluble polysaccharide fiber derived from citrus fruits, can inhibit
galectin-3-mediated function in vivo and in vitro.
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The role of galectin-3 in cancer growth and metastasis is an important field
in tumor research. Several experimental studies have reported the specific
inhibitory effect of MCP on different cancer cells in xenograft models. The
present study investigated the effect of MCP on colon cancer growth and liver
metastasis in vivo. In addition, the expression of galectin-3 was also studied to
describe the possible anticancer mechanism of MCP.

Innovations and breakthroughs

Few experiments have been conducted to observe the effect of MCP on
preventing cancer growth and metastasis in vivo. This study showed the
inhibitory effect of MCP on liver metastasis of colon cancer in a mouse model.
Besides, the expression of galectin-3 in tumor tissue and serum was tested to
describe the galectin-3 status during MCP treatment.

Applications

This study demonstrated that galectin-3 was over-expressed in liver metastasis
of colon cancer and oral MC could inhibit cancer growth and metastasis in
a mouse model. The results show that galectin-3, as a potential marker and
therapeutic target of colorectal cancer, played an important role in prevention
and treatment of cancer.

Terminology

Citrus pectin is a complex polysaccharide fiber derived from the pulp and peel
of citrus fruits. Citrus pectin is rich in galactosyl, a ligand for galectin-3, when it
is modified by high-pH and temperature. MCP inhibits galectin-3 function when
citrus fruits are combined with galectin-3.

Peer review

In this manuscript, the authors studied the inhibitory effect of MCP on liver
metastasis in a mouse colon cancer model. The study demonstrated that MCP
inhibited liver metastasis by suppressing the function of galectin-3. The study is
well designed and the results are reliable.
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Abstract
AIM: To investigate the protective effect of melatonin on
liver after intestinal ischemia-reperfusion injury in rats.
METHODS: One hundred and fifty male Wistar rats,
weighing 190-210 g, aged 7 wk, were randomly
divided into melatonin exposure group, alcohol solvent
control group and normal saline control group. Rats in
the melatonin exposure group received intraperitoneal
(IP) melatonin (20 mg/kg) 30 min before intestinal
ischemia-reperfusion (IR), rats in the alcohol solvent
control group received the same concentration and
volume of alcohol, and rats in the normal saline
control group received the same volume of normal
saline. Serum samples were collected from each
group 0.5, 1, 6, 12, and 24 h after intestinal IR.
Levels of serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) were measured
with an auto-biochemical analyzer. Serum TNF-α
was tested by enzyme-linked immunosorbent assay
(ELISA). Malondialdehyde (MDA) in liver was detected
www.wjgnet.com

by colorimetric assay. Pathological changes in liver
and immunohistochemical straining of ICAM-1 were
observed under an optical microscope.
RESULTS: The levels of ALT measured at various time
points after intestinal IR in the melatonin exposure
group were significantly lower than those in the other
two control groups (P < 0.05). The serum AST levels
12 and 24 h after intestinal IR and the ICAM-1 levels
(%) 6, 12 and 24 h after intestinal IR in the melatonin
exposure group were also significantly lower than
those in the other two control groups (P < 0.05).
CONCLUSION: Exotic melatonin can inhibit the
activity of ALT, AST and TNF-α, decrease the
accumulation of MDA, and depress the expression of
ICAM-1 in liver after intestinal IR injury, thus improving
the liver function.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Bowel transplantation is still the only definite therapy
for bowel dysfunction although it is more difficult than
other organ transplantations at the final stage of bowel
dysfunction[1]. Small intestine with high immunogenicity
has the highest reject reaction rate in all organ transplantations[2]. Although more and more powerful nonspecific
immunosuppressive agents have been used in recent
years, the rate of graft rejecting reaction is still higher
than 50% in intestine[3]. Current clinical data show that
combined liver and small intestine transplantation decreases both acute and chronic rejection compared with
simple small intestine transplantation[4]. Small intestine
transplantation, the best therapy for bowel dysfunction at present, cannot replace total parenteral nutrition
(TPN) due to its severe rejecting reaction. Long term
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TPN therapy may induce liver injury and some patients
with intestinal dysfunction can accompany hepatic diseases. Since combined liver and intestine transplantation
can prevent further liver injuries[5], systematic research
should be done to identify the mechanism of hepatic
injury caused by intestinal ischemia-reperfusion (IR)
and detect the possible intervention which can lessen
the injury. Melatonin can protect liver from intestinal IR
injury due to its powerful ability to clear free radicals[6].
The objective of this study was to determine the possible protective effect and mechanisms of melatonin in
intestinal IR models and provide evidence for its clinical
application in spare-part surgery.

MATERIALS AND METHODS
Materials
One hundred and fifty healthy male Wistar rats, weighing 190 to 210 g, aged 6-7 wk, were randomly allocated
into melatonin disposure group, alcohol solvent control
group and normal saline (NS) control group. All rats
were raised for at least 1 wk before operation in a 12 h
dark and 12 h light cycle, with free access to food and
water. One gram of melatonin (Sigma Company, USA)
was dissolved in alcohol solvent (40%) and kept at a subambient temperature. Rats in the melatonin exposure
group received 20 mg/kg intra-peritoneal melatonin
diluted by NS to 1/10 of the incipient concentration
30 min before intestinal IR. Rats in the alcohol solvent
control group received the same concentration of alcohol and NS. Thiopental sodium (40 mg/kg) was injected
into biceps femoris of rats 45 min before the intestinal
IR model was established. A model of pan-small intestinal IR injury was established by occlusion of the superior
mesenteric artery (SMA) for 30 min. Serum samples were
collected from rats in each group after reperfusion for
0.5, 1, 6, 12 and 24 h. A paraformaldehyde (PFA, 40 g/L)
phosphate buffer (0.1 mol/L, pH = 7.3) was provided
by Laboratory of Shengjing Hospital, China Medical
University (Shenyang, China). Correlated biochemical
agents were bought from Boehringer Mannheim Company in Germany. MDA kits were purchased from Nanjing Jiancheng Biological Engineering Research Center.
TNF-α kit was bought from Shenzhen Jingmei Biological Engineering Limited Company (China). ICAM-1 kit
was purchased from Serotech Company in UK. OLYMPUS-BX60 optical microscope and photograph system,
HITACHI-7600A automatic biochemistry analyzer and
SAKURA paraffin section cutter, were provided by Laboratory of China Medical University (Shenyang, China).
Methods
Blood was obtained by trans-diaphragmatic cardiac puncture, each sample was centrifuged for 5 min at 3000 r/min
with the clear supernatant remained. ALT and AST were
detected with an automatic biochemistry analyzer. Serum
TNF-α was determined by ELISA. MDA in liver tissue
homogenate obtained from the central part of medial
lobes was assayed by colorimetry. ICAM-1 in liver cells
was tested by immunohistochemistry and observed under
an optical microscope. Cells (including endotheliocytes in
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liver sinusoid and hepatocytes) with fine yellow particles
in cytoplasm were defined as positive. The number of
ICAM-1 positive cells per one high power field was calculated, the mean value was expressed as mean ± SD. All
parameters were analyzed by variance analysis and SNK
test using SPSS 13.0.

RESULTS
Serum ALT
After reperfusion for 12 and 24 h, the levels of ALT in
the exposure group at each time point were significantly
lower than those in the alcohol solvent and NS control
groups (P < 0.05), while there was no obvious difference
between alcohol solvent and NS control groups (Table 1).
Serum AST
After reperfusion for 12 and 24 h, the levels of AST in
the melatonin exposure group were significantly lower
than those in the alcohol solvent and NS control groups
(P < 0.05), while there was no obvious difference between the alcohol solvent and NS control groups (Table 1).
Serum TNF-α
After reperfusion for 12 and 24 h, the levels of TNF-α
in the melatonin exposure group were significantly lower
than those in the alcohol solvent and NS control groups
(P < 0.05), while there was no obvious difference between
the alcohol solvent and NS control groups (Table 1).
MDA in liver tissue homogenate
After reperfusion for 6, 12 and 24 h, MDA in the
melatonin exposure group was significantly lower than
that in the alcohol solvent and NS control groups
(P < 0.05), while there was no obvious difference between
the alcohol solvent and NS control groups (Table 1).
ICAM-1 stained cells in liver tissue
After reperfusion for 6, 12 and 24 h, the positive rate of
ICAM-1-stained cells in the melatonin exposure group
was significantly lower than that in the alcohol solvent and
NS control groups (P < 0.05), while there was no obvious
difference between the alcohol solvent and NS control
groups. The positive cells were mainly liver parenchymal
cells located near the sinus hepaticus and sinusoid
endothelial cells of liver (Figure 1A-F). The number of
positive cells in the alcohol solvent and NS control groups
increased gradually and reached its peak at 12 h, and then
decreased. The similar trend occurred in the melatonin
exposure group, but the extent was much lower than that
in the other two control groups (Table 1).

DISCUSSION
Serum ALT and AST levels are generally accepted as
the most sensitive indexes of acute hepatic injury and
AST appears at the later phase [7]. After reperfusion,
the ALT levels in the three groups gradually decreased
with the time and were lower in the melatonin exposure
group than in the other two control groups (P < 0.05),
www.wjgnet.com
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Table 1 ALT, AST, TNF-α, MDA and ICAM-1 in rats with ischemia-reperfusion injury (mean ± SD)
Group
Melatonin

Alcohol

NS

Time (h)
0.5
1
6
12
24
0.5
1
6
12
24
0.5
1
6
12
24

Serum ALT
(μkat/L)

Serum AST
(μkat/L)

1.8 ± 0.6a
1.6 ± 0.5a
1.5 ± 0.5a
1.4 ± 0.4a
1.3 ± 0.4a
3.1 ± 0.3
3.0 ± 0.6
2.5 ± 0.4
2.4 ± 0.4
2.1 ± 0.5
3.3 ± 0.4
2.9 ± 0.5
2.6 ± 0.4
2.5 ± 0.4
2.2 ± 0.4

1.8 ± 0.6a
1.6 ± 0.5a
1.5 ± 0.5a
1.4 ± 0.4a
1.3 ± 0.4a
3.1 ± 0.3
3.0 ± 0.6
2.5 ± 0.4
2.4 ± 0.4
2.1 ± 0.5
3.3 ± 0.4
2.9 ± 0.5
2.6 ± 0.4
2.5 ± 0.4
2.2 ± 0.4

Serum TNF-α
(pg/mL)
8.2 ± 2.9
10.9 ± 3.0
14.8 ± 3.8a
18.0 ± 3.3a
15.7 ± 3.3
8.8 ± 2.5
11.8 ± 3.7
20.9 ± 4.3
23.5 ± 4.3
17.7 ± 3.9
9.4 ± 2.8
11.6 ± 3.3
21.4 ± 5.0
24.4 ± 4.9
16.3 ± 3.6

  

MDA in liver
(nmol/g)

ICAM-1 in
liver (%)

23.7 ± 4.3
28.3 ± 5.1
42.0 ± 5.2a
55.2 ± 5.4a
82.7 ± 6.1a
27.7 ± 5.9
33.2 ± 6.3
54.3 ± 6.5
79.1 ± 6.2
106.2 ± 7.1
29.5 ± 6.3
34.1 ± 5.4
53.8 ± 6.1
83.3 ± 5.2
108.5 ± 9.8

2.9 ± 1.2
3.0 ± 0.9
4.0 ± 1.4a
11.8 ± 3.3a
6.9 ± 2.7a
2.4 ± 1.3
2.5 ± 0.7
7.0 ± 2.3
22.4 ± 4.3
16.0 ± 3.2
2.8 ± 0.8
2.6 ± 1.3
6.8 ± 2.2
21.4 ± 5.4
14.3 ± 2.8

a

P < 0.05 vs alcohol solvent and NS control groups.

A

B

C

D

E

F

Figure 1 Positive cells are mainly hepatic parenchymal cells located near the sinus hepaticus and sinusoid endothelial cells of liver in melatonin exposure
group (A, D), alcohol solvent control group (B, E), NS control group (C, F). The positive cell rate of two control groups increased gradually and reached its peak
12 h after reperfusion, then decreased. This condition also occurred in melatonin exposure group, but the extent was much lower than that in the control groups.
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while AST level gradually increased with the time and
maintained at its original level in the melatonin exposure
group (P < 0.05, Table 1). Hepatic injury occurred at the
early stage of pan-intestinal IR SMA was blocked for 30
min. The possible reason is that indirect clipping SMA
reduced the portal blood flow. The accrescence of ALT
indicates the hepatic injury, but the ischemic time is too
short to lead to prominent AST changes. After the block
of SMA was released, the hepatic injury due to reduced
blood flow was ameliorated, but a great amount of active
substances, such as free radicals, TNF-α, ICAM-1, etc,
entered hepatic tissues via superior mesenteric and portal
veins leading to secondary hepatic injuries, which can
explain the variable curves of ALT and AST in the other
two control groups. Compared with the other two control
groups, exogenous melatonin could ameliorate the hepatic
function after intestinal IR injury at the early or late phase.
Recent studies about the protective effect of melatonin
on IR injury in various organs showed that melatonin can
eliminate free radicals, inhibit release of inflammatory
media and apoptosis[8-10]. On the other hand, many factors
can result in IR injury, such as free radicals[11], overload of
calcium[12], inflammation of white blood cells and vascular
endothelial cells[13] and apoptosis, etc[14]. Therefore, we
detected serum TNF-α, MDA and ICAM-1-stained cells
in liver tissues in this study. TNF-α gradually increased
during the first 12 h after reperfusion and then decreased
when it reached its peak between 12 and 24 h in the
three groups. However, the TNF-α level was lower in
the melatonin exposure group than in the other two
control groups 12 and 24 h after reperfusion (P < 0.05),
suggesting that TNF-α increases in systemic circulation
after pan-intestinal IR, which can be effectively inhibited
by exogenous melatonin[15-17]. Furthermore, TNF-α is
generally accepted as an important inflammatory medium
which has the same position as the interleukin family,
and participates in almost all inflammatory reactions[18,19].
According to the curves of TNF- α and AST in the
first 12 h systemic circulation after reperfusion, the
secondary hepatic injury after pan-intestinal reperfusion
is related to the concentration of TNF-α in systemic
circulation. MDA is a final product of lipid peroxide, and
its concentration in tissues can directly reflect the extent
of lipid peroxide injury[20]. The concentration of MDA in
each group gradually increased after reperfusion, which
is generally considered the result of generous release of
free radicals and accumulation of lipid peroxide products
after pan-intestinal IR[21]. However, the concentration of
MDA was obviously lower in the melatonin exposure
group than in the other two control groups 6, 12 and 24 h
after reperfusion, indicating that melatonin can relieve the
IR injury by eliminating free radicals[22]. It was reported
that ICAM-1 is directly correlated with the inflammation
of white blood cells and vascular endothelial cells[23]. In
this study, ICAM-1 gradually increased after reperfusion
and decreased after reaching its peak between 12 and 24
h, which was in accordance with the concentration of
TNF-α in systemic circulation. However, ICAM-1 was
obviously lower in the melatonin exposure group than
in the other two control groups. Analysis of the data

7395

showed that after clipping SMA for 30 min, (1) the first
hepatic injury was relatively mild and reversible while
the secondary injury was permanent and severe; (2) a
large number of free radicals induced the expression
of inflammatory factors such as TNF-α and ICAM-1
leading to hepatic injury through the portal vein, and free
radicals directly caused peroxide injury after reperfusion;
(3) exogenous melatonin protected liver from intestinal
IR injury by inhibiting the production of free radicals,
reducing the concentration of TNF- α in systemic
circulation, and suppressing the expression of ICAM-1 in
liver, etc. It has been recently shown that liver is the final
metabolic place of melatonin and melatonin protects
liver from intestinal IR injury[24-26]. Studies have shown
that melatonin has no side effect when a large dose is
used[27,28]. Intestine can absorb nutrients and has immune
functions, and its vascular anatomy is specifically related
with liver, the biggest digestive gland in human body.
Since the blood in intestinal vein goes through the portal
vein to the liver, intestinal IR inevitably affects the normal
physical function of liver. During IR, a great amount of
xanthic dehydrogenase in intestinal mucosa would change
into xanthic oxydase, and xanthic oxydase can induce the
production of free radicals which enhance the expression
of adherence factors such as ICAM-1. These adherence
factors are the main etiological agents of the secondary
hepatic injury[29]. Up to now, rejecting reaction, graft-versushost disease (GVHD) and infection are the restrained
factors for intestine transplantation[30].
In conclusion, IR is the key mechanism underlying
liver injuries at the early stage of organ transplantation.
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COMMENTS
Background

Common intestinal ischemic diseases, intestinal resection caused by various
etiologies, intestinal transplantation due to short bowel syndrome and longterm intravenous nutrition induce various hepatic injuries. On the other hand,
combined liver and intestine transplantation has some immune dominance
compared with simple intestinal transplantation, and acute or chronic rejecting
reaction occurred in combined liver and intestine transplantation obviously decreases. Thus, it is necessary to study the mechanism of hepatic injury caused
by intestine ischemia-reperfusion (IR) and discuss the injury relieving therapies.

Research frontiers

Melatonin is an effective free radical scavenger in liver, kidney, pancreas, digestive tract, etc. It is generally accepted that melatonin plays a role in protecting
liver from intestinal IR injury by eliminating free radicals in cytoplasm. Thus,
melatonin secreted by conarium is an endocrine hormone and has a very
complicated mechanism of action and its receptors are distributed in almost all
human organs. At present, researchers are paying their attention to the modulating function of melatonin in various inflammatory media.

Innovations and breakthroughs

Melatonin interferes with hepatic injury after intestinal reperfusion. The possible
protective mechanism of melatonin by producing and releasing inflammatory
agents was discussed. Melatonin was found to be able to reduce the concentration of serum TNF-α and inhibit the expression of ICAM-1.

Applications

Exogenous melatonin can protect liver from intestinal IR injury after intestinal
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ischemic-reperfusion by eliminating free radicals, reducing the production and
release of inflammatory media, etc. As an effective and safe clinical medicine, it
can be extensively used in surgery.

Terminology

Melatonin is an endocrine hormone secreted by conarium. Endogenous melatonin
plays an important role in organic biorhythm, developing cycle, internal environmental stabilization and anti-caducity. TNF-α is an important inflammatory medium and participates in almost all inflammatory reactions. ICAM-1 is a member
of the adhesive molecule family and is closely related to adhesion of neutrophile
granulocytes and vascular endothelial cells in inflammatory reaction.
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Peer review

This is a well written and interesting manuscript. The authors demonstrated that
melatonin can protect liver from intestinal IR injury by abating the concentration
of serum TNF-α and inhibiting the expression of ICAM-1 in liver cells.
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Abstract
We report a case of 30-year-old woman with PeutzJeghers syndrome (PJS). Because of small intestinal
o b s t r u c t i o n , s h e re c e i ve d t h e s m a l l i n t e s t i n a l
polypectomy in 2001, and the pathological diagnosis
was Peutz-Jeghers polyp canceration (mucinous
adenocarcinoma, infiltrating full-thickness of the
intestine). The patient did not feel uncomfortable
after 6 mo of chemotherapy and other management.
We kept a follow-up study on her and found that
she suffered from cervical cancer in 2007, with a
pathological diagnosis of cervical adenosquamous
c a r c i n o m a . T h e p a t i e n t p re s e n t e d w i t h ty p i c a l
features of PJS, but without a family history. The PJS
accompanied with both small intestinal and cervical
malignancies has not been reported so far in the
world.
© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
Peutz-Jeghers syndrome (PJS) is an autosomal dominant
disease characterized by hamartomatous polyps in
the gastrointestinal tract and mucocutaneous melanin
pigmentation. Patients with PJS are at increased risk
for common and unusual types of gastrointestinal and
extra-gastrointestinal tumors[1].This report describes the
clinicopathological characteristics of PJS complicating
multiple organ neoplasms. It provides evidence not only
for the risk of malignancy in this disorder，but also for
a hamartoma-adenoma-carcinoma sequence.

CASE REPORT
We report here a case of a 30-year old woman who
suffered from multiple organ neoplasms with PJS. The
melanin pigmentation around lips appeared when she
was 3 mo old, after that, melanin pigmentation increased
and also appeared on the palm and planta. She presented
with iterative abdominal pain and vomit in 1997, and was
found having multiple polyps in colon by colonoscopy.
The polyps had been resected several times, but the
symptoms still existed.
The patient presented to us in April 2001. Physical
examination revealed the pigmentation on the oral lips,
the buccal mucosa (Figure 1A), and the hands and feet
(Figure 1B), about 1-3 mm in diameter. Endoscopy
and gastrointestinal tract contrast examination revealed
multiple polyps in sinus ventriculi, small intestine and
colon. Most polyps were resected and demonstrated
hamar tomatous polyps, some of which showed
adenomatous changes (Figure 2A), and the one in small
intestine revealed carcinomatous changes (mucinous
adenocarcinoma, infiltrating full-thickness of the
intestine) (Figure 2B). The patient received FOLFOX4
chemotherapy after surgery. Tumor markers and routine
blood tests were mainly normal during the treatment.
The patient gradually recovered, then we kept follow-up
visit on her.
In November 2007, the patient complained of
abnormal vaginal discharge for 2 mo, without vaginal
www.wjgnet.com
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Figure 3 Cervical adenosquamous carcinoma. A: Moderately differentiated
adenocarcinoma; B: Well-differentiated squamous carcinoma (HE × 100).

Figure 1 Melanin pigmentation. A: oral lips and buccal mucosa; B: Palm.

A
Figure 4 Endoscopic view of multiple polyps in sigmoid colon (12 mm in
diameter).

B

Figure 2 Polyp (HE × 100). A: Adenomatous changes in Peutz-Jeghers polyp;
B: Focal mucinous adenocarcinoma in the small intestinal polyp.

bleeding and abdominal pain. Gynecological B-mode
ultrasonography found occupying lesion located between
inferior segment of cervix and vagina. Gynecologic
examination revealed thick cervix, and cervical scraping
www.wjgnet.com

smear confir med cer vical adenocarcinoma. After
neoadjuvant chemotherapy ( Paclitaxel 120 mg/dL,
Carboplatin 350 mg/dL, one day per wk for 6 wk )，
total hysterectomy was performed in February 2008.
Final pathological diagnosis was cervical adenosquamous
carcinoma (Figure 3), and cancerometastasis of lymph
nodes in left external iliac (1/1). The patient also
received pelvic radiotherapy after surgery (50 GY in
total).
The tumor markers (CA125, CA19-9, CEA) were
normal when the patient paid a return visit in May 2008.
She was found to have multiple polyps in her stomach,
ter minal ileum and sigmoid colon by endoscopy
(Figure 4), polyps were resected and pathology still
confirmed hamartomatous polyps. In addition, none of
her lineal relations has the symptoms and physical signs
of PJS, and no tumor patient was found in her family
history.

DISCUSSION
PJS patients have an increased risk for several
malignancies including small intestine, stomach,
pancreas, colon, esophagus, ovary, uterus, lung, and
breast cancer. PJS is associated with a markedly
increased risk of malignancy that is not confined to
the gastrointestinal tract. A metaanalysis found that,
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compared with the general population, patients with
PJS have a relative risk (RR) of 15 times higher than for
developing many kinds of cancer. And the cumulative
risk for all cancers was 93% from age 15 to 64. Very
high RRs for the development of cancer were observed
in the small intestine (520), stomach (213), pancreas
(132), colon (84) and esophagus (57), and RRs are
greater than 10 for the development of breast, lung and
ovarian cancer[2]. Several gonadal malignancies occur
in PJS patients. In female patients, sex cord tumors
with annular tubes (SCTAT) are found in the ovaries
of many individuals examined. Patients with these
tumors can present with menoxenia, hyperestrogenism
or sexual precocity [3]. Minimal deviation of cervical
adenocarcinoma has been reported in PJS patients.
Presenting symptoms include abnormal vaginal bleeding
or a mucoid vaginal discharge. It is an extremely well
differentiated adenocarcinoma of the cervix. It usually
shows poor malignant behavior and poor prognosis with
mucinous type of adenocarcinoma[4].
STK11/LKB1 was identified strongly relative to
the PJS, which is a tumor-suppressor involved in
intracellular signal transduction and cellular polarity[5].
Some studies provided molecular evidences of a
hamartoma-adenoma-carcinoma sequence in PJS. The
second hit in LKB1 causing loss of heterozygosity
(LOH) in adenomatous and carcinomatous lesions in
PJS polyps was noted by several investigators [6,7]. In
addition, LOH of p53, K-Ras and β-catenin mutations
were found in adenomas developing in hamartomatous
polyps, indicating that molecular alterations in these
genes drive carcinogenesis in PJS as well[8]. However, the
precise frequency of LOH of LKB1 in PJS polyps in
human remains unclear, and studies in mice showed that
loss of the wild-type LKB1 allele is not a prerequisite for
the formation of hamartomatous polyps[9]. Therefore,
the need for the second-hit in LKB1 during polyp
development in PJS, and the role of LKB1 as a typical
‘Knudson’ two-hit tumor-suppressor gene, is questioned.
One theory suggests mucosal prolapse as a pathogenic
mechanism underlying the development of typical
hamartomatous polyps in PJS. In this hypothesis, PJS
hamartomatous polyps represent an epiphenomenon
to the cancer-prone condition and the hamartomaadenoma-carcinoma sequence as such does not exist[10].
The important role of LKB1 in cellular polarity may
provide new insights into the molecular mechanism
of polyp and carcinoma development in PJS. Loss of
polarity function may also affect asymmetric stem cell
division in PJS and lead to expansion of the stem cell
pool [11]. It could contribute to polyp formation and
explain the increased cancer risk as well. A recent study
found STK11-deﬁcient mesenchymal cells produced less
TGF-β, and defective TGF-β signaling to epithelial cells
coincided with epithelial proliferation. TGF-β signaling
defects in polyps of individuals with PJS, suggesting
that the identiﬁed stromal-derived mechanism of tumor
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suppression is also relevant to PJS[12].
We report the unique case of a patient with the
Peutz-Jeghers syndrome who developed intestinal
malignancy and cervical cancer in 7 years. As far as we
know, no similar case has been reported to date. The
pathological changes of polyps would support the
development of hamartoma-adenoma-carcinoma; and
the carcinomatous change of cervix would add the
risk of extra-gastrointestinal tumors in this disorder.
However, the pathogenic mechanism of these changes
is still unknown. It should be studied progressively on
whether germline mutation of STK11/LKB1 exists or
other factors participate in the process of malignant
changes. We also suggest that the patient and her family
members should be followed up with endoscopy.
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