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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-o. (TNF-a),
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.
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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 300000 emergency
room visits annually in the US, which is steadily increasing,
with a mean length of hospital stay of 7 d'".

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, 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 scoting 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/m? 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”’. The
severity risk increases at an OR of 1.2 per 5 units of BMIL
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 trypsin activation and shifts
pancreatic acinar cell death from apoptosis to necrosis
as demonstrated in alcohol-fed animals™”., Our group
reaffirmed this finding in human subjects consuming two
or more alcoholic drinks per day”. Furthermore, active
tobacco smoking has been suggested as a susceptibility
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factor for AP (RR, 2.14; 95% CI, 1.48-3.09)"".

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”. 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 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, 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-1I) 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 reports 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". 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-o
(INF-a), IL-1, IL-6, I1L-8, and 1L-10 rose significantly
at 8 and 24 h but not at 1 h and 4 h when compared to
patients without pancreatitis”. These data suggest that
serum markers (amylase/lipase) are detected eatly, 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 determining
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

TNF-a

TNF-q 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"’. Tt is also a cell
death signal through the TNF-g-related apoptosis induced
ligand (TRAIL) receptor pathway, with the potential to
cause severe tissue damage. TNF-o 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-q, serum
levels are less useful as biomarkers of eatly events than
downstream cytokines (e.g. 1L-6). To limit the systemic
effect of TNF-q, the body releases TNF-q, inhibitors.
The soluble TNF receptor (STNFR) attenuates the effects
of TNF-a by binding to TNF-¢ 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" .

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'' 7, which is often problematic in severe
AP. In contrast to TNF-q, IL-6 does not directly cause
pancreatic damage!”. Tt has been used as a biomarker
of disease severity and has similar accuracy to 1L-6 in
predicting severe AP on admission (82% vs 88%0)"'"!. TL-1
receptor antagonist (IL1-RA) levels also correlate with
the inflammatory response and severity in AP and may
in fact be supetior to 1L-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""". Tt has also
been shown to be supetior 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 clevation”". 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
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have been found to be higher in patients with severe AP
than patients with mild disease!".

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 eatly promise. However,
it was not deemed to be an effective treatment in a large,
multi-national study of 1500 patients”. Although I1.-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 1I 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 decision-
making process catly in the disease course. Such studies
could aim to: firstly, determine the role of demographic,
environmental, genetic and physiological vatiables 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

blocking agents administered eatly in the disease course
based on patient-specific predictive algorithms.
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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.
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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!!. 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
experiencesﬂ 7 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)!"..
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!*.

Clinical hypnosis is the method of deliberately
inducing the state of hypnosis in a patient through verbal
guidance, and making use of its chatracteristic 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!". 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 seties of several therapy
sessions .

Hypnosis has a long history of application as a
clinical tool in medicine, dating back to the early 18th



Chiarioni G et a/. Hypnosis and upper digestive function

6277

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!”.

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 Jean-
Martin Charcot in France™. 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. 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 techniquel7’8].
However, even today, most medical school curricula in
the US. 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'™. 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 problemsm. 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 US. concluded that there is “strong evidence for
the use of hypnosis in alleviating pain associated with
cancer””. Published systematic reviews of randomized
clinical trials have also deemed hypnosis to be effective
for treating nausea and vomiting associated with
cancer chemotherapy[“” as well as the most promising
psychological treatment for controlling procedure-
related pain and distress in children and adolescents!"".
Furthermore, three separate systematic reviews
published in the past three years“z'm have concluded that
hypnotherapy is an effective treatment for irritable bowel
syndrome.

Research on the use of hypnosis for gastrointestinal

disorders began with a randomized placebo-controlled
study of hypnotherapy for treatment-refractory irritable
bowel syndrome (IBS) in England, published in the
Lancet in 19847, 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'”, 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[w]. In a later paper, the investigators
reported that the benefits of hypnotherapy in the same
group of patients persisted up to 18 mo!'”.

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)!"**.
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'”,
This group recently reported the long-term outcomes of
the first 250 IBS patients treated in their clinic®**. 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”*),

The Manchester group has also expanded their
experience from IBS therapy to other functional
bowel disorders"”. They demonstrated that functional
esophageal disorders and functional gastroduodenal
disorders are also suitable targets for hypnotherapy, with
equally satisfactory results (Table 1)***. 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®””. In the
past, gastric acid secretion was an important research
domain for gastroenterologists and its responsiveness to
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Authors & yr No. of patients

Control treatment

Positive outcome Follow-up (mo)

A: Irritable bowel syndrome

Whorwell et al (1984) 30 Psychotherapy plus Placebo Pill Hypnosis 100% P < 0.0001 12

Galovski & Blanchard (1998) 11 Waiting List Hypnosis 82% P = 0.016 2

Palsson et al (2002) 24 Waiting List Hypnosis 87% P = 0.002 10
B: Functional Dyspepsia

Calvert et al (2002) 126 Psychotherapy plus Placebo Pill or Hypnosis 73% vs Placebo P < 0.02 vs 14

Ranitidine 300 mg daily

C: Non-cardiac chest pain
Jones et al (2006) 28

Psychotherapy plus Placebo Pill

Ranitidine P < 0.01

Hypnosis 80% P = 0.008 4

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

emotions and psychological stress were documented'™*’,

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™"
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

. As a consequence,

the gastric secretory responses to hypnotic conditions,
where either food-related (hunger-eating) or emotion-
related (sleep-relaxation) suggestions were provided” .
These eatly 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®™. The study was conducted in
two centers, by two experienced hypnotherapists using
two different hypnosis induction techniques. After naso-
gastric 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, wetre 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™. In addition, the
pentagastrin-stimulated PAO was significantly lowered
in the averting-food hypnosis condition compared to
the no-hypnosis session””. The authors concluded that
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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™”. Since the relevance of gastric
sectetion 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™. Orocaecal transit time was measured by
the hydrogen breath test. Oral ingestion of a pootly
absorbable catbohydrate (lactulose) results in a sustained
rise in breath hydrogen, which occurs within minutes
of the substrate entering the cecum™. 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”, Tt is commonly
considered a non-invasive, reliable index of small bowel
transit, particularly when lactulose is included in a calotic
meal to securely interrupt the fasting motility pattern
of the small bowel™. 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
otder: (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™. All hypnosis sessions
were started just before orocaecal transit and maintained
till the transit time elapsed. The mean otrocaecal transit
time was significantly longer during the hypnotic
relaxation session compared to the control session™. On
the contrary, the hypnotic acceleration session did not
result in significant modification of small bowel transit
time™. 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”™. 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 side-
effects”™”’

verbal suggestion was used for hypnosis induction.

1. The method of progressive relaxation by

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'”. 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™. In
patients with functional dyspepsia, gastric emptying was
significantly shortened by cisapride and even more by
hypnosis compared to the basal session”. In healthy
volunteers, gastric emptying was significantly accelerated
by hypnosis, but not by cisapride, compared to the basal
session””, 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®™.
Interestingly, symptomatic improvement did not
correlate with improved gastric motor function, leaving
the mechanism/s of action of hypnosis unexplained[%l.
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

focused intervention has been most extensively used to
treat IBS according to the protocols of the Manchester
group or the North Carolina group'™"
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!.
The investigation was published in 1988 when peptic
ulcer was considered to be a psychosomatic disorder
caused by increased gastric secretion®'!, Thirty
patients with frequently relapsing duodenal ulcer were
randomized to receive either seven sessions of gut-
focused 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!. 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™. The authors concluded that hypnotherapy
is helpful in maintaining remission in those patients
with peptic ulcer who are prone to relapse'. Shortly
after the study, consensus developed that Helicobacter
pyloti 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™. 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)***,
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!™. Postprandial fullness, early satiety,
epigastric pain and/or burning may be reported as
symptoms in FD™, Delayed gastric emptying, abnormal
gastric tone, altered visceral perception, and autonomic
imbalance have all been considered as potential etiologic
B4 Tn addition, comorbidity with psychiatric
disorders, especially anxiety disorders, is reported to be
high in FD™. Up to 30% of people in the community
report having dyspeptic symptoms each year ™",
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®. Patients underwent a 16-wk

I, However,
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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™. Analogous
improvements were observed when quality of life
scotes (QOL) were considered. Anxiety scores were
lower after hypnotherapy; but there was no correlation
between improvement in anxiety and FD symptom
improvement”. 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)*. 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”. 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™. 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™*". 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®”. 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)"".
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)*’. 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!”*". 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’!. 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[w]. Quality of life is
impaired in continued pain and spontaneous recovery is
rare!”’. In these patients, a therapeutic trial with proton
pump inhibitors is mandatory to exclude symptomatic
reflux disease?™. Antidepressants may be of help, but
their continuous use is associated with a high rate of
side effects!!!

To address the effect of hypnotherapy in NCPP,
the Manchester group randomized 28 patients with
functional chest pain to receive ecither 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®. 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™. This benefit persisted long-term
(2 years), as reported by the authors in a follow-up
paper™. 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”’. There were no significant differences
between treatment groups in terms of improvement of
cither anxiety or depression scores as assessed by the
Hospital anxiety and depression scale™”.

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
pootly 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™*.
In functional dyspepsia, delayed gastric emptying seems
particularly common in patients complaining of nausea,
fullness and vomiting; but this is controversial?,
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™,
On the contrary, evidence of increased gastric visceral
perception (so-called hypersensitivity) in a subset of
functional dyspepsia patients is well documented in the
4534 This altered perception may be mediated
by the autonomic imbalance both on a cortical and a
peripheral level often described in functional bowel
disorders®. Hypnosis induces a state of profound

relaxation consistent with a generalized decrement in

literature

sympathetic nervous system activity'"”. This relaxation
response is not specific to hypnosis, but may be induced
by different techniques such as autogenic training, yoga,
and meditation”. 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®. These
changes are actually distinct from those observed during
sleep and characterize a wakeful hypometabolic stateP”.
In addition, the relaxation response seems to last longer
than the actual hypnosis interval”. A distinct feature
of the relaxation response is that its action seems to be
mediated through a reduction in epinephrine end-organ
responsivit}r[3]. Stress has been shown to increase gastric
acid secretion, and it used to be considered a risk factor
to developing peptic ulcer disease™". 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
B3 Therefore, the capability
of a single session of hypnosis either to accelerate

small bowel transit

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 TBS®. The only parameter of sympathetic
tone that was significantly decreased by hypnotherapy
was skin conductance, a measure reflecting sweat gland
responses to stress’ .

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™"\. In addition, one
should consider that significant symptom improvement
has been reported in functional bowel diseases
without correlating with gut sensorimotor functioning
modifications**'? Therefore, the symptomatic
improvement observed after hypnosis should also be

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”. However,
a consistent finding has been the reported excessive
activation of the anterior cingulated cortex where the
affective response to pain is claborated®. 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!®. Studies on
somatic pain have shown that hypnosis is capable of
decreasing reported pain sensation in response to pain-
inducing stimuli, while the neurophysiological reactions
of spontaneous and evoked EEG were unaffected (i.c.
cerebral potentials were modified as the subject was
actually feeling pain)®. 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!”. 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"**". 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
[62,67,681 Modulating the
affective component of pain ratings may be one of the

of disease as a consequence

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®"’
hypnotherapy improved symptom-related cognitions in
IBS by using a dedicated cognitive scale™. In this study,
improved cognitive scores correlated with symptomatic
improvernent[m]. Finally, the role of the placebo effect
of hypnotherapy needs to be considered in producing

¥, Gonsalkorale and coworkers reported that

the beneficial hypnotherapy outcomes observed. In
many hypnotherapy trials patients affected by severe,
unremitting symptoms of functional bowel disorder have
been included™ >
treatment and therapy expectancy in these patients are
predicted to be highm. In addition, the most powerful
placebo effect is to be expected in patients suffering

1. The motivation to undergo a new

from chronic pain syndromes[m]. In this context, the
placebo effect is stronger when complex interventions
such as hypnotherapy are provided””. 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!".

Therefore, appropriate control treatments (e.g. supportive
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listening and placebo pills) are desirable options when
designing a meaningful trial of hypnotherapy"™'®.
However, the results of such placebo-controlled studies
conducted so far on hypnosis for IBS"* 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™ ™). These studies
provide encouraging evidence that hypnotherapy
is effective treatment for functional dyspepsia and
functional chest pain of presumed esophageal origin[w’zo].
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[“’m]. Specific knowledge
in gut-directed hypnosis is required to obtain successful
outcomes in treating gastrointestinal disorders, and such
1319 1 an effort
to overcome this problem, some centers are providing
gut-focused hypnosis scripts to treat IBS"”. Finally,
skepticism by some patients and physicians about the

training has not been widely available

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 suggestionm. 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'"”. 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™"’. 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">"',
Recently, a few studies have addressed the potential
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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
2% Tn addition, hypnosis has improved
gastric emptying and epigastric sensations in severe

volunteers

functional dyspepsia”. Small bowel transit may also be

influenced by hypnosism.

In the past, hypnotherapy has been used with a
successful outcome to decrease the relapsing rate of
peptic ulcer disease*'. 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™. 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 tresearch
team -- the Manchester group in England[m]. 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 acha-
lasia, gastroesophageal reflux disease, infantile hy-
pertrophic pyloric stenosis, chronic intestinal pseudo-
obstruction and slow transit constipation. Moreover we
discuss the role of the Cajal cells in the development
of stromal tumors of the gastrointestinal tract.
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INTRODUCTION

Digestive motility is highly coordinated and consists of
local, non-propulsive mixing (segmental) and propulsive
(petistaltic) movements. Mixing movements are produced
by intrinsic pacemakers generating rhythmic contractions
and peristalsis by intrinsic excitatory and inhibitory neu-
ral reflex pathways!™”,

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 poten-
tials. These pacemaker potentials are generated by a spe-
cialized population of cells, known as interstitial cells of
Cajal (ICC)P.

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 gastro-
intestinal motility”. The ICC was firstly described by Ca-
jal SR in 1911". He characterized “interstitial neurons”
as “primitive accessory components that could modify
smooth muscle contraction, subject themselves to regu-
lation from principal neurons”. Cajal provided detailed
pictures of methylene blue-stained networks of inter-
stitial cells, which were described as spindle shaped or
stellate cells with long, ramified cell processes and large,
oval, nuclei with sparse perinuclear cytoplasm, and inter-
calated between autonomic nerve endings and smooth
muscle cells”.

ICC constitutes networks that are widely distributed
within the submucosal, intra-muscular and inter-mus-
cular 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™,

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
of treatment.

ESOPHAGUS

Achalasia
Achalasia is characterized by relaxation failure of lower

www.wjgnet.com



6286 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

November 7, 2008 Volume 14  Number 41

esophageal sphincter (LES) and lack of peristaltic con-
traction of esophageal body'". The etiology of this dis-
order is unknown and may be “idiopathic” or secondary
to malignancy (local invasion or a paraneoplastic mani-
festation).

In primary or idiopathic achalasia, the failure of de-
glutitive 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 combina-
tion 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™”. ICC
involvement in achalasia is debated™""".

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 ultra-
structure was altered, namely clear cytoplasm, fewer mi-
tochondria, 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
mote pronouncedm. Since the LES components specifi-
cally altered in achalasia are the nerve endings and ICC,
they are regarded as principally responsible for abnormal
motility™?.

Achalasia is uncommon among pediatric population
and some authors consider it as a different entity. Rare
familial forms, combining early onset achalasia, alac-
rymia, 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"”. ICC in cardia was
also markedly decreased or absent while ICC (and neural
structures) were preserved in pylorus'!

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 ul-
cers, peptic stenosis and Barrett’s esophagus, which car-
ries a high risk of esophageal adenocarcinoma!™.

The role of the ICC in inhibitory transmission in the
LES is still discussed.

In W/W, 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 1CC
in inhibitory transmission!”. Another study demonstrat-
ed that in W/W,_ animals, cholinergic and nitrergic neu-
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rotransmission is greatly reduced pleading for the role
of ICC in mediating neural inputs[“']. However enteric
neurons, varicose processes, and the ability to release
neurotransmitters are not reduced, and smooth muscle
cells demonstrate responsiveness to exogenous transmit-
ters!’
Loss of ICC during development or in pathologic
conditions would significantly compromise the ability of
GI muscles to generate typical motor reflexes!'”.
Esophagitis itself may be at the origin of an altera-
tion of normal function of the Cajal cells: in advanced
stages of GERD, inflammatory changes in the esopha-
geal wall will also involve the ICC. That way, the more
severe the esophagitis, the more severe is the ICC im-
pairment. This destruction leads to loss of effective
contraction of esophagus, maintaining reflux and thus

aggravating the symptoms'"”

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'"”. 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 vomit-
ing leading to dehydration, electrolyte imbalance, nutri-
tional impairment and weight loss™*!.

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 pa-
tients”. The number of immunopositive cells for c-kit
was significantly decreased in the corpus and antrum
of the gastroparesis patients compared with control tis-
sues”!. 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*"*,

Infantile hypertrophic pyloric stenosis

This is a congenital disorder characterized by functional
gastric-outlet obstruction. Dysfunction of pyloric inhibi-
tion has been implicated in the pathophysiology of hy-
pertrophic 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®. In children
with hypertrophic pyloric stenosis, there was a significant
decrease in the number of ICC**, The following ob-
servations were made using electron microscopy in gas-
tric specimens from patients with pyloric stenosis versus
normal controls”. Muscle cells were primarily in a



Negreanu LM et a/. Cajal cells in the gut

6287

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.

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™. CIIP is regarded as a neuropathy, myopathy
or both***7,

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™.

Slow transit constipation (STC)

This is a very prevalent motility problem, but its mecha-
nisms are unclear. Studies found that ICC density in the
colon of patients with constipation was significantly
decreased compared with those of normal patients™.
Expression of ¢-£it 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™"*.

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”!. 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®*?. 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"™.

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™" (Table 1). Approximate-
ly 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-

Tumor Positive immunohistochemical staining
GIST CD 117
CD 34
Malignant GIST Ki 67
Smooth muscle tumor Smooth muscle actin
Desmin
Schwannoma S100

Smooth muscle actin
Vimentin

Glomus tumor

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™. The patients with exon 11 mu-
tations develop cutaneous mastocytosis with or without
cutaneous hyperpigmentation, but those with exon 13
mutations do not have these features™ ¥, The tumors
under 3 cm in diameter are mostly benign, but all GISTSs
have a malignant potential™,

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 (E-
GIST), may arise in the omentum, mesentery, or retro-
peritoneum and at least one case of pancreatic tumor
was described”™. The presence of ICC in normal pan-
creas was demonstrated recently””,

The symptoms may vary from none or slight abdom-
inal discomfort to brisk gastrointestinal hemorrhage,
perforation or obstruction.

Imatinib mesylate, a synthetic tyrosine kinase inhibi-
tor developed for the use in the management of inter-
feron resistant chronic myeloid leukemia (CML), was
shown to be effective against a number of other tyrosine
kinases including c-kit and platelet derived growth fac-
tor (PDGF) and now it is considered to be the drug of
choice for metastatic and inoperable GIST’s"™*,

CONCLUSION

Knowledge on the role of ICC in gastrointestinal
disorders is increasing. However, with the exception
of GIST’, 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 WIG 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!"'™. 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 lifel!l. A
recent study reported that in addition to the established
risk factors such choledochal cysts, chronic cholangitis,
inflammatory bowel disease, primary 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
ICCM. The incidence of diabetes, thyrotoxicosis, chronic
pancreatitis, obesity, chronic nonalcoholic liver disease,
HCV/HBYV infection, chronic typhoid cartier state and
smoking, is increasing, suggesting that these conditions
might partly explain the trends of ICC in incidencel*?.
However, many tumors arise in the absence of any
known predisposition*""). Despite the global increase,
regional, racial, ethnic, gender and age variations occur.
Moreover, it was reported that the incidence of ICC has
dectreased in Denmark!"®"l. 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%2"?3. Chu
et al* 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, positron-
emission 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 images 7n vivo***), endoscopic
retrograde cholangiography (ERCP) with brush
cytology and biopsy, endoscopic ultrasound with
guided fine-needle aspiration, advanced cytological
tests including fluorescent z# situ hybridization or
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digital image analysis (DIA), cholangioscopy (peroral
cholangioscopy, percutaneous cholangioscopy,
transpapillary cholangioscopy)?*?’. Sandwich enzyme-
linked 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)]?. 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®! 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 small-
sized glands in a fibrotic background, closely packed,
somewhat distorted small ducts, and cordlike structure,
but lacking large glands, and Shinichi Aishima, ez. 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
ductt3,

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 lymphoepithelioma-
like 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, ez, ICC is microscopically
categorized into scirrhous-type (SICC) and nonscirrhous-
type (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 (G,, S-G, and M), but absent
in quiescent cells (G,)], 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 ate closely related to the prognosisP.

Classification

Three types of 1CC 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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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

MO: No distant metastasis

MI: Positive distant metastasis

Stage 1 T1 NO Mo
Stage 1l T2 NO Mo
Stage I T3 NO MO
Stage VA T4 NO MO

Orany T N1 MO
Stage IVB Any T Any N 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 patenchyma, often
resulting in dilatation of the peripheral bile duct. I1G 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®,

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 expetience in treating HCCP?l. 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)P*. Serosal
invasion is not a T-factor component in the UICC tumor
staging system. Uenishi ez a/*! 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
ITA, tumor with regional lymph node metastasis as stage
B, tumor with distant metastases as stage V. 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
smallP?l,
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N1 N2 N3
Right lobe Hepatoduodenal  Along left gastric artery Distant
ligament Along common hepatic
artery
Along celiac artery
Posterior surface
of pancreas head
Leftlobe  Right cardiac Along left gastric artery
region
Lesser curvature Along common
of stomach hepatic artery
Along celiac artery Distant
Hepatoduodenal  Posterior surface
ligament of pancreas head

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® . Nakajima ez a#™ reported that
sinusoidal invasion and portal vein invasion are the
most frequent mode of intrahepatic spread. Different
macroscopic types of 1ICC 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 vz
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® 1. Yamamoto ez a/*!
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 critetion 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®,

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!**). Yet nodal status does
not affect survival after aggressive surgical treatment
in patients with ICC*¥, and some long-term sutvivors
with positive lymph nodes have also been reported!*-".
It was reported that the rate of metastasis for ICC
to hilar lymph nodes is about 50%!*#**3. Nakagawa
et al* 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!®. 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!*#536, Nozaki
et al’! 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 e# a4*" 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 ez a/*? 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 non-
curability. However, a longer survival time (over 5
years) in ICC patients with lymph node metastasis has
been describedP*. (3) Vessel invasion: Based on some
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centers’ support for resection of ICC with vascular
reconstruction ez bloc, involvement of the main hepatic
artery or portal vein is the relative contraindication to
140591 (4) Intrahepatic metastasis: Intrahepatic
metastasis in the remaining liver is considered unfit for

resection

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-galactosyl-
human 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!®”,

Evaluation modalities

Ultrasound can diagnose biliary dilatation and suspected
cholangiocarcinoma by localizing the site of obstruction
and excluding gallstones. Color Doppler can detect
tumot-induced compression/thrombosis of the portal
vein or hepatic artery. However, ultrasound is non-
specific, often misses small perihilar, extrahepatic, and
periampullary tumors, and is not good at defining the
extent of tumor.

CT can detect biliary dilatation, intrahepatic
cholangiocarcinoma greater than 1 cm in diameter, small
liver metastases, lymphadenopathy, biliary obstruction,
suspected perihilar tumor or tumor involving the portal
venous/artetial system. However, CT can only establish
the resectability in 60% of cases®, 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
PSCI,

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!®-%,

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! . 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®. MRI is not supetior 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 tumorsl™. FDG-PET has a higher specificity
for lymphadenopathy than CT, although there is
no difference in sensitivity between themU"4. 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'.

The 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®?". 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 iz situ hybridization, so
that the sensitivity increases, especially to patients with
PSC or apparent biliary obstruction 7.
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

But, negative

important prognosis factor. As a means of evaluating
vascular invasion, hypovascular or hypervascular lesion,
concomitant vascular resection and reconstruction,
angiography should be reserved 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™. 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 biliary tree and vasculature?®®. The
sensitivity of fine needle aspiration of the tumor
mass of its surrounding lymph nodes and endoscopic
ultrasound is greater than ERCP with brushings in
detecting malignancy?**"?. Endoscopic ultrasound-
guided regional lymph node sampling can be performed
in eatly disease to assess the respectability or eligibility
for transplantation”. 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

supetficial liver metastases?®"87l,

OPERATION
Hepatectomy

It was recently reported that aggressive surgical strategies
in the treatment of ICC can significantly increase the
survival of ICC patients!"**#!. Yamamoto ef a/** and
Ohashi e# a/* 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 (7 = 56, 53%
and 50%, respectively) were significantly higher than
those of patients after non-curative resection (7 = 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 mass-
forming ICC tumors (P = 0.039) than in those with
other types of tumors or tumors > 3 c¢cm in diameter
than in those with tumors > 3 cm or < less 3 cm
(P = 0.006)P. Kim e# a/* reported that the median
survival time after non-curative resection is 3.0 mo. Chu
et al”? 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 a/f*! 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 ef a/*!
allocated 83 patients who had undergone resection to a
standard surgery group (# = 50), in which the patients
underwent hepatectomy alone or hepatectomy with bile

duct resection, and an extended surgery group (7 = 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 sutgical outcome of ICCH!.

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 ¢ a/*? and Shimada
et a 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 metastasisP®®7],

Transplantation

Pichlmayr e a/*® 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*! petrformed liver transplantation for patients with
unresectable tumor (# = 12) or advanced cirrhosis (# =
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 yeat, 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™
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 follow-
up 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 eatly-stage cholangiocarcinoma®. A compatison of
recent series is shown in Table 3.
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Authors Yr Countries Procedure (patients) Prognosis (%) Tumor
Median (mo) 1yr 3yr 5yr recurrence (%)
Pichlmayr et al® 1995 Germany Hepatic resection (32) 12.8
Liver transplantation (18) 5.0
Casavilla et al'™ 1997 America Hepatic resection (34) 60 37 31 56
Liver transplantation (20) 70 29 18 55
Chu et al™ 1997 Hong Kong, Conservative management (15) 1.8
China Palliative operation (23) 29
Hepatic resection (39) 12.2 573 239 15.9
Madariaga et al"™ 1998 Japan Hepatic resection (34) 19 67 40 35
Meyer et al'™! 2000 America Liver transplantation (207) 72 48 (2yr) 23 51
Kawarada et al"” 2001 Japan hepatic resection (37) 3115 541 34 239
Fu et al™™ 2004 China Palliative or curative operation (79) 11.9 494 173 9.6
Robles et al"™ 2004 Spain Liver transplantation (23) 77 65 42 35
Lang et al®” 2005 Germany RO-resection (complete tumor removal) (16) 46 94 82 37.5
R1-resection (microscopic tumor at the cutting 5 22 0
margin) (11)
Ghali et al"® 2005 Canada Liver transplantation (10) 90 80 20 80
Urahashi et al"* 2007 Japan HPD (hepatectomy with pancreatoduodenectomy) 42 33 33 75
12)
De Oliveira et al™™ 2007 America Hepatic resection (RO-resection) 80 63
Hepatic resection (overall) 28 40
Becker et al"* 2008 America Liver transplantation (280) 74 38
Adjunctive therapy cholangiocarcinoma and gallbladder cancer patients

Recurrence of ICC is due to failure in surgery,
warranting consideration of adjuvant treatments.
Neither adjuvant nor neoadjuvant therapy, however,
has been shown to improve survival. Roayaie ez a/’!l
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’ used 5-fluorouracil, leucovorin, and carboplatin
in patients with unresectable biliary tree carcinoma
and found that 21% of the patients had significant
responses. Ando ef al’ 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 #ia a subcutaneously implanted injection port
and received cisplatin. The research of Furuse e a/*"
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 ¢ al*! 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 ez a/*%l, the response rate
was 10% for patients with inoperable intrahepatic
cholangiocarcinoma (» = 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
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was 166-273 d, and 84-159 d, respectively. These results
suggest that the present therapy is a useful option for
advanced THCC. Rai ez a/’" 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, Profes-
sor and Chairman, Department of Psychosomatic Inter-

6299
Taniguchi H, Ariga H, Zheng J, Ludwig K, Takahashi T

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 ex-
amples 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 physi-
ological functions in the petiphery and CNS.

These papers are written by leaders in their respec-
tive 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 ani-
mal models to examine appetite, sectetion of stomach
ghrelin and leptin or gastric acid, and human studies in
relation to Helicobacter pylori.

Effects of ghrelin on interdigestive contractions of the rat gastrointestinal tract
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Characteristic features of ghrelin cells in the gastrointestinal tract and the regulation of stomach ghrelin

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

Different effects of ghrelin, des-acyl ghrelin and obestatin on gastroduodenal motility in conscious rats
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Abstract

Ghrelin causes interdigestive contractions of the stom-
ach 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) contrac-
tions were recorded in freely moving conscious rats.
Spontaneous phase IlI-like contractions were observed
at every 13-16 min in rat GI tract. The fasted motor
patterns were replaced by the fed motor pattern imme-
diately after food intake. Two minutes after finishing the
spontaneous phase IlI-like contractions in the antrum,
acyl ghrelin (0.8, 2.4 and 8.0 pg/kg per min) was con-
tinuously infused for 30 min. Three-five minutes after
the starting ghrelin infusion, augmented phase Il-like
contractions were observed at the antrum, duodenum,
and jejunum. Ghrelin infusion (0.8, 2.4 and 8.0 pg/kg
per min) significantly increased motility index of phase
II-like contractions at the antrum and jejunum in a
dose dependent manner, compared to that of saline in-
jection. Thus, it is likely that exogenously administered
ghrelin causes phase Ill-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 WIG 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)", MMC consists of three phases;
phase I (period of motor quiescence), phase II (period
of irregular low amplitude contractions) and phase Il (pe-
riod 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™”. Exogenously administered motilin does not
induce phase [lI-like contractions in rats. Motilin or its re-
ceptors are not found in rats',

Ghrelin, a 28-amino acid peptide, was discovered
as the endogenous ligand for growth hormone secre-
tagogue receptor (GHS-R) from the rat stomach®. Be-
cause of a structural resemblance to motilin, ghrelin is
known as the motilin-related peptidelé’7j. Ghrelin admin-
istration causes phase IlI-like contraction at the antrum
and duodenum in conscious rats™. We recently showed
that gastric spontaneous phase [lI-like contractions were
abolished by ghrelin receptor antagonists”. This sug-
gests that endogenous ghrelin regulates spontaneous
phase Ill-like contractions of the rat stomach.

However, it still remains unknown whether ghrelin
regulates intestinal phase Ill-like contractions in rats. In
the current study, we investigated whether exogenously
administered ghrelin stimulates phase [I-like contrac-
tions of gastrointestinal (GI) tract in conscious rats.

EFFECTS OF GHRELIN ON THE

INTERDIGESTIVE Gl CONTRACTIONS
Male Sprague-Dawley rats weighing 280-340 g were kept
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in-group cages under conditions of controlled tem-
perature (22-24°C), 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 ap-
proved by the Institutional Animal Care and Use Com-
mittee 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 Ani-
mals”. All efforts were made to minimize animal suffer-
ing 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 jeju-
num: 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 similatly exteriorized to the
back, as previously reported™. The catheter was filled
with hepatinized saline (100 U/mL) to prevent coagula-
tion. 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 giv-
en food once daily at 12:00 pm-16:00 pm, as previously
reported”. Experiments of GI motility recording were
started at 9:00 am every day. The wires from the trans-
ducer were connected to the recording system (Power-
Lab model 8SP, ADI instruments, Colorado Springs,
CO). GI contractions were measured with free access
to water in freely moving conscious rats. Spontaneous
phase IlI-like contractions were observed for 2-3 h.
Phase II-like contractions were defined as clustered
potent contractions with amplitude of more than 4 g, as
previously reported!"”.

Fujino ez al” reported that bolus injection of acyl
ghrelin (1 g/rat; iv) induced phase Il-like contraction in
conscious rats. In general, bolus injection of certain pep-
tides abruptly increased its plasma level. In our previous
study, acyl ghrelin (0.8 ug/kg per min) was continuously
infused for 5 min and potent phase Ill-like contractions
were observed in the antrum in rats”. In our current
study, acyl ghrelin (0.8, 2.4 and 8.0 ug/kg per min) was
continuously infused for 30 min. Acyl ghrelin was pur-
chased from Tocris Cookson (Ellisville, MO).

Motility index (MI), area under the curve, was calcu-
lated using a computer-assisted system (PowerLab, ADIn-
struments, 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 fol-
lowed by student’s #test was used to assess the diffetr-
ence among groups. A P value < 0.05 was considered to
be statistically significant.

It has been showed that spontaneous phase Il-like
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contractions are observed at 12-15 min intervals of the

3,9,10
stomach”"'"

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 (phase [ -like contractions) followed by a group-
ing of strong contractions (phase IlI-like contractions).
Spontaneous phase IlI-like contractions were observed
at every 13-16 min in rat GI tract. The fasted motor
patterns were replaced by the fed motor pattern immedi-
ately after food intake!'",

Two minutes after finishing the spontaneous phase
[I-like contractions in the antrum, acyl ghrelin (0.8, 2.4
and 8.0 ug/kg per min) was continuously infused for
30 min. Three-five minutes after the starting ghrelin
infusion, augmented phase [I-like contractions were
observed at the antrum, duodenum, J-1 and J-2 (Figure 1).

Ghrelin infusion (0.8, 2.4 and 8.0 pg/kg per min)
significantly increased MI of phase IlI-like contractions
at the antrum and jejunum compared to that of saline
injection, in a dose-dependent manner (Figure 2).

It 1s well established that exogenously administered
ghrelin causes phase Ill-like contractions in the inter-
digestive state at the antrum and duodenum in ratst,
However, it is not clear whether intestinal phase Ill-like
contractions are affected by ghrelin administration.

We evaluated the effects of peripherally infused
ghrelin on gastrointestinal phase [lI-like contractions
in freely moving conscious rats. We demonstrated that
ghrelin infusion induced phase lll-like contractions in
the antrum, duodenum, proximal and distal jejunum in
a dose-dependent manner (0.8-80 ug/kg per min). This
suggests that gastric phase Ill-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 Ill-like contrac-
Pl suggesting that endogenously
released ghrelin regulates spontaneous phase Ill-like con-
tractions. We also showed the correlation between the
plasma ghrelin levels and occurrence of gastric phase [ -

tions in conscious rats

and IM-like contractions of the antrum”. However, it is
not clear whether intestinal phase Il-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
1s mediated 27z cholinergic neurons of the myenteric
plexusm].

Our recent study showed that GHS-R antagonists in-
hibited phase Ill-like contractions at the antrum, but not
the duodenum and the jejunurn[“]. Previous studies also
showed that GHS-R antagonists did not affect phase IIl-
like contractions in the duodenum®.

It 1s likely that exogenously administered ghrelin (a
pharmacological dose of ghrelin) causes phase-III like
contraction at the antrum, which migrates to the jeju-
num. In contrast, endogenously released ghrelin causes
spontaneous phase IlI-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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Figure 2 Effect of ghrelin on % changes of Ml of phase II-like
contractions of Gl tract (*P < 0.05 vs saline, n = 5). Ghrelin infusion (0.8, 2.4
and 8.0 ug/kg) dose-dependently increased Ml of phase IlI-like contractions of
the antrum and jejunum (°P < 0.05 vs saline, n = 5).

tine in rats'”. Subcutaneous or intravenous administra-
tion of 5-HT can induce intestinal migrating myoclectri-
cal activity in rats"*" Intestinal migrating myoelectrical
activity was reduced by a 5-HT} antagonist, but not by a
5-HT, antagonist in conscious rats!"”. However, others
showed that intestinal migrating myoelectrical activity
was reduced by a 5-HT, antagonist, as well as a 5-HT,
antagonist'*.

Our recent study showed that phase Ill-like contrac-
tions at the jejunum, not the antrum and duodenum,
were significantly attenuated by 5-HT, antagonists. In
contrast, 5-HT,; antagonists did not affect phase [l-like
contractions in all of upper GI tract"'". These suggest
that spontaneous phase Ill-like contractions at the je-
junum is mediated viz 5-HT, teceptors, but not 5-HT,
receptofs.

5-HT, receptors' ' and 5-HT, receptors'™ are located

Figure 1 Effect of ghrelin
infusion (0.8 pg/kg per min)
on spontaneous phase Il-like
contractions in conscious
rats. Two minutes after finishing
the spontaneous phase II-like
contractions in the antrum, acyl
ghrelin (0.8 pg/kg per min) was
continuously infused for 30 min.
Three-five minutes after starting
the ghrelin infusion, phase II-like
contractions were observed in
response to ghrelin infusion at
the antrum, duodenum, jejunum-1
and jejunum-2 (A indicates phase
II-like contractions).
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on the cholinergic neurons of the myenteric plexus as
well as sensory neurons of the intestinal mucosa”. Nerve
endings of sensory neurons may well be the targets for
the 5-HT released from enterochromaffin (EC) cells™. Tt
is generally accepted that 5-HT stimulates intrinsic nerve
fibers via 5-HT, receptors”, while 5-HT stimulates extrin-
sic nerve fibers via 5-HT, receptorsm’m in rats.

5-HT, receptors are located on the nerve terminal of
vagal afferent of the duodenal mucosa in rats™. 5-HT
released by mucosal stimuli initiates peristalsis by activat-
ing 5-HT), receptors on sensory CGRP neurons of the
rat colon in vitrd™”. These suggest that 5-HT, receptors
play a major role in mediating an intrinsic neural reflex.
It is conceivable that luminally released 5-HT from duo-
denal EC cells initially stimulates duodenal phase Ill-like
contractions »ia 5-HT, receptors located on intrinsic pri-
mary afferent neurons (IPAN).

It has been shown that ghrelin receptors are synthe-
sized in vagal afferent neurons and transported to the
afferent terminal. This is the major pathway conveying
ghrelin signals for starvation and growth hormone secre-
tion to the brain®”. Blockade of the gastric vagal neuron
by vagotomy or perivagal application of capsaicin abol-
ished ghrelin-induced feeding, GH secretion, and acti-
vation of NPY-producing and GHRH-producing neu-
rons™. Ghrelin-induced acid secretion is also abolished
by bilateral vagotomy®,

Our recent study showed that spontaneous phase III-
like contractions were completely disappeared in vagoto-
mized rats"", These results suggest that ghrelin-induced
spontaneous phase-III like is mediated viz vagal pathways.

Spontaneous phase [ll-like contractions are mainly
regulated by ghrelin in the antrum, while spontaneous
phase Ill-like contractions are regulated by 5-HT in the
jejunum. Released ghrelin from the gastric mucosa initi-
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ates gastric phase Ill-like contractions iz vagal dependent
pathways. Released 5-HT from intestinal EC cells induces
intestinal phase Ill-like contractions »iz IPAN in rats.
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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 chemo-
therapy. 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 ago-
nist 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 tumour-
bearing 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 com-
pared 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 WIG 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. De-
spite 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'.
Ghrelin is the natural ligand of growth hormone
secretagogue receptor. Growth hormone releasing pep-
tide 2 (GHRP-2) is a synthetic compound that acts as a
potent agonist of GHS receptor”. Increasing evidences
support that GHRP-2, like ghrelinm, exerts orexigenic
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proprieties. Administration of GHRP-2 has shown to
increase food intake and body weight in rodents and
in healthy men”. Since ghrelin has a short half-life, the
more stable GHRP-2 was preferred in this experiment.
Aim of the study was to determine whether
the addition of GHRP-2 to cytotoxic therapy with
5-fluorouracil (5-FU) prevents anorexia associated with
chemotherapy in cancer cachectic mice!”. Secondary
aims were to examine the chronic effects of GHRP-2 on
reduced appetite and survival in this animal model.

MURINE MODEL OF CANCER

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 environ-
ment. The murine colon cancer cell line (colon 26) was
supplied by Dr. Hayashi (Kitazato University, Kanagawa,
Japan). Colon 26 cancer cells (5 X 10°) were dissolved
in a 100 pL 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 ran-
domized 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 tumout-beating mice
received 5% glucoside solution + PBS (naive). The day of
randomisation was considered as day 0 of the experiment.
GHRP-2 (DalaDBNalAlaTrpDPheLysNH2) was sup-
plied by Prof. Bowers (Tulane University, New Orleans,
USA). It was dissolved in PBS and was subcutaneously
administered at dose of 10 pg/mouse daily. 5-fluorouracil
(Kyowa Hakko Kogyo Co. Ldt, Tokyo, Japan) was dis-
solved 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 check-
ing 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 T SE. Analysis of variance (ANOVA) followed
by Bonferroni’s 7 test was used to assess the differences
among groups. P-values < 0.05 were considered signifi-
cant. The survival curves after tumour implantation were
analyzed by Kaplan-Meier survival test.

GHRELIN AGONIST GHRP-2 REVERSES
CHEMOTHERAPY-INDUCED ANOREXIA

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
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Figure 1 Kaplan-Meier curve of overall survival in colon 26-bearing mice
(Naive: 10 mice; Vehicle: 11 mice; GHRP-2: 12 mice; 5-FU: 12 mice; 5-FU +
GHRP-2: 15 mice).
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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 persus 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 com-
pared 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 treat-
ed with 5-FU and 5-FU + GHRP-2 significantly increased
compared with naive and vehicle groups (P = 0.0038 and
P = 0.01606, respectively, Figute 3). The cumulative food
intake was significantly increased in mice treated with
GHRP-2 respect to nafve and vehicle groups throughout
the observation period (P = 0.0007 and P = 0.0004, re-
spectively, 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.

THERAPEUTIC ROLE OF GHRP-2 IN CAN-
CER ANOREXIA-CACHEXIA

Up to 50% of cancer patients report changes in eating
behavior at time of diagnosis, leading to weight loss".
This study suggests that the addition of GHRP-2 to cy-
totoxic therapy with 5-FU improved appetite in tumout-
bearing mice with anorexia/cachexia syndrome in eatly
stages, although a statistically significant improvement in
survival was not achieved compared with mice treated
with 5-FU. It is likely that GHRP-2 may overcome any
resistance to the appetite-stimulating effects of ghrelin in
cachectic animals and cancer patients with appetite loss.
In our experiment GHRP-2 has shown to be a short-
lasting, acute potent agent, which mimics the orexigenic
effects of ghrelin™. In this study, we demonstrated for
the first time that GHRP-2 reversed loss of food intake
and body weight in tumour-bearing mice treated with
chemotherapy. It is likely that preventing loss of appetite

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 can-
cer patients.

This study has some limitations. The first is the dif-
ficulty 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 ad-
ministration. Secondary, although GHRP-2 did increase
the cumulative food intake in tumour-bearing mice, there
was a lack of significant difference among groups in sut-
vival analysis which should be examined undet various
chemotherapy conditions and tumour models.

Due to the amelioration of the nutritional state, and
of the side effects of chemotherapy, GHRP-2 may of-
fer 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 nhumber
of ghrelin cells in the stomach showed a sexually
dimorphic pattern, indicating a role of estrogen in the
regulation of stomach ghrelin. I 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
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ghrelin expression. Moreover, both aromatase mRNA-
expressing 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 WIG 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,
In initial studies, ghrelin was shown to stimulate GH
release from the pituitary both 7 vivo and in vitrd™? and
ghrelin was later found to be also deeply involved in the
regulation of feeding behavior and energy homeostasis” .

Ghrelin is predominantly produced in the stomach!".
Date er al” 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'™. However, the detailed distribution and
morphological characteristics of ghrelin cells in the

whole gastrointestinal tract have not been elucidated.
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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, Ze. increased by
fasting and decreased after refeedingp’&m. 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 ghrelinp’lz'w. 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.

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[1 I To investigate the morphological
characteristics and distribution of ghrelin cells, we used
anti-acylated rat ghrelin antiserum to detect ghrelin-
immunopositive (ip) cells in the rat gastrointestinal tract
in a previous studym. 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, ze. 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,
undergoes acylation in secretory granules 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"”. These findings are in
agreement with the results of another study regarding
gastrointestinal ghrelin content™. 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"”. Tt 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”. 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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Figure 1 Representative microphotographs of ghrelin-ip cells in the rat
gastrointestinal tract™. 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 um. 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!"”. Gualillo ¢z ai™
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 mRNA-
expressing cells were also observed just after birth™”.
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”. 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”". 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®™. 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/mm?’) in the male stomach; D: The densities of ghrelin-ip cells (cells/mm?) 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”'!, Tn addition, it was found that ghrelin cells express
estrogen receptor o (ERa)”". On the other hand,
Ueyama ef @/ 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™. 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™. 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”” 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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ghrelin concentration was altered by gonadectomy™.
Furthermore, ghrelin cells and aromatase mRNA-
expressing 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™**"; 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!!! whereas another group
reported the opposite results”. 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”, and it
has also been identified in various tissues, including the
stomach™. 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””, 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 vitrd®”. The fact that both long and short forms of the
leptin receptor have been identified in the human and
rat gastric mucosa”™” 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 receptor-
defective Zucket fatty (fa/fa) rats, indicating that leptin
inhibits ghrelin expression via the leptin receptor”’.
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™.

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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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 refeedingw’m. 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®”. In that study, however,
neither the expression level of gastric aromatase nor
the concentration of estrogen in the portal vein was
altered by fasting[zﬂ, 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 fastingmj. 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-wk-
old 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 certain
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
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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.
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Abstract

Neuropeptide Y (NPY) is a potent neurotransmitter
for feeding. Besides NPY, orexigenic neuropeptides
such as agouti-related protein (AgRP), and anorexi-
genic neuropeptides such as o-melatonin stimulating
hormone (MSH) and cocaine-amphetamine-regulated
transcript (CART) are also involved in central feeding
regulation. During fasting, NPY and AgRP gene expres-
sions are up-regulated and POMC and CART gene ex-
pressions 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 mecha-
nism 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. Fast-
ing 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 ex-
pressions of AgRP, CART and POMC in hypothalamus.
Thus, these findings indicated that the compensatory
mechanism involves change in POMC/CART gene ex-
pression in arcuate nucleus (ARC). The POMC/CART
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gene expression is important for central compensatory
regulation in feeding behavior.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

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 syn-
drome and so on, central feeding regulation is an impoz-
tant issue to be clarified™”.

Feeding behavior is regulated strictly by more than
20 appetite-related neuropeptides which are expressed
in feeding center in central hypothalamus“’éq. 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-am-
phetamine-regulated transcript) neurons, which originate
from the arcuate nucleus (ARC) to the paraventricular
nucleus (PVN)P®, The main pathway of two opposite
neuron groups obtain and integrate nutritional informa-
tions, and communicate information regarding nutrient
status and energy stores to the second-order neurons of
feeding regulation in PVNP>, Among these appetite-
related neuropeptides, NPY is the endogenous, strongest
orexigenic neuropeptide and fasting induces the most re-
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markable increase in NPY gene expression in hypothala-
mus, indicating its principal and physiological relevance
in feeding regulation[’%’ﬂ.

We have been studying the regulatory mechanism
of NPY gene expression in hypothalamus, so as to
clucidate the mechanism of feeding-related regulation
of NPY gene expression®'". 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™".

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 recep-
tors are mainly involved in central feeding regulation in
hypothalamic ARC and PVN"*"". NPY-induced marked
induction of feeding behavior intracerebroventricular
(icv) is mediated through mainly Y1 and Y5 receptors
in mammalians™>"". 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 in-
take and adiposity, while NPY-KO mice did not change
the feeding behavior or body weight™*". 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 recep-
tor 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 compensa-
tory mechanism for knockout of NPY system, since
the expression of Y5 receptor is much restricted in the
brain"*"®*". Then we characterized change in the feed-
ing behavior and gene expressions of various appetite-
related neuropeptides in the hypothalamus of the NPY
Y5-KO mice.

FEEDING BEHAVIOR IN WILD-TYPE
C57BL/6N MICE

NPY is the endogenous neuropeptide with most orexi-
genic potency in hypothalamus, and its injection icv or
direct injection into PVN in hypothalamus produces
marked increase in feeding behavior in rodents!> '
Fasting or central glucoprivation evoked by 2-deoxy-
glucose (2DG) induces eating with simultaneous increase
in orexigenic NPY and AgRP gene expressions in ARC,
followed by augmented NPY peptide release!™”. Since
this fasting-induced food intake is significantly inhibited
by selective Y1 or Y5 antagonists, the induction is medi-
ated through Y1 and Y5 receptors (apparently, mainly
through Y1 receptors in mice)">'". This NPY/AgRP
neurons are essential for feeding in adult mice'™”.

In our experiments with male 10-wk-old wild-
type 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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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. °P < 0.05 (unpaired Student's  test).

the concomitant increase in the orexigenic NPY
and AgRP gene expressions and decrease in the an-
orexigenic POMC gene expression in ARC™. RT-
PCR 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 expres-
sions were increased simultaneously and remarkably by
fasting[4’7’sj.

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 converselym’m‘zo]. This
suggested the existence of a compensatory mechanism
other than the NPY system. The existence of multiple

www.wjgnet.com



6314 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol  November 7, 2008  Volume 14  Number 41
60 )
—@— Wild type (male)
—O— Wild type (female)
—W¥— Y5R-KO (male)
—/— Y5R-KO (female)
50
S 40 1T
5
[}
H
=
[}
© 30
20 -
10 | | | | | | | |

0 10 20 30

Age (wk)

40 50 60 70 80
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with those in wild-type (C57BL/6N) mice at the same age (from 11 to 69 wk old). °P < 0.05, °P < 0.01 (unpaired Student’s t test). M: Male; F: Female.

feeding-regulatory systems is very important for the ho-
meostasis of body weight. Therefore, we tried to eluci-
date 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 wild-
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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 pro-
duced obesity of the mice. Next, we measured the fast-
ing (48 h)-induced change in food intake in Y5-KO mice
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Figure 4 Effect of fasting
on appetite-related gene
expression in hypothalamus.
Fasting (48 h)-induced change
in gene expression of appetite-
related genes (A: NPY; B:
AgRP; C: CART; D: POMC)
in Y5-KO mice was measured
in the hypothalamus and
change in signal intensity was
quantitated in panel E at 10
wk old. 3v: Third ventricle;
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proopiomelanocortin.
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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 follow-
ing increase in food intake (Figure 1B). Thus, obesity in
NPY Y5-KO mice is probably due to overeating ad /ibi-
tum 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 Y5-
KO 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
1s not changed in Y5-KO mice, but the obesity in Y5-
KO mice is simply due to increased food intake ad /ibitnm
and on fasting.

CHANGE IN GENE EXPRESSION OF
APPETITE-RELATED PEPTIDES IN
HYPOTHALAMUS

The compensatory feeding behavior might be due to
change in gene expressions of appetite-related neuro-
peptides other than NPY. Therefore, the change in gene
expression of feeding-regulating peptides in hypothala-
mus was investigated, first, when NPY Y5-KO mice
were fed freely. Under ordinary conditions in NPY Y5-
KO mice the NPY and AgRP gene expressions were
diminished probably due to disuse/. 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 pep-
tides 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 orexi-
genic NPY and AgRP gene expressions and decrease
in the anorexigenic POMC gene expression in ARC in
wild-type mice!. 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 behav-
ior (Figure 4). NPY and AgRP gene expressions were
induced by 48 h-fasting more profoundly in NPY Y5-
KO mice than those in wild-type mice (Figure 4A and
B). In contrast, CART and POMC gene expression wete
conversely decreased more markedly by fasting in Y5-KO
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mice. In contrast orexin and MCH (melanin-concentrating
hormone) gene expressions were not changed by fasting
in the mouse hypothalamus (Figure 4E). Thus, the aug-
mentation of fasting-induced feeding behavior in NPY
Y5-KO mice was accompanied by the concomitant fast-
ing-induced changes in NPY/AgRP (both increase) and
POMC/CART (both dectease) gene expression. Because
the NPY system probably dysfunctions in NPY Y5-KO
mice, the concomitant increase in AgRP gene expres-
sion and decrease in POMC and CART gene expression
are the cause of fasting-induced augmentation of feed-
ing behavior in NPY Y5-KO mice. The compensatory
mechanism of feeding is probably due to overfunction of
compensation by POMC and partly CART gene expres-
sions which results in the late-onset obesity in Y5-KO
mice.

CONCLUSION

Feeding behavior and energy balance are regulated in
complicated manner by networks of neurons with clas-
sical 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 obe-
sity has appeared. This is probably due to the compensa-
tory change in POMC gene expression. At present the
mechanism of compensatory change in POMC/AgRP
gene expression is still unknown, and remains to be clari-
fied. 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'**",

The investigation about the regulation of NPY,
AgRP and POMC gene expression in hypothalamic nu-
clei is useful for elucidation of central feeding regulation
and also for development of novel anti-obesity drugs in
future.
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Abstract

Three peptides, ghrelin, des-acyl ghrelin and obestatin
are derived from a common prohormone, preproghre-
lin by posttranslational processing, originating from
endocrine cells in the stomach. To examine the effects
of these peptides, we applied the manometric mea-
surement of gastrointestinal motility in freely moving
conscious rat models. Ghrelin exerts stimulatory ef-
fects 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 ani-
mals. 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 affer-
ent pathways might be involved in the action of ghre-
lin, 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.
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INTRODUCTION

Ghrelin, des-acyl ghrelin and obestatin are derived from a
prohormone, preproghrelin by posttranslational process-
ing. Ghrelin was first identified as endogenous ligand for
growth hormone secretagogue receptors (GHS-R) with
O-n-octanoyl acid modification at serine 3 position'".
On the other hand, des-acyl ghrelin has no O-n-octanoyl
acid modification'", Obestatin was predicted to be
formed from preproghelin by a bioinformatic approach”.
Obestatin was initially reported to be endogenous ligand
for orphan G protein-coupled receptor GPR39%; how-
ever, recent studies have found no specific binding of
obestatin to various types of GPR39-expressing cells” ™.
Ghrelin is a potent stimulator of food intake and gastro-
intestinal motility'”, while des-acyl ghrelin exerts opposite
effects on food intake and gastrointestinal motility”’. The
effects of obestatin on food intake and gastrointestinal
motility have been controversial® 'Y, Very recently we have
reported that obestatin exerts inhibitory action on gas-
troduodenal motility in the fed state of conscious rats¥,
Previous studies have shown that food intake and gastro-
duodenal motility are tightly related. For example, feeding
stimulatory peptides such as NPY and ghrelin stimulate
gastroduodenal motility“S’m, while feeding inhibitory
peptides such as CRF and urocortin inhibit the gastroduo-
denal motility""”. 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"” (Figure 1A). This
model permits the measurement of gastrointestinal mo-
tility in animals in the physiological fed and fasted states
by a manometric method"”. 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 Ill-like contractions) (Figure 1B). The
frequency of the onset of phase Ill-like contractions was
5.3+ 0.5/h (#n = 6) in the antrum and 5.6 £ 0.8/h (# = 6)
in the duodenum!. After food intake, such fasted motor
pattern was disrupted and replaced by a fed motor pat-
tern, which consisted of irregular contractions of high
trequency (Figure 1B). The fed pattern continued for 85.7
+ 6.8 min (# = 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!?.

GHRELIN AND GASTRODUODENAL
MOTILITY

Intracerebroventricular (icv) and intravenous (iv) injection
of ghrelin stimulated the % motor index (%MI) in the an-
trum and induced the fasted motor activity in the duode-
num when given in the fed state of animals"® (Figure 2A).
Icv and iv injection of ghrelin increased the frequency of
phase Ill-like contractions in both antrum and duodenum
when given in the fasted state of animals'®. 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"” (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 Ill-like contractions in both
antrum and duodenum!®. Immunoneutralization of NPY
in the brain blocked the stimulatory effects of ghrelin on
the gastroduodenal motility'” (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 IlI-like
contractions in the duodenum of normal rats, and Y2 and
Y4 receptor agonists induced the phase Ill-like contrac-
tions in the duodenum when given in the fed state of
animals"”. 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 vagot-
omy, ghrelin might be primarily involved in the regulation
of fasted molility through GHS-R on the stomach and
duodenum.
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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 hu-
man motilin, and human ghrelin receptors exhibit a 50%
identity with human motilin receptors'™. Therefore, the
role of ghrelin in the gastrointestinal motility is compa-
rable with that of motilin"”™*, Motilin originates from
the endocrine cells in the duodenum'”, while ghrelin
originates from the endocrine cells in the stomach®",
both of them are involved in the regulation of phase III
contractions in the gastrointestinal tracts. Motilin induc-
es fasted motility in the stomach and duodenum when
it is given peripherally, but not when given centrally”**,
while ghrelin induces fasted motility in the duodenum
when it is given both peripherally and centrally"®. Since
it is known that gastric acidification modulates the action
of motilin®™, we examined the relationship between the
effects of ghrelin on gastroduodenal motility and intra-
gastric 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 intra-
gastric pH (pH 5.4 * 0.6) within 60 min after feeding, or
by pretreatment of famotidine (intragastric pH 6.0-6.7)"".
These results suggest that the sensitivity of the GHS-R
in the gastrointestinal tract might be inhibited by low in-
tragastric pH.

DES-ACYL GHRELIN AND GASTRODUO-
DENAL MOTILITY

Central and peripheral administration of des-acyl ghre-
lin has been shown to significantly decrease food intake
in food-deprived mice and decrease gastric emptying'®.

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 nontrans-
genic littermates'. In rats, des-acyl ghrelin injected in-
traperitoneally (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!”.

Icv and iv injections of des-acyl ghrelin disrupted
fasted motility in the antrum, but not in the duodenum'”
(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, respectivelym. However icv and
iv injections of des-acyl ghrelin did not alter fed motor
activity in both the antrum and duodenum’ (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 IlI-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. °P < 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 Il-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. “P < 0.01, P < 0.001 compared with a.

treatment did not alter the disruptive effect of iv injec- These results were consistent with electrophysiological

tion of des-acyl ghrelin on fasted motility in the antrum!”. studies, which showed that peripheral administration of

www.wjgnet.com



Fujimiya M et a/. Ghrelin, des-acyl ghrelin and obstatin and GI motility 6323

ghrelin suppressed firing of the vagal afferent pathways,
whereas des-acyl ghrelin had no effect on vagal afferent
pathways”". Difference in the involvement of vagal affer-
ent pathways in the action of ghrelin and des-acy ghrelin
was confirmed by c-Ios expression in the NTS. Ip injec-
tion of ghrelin significantly increased the density of c-Fos-
positive cells in the NTS (Figure 2D), while ip injection of
des-acyl ghrelin induced no change in the density of c-Fos-
positive cells in the NTS compated with vehicle-injected
controls” (Figure 4B). Taken together, these results sug-
gest 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
petipherally administered des-acyl ghrelin on gastric mo-
tility” (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 regulat-
ing food intake and peripheral functions such as gastric
acid secretion or gastric emptying. CRF is a relatively se-
lective ligand for CRF type 1 receptor, whereas urocortin
is a ligand more selective for CRF type 2 receptor™?”,
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 con-
trols”! (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 »zz CRF type 2 receptor in the
brain (Figure 3).

OBESTATIN AND GASTRODUODENAL
MOTILITY

Zhang et al” 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 gas-
trointestinal motility have remained controversial®',
Most of the previous studies which showed the nega-
tive 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 mea-
sured the time taken to the initiation of phase [-like
contractions in the antrum and duodenum of conscious
rats" .

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!'". 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 duo-
denum! (Figure 5A). Such inhibitory actions were the

opposite of those obtained with ghrelin[m]. The results

showed that the inhibitory action of obestatin appeared
30-90 min after iv injection? (Figure 5A), which is con-
sistent with the timing of the effects of iv injection of
ghrelin (approximately 30 min) on gastroduodenal motil-
ity!"! (Figure 2A). Iv injection of obestatin induced a sig-
nificant increase in the number of c-Fos-positive cells in
the PVN compared to saline-injected controls™ (Figure
5B). Immunofluorescence overlap staining showed that
the PVN neurons activated by iv injection of obestatin
contain CRF or urocortin 21" (Figure 5B). The involve-
ment of CRF type 1 and type 2 receptors in the action
of obestatin on the gastroduodenal motility was exam-
ined"”. Results showed that the inhibitory action of
v 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 medi-
ate the action of peripherally injected obestatin on gas-
troduodenal rnotilityM (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"", These results suggest that vagal affer-
ent 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*. 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 "*I-labeled obestatin from the blood to the
brain®”. Therefore, the lack of effects of obestatin on
antral motility during capsaicin treatment might be ex-
plained 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"”. We found that
obestatin failed to antagonize the ability of ghrelin ei-
ther to stimulate the %MI in the antrum or to accelerate
the initiation of fasted motility in the duodenum when
administrated in the fed state!'”. These results were con-
sistent with previous studies in which obestatin failed
to antagonize the ability of ghrelin to stimulate gastric
emptying or to shorten the MMC cycle time'®,

GPR39 was initially proposed as the receptor for
obestatin'”, and GPR39 expression has been detected in
peripheral organs such as the duodenum and kidney, but
not in the pituitary or hypothalamus™. 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 receptor-
expressing cells®**. Nevertheless, although binding of
obestatin to the receptor GPR39 remains controversial,
the functional effect of obestatin on gastrointestinal mo-
tility has been clearly demonstrated in our study.

In conclusion, our study indicates that obestatin in-
hibits gastroduodenal motility in the fed state, but not in
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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 II-like
contractions and injection of obestatin in the duodenum. °P < 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 Ill-like contractions in the duodenum induced by iv injection
of obestatin is also reversed by icv injection of NBI-27914 and antisauvagine-30. °P < 0.05, P < 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 typel 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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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 primar-
ily 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 lym-
phoid tissue lymphoma. H pylori eradication is related
to body weight change. Compared, A 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 4 pylori infected sub-
jects than in A pylori-negative controls. Plasma ghrelin
concentration decreases with the progression of gastric
atrophy. Impaired gastric ghrelin production in associa-
tion with atrophic gastritis induced by A pyfori infection
accounts for the decrease in plasma ghrelin concentra-
tion. 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 re-
sult 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 be-
fore and after A pylori cure are not associated with the
gastric ghrelin production. Plasma ghrelin changes are
inversely correlated with both body weight change and

initial plasma ghrelin levels.
© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Ghrelin, a 28 amino acid peptide isolated from rat and
human stomach, possesses strong growth hormone-
releasing activity and plays central as well as peripheral
roles in food intake, gastric motility, and acid secre-
tion""”. Ghrelin has been shown to evoke weight gain
by actions in the hypothalamusm. Plasma ghrelin con-
centrations rise before meals and fall after meals. This
peptide also contributes to the regulation of both so-
matic growth and adipose tissue mass, and is therefore, a
short-term, meal-related orexigen as well as a long-term
regulator of body WeightH’SJ. Circulating ghrelin con-
centrations in newborns are not associated with gender,
body weight, or hormonal parameterlﬁj. In children and
adults, however, plasma ghrelin concentrations are lower
in obese subjects compared with those with normal
body weight and lean subjects'’. The decrease of plasma
ghrelin concentrations appears to compensate for the
positive energy balance in obese individuals'.

SOURCES OF GHRELIN AND HELICO-
BACTER PYLORI (H PYLORI) INFECTION

Ghrelin is predominantly produced by the stomach'
whereas substantially lower amounts are derived from
bowel”, pituitary, kidney, placenta, hypothalamusm,
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
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surprisingly reduced only by 65%".

The gastric ghrelin is produced in X/A like-cells of
enteroendoctine cells/oxyntic glands in the mammalian
gastric mucosa’. Thus, there exists the possibility that
chronic persistent damage of the gastric mucosa, such as
chronic gastritis, might affect ghrelin production, lead-
ing 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!"**?,
Morte 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
1s an intriguing question whether H pylori infection af-
fects gastric ghrelin production and consequently alters
plasma ghrelin concentration.

RELATIONSHIP BETWEEN PLASMA
GHRELIN LEVELS AND BODY MASS
INDEX IN H PYLORI/ INFECTED PATIENTS

In determining whether ghrelin is involved in long-term
energy homeostasis, several studies have found that cit-
culating ghrelin is elevated in individuals with anorexia
nervosa', reduced in obesity!”>'"¥ and normalized with
weight gainm 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 stud-
ies examining anorexia nervosa and obesity. In H pylori-
infected subjects, however, the correlation between BMI
and circulating ghrelin levels was weak!"™"!. This sug-
gested that H pylori infection could affect plasma ghrelin
levels strongly.

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'" reported that plasma ghrelin concentrations in-
creased after the eradication of H pylori. On the contrary,
Gokeel ez al"™ reported that H pylori infection has no ef-
fect on plasma ghrelin levels. Although the relationship
between H pylori infection and plasma ghrelin concentra-
tions had been still controversial in Western countries,
Japanese investigators revealed the effects of H pylori
infection on plasma ghrelin concentrations”"". The di-
rect relationship between H pylori infection and gastric
ghrelin production, which could influence plasma ghrelin
concentrations, have been demonstrated. Osawa ¢f al'
and Tatsuguchi ¢z a/'" 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

Several investigators clarified the effect of H pylori
infection on plasma ghrelin levels. Plasma ghrelin con-
centrations were significantly lower in H pylori-positive
patients than in H pylori-negative controls!™'*""), Tts
level is obviously independent of sex and BMI and
varied among H pylori infected subjects even with
same BMI". Mean plasma ghrelin levels in H pylori-
positive subjects remain two-third of those of H pylori-
negative subjectsm]. In addition to several clinical
factors including BMI, food intake, and serum insu-
lin levels™" H pylori infection is also another deter-
minant of plasma ghrelin levels as well as body mass

index.

EXPRESSION LEVELS OF GASTRIC
GHRELIN ARE LOWER IN H PYLORI-
POSITIVE SUBJECTS

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"*". 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!”.
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",

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"”. 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"”.
Furthermore, the numbers of ghrelin-positive cells in
the gastric mucosa fell significantly in accompaniment to
the decrease in plasma ghrelin concentrations in H pylori-
positive subjects[m’w]. 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 PYLORI-
POSITIVE SUBJECTS

Since H pylori infection first induces gastric atrophy in its
pathological course, it is important to clarify the associa-
tion 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 nega-
tive association between plasma ghrelin concentration
and gastric atrophy grade“s’m‘m. Moreover, activity and to-
pography of gastritis affects circulating ghrelin levels'.
Histological severity of mononuclear cell infiltration and
glandular atrophy of the corpus significantly influenced
the expression levels of ghrelin mRNA, its peptide con-
tents 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 cor-
related with serum pepsinogen I concentration as well as
pepsinogen I /11 ratio. Pepsinogen I and pepsinogen 1
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 Il is
present in the gastric antrum. A pepsinogen I /I ratio
< 3 is considered to be a reliable marker for severe atro-
phic gastritis™. Serum levels of pepsinogen I as well as
the ratio of pepsinogen I /1 fell significantly as plasma
ghrelin concentrations decreased, indicating the positive
association between plasma ghrelin and pepsinogen I
concentrations as well as pepsinogen I /1 ratios in
H pylori-positive patients'"”. Collectively, these results
reveal that plasma ghrelin concentrations are associ-
ated with the progression of gastric atrophy. Although
geographical differences in the prevalence of atrophic
gastritis in Asians and Westerners would require addi-
tional 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 ez a/* reported that serum ghrelin levels are
negatively affected by autoimmune gastritis as well as by
H pylori associated gastritis, and represent the most sensi-
tive and specific noninvasive markers for selecting those
patients at high risk for having gastric damage. Of par-
ticular interest is the fact that the measurement of serum
ghrelin levels is superior to that of pepsinogenI /1
ratio and serum gastrin to predict gastric damage.

STOMACH REGULATES ENERGY
BALANCE V/A ACYLATED GHRELIN AND
DESACYLATED GHRELIN

It is known that ghrelin circulates in two different forms:

the so-called acylated ghrelin, octanoylated, in serine
3, and the so-called desacylated, without the octanoyl
group®. This latter form is dramatically less potent on
the GHS-receptor than the acylated form™. Acylated
ghrelin is involved in the regulation of GH secretion,
energy balance, gastrointestinal motility, cardiac perfor-
mance, and anxiety[g]. Administered acylated ghrelin in-
duces body weight gain and adiposity by promoting food
intake and decreasing fat use or energy expenditurem. In
contrast to acylated ghrelin, desacylated ghrelin induces
a negative energy balance by decreasing food intake and
delaying gastric emptying”’. The effect is mediated via
the hypothalamus. Although derived from the same pre-
cursor, the inverse effects of these two peptides suggest
that the stomach might be involved as an endoctine or-
gan 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 pa-
tients with gastric atrophy secondary to H pylori infec-
tion, and the levels are related to the degree of atrophy.
These finding might be explained by the loss of ghrelin-
producing cells caused by inflammatory and/or atrophic
changes. Campana ef a/*” reported that plasma acylated
ghrelin levels were higher in patients with chronic atro-
phic gastritis than in healthy subjects. This opposite ten-
dency compared to total plasma ghrelin concentration
may result from the compensatory increase in plasma
active ghrelin concentration in response to gastric atro-
phy. 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 in-
crease in serum gastrin levels. Both the increase in acyl-
ated 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 in-
cluding gastric ulcer and chronic gastritis. It is an in-
triguing question whether lower plasma ghrelin level in
H pylori-infected patients affects gastric mucosa. Sibilia
et al” reported that ghrelin protects against ethanol-
induced gastric ulcers in rats. Similarly, Konturek ez al™
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 gastroprotec-
tive 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 prob-
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Eradication of H pylori has been a standard therapy for % 50

peptic ulcer disease!'™'" and improves gastritis"). Much £

attention has recently been directed to the relationship S -100

between obesity and H pylori infection. Several stud- g -150

ies showed that H pylori infection is inversely related to & -200

obesity. For example, Wu ¢z a’" reported that the sero-
positivity of H pylori infection was significantly lower
in morbid obesity patients. Furuta ez a/*” 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™. This hypothesis states that an in-
crease 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" .
As ghrelin is a body weight regulating peptide, much at-
tention has been paid to the nutritional status and the
dynamics of gastric and plasma ghrelin in response to
H pylori infection®". In this respect, Nwokolo ez al'”
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 ez a/”" 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[l()]. However, their reports suggested that plas-
ma 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 posi-
tive 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™. In fact, plasma
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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 Weightm. Therefore, it has been proposedm 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 con-
centration was reported in 134 Japanese patientsm. Inter-
estingly, mean plasma ghrelin concentrations decreased
significantly from 120 fmol/mlL before H pylori eradica-
tion 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 po-
tential 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 rela-
tionship 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 ez a/'” reported that ghrelin immuno-
reactive cells increase in the gastric mucosa after H pylori
eradication irrespective of the recovery of glandular
atrophy. Osawa ¢# al”” 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 produc-
ing 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™
reported that atrophy can diminish or even disappeat,
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 ¢ al”’! compared gas-
tric preproghrelin mRNA expression levels before and
12 wk after treatment using the corpus mucosa. Median
preproghrelin mRNA expression was increased neatly
4-fold after H pylori cure. Preproghrelin mRNA expres-
sion was also increased in the antral mucosa. No correla-
tion was observed between the changes in plasma ghre-
lin and those of gastric preproghrelin mRNA or ghrelin
positive cells after F pylori cure. Similarly, Isomoto ef al”"
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 influ-
enced by body weight change®®”. The question as to
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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"”. Figure 2 showed clearly that
the change in plasma ghrelin is inversely correlated with
body weight change after H pylori cure®”. 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 ra-
cial difference of enrolled subjects may account for the
discrepancy. In this respect, Asians including Japanese
are more prone to central adiposity than are white indi-
viduals™”. 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””. 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 ini-
tial 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
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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 popu-
lation.

CONCLUSION

Plasma ghrelin concentrations are influenced by the pres-
ence of chronic gastritis in association with H pylori infec-
tion. The decrease in gastric ghrelin production accounts
for lower concentrations of plasma ghrelin in H pylori-
positive 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 predic-
tive 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-in-
duced acid secretion in the study by Masuda et a/, 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.
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GHRELIN AND THE REGULATION OF
GASTRIC ACID SECRETION

Ghrelin, a novel growth-hormone-releasing peptide,
was originally isolated from rat and human stomachs'
and was demonstrated to localize in the endocrine cells
of the stomach and hypothalamus[l’z]. 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 cen-

(391" Ghrelin has also positive cardiovascular effects.

trally
In humans, infusion of ghrelin decreases systemic vas-
cular 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 se-
cretion of gastric acid when administered peripherally
or centrallym’“]. As ghrelin has such multiple actions on
many organs, physiological roles of ghrelin /» 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“”"m. When ghrelin
was administered peripherally, ghrelin induced c-fos ex-
pression in the neurons of the arcuate nucleus of rats!'?.
However, ghrelin did not induce c-fos expression in the
neuron in both capsaicin-treated rats and vagotomized
rats!'?. The effects of ghrelin on feeding were also abol-
ished with capsaisin treatment and vagotomy'”. 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 ghrehnm]. Masuda and co-
workers indicated that the action of ghrelin on the secre-
tion of gastric acid was abolished by the pretreatment
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with atropine or bilateral cervical Vagotomy[m]. 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 ghre-
lin"", 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)[“]. Taken
together, these results suggest that vagal nerve plays im-
portant roles in the action of ghrelin on the secretion of
gastric acid.

GHRELIN AND HISTAMINE RELEASE

As dictated above, ghrelin stimulates the secretion of
gastric acid"”"". The mechanism for the action of ghrelin
on acid secretion was also demonstrated that the vagal
nerve was involved in the action of ghre]jn[m’“]. 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!” and in
the stimulation by the distenstion of stomach!™. Vagal
nerve has stimulatory and inhibitory actions on acid
secretion™” and it contains and releases several neu-
rotransmitters such as acetylcholine!'”, gastrin-releaseing
peptide (GRP)" substance P"”. Calcitonin gene-related
peptide!” and pituitary adenylate cyclase activating pep-
tide (PACAP)™. Among these, GRP has a stimulatory
action on gastrin release from G cells”. Gastrin released
by GRP stimulation is the most important physiologi-
cal secretagogue and it has a primary role in postpran-
dial acid secretion”™. Gastrin stimulates acid secretion
via enterochromaffin-like cells (ECL cell)®. Another
transmitter, PACA, was also found to increase histamine
release from ECL cell”. PACAP-immunoreactive nerve
fibers are abundant in the gastric mucosa of both rat
and humans™ and gastric ECL cells possesses PACAP
receptors(PAC1)*?. Gastrin is now known as major
stimulant of histamine release from gastric ECL cells”".
Histamine released from ECL cells acts on parietal cells
through H, receptor[zs]. It was indicated that the activa-
tion of vagal nerve induced an increase in histamine
release from gastric mucosa’. 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 ez al"”" 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 secte-
tion"”. Tthe mechanism that was demonstrated by Masuda
seemed to requite further investigation, because the vagal
stimulation™ ] as well as transmitter PACAP, is known to
increase release of histamine from ECL cells™. Therefore,
if ghrelin administration stimulates the vagal nerve, an in-
crease in histamine release would consequently occur.

Previously we attempted to clarify whether histamine
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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 pg/kg) in gastric lumen perfused rats; B: Time course
of acid output by IV administration of gastrin (0.8, 8, 13.2 and 20 pg/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®™.

is involved in the action of ghrelin®”. In our study, ghrelin
(0.8-20 pg/kg) dose-dependently increased gastric acid se-
cretion and the action of ghrelin (20 ug/kg, 6 X 10" mol/
kg) on acid secretion was almost as efficient as that of
gastrin (20 pg/kg, 9.2 X 107 mol/kg) (Figure 1) ™. The
study demonstrated that vagotomy abolished the increase
in acid secretion by ghrelin administration (Figure 2)"”
and also that famotidine completely inhibited the stimula-
tory action of ghrelin . Furthermore, administration of
ghrelin significantly increased HDC mRNA concentration
of gastric mucosa (Figure 3) ™. Vagotomy also abolished
the increase in HDC mRNA by ghrelin administration
(Figure 4) ™. Furthermore, in the study, isolated vascular-
ly-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
ug/10 min) increased histamine release, ghrelin (5 pg/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



6336 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol

November 7, 2008 Volume 14  Number 41

30

Ghrelin 20 ug/kg Ghrelin 20 ug/kg

g 25 -
n Vagotomy
S i
lon
w
| |
3
g 10 -
o
2 L
2 5
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6
t/h

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 pg/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®.

consequently induces the stimulation of parietal cells.

The reason that Masuda ¢/ @/ 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 ¢# 2/ and
those used in our study. We administered ghrelin intrave-
nously, while Matsuda ¢f @/ administered ghrelin subcuta-
neously. 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™, and to play an important roles in in-
creasing postprandial acid secretion™, and to exert activ-
ity on ECL cells”. Tt 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™. On the
other hand, ghrelin is released during fasting period,
and food intake suppresses its release”™. As vagotomy
completely abolished ghrelin-induced acid secretion and
HDC mRNA production, ghrelin is thought to induce
histamine release »zz vagal nerve activation, consequently
resulting in increased acid sectretion by parietal cells. Ac-
cordingly the mechanism for the secretion of ghrelin ap-
pears 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 ¢ 2/ have shown that IV adminis-
tration of gastrin induced transient increases of ghrelin
levels within 10 minutes and that simultaneous adminis-
tration of both gastrin and ghrelin resulted in a synergistic
increase of gastric acid secretion in rat””. They supposed
that gastrin may directly stimulate ghrelin release and both
hormones may increase gastric acid secretion synergisti-
cally™. 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 pg/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. °P <
0.01. Reprinted with permission™.
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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 pg/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®”.

the vagal nerve™. 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 oc-
curs in subjects with Hp infection that induces hypergas-
trinemia 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[()’u]. Ghrelin administered IV induced
Fos expression only in the neurons of the arcuate nu-
cleus of the hypothalamus in rats'"”. 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™'".
The hypothalamus is known to be the center for hunger
and satiety[%]. In particular, the arcuate nucleus of the
hypothalamus is activated by ghrelin administration and
this region is known to have important role in control-
ling food intake relating to the action of leptin[37]. Date
et al' 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 injec-
tion of NPY into cerebral ventricles or directly into the
hypothalamus of rats potently stimulates food intake".
Therefore, the activation of NPY neuron in the arcu-
ate 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'”. Date e o™ suggested that
the gastric vagal afferent nerve, which is capsaicin sensi-
tive, 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 mecha-
nism for the action on the secretion of gastric acid
when ghrelin is administered [V. On the other hand, as
described above, DMX, NTS and several nuclei of the
brain are apparently activated by ICV administration of
1 "As DMX has been demonstrated to relate to
the secretion of gastric acid, the activation of DMX may

ghrelin

be related to the central nervous system mechanism for
the action of ghrelin on acid secretion. Furthermore, va-
gotomy also abolished the stimulatory effect of ICV ad-
ministration of ghrelin on acid secretion, thus the vagal
efferent may also be involved in the action of cerebral
ghrelin[ll]

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[m’m, 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 effer-
ent nerve, and the results of our previous study dem-
onstrated 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 hy-
pothesis based on the results of our study is that periph-
eral 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

of NO synthesis has been indicated™”. Bilgin ez al re-
ported that ghrelin stimulates the secretion of gastric
acid through NO as a mediator, because acid secretion
induced by ghrelin administration was inhibited by ap-
plying 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®”. As NO in-
creases 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 secre-
tion of ghrelin with that of gastrin, the secretion of gas-
trin is induced by food intake™, while the secretion of
ghrelin is increased during fasting periodm]. As described
above, there are many differences between gastrin and
ghrelin in the actions, their roles may be different. Gas-
trin 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 elu-
cidate the physiological role of ghrelin in acid secretion,
further studies are required.
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Abstract

AIM: To investigate the effect of stable c-Fos over-
expression on immortalized human hepatocyte (IHH)
proliferation.

METHODS: IHHs stably transfected with c-Fos (IHH-
Fos) or an empty vector (IHH-C) were grown in me-
dium 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, to-
tal and phosphorylated GSK-3p and epidermal growth
factor receptor (EGF-R) were assayed by Western blot-
ting. Analysis of Cyc/in 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 [*H]-thymidine incorpora-
tion following serum addition. Cell cycle analysis by

flow cytometry showed that c-Fos accelerated the cell
cycle kinetics. Following serum stimulation, Cyclin D1
was more abundantly expressed in c-Fos overexpress-
ing 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 GSK-
3B, a kinase involved in Cyclin D1 degradation and
higher levels of £GF-R mRNA, and EGF-R protein com-
pared to IHH-C both in serum starved, and in serum
stimulated cells. Abrogation of EGF-R signalling in IHH-
Fos by treatment with AG1478, a specific EGF-R tyro-
sine kinase inhibitor, prevented the phosphorylation of
GSK-3B 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 car-
cinoma.

© 2008 The WIG Press. All rights reserved.

Key words: c-Fos; Cyclin D1; GSK-3; Cell growth; Cell
cycle; Hepatoma; Epidermal growth factor

Peer reviewer: Adrian G Cummins, PhD, Department of
Gastroenterology and Hepatology, (DX 465384), 28 Woodville
Road, Woodville South, South Australia 5011, Australia

Giller M, Toualbi-Abed K, Legrand A, Michel L, Mauviel
A, Bernuau D, Daniel F. c-Fos overexpression increases the
proliferation of human hepatocytes by stabilizing nuclear Cyclin
D1. World J Gastroenterol 2008; 14(41): 6339-6346 Available
from: URL: http://www.wjgnet.com/1007-9327/14/6339.asp
DOTI: http://dx.doi.org/10.3748/wjg.14.6339

INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon 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
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all cause disruptions in signal transduction cascades lead-
ing to abnormalities in gene expression.

The proto-oncogene ¢-fos is an important member
of the activating protein 1 (AP-1) transcription factor
involved in major cellular functions such as transforma-
tion, proliferation, differentiation and apoptosis“’z]. Such
a large variety of functions is achieved by the combina-
tion of different Jun (c-Jun, JunB or JunD) and Fos (c-
Fos, FosB, AfosB, Fra-1, Fra-2) family members forming
various AP-1 homo and heterodimers. ¢fos is an immedi-
ate early gene whose expression is rapidly and transiently
induced after mitogenic stimulation”. The role of c-Fos
in cell proliferation and transformation remains contro-
versial. c-Fos is required during all phases of the cell cycle
in exponentially growing cells and is a potent inducer of
cell pro]iferationm. However, some studies have suggested

that c-Fos poorly contributes to proliferation[s]

, was totally
dispensable for or even down-regulated, cell growthp’gl.
Overexpression of c-Fos leads to morphological transfor-
mation of fibroblasts™" and to osteosarcoma formation
1 Apart from one study describing a
negative role for c-Fos in hepatocellular turnorigenesis[gl,
several reports rather support a potential positive role for

c-Fos in this process. High expression levels of c-Fos were

in transgenic mice

determined in tumour tissue compared to the adjacent
non-tumour liver in human HCC™™, as well as in several
models of HCC in rodents"*"". A recent study in humans
identified a subtype of HCC sharing gene expression pat-
terns with foetal hepatoblasts which can be distinguished
from another HCC subtype closer to adult hepatocytes'”.
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 methyla-
s increased in human tumour cells and in HCCs®',
Despite these studies showing that c-Fos overexpression

tion’

might be an important step towards the development of
liver cancer, its precise role in hepatocarcinogenesis re-
mains ill-defined.

In order to clarify c-Fos implication in hepatocar-
cinogenesis, 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 de-
scribed 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 re-
agents were AG1478 (Calbiochem, San Diego, CA) and
cycloheximide (CHX) (Euromedex, Souffelweyersheim,
France).

www.wjgnet.com

Generation of stably transfected cells

The human ¢fos cDNA was inserted into the cytomega-
lovirus driven pClneo expression vector (Promega,
Charbonnieres, France) containing a neomycin resistance
gene to obtain the pClneo-¢fos vector. Cells were stably
transfected by electroporation (230V, 960 pF) in PBS-
Hepes Buffer 10 mmol/L, pH 7.4 with the empty vector
(pClneo) or with pClneo-¢fos. Two days post-transfec-
tion, stable clones were selected in media containing 500
ug/mL of G418 (Invitrogen). The resistant clones wete
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 X 10°
per well in six-well plates, and cultured in low serum (1%
FCS) conditions for 5 d. Triplicate cultures were tryp-
sinized and diluted in an equal volume of trypan blue
solution (Invitrogen). Viable cells were counted daily in a
haemocytometer counting chamber.

[*H]-thymidine incorporation

DNA synthesis was determined by measuring ["H]-
thymidine incorporation. Cells were plated onto 24-well
plates at a density of 1.0 X 10° cells/well in quadruplets.
Cells were serum deprived for 24 h, and serum stimu-
lated in culture media containing 1.5 pCi/mL tritiated
thymidine ("H]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°C.
[’H]dT incorporated into the DNA was measured using
liquid scintillation counting.

Flow cytometry

DNA cell cycle analysis was measured by 5-bromode-
oxyuridine (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 ex-
periments. Cells plated at a density of 5 X 10’ per 6-cm
dish were serum starved for 24 h, serum stimulated for
12 h and stained with BrdU (30 pg/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 HCI
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). La-
beled cells were washed and resuspended in PBS contain-
ing propidium iodide (10 pg/mlL) for 30 min prior to

flow cytometric analysis.

Western blot analysis

Nuclear proteins were extracted as described”. Total
proteins wete extracted with lysis buffer [1% (v/v) SDS,
1 mmol/L Na,VO,, 10 mmol/L Ttis pH 7.4, 1% ben-
zonase) 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: [°H] 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 [°H] thymidine for 4 h. DNA was extracted
as described in materials and methods, and [*H] thymidine incorporation into DNA was assessed by scintillation counting. Results are expressed as percentage of
increase of [°H] 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°C. Equal quantities of nuclear proteins
were fractionated on a SDS-polyacrylamide gel and
transferred onto nitrocellulose membranes by electrob-
lotting. The antibodies used in this study were as follows:
c-Fos, Cyclin D1, Cyclin E, Cyclin A, cdk2, cdk4, cdk6,
p15, pl6, p21, p27 and EGF-R (Santa Cruz Biotechnol-
ogy, Santa Cruz, CA), GSK3[ (Affinity BioReagents,
Golden, CO), Phospho-GSK3f (Serine9) (Abcam, Paris,
France). Immunoreactive bands were visualized using
the ECL kit (Amersham BioSciences, Saclay, France) ac-
cording to the manufacturet's instructions.

Reverse transcription-polymerase chain reaction (RT-
PCR) and real-time quantitative PCR analysis

mRNA was isolated from cells by Nucleospin RNA
IT kit (Macherey-Nagel, Hoerdt, France) following the
manufacturer’s instructions. RNA (1 pg) was reverse
transcribed using ThermoScriptTM RT-PCR System (In-
vitrogen, Cergy-Pontoise, France). Real-time quantitative
PCR was performed using the following primers: Cyclin
D7: 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 AAC, method using ¢yelophilin A (for-
ward: 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 #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 hepato-
cyte growth, we carried out growth curve assays. While
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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 [SH]dT incorporation following
4 h serum stimulation of cells deprived of serum for 24 h.
The increase of [SH]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 statisti-
cally significant (P < 0.001) (Figure 1B). To further ana-
lyze 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 percent-
age of cells in the S-phase increased 24 h after serum
stimulation. However, the percentage of cells in the dif-
ferent stages of the cell cycle was comparable in IHH-
Fos and IHH-C (Figure 1C). Cell cycle progression was
measutred 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. Similatly, 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 re-
flects 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 over-
expression increases the growth of exponentially grow-
ing 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 be-
fore and after serum stimulation of IHH-C and ITHH-
Fos 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 fol-
lowing 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 transcrip-
tionally. Interestingly, a similar 2-fold increase in Cyclin
D7 mRNA 2 h following serum stimulation was ob-
served in IHH-Fos and IHH-C, without any significant
differences at any of the time points (Figure 2C), indi-
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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 determined 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 IHH-
Fos (Figure 3), indicating that c-Fos overexpression
correlates with increased stability of nuclear Cyclin D1.

Inactivation of GSK-3 in IHH-Fos contributes to Cyclin
D1 stabilization

Previous studies have indicated that Cyclin D1 degra-
dation is triggered by GSK-3B-induced phosphorylation
on a single threonine residue (Thr-286)*. Of note,
phosphorylated GSK-3f is the inactive form of
the proteinm]. We, therefore, compared the level of
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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 pg/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.

phosphorylated GSK-3f3 between the two cell lines
by Western blot analysis. As shown in Figure 4A, the
levels of GSK3[ 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-3p in IHH-Fos (Figure 4A). Therefore, a decrease
in active GSK-3f in IHH-Fos could be responsible for
the increased stability of nuclear Cyclin D1 after serum
stimulation.

Several signaling pathways are able to induce GSK-
3B 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”". Since the epidermal growth
factor receptor (EGF-R) is a known transcriptional target
of AP-1%?" we tested the hypothesis that overexpression
of EGF-R might contribute to high levels of GSK-3[3
phosphorylation in IHH-Fos. Quantitative RT-PCR analy-
sis 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-3[3
phosphorylation in IHH-Fos cells.

To demonstrate the implication of EGF-R in GSK-
3B-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-3f 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 impoz-
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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 GSK3p. B: Upper panel, detection of EGF-R
mRNA in IHH-C and IHH-Fos by quantitative real time PCR analysis of mMRNA
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 umol/L) for 1 h.
Nuclear proteins were prepared from non stimulated and 8 h serum-stimulated
cells. Phosphorylated and total GSK3p levels were detected by Western blot;
D: Serum-deprived IHH-Fos were pretreated or not with AG1478 (10 umoliL)
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 pg/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
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cell growth under reduced serum 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
progtession 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 im-
mortalized murine hepatocytes™. In this model, c-Fos
conditional expression for 48 h was shown to decrease
cell growth and ["H]dT incorporation of cells grown in
serum-supplemented medium. Besides species differ-
ences (murine 5 human cells), the discrepancy in results
can be explained by the use of very different cellular
models which cannot be compared. The human hepa-
tocytes used in our study were immortalized by SV40
T antigen while murine hepatocytes were immortalized
using truncated c-Met?, Opverexpression of c-Fos in
our model was permanently established as the result of
stable transfection, while in Mikula’s study a c-Fos-estro-
gen receptor fusion protein was expressed for a limited
period (1-3 d) following estradiol treatment of the cul-
¥l Furthermore, the function of the conditionally
expressed c-Fos protein may have been modified, since

tures

gene fusion has been shown to alter the function of Fos
family proteins™,

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 ¢fos gene de-
letion or c-Fos protein overexpression on Cyclin D1
Cyclin EPY or Cyclin AP? 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, nu-
clear Cyclin D1 levels were higher in IHH-Fos compared
to IHH-C 8 h after serum re-feeding, Contrary to previ-
ous reports describing c-Fos as a transcriptional activator
of Cyclin D1"", the higher levels of nuclear Cyclin D1 in
IHH-Fos than in IHH-C wete not due to differences in
transcriptional regulation, but to increased protein stability
in the nucleus. A similar lack of correlation between Cy-
clin D1 mRNA and protein expression has been previous-
Iy described in an 7 vivo experimental model of HCCH.
Our results strongly suggest a mechanism whereby c-Fos
induces nuclear accumulation of Cyclin D1 without af-
fecting the total cellular amount of the protein.

The Cyclin D1 protein is quite unstable, with a half-
life of less than 30 min"". Tt accumulates in the nucleus
during the G1 phase and exits into the cytoplasm during
the S phase. Nuclear export of Cyclin D1, and its subse-
quent ubiquitination and proteolysis, are dependent on
phosphorylation on a single threonine residue (Thr-2806)
performed mainly by GSK—3BW], a protein kinase active
only when dephosphorylated. In contrast to Cyclin D1,
GSK-3p is predominantly cytoplasmic during G1 phase,
but a considerable amount becomes nuclear during S
phase™. We show herein that phosphorylated levels of
nuclear GSK-3f are higher in IHH-Fos than in IHH-C.
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Lower levels of active GSK-3f3 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%77 we tested
the possibility that c-Fos overexpression increases the
activation of the pathways downstream to EGF signal-
ing. EGF-R activates both the PI3K and the mitogen-
activated protein kinase cascades”™, two upstream activa-
tors of GSK-3f3 phosphoryflation[24’3{']. In support of an
involvement of EGF-R signaling in GSK-3f3 inactivation
and nuclear cylin D1 stabilization, we show that IHH-
Fos display increased levels of expression of EGF-K
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 HCCP™ and increased EGF-R
signaling has been associated with a poorer prognosis[m].
c-Fos is also frequently overexpressed in HCC tumoral
tissues” """ Our data, therefore, suggest that a causal
relationship could exist between c-Fos and EGF-R over-
expression in HCC.

Our finding of high levels of nuclear Cyclin D1 as-
sociated 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™. Thus, expression of a Cyclin D1 mutant that
cannot be phosphorylated by GSK-3f, and remains
nuclear throughout the cell cycle is highly transforming
[43]

and induces tumour growth in nude mice

32,44
P24 e also

In accordance with previous reports
found that p27 protein levels were higher in c-Fos over-
expressing cells. It is now well recognized that the family
of p21/p27 proteins plays a dual role in cell cycle regu-
lation. 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 im-
port of these complexes, without inhibiting Cyclin D-as-
sociated kinase activity!” ™. 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 tran-
scription, 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. Im-
portantly, we delineate a new mechanism by which c-Fos
could contribute to hepatocarcinogenesis through stabi-
lization of Cyclin D1 within the nucleus, evoking a new
feature to c-Fos implication in HCC.
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COMMENTS

Background

Human hepatocellular carcinoma (HCC) is the fifth most common cancer in
the world. Among the numerous genes potentially implicated in hepatocarcino-
genesis, the proto-oncogene c-Fos, a member of activating protein 1 (AP-1)
transcription factor is a good candidate. Apart from one study reporting a negative
role for c-Fos in hepatocellular tumorigenesis, several papers rather support a
positive role in this process. High expression levels of c-Fos were determined
in tumor tissue compared to the adjacent non-tumor liver in human HCC. How-
ever, in different cell types or tissues, the role of c-Fos in cell proliferation and/or
transformation remains controversial. This study was designed to determine
whether c-Fos could contribute to hepatocarcinogenesis by increasing cell
proliferation.

Research frontiers

The role of c-Fos on hepatocyte proliferation has never been studied in human
cells, but only in murine hepatocytes. These cells had been immortalized and
stably transfected by c-Fos using different techniques than those reported in the
present study. The authors showed that c-Fos overexpression led to decreased
hepatocyte proliferation. However, these results did not appear consistent with
most studies suggesting a positive role for c-Fos in hepatocarcinogenesis.
Innovations and breakthroughs

This study shows for the first time that c-Fos deregulates hepatocyte prolifera-
tion by stabilizing Cyclin D1 in the nucleus which is a cancer promoting or pre-
disposing event.

Applications

Strategies designed to suppress c-Fos expression in HCC could contribute
reducing hepatocyte proliferation and thereby cancer development.

Terminology

Human immortalized hepatocytes are hepatocytes which have been transfected
by SV40 T antigen, allowing them to proliferate when cultured contrary to nor-
mal hepatocytes. However these immortalized cells are not tumorigenic in vitro
and in vivo.

Peer review
This is an interesting study. Authors investigated the effect of stable c-Fos over-
expression on IHH proliferation.
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Absitract

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
with matured feeding function were isolated. [Ca**]i
was measured to monitore their activities. The time
course of leptin effects on ghrelin-induced versus
orexin-induced [Ca**]i increases in NPY neurons was
studied.

RESULTS: Administration of ghrelin or orexin-A at
10"° mol/L increased cytosolic Ca®* concentration
([Ca**]i) in NPY neurons isolated from the ARC of adult
rats. Upon administration of leptin at 10™*-10™ mol/L,
ghrelin-induced [Ca*']i increases were initially (< 10
min) inhibited but later restored, exhibiting a transient
pattern of inhibition. In contrast, orexin-induced
[Ca®**]i increases were inhibited by leptin in a long-
lasting manner. Furthermore, a prior administration of
leptin inhibited orexin action but not ghrelin action to
increase [Ca**].

CONCLUSION: Leptin counteracted ghrelin effects

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.

© 2008 The WIJG Press. All rights reserved.
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INTRODUCTION

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'. In the ARC, neuropeptide Y (NPY) neurons
that coexpress agouti-related peptide (AgRP) are
mandatory for feeding[z’3], while proopiomelanocortin
(POMC) neurons are essential for satiety'. Orexin-A
and -B (hypocretin-1 and -2) are orexigenic peptidesm
localized in neurons in the lateral hypothalamus (LH)®,
an area implicated in feeding behavior”, Fasting and
lowering glucose concentrations increase prepro-orexin
mRNA level” and cytosolic Ca®" concentration ([Ca”'])
in orexin neurons, suggesting a possible physiological
role of orexins in feeding. Ghrelin is an orexigenic
peptide released predominantly from the stomach™"
and also from the intestine and pancreas 7. 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!™. Orexin levels might also change during a day,
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since this peptide is implicated in regulation of sleep/
wakefulness' . These rhythmic changes in ghrelin and
orexin levels may alter their inputs on the feeding center
and thereby regulate feeding. Both ghrelin[g’m'”] and
orexin" 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 rangell4J
to enter the brain through the blood-brain barrier
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™ Thetefore, 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 [Ca’"]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'”. In the present study, we isolated single
neurons from ARC of adult rats with matured feeding
function and monitored their activities by measuring
[Ca>]i. We studied the time course of leptin effects on
ghrelin-induced »s orexin-induced [Ca®"] increases in
NPY neurons.

and is considered
[19]

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
previouslylm’m 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/mlL 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°C in a shaking water bath,
followed by gentle mechanical trituration for 5-10 min.
After trituration, the cell suspension was centrifuged at
100 X g for 5 min. The pellet was resuspended in HKRB
and distributed on coverslips. The cells were kept at 20°C
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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 [Ca”']: in single neurons of the ARC

At 2 to 10 h after cell preparation, [Ca™]i was measured
by ratiometric fura-2 microfluorometry in combination
with digital imaging as previously reported“(”zﬂ. Briefly,
following incubating with 2 ymol/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°C. 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 [Ca”"]; according to calibration curves. Data
were taken from the cells identified as neurons by the
procedures reported previously'**",

Post-[Ca”]i imaging immunocytochemistry and
identification of NPY neurons

Neurochemical identification of the neurons that
exhibited [Ca”"]s responses were performed according
to the original method” with slight modification"*.
Briefly, the cells were fixed with 4% paraformaldehyde
over night. They were blocked in 10% normal goat
serum (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°C.
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 [Ca*]i and immunocytochemical data,
photographs of all the cells in the microscopic field
subjected to [Ca®")i measurements were taken at the end
of [Ca”"i imaging. Based on these photographs, the cells
in which [Ca®"]i was recorded were correlated with their
corresponding immunocytochemical results.

Criteria for [Ca”]i responses and determination of
response amplitude

Ghrelin, orexin-A and leptin were administered to the
superfusion solution. Amplitudes of [Ca®"]i increases
in response to agents were calculated by subtracting
pre-stimulatory basal [Ca®"i levels from peak [Ca™']i
levels. When increases in [Ca’]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 ghrelin-
induced [Cai increase was decreased to a level of 40%
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Figure 1 Ghrelin- and orexin-induced [Ca™]i increases were suppressed by leptin in a transient or long-lasting manner in NPY neurons. A-D: Ghrelin and
orexin-A at 10" moliL increased [Ca®] in single neurons isolated from the ARC, and these [Ca”] increases were suppressed by administration of leptin at 10™ mol/L
(A, C) and 10™ mol/L (D). Following [Ca®] 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 um. E: Leptin inhibited ghrelin-induced [Ca™} 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 [Ca”'}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 [Ca”] 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 [Ca”']:
increases, and the second challenge to ghrelin or orexin-A
was petformed in the presence of leptin. When the

amplitude of the [Ca’]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 NaHCOs3,
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Figure 2 Leptin suppresses ghrelin-induced and orexin-induced [Ca”]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 umol/L LY294002, an inhibitor for PI3-kinase, interfered with leptin
action to suppress [Ca”]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 [Ca”] increases (C). Preincubation for 30 min with 10 umol/L milrinone, a PDE3 inhibitor, blocked the leptin action to suppress
[Ca®™] responses to ghrelin (D), but not orexin (E). Preincubation for 30 min with 10 umol/L U0126, an inhibitor for MAP-kinase, little affected the leptin action to
suppress orexin-induced [Ca”] increases (F). Preincubation for 30 min with a STAT3 inhibitor peptide at 500 umol/L, did not significantly alter the leptin suppression
of orexin-induced [Ca”']s increases (G). H: The number of neurons whose [Ca”] 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 [Ca™] responses to ghrelin or orexin-A by leptin is expressed by percentage. °P < 0.05, °P < 0.01 vs control. The data regarding ghrelin in H and | were
in part taken from our previous paper””.
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4.7 mmol/L KCI, 1.2 mmol/L KH2PO4, 1.8 mmol/L
CaClz, 1.2 mmol/L MgSOs, and 10 mmol/L N-2-
hydroxyethylpiperazine-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 (7 number of
neurons). Hach study was based on at least 7 neurons
prepared from at least 3 rats. Student’s paired or unpaired
#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 [Ca™]i
increases in NPY neurons
Single neurons isolated from the ARC were superfused

with HKRB and subjected to measurements of [Ca’';
with fura-2 fluorescence imaging. Administration of
ghrelin or orexin-A at 10" mol/L for 40-50 min into
superfusion solutions increased [Ca®]i in a continuous
manner (Figure 1A and B) as reported previously"*'*.
The [Ca’']i increases in response to ghrelin and orexin
took place in an oscillatory manner. The peaks of [Ca”']:
responses to ghrelin [486 + 49 nmol/L (# = 33)] and
orexin-A [433 + 47 nmol/L (» = 27)] were significantly
(P < 0.001) higher than the corresponding basal [Ca™]s
levels prior to administration of the peptides [107 *
12 nmol/L (# = 33) for ghrelin; 110 £ 10 amol/L (» =
27) for orexin).

Both ghrelin-induced (Figure 1A) and orexin-
induced [Ca’"i increases (Figure 1C) were inhibited by
administration of 10" 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’"]i in the ARC NPY neurons confirm previous
reportsmm.
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Leptin inhibits ghrelin-induced [Ca”]i increases
transiently and orexin-A-induced [Ca”]: increases long-
lastingly in NPY neurons

Typical results of the effects of leptin on [Ca®]i
responses to ghrelin and orexin-A are shown in Figure 1;
leptin at 10"* mol/L inhibited ghrelin-induced [Ca”’];
increases in a transient manner (Figure 1A) and orexin-
induced [Ca”"]i increases in a longer-lasting manner (Figure
1C) during the 20 min period of leptin administration.
Among 20 neurons that exhibited [Ca®]i responses to
ghrelin, administration of 10" mol/L leptin inhibited
[Ca®"]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 [C32+]i
responses to orexin, administration of 10" mol/L leptin
inhibited [Ca”"]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" mol/L (Figure 1D). Leptin
at both 10" mol/L and 10" mol/L counteracted ghrelin-
induced [Ca®"]i increases predominantly in a transient
manner and orexin-induced [Ca”] increases mainly in a

long-lasting manner (Figure 1F).

Pretreatment with leptin inhibited orexin-induced, but
not ghrelin-induced, [Ca”]: increases in NPY neurons
The data that leptin inhibited ghrelin-induced [Ca™"]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’"]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 [Ca’"]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
[Ca™]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%0)
(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-ss orexin-
induced [Ca”]i increases could involve different leptin
signaling mechanisms in NPY neurons. Leptin is
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linked to several signaling pathways, which include
phosphatidylinositol 3 (PI3)-kinase and, its downstream
effecter phosphodiesterase 3 (PDE3)™, signal transducer
and activator of transcription 3 (STAT3) P and mitogen-
activated protein (MAP)-kinase™. We have previously
shown that leptin suppresses ghrelin-induced [Ca™ s
increases »ia PI13-kinase- and PDE3-, but not MAP-kinase-
and STAT3-, mediated pathwaym. Therefore, whether
these signaling mechanisms could be involved in the leptin
action to counteract orexin-induced [Ca”’] increases was
examined. Pretreatment with inhibitors for PI3-kinase,
LY294002 (Figure 2A) or wortmannin (data not shown),
blocked the leptin action to suppress [Ca™"]; 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' . In contrast, 1.Y294002 (Figure
2B), wortmannin (Figure 2C) and milrinone (Figure 2E)
failed to significantly affect the leptin suppression of
orexin-induced [Ca’']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 [Ca™"]; responses to orexin in
both the response incidence and amplitude (Figure 2H
and I), the results similar to those reported for ghrelin-

induced [Ca”']i increases!'”.

DISCUSSION

The present data indicate that leptin inhibits ghrelin-
induced [Ca®"]i increases in a transient manner and orexin-
induced [Ca’'i increases in a long-lasting manner. The
transient action of leptin to inhibit ghrelin-induced [Ca™"];
increases is not due to insufficient concentration of leptin,
since leptin at a lower concentration of 10" mol/L is
already maximal in counteracting the ghrelin effect’” and
more specifically in exhibiting the transient inhibitory
property (Figure 1F). Furthermore, the transient property
for leptin inhibition of ghrelin-induced [Ca']i increases
is neither due to excessive concentration of ghrelin,
since the ghrelin concentration of 10" mol/L used in
the present study is close to a maximal, but never supet-
maximal concentration in activating NPY neurons''.
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 [C212+]i responses
to orexin-A in NPY neurons is distinct from that
to ghrelin. The transient action of leptin to inhibit
ghrelin-induced [Ca”]i increases in NPY neurons may
be mediated by the leptin signaling #ia P13-kinase and
PDED3, since the inhibitors for these enzymes block the
leptin action (Figure 2A and D)"". The ghrelin signaling
via the cAMP system could be the target for this leptin
signalingm. On the other hand, the long-lasting action
of leptin to counteract orexin-induced [Ca’"i increases
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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 long-
lastingly inhibit the orexin-stimulated PLC-PKC-IP3
pathway reported previously“s], 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 leptinl14J and
thereby stimulate feeding,

Both ghrelin and orexin have been suggested to be
concerned with obesity and type 2 diabetes”™””. 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 immuno-
suppressive drug used in transplantation in a partially
hepatectomized rat model.

METHODS: CyA was administered to rats that under-
went 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 post-
operative days-1, 3, 7 and 14, the rats were killed to
analyze the serum concentration of CyA, the liver re-
generation ratio, biochemical or histological markers,
and mRNA expression using reverse transcriptase-poly-
merase 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 associ-
ated 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 hepa-
tectomy, which may, therefore, be linked to difficulty in
controlling the optimal dose of CyA during early period
of LDLT.

© 2008 The WIG 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'. During
transplantation, the liver graft is subjected to a variety
of potential hepatic injuries including ischemic injury
associated with organ harvesting 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™. 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 drugs such as calcineurin
inhibitors. The aim of the present study was, therefore,
to investigate the pharmacokinetics of cyclosporin A
(CyA)" and its effect on liver regeneration and metabolic
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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 ¢
(CRJ Charles River Japan, Kanagawa, Japan), were
provided with water, and a standard laboratory diet ad
libitum. All of the studies wete 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” 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 wete selected based
on the results reported by Morii e al”.

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)".

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™ 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-

www.wjgnet.com

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[sl.
The primers used in the present study are listed in Table 1.

Statistical analysis

The data are expressed as the mean = SD (» = 5).
Statistical analyses were performed by unpaired, two
tailed Student’s #-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 activity-
CYP3A2 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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Gene Sequence (57-3’ sense/antisense) Reaction condition Product size Cycles
Denaturation  Annealing Elongation
GAPDH  TTCAACGGCACAGTCAAG 95C,1min  60°C,1min  72°C,2min 240 bp 26
CACACCCATCACAAACAT
CYP3A2  TACTACAAGGGCTTAGGGAG 94°C,1min  60C,1min  72C,2min 348 bp 27
CTTGCCTGTCTCCGCCTCTT
ALB ATACACCCAGAAAGCACCTC 94°C,1min  60°C,1min  72°C,2 min 305 bp 27
CAGAGTGGAAGGTGAAGGTC
300 —— PH, CyA5mg 40 - O PH, CyA () b
a —m— Control, CyA 5 mg B PH, CyA5mg
250 3.5 - W PH, CyA 10 mg
i kel
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s z
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< 150 - a ¥ 25+
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£
= 2.0 ~
& 100 - 0 i
1.5 U L
50 - 0 1 3 7 14
t/d
0
0 1 3 7 14 Figure 3 The effect of CyA on the liver regeneration ratio. The values are
t/d 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
1000 - —<— PH, CyA 10 mg period; however, the rate of liver regeneration was significantly higher than that in
—=— Control, CyA 10 mg the-low CyA group on postoperative day 7. °P < 0.01.
800
NS Marker day 0 day 1 day 3 day 7 day 14
=
E Positive control (462 bp) Product size
(=)}
£ 600 |
<
(®)
S 400! GAPDH 240 bp
Q
(%]
200
CYP3A2 348 bp
0
0 1 3 7 14
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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. *P < 0.05, °P < 0.01.

DISCUSSION

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

ALB 305 bp

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.

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
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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”. 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!”. In the rats after a two thirds
hepatectomy, the whole-organ reduced form of-
cytochrome ¢ 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 ef a/ reported that

www.wjgnet.com

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[m. 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 ef a/ 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!'”. 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™ ",
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 con-
trol 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-nucleo-
tide RNA aptamer (31RA), which formed a high affinity
complex with RTA, against ricin-induced toxicity in cell-
based luciferase translation and cell cytotoxicity assays
were evaluated.

METHODS: To test the therapeutic potential of anti-
RTA aptamers in Chinese hamster ovary (CHO) AA8
cells stably transfected with a tetracycline regulat-
able promoter, ricin ribotoxicity was measured us-
ing luciferase and ricin-induced cytotoxicity was
ascertained by MTS cell proliferation assay with tet-
razolium compound [3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium].

RESULTS: Inhibition of protein synthesis by ricin in
CHO AA8 cells resulted in diminished luciferase activity
and treatment with polyclonal antibody against degly-
cosylated RTA (dgA) neutralized the inhibitory effects
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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 as-
say. 31RA aptamer also partially neutralized the inhibi-
tory 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 cell-
based luciferase and cell cytotoxicity assays. Hence,
RNA aptamer that inhibits RTA enzymatic activity rep-
resents 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 WIG 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'’. Ricin administered
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intragastrically to mice induced villus atrophy and
epithelial damage in the proximal small intestine™. 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®,

Ricin belongs to a group of toxins referred to as ti-
bosome-inactivating proteins (RIPs)"*” and is composed
of two glycoproteins, the A-chain (RTA) and the B-chain
(RTB), linked by a disulfide bond". RTB binds to galac-
tose 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”.
RTA is a ribotoxin that possesses RNA N-glycosidase
activity that disables protein translation by depurinat-
ing a single adenine in the 28 S eukaryotic ribosomal
RNA® which prevents the binding of elongation factor 2,
thereby terminating protein synthesis™"). The irrevers-
ible 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[“’u].
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 7 vitro. A transient cell-based luciferase
assay had been utilized for quantifying protein synthesis
inhibition by bacterial toxins!™. 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 1) 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

GCGAAUUCAGGGGACGUAGCAAUGACUGCC)™
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 65C,
cooled to 25C and incubated at 25°C for 10 min. After
incubation, aptamer and toxin were mixed together
and incubated at 25C 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, RN Asin, amino acid complete mixture, nuclease-
free deionized water, and luciferase mRNA were mixed
together and kept on ice. Five uL of each standard and
treatment group were added to microtiter plate, and
then 25 pL. 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°C. After incubation, 5 pL. of reaction mixture was
transferred to a black microtiter plate and 45 pL 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 X
100] as previously described!”. Statistical analyses were
calculated using Microsoft Excel 7.0 and SigmaPlot™
V3.01. Three separate assays were performed for each
experimental group.

Cell-based luciferase and cytotoxicity assays

Chinese Hamster Ovary AA8 (CHO AAS) 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 AAS8 cells were
cultured in Dulbecco’s modified Eagle’s Medium
(DMEM) supplemented with 10% FBS, penicillin and
streptomycin and incubated at 37°C in a humidified 5%
CO, incubator. Isotype control mouse IgG, anisomycin
and doxycycline were obtained from Sigma-Aldrich.

To suppress luciferase expression, CHO AAS8 cells
were cultured in DMEM containing 10% FBS and
doxycycline (Dox) (1 ug/mL). For the kinetics of
induction of luciferase activity, cells were trypsinized
and seeded at 2 X 10° 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 pug/mL). Equal
amounts of protein (20 pg) 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
LBI6V).

To evaluate the protective effects of anti-dgA Ab
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and 31RA aptamer, 5000 CHO AAS 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 g ricin to 10 pg antibody for 30 min at 37°C
in 5% CO, as previously described"®. The ricin-antibody
mixture was added to CHO AAS cells in triplicate wells.
Prior to use, the 31RA aptamer was heated at 65°C for
3 min and cool at 25°C for 10 min. Vatious dilutions of
the 31RA aptamer were added to ricin and incubated at
37°C for 30-40 min before incubation with cells. Cells
were harvested 24 h after treatment for luciferase assay.

For ricin-induced cytotoxicity assay, CHO AAS8 cells
were seeded in 96-well flat-bottom plates at 5000 cells/
well in 100 yL. DMEM plus 10% FBS and incubated at
37°C 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
AAS 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.

RESULTS

Hale ML 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 RTA-
induced translation inhibition while dose-dependent
protection was observed with a higher dose of RTA
(10 ng/mL) (Figure 1A, lower panel). When preincu-
bated 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 AAS 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"”. First, the kinetics of induction of expression of
the luciferase reporter gene after removal of doxycycline
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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 inctease in luciferase activity
was observed at 3 h after induction and ricin (1 pg/mL)
and anisomycin (10 pg/mL) completely inhibited the
increase in luciferase activity. Treatment of CHO AAS8
cells with increasing concentrations of ricin resulted
in increased inhibition of luciferase activity in a dose-
dependent manner compared to untreated control and
maximal inhibition was obtained with > 0.5 pg/mL ricin
(Figure 2B).
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Figure 2 Cell-based luciferase assay for biological activity of ricin in CHO
AAB8 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 ug/mL) or anisomycin (10
ng/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 ricin-
induced cytotoxicity of RAW 264.7 mouse macrophage
cells and ricin-induced lung injury and lethality"!. CHO
AAS 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 AAS cells using the MTS assay. As
shown in Figure 4A, treatment of CHO AAS8 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 png/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 anti-
dgA 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 AAS cells (Figure 4A). Pretreatment of ricin with
31RA aptamer also neutralized ricin-induced cytotoxicity
in CHO AAS 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 type I Rev also inhibit
viral replication“gl. 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™ it contained all sequences
and structures necessary for interacting with RTA.
This minimal 31-nucleotide RNA formed high affinity
complexes with RTA (K; = 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 1C,, of the aptamer for
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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"”. Here we showed that
31RA aptamer can inhibit ricin ribotoxicity in cell-
free 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 post-
exposure 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 7 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™. 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 anti-
RTA neutralizing antibodies and an anti-RTA RNA
aptamer. Compared to the transient luciferase-based
assay described by Zhao ez a/' 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 luciferase-
based 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 tis-
sue 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 poison-
ing, the discovery of antitoxins is a high priority. Ricin ribotoxicity can be coun-
teracted 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 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 lucif-
erase 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 an-
tidotes for the treatment of ricin intoxication.

Peer review

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

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 pathol-
ogy 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 condi-
tions 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 granu-
lomas may be part of the histological spectrum of
chronic HCV. When epithelioid granulomas are found
on the liver biopsy of someone with HCV, other clini-
cally appropriate studies should be done, but if nothing
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else is found, the clinician can be comfortable with an
HCV association.

© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

Epithelioid granulomas are found in 1%-10% of liver
biopsy specimens'™. 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 associ-
ated with a clinical picture which includes a high alkaline
phosphatase and hepatomegaly; but these features are
frequently absent. A significant percentage of liver bi-
opsies petformed today are for the staging of chronic
hepatitis C. Granulomas have been reported with pos-
sible increased frequency in patients with hepatitis C
with both mild disease as well as in explantsM’S]. It has
been postulated that hepatitis C virus (HCV) may have a
role in granuloma formation'. We decided to undertake
a retrospective review of cases of hepatic granulomas at
our institution during the last decade in order to deter-
mine the most frequent etiologies, and also to determine
if there was an association with HCV.

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
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Diagnosis Number of patients Age (yr) Gender Fibrosis stage Granuloma location Comments
HCV 9 46 Female F3 Portal tract Multiple
Histoplasmosis 4 54 Male F2 Lobule Multiple
Sarcoidosis 3 46 Male F2 Portal tract Single
HIV alone 2 52} Female F1 Diffuse 1 alkaline phos
HCV/HBV 2 51 Female F1 Portal tract Single
HCV/HIV 2 45 Male F1 Lobule Multiple
Mycobacterium avium 2 67 Male F1 Portal tract Multiple, refractile
Primary biliary cirrhosis 2 Crystals
Unknown 2 47 Male F1 Portal tract Multiple
Tuberculosis 1 37 Female F2 Portal tract Single
Coccidiomycosis 1
Cryptococcus 1
HBV 1 . .

T 1 also recorded regarding the patient’s HCV genotype and
Q Fever 1 routine liver tests. The stage of fibrosis based on the
Mucormycosis 1 Batts Ludwig (FO-F4) staging system!" was also noted.
Drug induced 1

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 cate 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 pre-
treatment liver biopsies in chronic HCV. Some of the
results of this study have been published"*"". 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 spe-
cial stains and cultures that were obtained on the speci-
mens. All patients with hepatic granulomas had their
biopsies examined with polarized light for crystalloid
particles[lz]. 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™. Information was

RESULTS

There were a total of 4578 liver biopsies performed at
our institution during this time. There were 36 (0.79%0)
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 per-
formed on their liver biopsies, and only one had a crys-
talloid 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 gran-
ulomas 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 as-
ymptomatic patient with mild elevation of ALT that had
a staging liver biopsy. The granulomas were present in the
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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, x 40).

portal area in 6 patients, the hepatic lobule in 2 patients,
and diffusely in both the portal tract and lobule in one pa-
tient. 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
polatized light had multiple portal granulomas.

DISCUSSION

We found granulomas in less than 1% of our liver biop-
sies. Other reports have found granulomas in up to 10%
of liver biopsies' . The frequency of detection as well as
the frequency of various diagnoses can depend upon the
geographic location of the center and the diseases endem-
ic in that area as well as the diligence of the histopathol-
ogy laboratory and the pathologists that prepare and ex-
amine the slides. Previous studies of hepatic granulomas
have primarily been from eras before HIV and widespread
organ transplantation, and before HCV became promi-
nent. Although the percentages varied, sarcoidosis and tu-
berculosis tended to be most common associated diseases
reported. A study from our institution from another era
found that tuberculosis accounted for 53% and sarcoid-
osis 12% of the cases of hepatic epithelioid granulomas
while in 20% no etiology could be determined'. In a large
series of 505 cases of epithelioid hepatic granulomas in
over 6000 biopsies accumulated over 4 decades, Klatskin™
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. #uberculosis,
most cases were associated with HCV or HIV with associ-
ated 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 biop-
sies'”. While primary biliary cirrhosis (23.8%), sarcoidosis
(11.1%), and unknown (11.1%) were the most common

www.wjgnet.com

associations, HCV was associated with 9.5% of the cases.
Emile ¢z a/” 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 ¢z o/ found in a retrospective
study that there were granulomas in the liver biopsy spec-
imens of 14/155 patients with HCV compared with only
3/151 with HBV and 3/129 with alcoholic liver disease.
Yamamoto e# @/ 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 biopsym. 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 pos-
tulated that hepatic granulomas may themselves be part
of the histologic picture of chronic HCV, albeit uncom-
monly. 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'”. Tt has been speculated that in-
terferon itself can stimulate granuloma production, and
there are several reported cases of the development of
sarcoidosis in patients receiving interferon therapy!”"”.
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™. Both
the sarcoidosis and granulomas have usually regressed
when interferon was stopped. It is unlikely that inter-
feron 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 CPY. 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 re-
sults 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 granulo-
mas 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.

COMMENTS

Background

Granulomas have long been curious findings on liver biopsies, and sometimes
can trigger exhaustive searches for the etiology. Although there are many
causes, sarcoidosis and tuberculosis have been the most frequent associations
in previous series.

Research frontiers

Recent papers have reported finding granulomas in chronic hepatitis C virus
(HCV) patients, and it has been speculated that granulomas may be an
uncommon part of the immune response in chronic HCV. This study looked
retrospectively at a decade of liver biopsies at the large institution to see what
the most common disease associations with hepatic granulomas were. Authors
also looked prospectively at the prevalence of granulomas in a series of chronic
HCV patients undergoing staging liver biopsies.

Innovations and breakthroughs

The most common association of hepatic granulomas at the institution is chron-
ic hepatitis C. The granulomas were both in the portal area and the lobule, and
they were both single and multiple. Although present in only about 1% of liver
biopsies of patients with hepatitis C, they should be considered as part of the
histologic spectrum of the disease.

Applications

The finding of hepatic granulomas on the liver biopsy of someone with chronic
HCV does not necessitate an extensive workup. Special stains and pertinent
tests such as a chest x-ray should be done, but the clinician should be comfort-
able with the association if nothing is found.

Terminology

An epithelioid granuloma is a complex of transformed macrophages together
with inflammatory cells and often multinucleated giant cells. It is a manifestation
of delayed hypersensitivity.

Peer review

This is a very good retrospective examination of characteristics associated with
hepatogranulomas, with the added strength of the prospective surveillance.
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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 continu-
ous reliance on the Marsh criteria when the diagnosis
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of coeliac disease is to be made in the presence of
cirrhosis.

© 2008 The WIG 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 histo-
logical abnormalities’ ™. These include increased capil-
lary 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 inter-
pretation 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 abnot-
mal liver enzyrnes[(ﬂ. 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”™ . The mechanisms of
this association are not clear and the prevalence of CD in
patients with liver disease is variable depending on the as-
sociated 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",
Approximately 40% of patients with CD have abnormal
liver enzymes, and these teturn to normal in 75% to 95%
when a gluten free diet is instituted"*"”. 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!.

The diagnosis of CD is based on initial screening
with coeliac serological tests (endomysial EMA and hu-
man tissue transglutaminase hTTG antibodies); but his-
tological examination of SB biopsy is required for estab-

6,10 : : :
1% However, in patients with

lishing a definite diagnosis
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 undet-
diagnosed in cirrhosis. Studies of SB biopsy in cirrho-
sis'™, 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 de-
termine 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'®.

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 re-
gardless of the etiology of cirrhosis. Patients without
cirrhosis and undergoing EGD for acid reflux, abdomi-
nal pain, dysphagia or vomiting were included.

Cirrhosis was defined histologically according to
Batts and Ludwig staging system"”. In patients without a

liver biopsy, diagnosis of cirrhosis and portal hyperten-
sion was based on a combination of clinical data (jaun-
dice, 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 mani-
festations of portal hypertension (low platelets, spleno-
megaly, esophageal varices, hepatic encephalopathy or
ascites) in the setting of chronic liver disease.

Patients were excluded if they were pregnant, on di-
alysis, 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 X
10°/mm’, Patients with a diagnosis of malabsorption,
coeliac disease, patients taking corticosteroids or immu-
nosuppressant 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 as-
sociated with CD such as thyroid disorders, dermatitis
herpetiformis and type 1diabetes were excluded. In the
control group, additional exclusions encompass individu-
als 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 pa-
tients. 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

Cocliac serology panel included antibodies to human tis-
sue transglutaminase (IgG and IgA for hTTG, QUAN-
TA lite™ 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 immunol-
ogy laboratory at the Cleveland Clinic. These tests are
reported to be highly sensitive and specific in the diag-
nosis 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”. 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 gastroenterolo-
gists 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 forma-
lin solution for fixation. Paraffin sections were prepared
and stained by hematoxylin and eosin (HE) stain. Pathol-
ogy slides were interpreted by a Cleveland Clinic pathol-
ogist (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@ Marsh 0 is defined by normal mucosal
and villus architecture, Marsh [ is defined by normal vil-
lus architecture, but increased numbers of intraepithelial
lymphocytes, Marsh II shows increased intraepithelial
lymphocytes, enlarged crypts and increased crypt cell
division, Marsh IIl 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 thanl)
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 categor-
ical factors and mean (SD) for continuous factors, were
computed for all variables. A Student’s ~test was used to
assess differences in age between cirrhotics with portal
hypertension and non-cirrhotic controls. In addition,
Pearson’s i~ and Fisher’s exact test were used to compare
gender and race between the groups.

In order to assess whether the SB mucosal architec-
ture in cirrhotic patients with portal hypertension was
indistinguishable from the mucosal architecture in non-
cirrhotic controls, the Mann-Whitney test for equiva-
lence was used"”. Tt tests the null hypothesis (H,) of
difference in SB mucosal architecture between groups
versus the research hypothesis (H,) of equivalent SB mu-
cosal architecture between groups. A P-value < 0.05 was
considered statistically significant. SAS version 9.1 soft-
ware (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
tulfilled 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
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Cirrhotic Non-cirrhotic P value
n 23 26 -
Age 57.5+9.7 51.9+15.3 0.12
Gender 0.49
Male 13 (52) 11 (42.3)
Female 12 (48) 15 (57.7)
Ethnicity 0.67
Caucasian 23 (92) 22 (84.6)
Other 2(8) 4 (15.4)

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 X 10°/mm’, with
a range between 45 and 148 X 10°/mm’. 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 indis-
tinguishable SB mucosa (Mann-Whitney test of equiva-
lence: 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 fe-
males with normal coeliac serology. The two women had
Marsh grade I based 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 steatohepa-
titis and cirrhosis. Her platelet level was 130 X 10°/mm’,
her MELD score was 10 and her CTP score was B. The
other woman with Marsh grade I on 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 malnu-

#9210 The pathophysiologic mechanisms are not

trition
totally understood and several factors may be involved.
Malabsorption has been implicated and this was pre-
sumed to be related to changes in the SB villi**”. For
example, Such ez al’ investigated 6 patients with cirrho-
sis 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 con-
clusion was that “the total absorptive surface may be
reduced in cirrhotic patients”. Misra® found a significant
decrease in villus/crypt ratio in cirrhotic patients when
compared to healthy volunteers. On the other hand,
Nagral® reports a significant number of patients with
large vessels in duodenal mucosa of patients with por-
tal hypertension in comparison with controls, but did
not find a statistical difference in severity and type of
infiltrate, edema of lamina proptia or villus/crypt ratio
between the groups. In the study of Barakat", abnormal
villus changes were present in 11.4% of portal hyperten-
sive patients. These wetre described as “shortened wvilli,
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 patho-
genesis of nutritional derangements in portal hyperten-
sive patients.

Results of these studies implicate SB villus shorten-
ing and atrophy as undetlying factors in the malabsorp-
tion and malnutrition observed in cirrhosis. Such conclu-
sions need further validation and other diseases that may
affect the SB mucosa should be considered in the differ-
ential diagnosis. Furthermore, histological abnormalities
were reported descriptively and without systematic classi-
fication. Lack of a proper classification of abnormalities
was once described by Marsh™ 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 atro-
phic 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'™".,

We found no difference in Marsh grade between the
study groups. Our patients had either a grade of 0 or
a grade of [ . One patient in each group had a Marsh
grade of I, but neither had abnormal coeliac serology.
The presence of Marsh grade I or intraepithelial lym-
phocytes is a non-specific finding especially in the ab-
sence of coexistent abnormal serology. We did not find

Marsh 1 in cirrhotic

patient
3
i
e
al
Marsh1 [
in control i ;
patient

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

any Marsh grades T, I 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 hyper-
tension 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, pa-
tients with known SB mucosal disease and/or on therapy
that included corticosteroids and immunosuppressants,
and patients with autoimmune diseases that have the po-
tential 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 scotres on all cit-
rhotic patients. Although our study did not aim to exam-
ine whether the severity of liver disease would further
exacerbate villus damage, we did not observe any cor-
relation between Marsh grade and the degree of MELD
and CTP scores. This has been reported previously™.

An exact quantitative count for the intraepithelial
lymphocytes IEL and immunohistochemical typing were
not obtained because such stains are not utilized in rou-
tine clinical practice, and because one observer (patholo-
gist 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 endos-
copy, wireless capsule imaging, and SB biopsy. Small
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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®.

Our study is unique and different from other stud-
ies 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 ex-
cluded subjects with CD and other diseases that would
potentially affect the SB mucosa such as Crohn’s and
lymphoma ef, because we intended to study the sole
effect of cirrhosis on the SB. SB villus changes and at-
rophy are characteristic, but are not specific for coeliac
disease™.

Coecliac serological tests have low sensitivities and
specificities in chronic liver disease and cirrhosis!">**"
which emphasizes the importance of validating SB bi-
opsy 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 poz-
tal hypertension when the diagnosis of CD is suspected.
Furthermore, and since cirrhosis is not associated with
significant inflammatory or atrophic changes of SB wvilli,
we can extrapolate that there is a low probability that dif-
ferent 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 pa-
tients with cirrhosis that is higher than in the general
populationls’m’”’wj, 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, fac-
tors 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 por-
tal hypertension. Hence, small bowel biopsies can be
interpreted reliably to exclude coeliac disease in these pa-
tients. 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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Background

Cirrhosis affects the small bowel mucosa in ways not totally elucidated. Villus
shortening and atrophy are described. But these findings are reported descrip-
tively 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 rec-
ognized 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 standard-
ized Marsh grading system and excluded subjects with diseases that could
potentially affect the small bowel in order to assess the sole effect of portal hy-
pertension 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 hyperten-
sion; 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 pa-
tients with coeliac disease. Additionally, small bowel mucosal diseases should
be excluded when villus shortening and atrophy are seen in patients with cir-
rhosis and portal hypertension

Peer review

This is a well designed study, and the data looks sound. Patients with liver dis-
ease 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 WIG 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 wortld™?. 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™,
Adenocarcinoma 1s 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™. Multiple genetic and epigenetic
alterations in oncogenes, tumor-suppressor genes, cell-
cycle regulators, cell adhesion molecules and DNA
repair genes are implicated in the multistep process of
human stomach carcinogenesis[("7], and different genetic
pathways have been proposed for these two subtypes of
gastric carcinoma®”. 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!®. Cluster of differentiation 44 (CD44)
is a transmembrane glycoprotein involved in cellular
adhesion. This polymorphic integral 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™'”. On
the other hand, contradictory reports concerning the
biological role of CD44 in tumorigenesis and its clinical
value in prognosis have also been presented[gl. 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! "%,

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''". The intensity of CD44 expression
has been reported to correlate with an increased depth
of invasion!”, 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

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. Follow-
up 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, moderately-
differentiated and pootly-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-pum 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 pootly differentiated tumors was

www.wjgnet.com



6378 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol  November 7, 2008  Volume 14  Number 41

Figure 1 Representa-
tive example demo-
nstrating the immuno-
histochemical staining
of CD44 molecule in
gastric adenocarcino-
ma tissue. A: Negative
CD44 staining in adeno-
carcinoma glands and
positive staining in the
background lymphocytes
(x 40); B: Membranous
expression of CD44 in
carcinoma cells with the
stained lymphocytes as
internal positive control
in the background (x 40);
C: Positive membranous
staining of CD44 in
carcinoma cells (x 40);
D: Membranous and
cytoplasmic expression
of CD44 in carcinoma
cells (x 40).

Table 1 Clinicopathological data of all patients significantly lower than other patients (55 years o5 65
years, P = 0.019). Stage IV disease was significantly more

Data Percentage (%) common among patients younger than 65 years (P =
Sex 0.02). All stage I cases were observed among patients
M 74 older than 65 years. The diffuse-type cancer was two
F 26 times higher among the patients younger than 65 years
Age (y1) (P =0.021).
<65 47

Sixty-five percent of patients were CD44-positive

> 65 53 . I
} and 35% were CD44-negative. CD44 staining was not

Location d di & al . . 1
Cordia 37 etected in any adjacent normal gastric mucosa (Flgu.re. )
Body & Fundus 33 Of 65 CD44-positive cases, 52 showed CD44 staining
Antrum 30 only on tumor cell surface membrane, while 13 showed

Histology type both in cytoplasm and membrane.

Intestinal 78 In addition, a significant difference in CD44
Diffuse 22 . . .
expression was seen between the two histological

Crade btypes: intestinal-type showed a significantly high
T = subtypes: intestinal-type showed a significantly higher
Mod-Diff 17 CD44 positivity (71%) compared to diffuse-type (42%)
Poor-Diff 29 (P = 0.002). Moreover, poortly differentiated carcinomas

T showed a significantly less CD44 positivity, indicating
m ¢ a significant relation between CD44 expression, and
g BZ the grade of tumor (P = 0.014; log linear, P = 0.004).
T4 11 Patients with stage 4 cancer expressed CD44 more

N than other stages, although this was not statistically
NO 16 significant. Other studied variables (sex, age and location
N 51 of tumor) did not show any significant correlation with
E; 32 the expression of CD44.

M Follow-up data were gathered for 71 patients. The
MO 98 median follow-up time was 6 mo. The overall survival
M1 2 was 16 mo. Regarding the results of survival analysis,

Stage there was no correlation between sex, age, location, type
; 1; and the grade of tumor with prognosis. Poor outcome
3 7 was seen among the patients with higher stage tumors
4 13 (stages 1l and IV, P = 0.034) compared to those with

lower stages. In addition, the patients with CD44-positive
Diff: Differentiated; Mod: Moderately; Poor: Poorly; M: Male; F: Female. tumors showed a poor pI‘OgﬂOSiS (LOg Ral‘lk, P= 0008,
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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

The 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 diffuse-
type tumor, indicating that CD44 expression was
related to the histological subtype of tumor, which is
in agreement with previous studies!"™'". In addition, a
correlation was found between CD44 expression and
tumor grade. But, no correlations between CD44 and
other clinicopathological parameters were observed.
Survival analysis showed that the grade 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 e a/'" reported 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

described as a lymphocyte-homing receptor; however,
it is expressed on a wide variety of cell types including
mature T and B-cells”'**
and recirculating (activated) lymphocytes share several

1, Metastasizing tumor cells

properties, including motility and invasive behavior, an
analogy which prompted the hypothesis that malignant
cells might use molecules like CD44 for metastasizing[()].
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'

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 processesm. In
1994, Yokozaki ¢ a/*? 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™ . Moreover, it has been shown that
patients with an over-expression of CD44 have a higher
lymph node metastatic rate and invasion””!

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 cross-
reactivity between the antibodies. Another reason for
such discrepancies is probably the comparison of results
having different techniquesm,

The correlation between clinicopathological
parameters and CD44 expression in the tumor is known
to be different between intestinal and diffuse types of
gastric carcinoma™", A study showed that the intestinal-
type was more frequently CD44s- and CD44v6-
positive than the diffuse-type tumor!"”, although the
reactivity to these two antibodies did not correlate with
histopathological and clinical prognostic factors in
intestinal-type carcinoma”". More recently, Yamaguchi
et al'” found that the expression of CD44v6 protein was
significantly higher in differentiated adenocarcinoma
than in diffuse-type carcinoma. On the other hand,
Saito ez al”” observed that CD44v6 appeared to play an
important role in the invasion and metastasis of diffuse-
type 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
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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
1s almost entirely caused by a subsequent metastatic
disease. In fact, the prognostic assessment of gastric
carcinoma still relies mainly on TINM 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™. 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 short-
term 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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Background

Gastric cancer is the 2nd most common cause of cancer-related death in the
world. The mortality associated with gastric carcinoma is almost entirely caused
by a subsequent metastatic disease. The accurate prediction of the metastatic
potential of the primary tumor would be a critical factor in the management
of patients with gastric carcinoma. 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.
Cluster of differentiation 44 (CD44), as an important glycoprotein involved
in cellular adhesion, is considered a determinant of metastatic and invasive
potential in different malignancies. There are different and even contradictory
reports considering the role of this adhesive molecule in gastric carcinogenesis
and metastasis.

Research frontiers

While there was no expression in surrounding normal tissue, CD44 expression
rate in gastric adenocarcinoma was up to 65%, considering that the intestinal-
type tumor expressed this marker, more common than diffuse-type tumor.
Beside the prognostic effect of stage, CD44 was shown to affect survival, even
more significantly than and independently from the stage of the tumor and this
was more pronounced in intestinal-type.

Innovations and breakthroughs

For the first time in Iranian patients, this study demonstrated that detection of
the 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 short-term prognosis.
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Applications

In the future, assessment of CD44 expression may guide the clinician in
delineating a subset of patients with biologically unfavorable tumors who may
benefit from more intense postoperative adjuvant therapy.

Peer review

The results showed that the over-expression of cell adhesion molecule CD44
is correlated with a poor prognosis in patients with the intestinal-type gastric
adenocarcinoma. CD44 can, therefore, be utilized as a prognostic marker for
this group of patients.
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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 CRAL. 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 non-
CRAI 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 £ 79 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 WIG 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. Continuous
regional arterial infusion (CRAI) with protease inhibitor
nafamostat mesilate and antibiotics has been proven to
be effective as an initial therapy in Japan®. 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”Bl, 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)I*%. 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 (# = 5), gallstone (» = 1),
hyperlipidemia (#» = 1), post-endoscopic retrograde
cholangiopancreatography (ERCP, #» = 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 non-
CRAI group were gallstones (# = 4), alcohol (# = 3),
post-ERCP (# = 1), or unknown (# = 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

Prognostic factors Clinical signs Laboratory data

Prognostic factor I~ Shock BE < -3 mmol/L

Ht < 30%

(after hydration)
BUN = 40 mg/dL or

Hemorrhagic diathesis ~ creatinine = 2.0

(2 points for each Respiratory failure

positive factor) Mental disturbance

Severe infection

mg/dL
Prognostic factor I PaO, < 60 mmHg
(1 points for each (room air)

positive factor) FBS = 200 mg/dL
Total protein < 60 g/L
LDH > 700 TU/L
Ca < 75mg/dL
Prothrombin time
=15s
Platelet count
<1x10°/mm’
CT grade IV or V

SIRS score = 3

(2 points)

Age = 70 yr (1 point)

Prognostic factor II

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
I (severity score = 1 point); Mild, acute pancreatitis without prognostic
factor I or I (severity = 0 point).

Stage  Severity Severity No. of patients Died Mortality
score (%) rate (%)
Stage 0 0 point Mild 943 (53.3) 1 0.1
Stage1 1 point Moderate 280 (15.8) 2 0.7
Stage 2 2-8 points  Severe I 455 (25.7) 17 3.7
Stage3 9-14 points Severe II 63 (3.6) 16 25.4
Stage4 = 15 points Most severe 27 (1.5) 16 59.3
Total 1786 (100) 52 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 35300 (95% confidence interval, 30500-40000).
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, 1L-8, IL-10,
TNF-o, and MCP-1 concentrations on day 0 (onset of
pancreatitis), day 1, day 3, day 7, and 14. Samples were
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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.

CRAI group Non-CRAI
n=29) group (7 = 9)

Mean age 48.0+13.4 59.8 £15.1
Gender (male/female) 9/0 4/5
Cause of pancreatitis

Alcoholic 5 3

Biliary 1 4

Hyperlipidemia 1 0

post-ERCP 1 1

Idiopathic 1 1
Severity score

Mean score (range) 4.0 (2-7) 3.6 (2-7)

determined with commercially available kits according to
the manufacturer’s instructions for human IL.-6, human
11.-8, human II.-10, human TNF-o,, 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 wete 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 disappeated 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
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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
T 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 I11.-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-a, 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 mesilateU !, 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 tissuel'>". However, Chen ef a/'! 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 e# a/
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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!*!7],
This strategy suppresses early inflammation and
infection in pancreatic tissue, which controls subsequent
systemic inflaimmation. 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'. 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!*”.
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!?,
(2) Gabexate mesilate has a higher anticoagulant capacity
than nafamostat mesilate®?'l. (3) Gabexate mesilate
induces less hyperkalemia even at high doses compared
to nafamostat mesilate®. (4) In Japan, most studies on
CRALI 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, I1L-18,
TNF-a, and IL-1 upregulates IL-6. Levels of anti-
inflammatory 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 ¢ af*!
reported that, during the healing process of acute
pancreatitis, the IL.-10/11.-6 ratio initially decreased, but
increased as the pancreatitis improved. Put another way,
11.-6/11.-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
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proinflammatory cytokines such as IL-8 and TNF-o 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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Background

Severe acute pancreatitis (SAP) remains a lethal disease. Protease inhibitors
are widely applied to treat acute pancreatitis in Japan; but 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.
Recently, continuous regional arterial infusion (CRAI) with the protease inhibitor
nafamostat mesilate and antibiotics has proven effective as an initial therapy.
CRAI has been applied to treat SAP, but the evidence of its value is still scarce.

Research frontiers
The article focuses on the efficacy of CRAI using gabexate mesilate and
antibodies for SAP.

Innovations and breakthroughs

The present study shows the efficacy of CRAI using gabexate mesilate for
SAP, and the clinical benefits and sequential changes in serum inflammation-
related parameters such as cytokines and chemokines. Abdominal pain and
SIRS disappeared significantly in a short period of time after the initiation of
CRAI with a protease inhibitor compared to non-CRAI. The average length
of hospitalization significantly decreased with CRAI and patients discharged
significantly in a shorter period of time after the initiation of CRAI with gabexate
mesilate compared to non-CRAI.

Applications

CRAI using gabexate mesilate was shown to be effective against SAP in terms
of clinical benefits for patients with SAP, and thus may provide a new strategy
of treatment for SAP.

Peer review

Effect of continuous regional arterial infusion therapy with gabexate and
antibiotics for SAP is very interesting clinical research. Known that SAP may
have high mortality, some new modalities of therapy which improve prognosis
of patients are welcome.
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Abstract

AIM: To evaluate the prevalence of chronic gastroin-
testinal 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 per-
formed 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 gastro-
esophageal reflux disease (GERD), defined as heart-
burn 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 cri-
teria 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 gastrointesti-
nal symptoms (7 = 1153), those with GERD (n = 50),
uninvestigated dyspepsia (7 = 166) and IBS (7 = 31)
had significantly worse scores on most domains of the
SF-36 scales.

CONCLUSION: The prevalence of GERD, uninvesti-
gated dyspepsia and IBS were 3.5%, 11.7% and 2.2%
respectively, in the Korean population. The health-
related quality of life was significantly impaired in sub-
jects with GERD, uninvestigated dyspepsia and IBS in
this community.

© 2008 The WIG 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 in-
convenience the affected individuals'?. 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'". In other population-based surveys, the
prevalence of non-ulcer dyspepsia was approximately
30% and irritable bowel syndrome was 15%*. 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 West-
erners, there has been no randomly sampled population-
based 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 pa-
tients 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 hav-
ing chronic GI symptoms'™’,

The aims of the present study were to evaluate the
prevalence of chronic gastrointestinal symptoms accord-
ing to the Rome II criteria, and to determine whether
the HRQOL is impaired in subjects having chronic gas-
trointestinal symptoms in the Korean community.

MATERIALS AND METHODS
Subjects

The study was carried out in Asan-si, Chungchungnam-
do 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 180000
people, and is a combination of urban and farming com-
munity. Sociodemographic factors including age, sex, ed-
ucational background and economic level of Asan-si are
similar to the overall Korean population, based on the
information obtained from the Korean National Statisti-
cal Office (http://www.nso.go.kr). We assumed a symp-
tom 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
houschold was selected by random sampling, before a
list of selected individuals was compiled in each stratum.
The regional health office checked the cligibility of the
selected individuals by examining their medical records,
followed by a telephone interview. Exclusion criteria in-
cluded pregnant or lactating women, history of surgery
of the GI tract including partial resection of the stom-
ach and/or resection of the small/large intestine (subjects
with an appendectomy were included), major psychosis,

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 houschold visit after excluding the ineligible in-
dividuals. Since only housewives and eldetly 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 iden-
tify 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 symp-
toms questionnaire was modified from the Mayo version
of Bowel Symptoms Questionnaire'” 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, be-
cause this was not a self-reported questionnaire, and
trained interviewers visited homes and helped the sub-
jects 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 or-
der to help ensure that the subjects fully comprehended
the medical conditions under investigation. The remain-
ing 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 SF-
36-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 con-
sistency method. The test-retest method showed high
correlation between the two tests. Cronbach’s correla-
tion 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 sub-
scores 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 ques-
tions comprising eight scales: physical functioning (e.g.
walking, lifting), role functioning-physical (limitations
in ability to perform usual activities), role functioning-
emotional (impact of emotional problems on work or
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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-306 is scored from
0 to 100 with higher scores indicating a better HRQOL.

Survey design

We conducted a cross-sectional survey of gastrointes-
tinal symptoms and their impact on the quality of life
(QOL) in Korean subjects in cooperation with the pub-
lic 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 inter-
viewers, all trained by the same physician (C.M.G.). The
consistency and completeness of the completed ques-
tionnaire was checked after each interview.

Statistics

The 1807 eligible individuals interviewed can be consid-
ered as a representative sample of the Asan-si population.
We calculated the prevalence of GERD and chronic gas-
trointestinal symptoms according to the Rome II criteria.
The prevalence is presented in percentages with 95% ex-
act confidence intervals (CI). Comparisons among groups
were performed by the y” test or Fisher’s exact test for
categorical data and #test for continuous data. The asso-
ciation 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 AN-
COVA model with adjustment of covariates. Pair-wise dif-
ferences between groups without chronic GI symptoms
and groups with chronic GI symptoms (GERD, UD and
IBS) were tested by Bonferroni adjusted #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).

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 demo-
graphic and socioeconomic features of the respondents
are shown in Table 1.
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Variable Male Female Total
(n=762) (n=655) (n=1417)

Age

18-29 163 (11.5) 151 (10.7) 314 (22.2)

30-39 132 (9.3) 110 (7.8) 242 (17.1)

40-49 169 (11.9) 146 (103) 315 (22.2)

50-59 150 (10.6) 116 (8.2) 266 (18.8)

60-69 148 (104) 132 (9.3) 280 (19.7)
Median age (yr) 45 44 44
Mean age (yr) 441+144 437+151  43.9+148
BMI (kg/m’) 22.8 22.0 224
Ever tobacco smoker (%) 67.8" 4.0 383
Alcohol use (> 75 g/wk) (%) 36.4° 2.6 20.7
Marital status (single)' (%) 26.5 28.7 275
Employed (%) 85.4° 45.6 67.0
Presence of religion (%) 50.5" 65.0 57.2
High school graduate (%) 57.0° 492 53.4
Economic status (%)

High 6.4 6.3 64

Middle 76.1 79.8 77.8

Low 17.5 13.9 15.8

'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 °P < 0.01, "P < 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 experi-
enced 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 pres-
ent in 18.6% of the 1417 respondents. The most preva-
lent 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 I criteria for the diag-
nosis of IBS (Table 2). Of these, 13 subjects (42%) were
classified as diarrhea-predominant, and 12 (39%) consti-
pation-predominant IBS. The remaining 6 subjects (19%)
fell into the alternating IBS subgroup. There were no dif-
ferences in the overall prevalence of IBS based on gender;
however, compated to male subjects, females reported
more frequent constipation-predominant IBS (IBS-C). Fe-
males 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 signifi-
cant 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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Respondent Male Female
(n =1417) (n =762) (n = 655)
Chronic gastrointestinal 7 % (95% % %
symptoms exact CI)
Globus 7 05(0.2-1.0) 0.4 0.7
Chronic dysphagia 7 0.5(0.2-1.0) 0.3 0.7
Rumination 0 0.0(0.0-0.3) 0 0
Chronic chest pain 21  1.5(0.9-2.3) 1.6 14
Chronic heartburn 24 1.7 (1.1-25) 1.8 1.6
Uninvestigated 166 11.7 (10.1-13.5) 10.8 12.8
dyspepsia
IBS 31 22(1.5-31) 1.8 2.6
IBS-D 13 0.9 (0.5-1.6) 1 0.8
IBS-C 12 0.8 (0.4-1.5) 0.1 1.7
IBS-A 6 04(0.2-0.9) 0.7 0.2
Chronic bloating 57 4.0(3.1-5.2) 2.9 53
Chronic constipation 37  2.6(1.8-3.6) 0.5 5.0
Chronic diarrhea 11 0.8 (0.4-14) 0.8 0.8
Chronic incontinence 18 1.3 (0.8-2.0) 1.6 11

IBS: Irritable bowel syndrome; IBD-D: Diarrhea-predominant IBS; IBS-C:
Constipation- predominant IBS; IBS-A: Alternating constipation and
diarrhea IBS. °P < 0.05 (Fisher’s exact test) compared to male.
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©
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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 gastro-
intestinal symptom in the previous yeat, 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 health-
related quality of life

Of the 1417 respondents, 1153 individuals did not ex-
perience any chronic GI symptoms, while 198 subjects
had features suggestive of GERD, UD or IBS, or a
combination of these symptoms. There was no signifi-
cant 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-

Age GERD ub IBS

18-29 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)
30-39 0.48 (0.13-1.82) 212 (1.19-3.77) 1.15 (0.44-3.04)
40-49 1.14 (0.44-3.00) 1.39 (0.77-2.50) 0.56 (0.18-1.68)
50-59 1.23 (0.46-3.33) 2.28 (1.30-4.02) 0.68 (0.22-2.04)
60-69 3.30 (1.44-7.54) 3.00 (1.75 -5.14) 0.50 (0.15-1.63)

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

Variables Men Women Total
(n=762) (n=655) (n=1417)
Experience (%) of any 366 (48.0) 351 (53.6)" 50.50
GI symptoms
Experience (%) of visiting 80 (10.5) 75 (11.5) 155 (10.9)
a physician due to
GI symptoms
1-2/yr 42 (5.5) 47 (7.2) 89 (6.3)
3-5/yr 12 (1.6) 12 (1.8) 24 (1.7)
6-10/yr 8 (1.0 4(0.6) 12 (0.8)
>10/yr 18 (2.4) 12 (1.8) 30 (2.1)
Use of medications
NSAIDs 27 (3.5) 54 (8.2)° 81 (5.7)
Antacids 35 (4.6) 28 (4.3) 63 (4.5)
H,RA 11 (1.4) 4(0.6) 15 (1.1)
Medications for 17 (2.2) 49 (7.5)° 66 (4.7)
constipation
Antihypertensive 17 (2.2) 18 (2.7) 35(2.5)
medications

°P <0.05, °P < 0.01 compared to male.

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 sub-
scale 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 symp-
tom, 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 (z =
198) (Table 6). All covariates shows VIF smaller than 10,
thus no covariates were excluded as the cause of multi-
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Variable PF RP BP GH VI SF RE MH
:Ebi:ale wij]‘(')':l'tecc“cl 3 (”G:RSDO) @ =UI1)66) " '353 o Femalesex  -46 -96 -47 -53° 43 36 -82 -18
@ = 1153) Age' 57 32 13 46 32 14 12 35
Ever smoking 2.5 3 2 26 23 24 3 13
Physical 876+51  760+62° 817+54° 820+668 Religion 41 97 01 13 65 35 35 23
ooy . . <highschool -67° 58 -3 26 31 04 38 42
Role physical ~ 80.1+103  64.9%124° 68.1+10.9° 67.3+13.7° education
Bodily pain 893+67  746+81° 765+71° 777489 Low economic -2.8  -140° -58 33 -02 -39 -173 -02
General health ~ 68.8 £7.0 493+85" 527+75° 50.0+94° ke
Vitality 57.6+7.5 50.0+9.0° 51.0+7.9" 459+10.0° NibEe af 06 48 -48 -41° 19 -09 -48 35
Social 920+49  883+59 862+52° 86.7+6.6" physician
functioning visit?
Role 8621104 807+125 777+11.0° 71.7+138" Presence of  -47 35 83 69 16 -39 55 -83°
emotional overlapping
Mental health ~ 77.7+62  67.9+75° 71.6+6.6° 66.1+83" symptoms
R 0375 0134 0165 019 009 009 0.124 0.177

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. “P < 0.05 compared to subjects without
chronic gastrointestinal symptom; °P < 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 eco-
nomic 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 preva-
lence of chronic gastrointestinal symptoms and their
impact on the HRQOL in the Korean population.
Heartburn and acid regurgitation are specific symp-
toms of GERD, and a diagnosis of GERD can be made
on the basis of these symptoms alone without further
diagnostic tests'”. 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%,
In the present study, the prevalence of GERD was
found to be 3.5% which is much lower than that in West-
ern countries. According to two previous population
studies in Korea, the prevalence of GERD was 5% and
7.1%, respectivelyr[9’1[)]. It is unclear why the prevalence of
GERD is lower in Korea compared to the West. Differ-
ences in the intake of dietary fat, body build, genetic fac-
tors, and the prevalence of H pylori infection are possible
contributing factors" . The prevalence of dyspepsia has
been shown to vary considerably between different pop-
ulations. Although our data may represent the presence
of wvalid epidemiological differences, it is also possible
that the varying definitions used in different population-
based studies may have contributed to this discrepancy.
In the present study, the prevalence of uninvestigated
dyspepsia by Rome I criteria was 11.7%. These results
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PF: Physical function; RP: Role-physical; BP: Bodily pain; GH: General
health; VT: Vitality; SF: Social function; RE: Role-emotion; MH: Mental
health. 'Age variables are categorized by 10 yr intervals; *Number of
physician visits for gastrointestinal symptoms: 0/yr(0), 1-2/yr(1), 3-5/
yr(2), 6-10/yx(3), > 10/yr(4). °P < 0.05; °P < 0.01; °P < 0.001.

are similar to a study from Taiwan, which reported
prevalence of functional dyspepsia (FD) by the Rome II
criteria as 11.8%!"?. Population-based studies in Australia
and Mexico have reported prevalence rates of dyspepsia
by Rome II criteria of 24.4%" and 8.0%!"", respective-
ly. 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 dys-
pepsia plus IBS". Accordingly, many of the previously
Rome I-defined dyspepsia subjects should be reclassified
as IBS, rather than IBS with dyspepsia. Furthermore, pa-
tients with predominant heartburn should be excluded.
Although, the present study could not demonstrate the
prevalence of dyspepsia defined by Rome [ criteria, the
prevalence of dyspepsia by Rome II criteria was lower
compared to our previous study using the Rome I crite-
ria (11.7% 25 15.5%)". Reduction in prevalence has also
been reported in other studies that directly compared
the prevalence of dyspepsia using Rome [ and Rome
Il criterial®*'%, Several individuals who did not meet
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 dyspep-
sia, our study indicates that its prevalence would be 16%.
It is also possible that some subjects had GERD and not
dyspepsia, ot 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!"'"*.

The prevalence of IBS in Asian population-based
studies has generally been lower compared to in the



Jeong 1] et a/. Impact of chronic gastrointestinal symptoms on quality of life 6393

West, regardless of the criteria applied. The prevalence
of IBS by Rome 1II criteria has been reported to vary
from 4.7% to 25% in the West and from 3.7% to 19.1%
in Asia”. 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 attribut-
ed to gender differences in health care utilization”. 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 studym. A possible explanation for the
lower female to male ratio in IBS in Koreans may be that
men encounter mote socioeconomic problems, causing
increased stress and, as a consequence, an increased level
of IBS™.

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 im-
paired in subjects with GERD, uninvestigated dyspepsia
and IBS. These findings are consistent with previous
studies? Y.

The present study showed that old age, female gen-
der, the number of physician visits per year and pres-
ence 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 as-
sessment of their personal health, pessimistic health
appraisal, social isolation and unemployment”’, 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 e# a/*” observed
that women with IBS had lower HRQOL compared to
men with IBS. In another study, Lee ez @/*" 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™. Fifty five percents
of subjects with IBS had sought health care in the past
year, and subjects with IBS had significantly lower IBS-
QOL scores in the mental health and social functioning
domains™.

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 re-
sponse bias, and had a negligible number of missing
values. Since the interviewers associated with this study

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 un-
derstand certain items. Sociodemographic factors includ-
ing 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 be-
tween rural and urban areas.

In summary, we evaluated the prevalence of chronic
gastrointestinal symptoms in the Korean general popula-
tion and demonstrated a significant impact of chronic
gastrointestinal symptoms on the HRQOL. Dyspepsia
was found to be the most common chronic gastrointes-
tinal 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 eldetly, 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 (7 = 72)
received recommended diet and 2 g n-3 PUFA from
seal oils, three times a day. Group B (7 = 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), y-glutamyltranspeptidase
(GGT), and total cholesterol (TCHO) and high-
density 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 WIG 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!!. In Western countries and some
regions of China, the prevalence of nonalcoholic
steatohepatitis (NASH) and NAFLD is 1%-5% and
15%-39%, respectivelym. In most of patients, NAFLD
follows a relatively benign course and remains stable
for years!". However, it was recently reported that many
cases of cryptogenic liver cirrhosis may be related to
unrecognized NASH". 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'¥. 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'". Tt has been shown
that n-3 polyunsaturated fatty acids (PUFA) is effective
on NAFLDY. 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 hypetlipidemia.

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
confirmed by careful questioning by the primary
physician and dietitians (consumption of less than 70 ¢
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, a-1 antitrypsin deficiency,
primary sclerosing cholangitis or primary biliary
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
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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 groups to receive a 24-wk
treatment. Group A (7 = 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 (# = 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”. All obese
and overweight patients were advised to lose their weight
with a restriction of daily calotic intake to 25-30 kcal/kg
per day”. 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,
y-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 ecach 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'”: 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, 1L, USA).
Statistical analysis for baseline characteristics of the
study groups was performed using Xz test and #test.
Student’s ~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
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Group A Group B P vaule
(n = 66) (n = 68)

Age (yr) 45.00 +10.91 44.03 +11.30 0.74
Sex ratio (male/female) 47/19 50/18 0.76
Body height (cm) 169.07 £7.96 169.71 £ 7.89 0.88
Weight (kg) 75.71 £10.99 75.16 £11.33 0.93
BMI (kg/m’) 26.37 £3.12 25.96 +£2.70 0.57
HR (/min) 75.57 £ 6.24 75.89 £ 6.58 0.32
Duration of NAFLD (mo) ~ 22.32 + 38.82 13.65 £ 20.00 0.55
SBP (mmHg) 126.59+10.97  125.89 +£9.87 0.58
DBP (mmHg) 82.26 +£7.50 81.59 + 8.02 0.81
HB (g/L) 143.31+16.49 14553 +15.52 0.58
RBC (x 10*/L) 4.71+0.57 4.76 +0.61 0.84
WBC (x 10°/L) 6.16 +1.58 652 +1.45 0.18
Platelet (x 10°/L) 205.79+49.43  195.78 +53.33 0.53
BUN (mmol/L) 5.30+1.67 519+1.57 0.63
Creatinine (umol/L) 72.56 +15.27 76.69 +15.35 0.2

FBG (mmol/L) 5.89+1.20 5.46 +1.82 0.43
Total symptom scores 1.87+£1.18 1.79 £0.45 0.23
Steatosis degree 0/1/2/3  0/30/56/14 0/37/48/15 0.63

(%)

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 gradel, 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 observed 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 £ 3592 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.

Variables Group A (7 = 66) Group B (n = 68)
At baseline
Total symptom scores 1.87 £1.18 1.79£1.45
Serum ALT (U/L) 62.79 £ 35.92 79.76 £ 50.59
Serum AST (U/L) 38.13 £20.99 50.09 £ 39.05
Serum GGT (U/L) 72.53 £52.48 79.96 £ 5.27
Serum TCHO (mmol/L) 6.30 £0.83 591+1.16
Serum TG (mmol/L) 3.94+2.69 3.80£2.85
Serum HDL-C (mmol/L) 1.01+0.24 1.05+0.33
Serum LDL-C (mmol/L) 3.26+0.98 3.19+£0.92
Steatosis degree 0/1/2/3 (%) 0/30/56/14 0/37/48/15
At week 8
Total symptom scores 1.00 £ 0.96™ 1.23+1.21°
Serum ALT (U/L) 50.81 + 35.24" 61.09 + 40.30°
Serum AST (U/L) 35.25 + 21.20° 39.84 + 23.55°
Serum GGT (U/L) 57.82 +50.22° 79.97 +87.16
Serum TCHO (mmol/L) 5.81 +0.81° 5.90 +0.97°
Serum TG (mmol/L) 2.86 +1.49° 3.17 +2.80°
Serum HDL-C (mmol/L) 1.04+0.19 1.13+0.24
Serum LDL-C (mmol/L) 3.16 +0.80° 3.16+0.85
At week 12
Total symptom scores 0.66 + 0.87" 0.97 +1.10°
Serum ALT (U/L) 47.48 +33.30* 55.17 + 43.15°
Serum AST (U/L) 30.69 + 16.80° 37.26 +19.57°
Serum GGT (U/L) 46.94 + 35.38" 72.87 +73.30°
Serum TCHO (mmol/L) 5.66 +1.18" 5.74 £1.14°
Serum TG (mmol/L) 247 +1.75™ 2.80+2.57°
Serum HDL-C (mmol/L) 1.12+0.24° 1.15+0.28"
Serum LDL-C (mmol/L) 3.10+0.98" 3.14+£0.85
Steatosis degree 0/1/2/3 (%)  9/64/21/6" 9/59/26/6"
At week 16
Total symptom scores 0.40 + 0.60"* 0.77 £ 1.07°
Serum ALT (U/L) 45.06 + 34.23° 4413 +33.15°
Serum AST (U/L) 30.18  15.40° 32.03 £16.51°
Serum GGT (U/L) 44.34 +39.50° 62.86 + 78.00°
Serum TCHO (mmol/L) 5.69 £ 0.99" 5.68 £0.99°
Serum TG (mmol/L) 226 +1.26™ 2.64 +2.90°
Serum HDL-C (mmol/L) 113 £0.22° 1.22+£0.28°
Serum LDL-C (mmol/L) 3.12+0.83° 3121087
At week 24
Total symptom scores 0.42 £0.72"¢ 0.53 £0.97°
Serum ALT (U/L) 39.27 +18.94>¢ 4232 +22.23°
Serum AST (U/L) 30.45 £ 12.67° 30.25 £ 14.21°
Serum GGT (U/L) 4247 +26.84° 58.43 +36.21°
Serum TCHO (mmol/L) 5.08 £ 0.76" 5.21+1.22°
Serum TG (mmol/L) 2.08 +1.03" 233 +1.42°
Serum HDL-C (mmol/L) 1.25 £0.25 1.20 £0.21°
Serum LDL-C (mmol/L) 3.12+0.84° 311£0.78
Steatosis degree 0/1/2/3 (%)  20/64/12/4" 7/51/36/6"

TCHO: Total cholesterol; TG: Triglycerides; HDL-C: High density
lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol. °P <
0.05, °P < 0.01 s baseline; P < 0.05, ‘P < 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!""™". It has also been well established
that NAFLD is intimately related to various clinical
and biological markers of the insulin resistance
syndrome[m'“’]. The pathogenesis of NASH is
multifactorial, including insulin resistance, excessive
intracellular fatty acids, oxidant stress, mitochondrial
dysfunction and innate immunitym]. However, the
pathogenesis of NAFLD/NASH is yet to be cleatly
clucidated. Since the most prevailing general theory is
the “two-hit” hypothesis proposed by Day and James in
1998" most treatment modalities should be focused
on improving the “two-hit” hypothesis or insulin
resistance!'™.

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!””". 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)®*, 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™ . 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", Tt was reported
that n-3 PUFA from different animals is effective against
NAFLD®. 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
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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 impro-
vement 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 e al” 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 ef a/”" 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 serum
triglyceride levels™ . These findings are consistent with
our findings, such as improvement in total symptom
score, ALT and lipid levels and normalization 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” . 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™. 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.

COMMENTS

Background

Recent reports suggest that many cases of cryptogenic liver cirrhosis may
be related to unrecognized nonalcoholic steatohepatitis (NASH); however,
medical therapy for nonalcoholic fatty liver disease (NAFLD) and NASH has
been disappointing to date. The only recommended therapies are dietary
modification and weight loss. N-3 polyunsaturated fatty acids (PUFA) seems to
be efficacious on treating NAFLD from animal and some small samples human
studies.
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Research frontiers

The present “gold standard” for treatment of NAFLD is a reduction in central
obesity so as to reverse insulin resistance. Several small samples randomized
trails have suggested n-3 PUFA from different animals were effective in the
treatment of NAFLD; we explored whether seal oil is efficacious and safe in
large samples NAFLD patients.

Innovations and breakthroughs

Total symptom scores in NAFLD patients, and large samples were observed
besides biochemical indicators and ultrasonography in this study. Seal oils
n-3 PUFA can improve liver enzyme, serum lipid levels and normalization of
ultrasonographic evidence.

Applications

Seal oils PUFA administration seems to be safe and efficacious for patients with
NAFLD associated with hyperlipidemia as well as the “lifestyle adjustment” or
anti-obesity measures.

Terminology

NAFLD refers to the presence of hepatic steatosis not associated with a
significant intake of ethanol. Insulin resistance is central to the pathogenesis
of NAFLD; thus obesity, diabetes, and the metabolic syndrome are frequently
associated with the disease.

Peer review

This is an interesting study. Further details need to be given as to the
precise ultrasound scoring system that was used to assess the resolution of
hepatic steatosis. Was there an objective scoring system used or was this all
subjective? The paper is otherwise well written and merits publication.
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Abstract

AIM: To determine the influence of excision repair
cross complementing group 1 (ERCCI) 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. £RCC1 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 FRCCI mRNA expression
was measured using reverse transcription PCR in
62 patients whose tumor tissue specimens were
available.

RESULTS: No significant relationship was found
between FRCCI codon 118 polymorphism and £RCC1
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 FRCCI mRNA were significantly longer
than those in patients with high levels (P < 0.05), while
there was no significant association found between
ERCCI 118 genotypes and the disease prognosis.
Multivariate analysis also showed that £ERCCZI mRNA
level was a potential predictor for relapse and survival

in gastric cancer patients treated with oxaliplatin-based
adjuvant chemotherapy (P < 0.05).

CONCLUSION: £RCCI codon 118 polymorphism has
no significant impact on £RCCI mRNA expression, and
the intratumoral £RCCZ 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 WIG 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
eatly-stage and locally-advanced disease. However, even
after gastrectomy, the majority of patients develop local
or distant recurrencell. Adjuvant chemotherapy for
gastric cancer has been under clinical investigation for
more than four decades. Fluoropyrimidines, platinum-
drugs 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%>%. 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
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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 (ERCCT)
has been reported to play a major role in the response
to platinum-based chemotherapy. Studies have shown
that the higher the ERCCT7 expression levels, the less
sensitive the tumors to platinum therapies*”. Recently,
a single nucleotide polymorphism at codon 118 (C—T)
was reported to be associated with altered ERCC7 mRNA
levels® and clinical outcome in cancer patients treated
with platinum-based chemotherapy?'?. However, the
results about the relationship among ERCC7 codon
118 polymorphism, EFRCC7T mRNA level and platinum
sensitivity are controversial. In this study, we investigated
whether the ERCC7 codon 118 polymorphism could
influence ERCCT mRNA expression, and whether the
polymorphism, and the intratumoral ERCC7 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® and leucovorin
400 mg/m” followed on days 1 and 2 by 5-FU 400 mg/m’
intravenous (IV) bolus, then 600 mg/m” 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/m” or docetaxol
75 mg/m’ on day 1, hydroxycamptothecin 8 mg/m” 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
propetly.

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

Table 1 The sequences of primers and probes

Primers or Sequences (5'-3") Length of
probes product (bp)
actin-U AGAAGATGACCCAGATCATGTT 290
actin-L CTTAATGTCACGCACGATTTCC

ERCCI-U TACCACAACCTGCACCCAGACTAC 321
ERCCI-L CTGACTGTCCGTTTTGTTGACTGA

ERCC1-118-U GGTCATCCCTATTGATGGCTTCTG 154

ERCC1-118-L AGCTCACCTGAGGAACAGGGCACAG

ERCC1-118-P p-TTGCGCACGAACTTCAGTACGGGAT
GGGACACTAATCGGAGGATTA-FAM

ERCC1-118-T CTACGGAG GATTATGAGGAGCTGCGT 92
CGCCAAATTCCCAGGGCACA

ERCC1-118-C CTACGAAATCAGGAGGATTATGAGGA 97
GACGTCGCCAAATTCCCAGGG CACG

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 ERCCT
codon 118 was performed using polymerase chain
reaction-ligation detection reaction (PCR-LDR ) method
as described previously"”.

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).

ERCCT and an internal reference gene (B-actin) cONA
fragments were amplified separately by PCR in triplicates.
The PCRs were carried out in a total volume of 25 pL
including 2 uL. cDNA, 1X PCR buffer, 1.5 mmol/L
MgCl,, 0.2 mmol/L dNTPs, 0.5 pmol/L each primer,
1 U hot-start Taq DNA polymerase (QIAgen). Cycling
parameters were as follows: 95°C for 15 min; 35 cycles of
94°C for 40 s, 52°C for 30 s, and 72°C for 30 s; and a final
extension step at 72°C for 10 min. PCR products were
analyzed by 2% agarose gel electrophoresis, and ethidium
bromide staining following by visualization with ultraviolet
llumination using a gel imaging analyzing system. ERCCT
amplification products were calculated as a ratio of the
gray scale of ERCCT to that of B-actin.

Statistical analysis

Data analysis was performed using SPSS 13.0 for
Windows. ERCCT 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 XZ or Fisher’s exact probability tests.
The Mann-Whitney U test was used to assess the
correlation between ERCCT genotypes and mRNA
levels. Relapse-free survival (RES) was defined as the
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Table 2 Relationship among FRCC7 genotypes, mRNA expression and clinical characteristics of gastric
cancer

Clinical n ERCC1 polymorphism 1 P ERCC1 mRNA r? P
characteristics C/C C/T+T/T High value  Low value

(n =45) (n = 44) (n = 31) (n = 31)

Age (y7)

> 58 48 25 23 0.096 0.833 18 18 0 1.000

<58 41 20 21 13 13
Gender

Male 66 31 35 1.318 0.334 20 24 0.253 0.402

Female 23 14 9 11 7
TNM stage

I-T 19 13 6 3.082 0.079 6 6 0 1.000

-1V 70 31 39 25 25
Grading

G2 45 20 24 0.552 0.527 15 19 1.042 0.444

G3 44 21 20 16 12

%0 100 TCGTGC GC A ATGTGCCC TGGGA A ! 23 4 > 5 /

m B-aCtin
sz 96.90 Figure 2 RT-PCR results of ERCC1T mRNA in gastric cancer tissues.
90 100

C/T

=t~ N
sz 91.81|sz 96.86

:

90

C/C

52 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.
Opverall 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 (Cls), representing the overall relative risk of
relapse and death associated with ERCC7 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 ERCCT 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 ERCC7 codon
118 was consistent with the Hardy-Weinberg equilibrium
among patients (3 = 0.288, P> 0.05).

Gastric cancer tissue samples were available in 62
patients. The intratumoral expression of ERCC7 mRNA
in those tissues was tested by semi-quantitative RT-PCR
(Figure 2). A marked inter-individual variation in ERCC7
mRNA expression in the 62 samples was observed:
ERCCT/B-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 ERCC7 mRNA values.

No significant relationship was found between
ERCCT expression and ERCC7 codon 118 genotypes
(the median ERCCT 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 ERCCT 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



6404 ISSN 1007-9327 CN 14-1219/R  World J Gastroenterol  November 7, 2008  Volume 14  Number 41
1.25 | A MRNA
100 —
—— ERCC1 < 0.672 (7 = 31)
100 - ° 8 P R ERCCL > 0.672 (7 = 31)
g 8 =
T 075 f § )
3 _o_ Median value L 60 —
E L s %
% 050 g £ a0l
™ o =
S | ° o @ ey
€ 0255 ¢ o L
o o
o o
0.00 0 P =0.033
| | 1 1 1 1 | 1 1
cc CT+TT 0 10 20 30 40 50 60
(n=32) (n=230) Survival time (mo)
ERCCI codon 118
Figure 3 Relationship between ERCC1 mRNA levels and codon 118 poly- B100 L Codon 118
morphism. ’ ——— C/C (n =45)
P A C/C+ T/T (n = 44)
A mRNA g
100 - — ERCCL < 0.672 (n = 31) g 60
------- ERCC1 > 0.672 (7 = 31 © H
S g . Sl
© 7 J L R O
2
5 60 - 20 -
8 P =0.214
“;I:J 40 [ 0 7\ B . Il Il Il Il
g e 0 20 40 60 80
S ol T e Survival time (mo)
0 P =0.019 Figure 5 Overall survival curves of gastric cancer patients according to
. I . . . I ! ERCC1 mRNA expression and ERCC1 118 C/T polymorphism survival
0 10 20 30 40 50 60 curves according to ERCC1 mRNA levels (A) or ERCC1 118 polymorphism
Survival time (mo) (B). The overall survival in patients with low level of ERCCT mRNA was
significantly longer than that in patients with high levels (P < 0.05), while there
B Codon 118 was no significant difference found between patients with ERCC1 118 C/C and
100 L . C/C (n = 45) variant genotypes (T/T or C/T).
-------- C/C + T/T (n = 44)
S 80 = 3.602, P = 0.058, Figure 4A). The median OS was 29.8
[E (95% CI = 20.9-83.1) mo for the patients with the C/C
§ 60 genotype, and 26.4 (95% CI = 22.1-34.7) mo in those
8 with the C/T or T/T genotype (y° = 1.548, P = 0.214)
“9';, 40 - (Figure 5A). The median RES was 23.8 mo in patients
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Figure 4 Relapse-free survival curves of gastric cancer patients
according to ERCCT mRNA expression and ERCC1 118 C/T polymorphism
relapse-free survival curves according to ERCCT mRNA expression (A) or
ERCC1 118 polymorphism (B). The relapse-free survival in patients with high
levels of ERCCT 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 RES when compared to those
with the C/T + T/T genotypes (22.0 mo »s 16.5 mo, Xz

www.wjgnet.com

(29.6 mo 25 18.7 mo, y* = 4.546, P = 0.033) (Figure 5B).

Cox multivariate analysis showed that, after adjustment
for age, gender, stage and grading, a high ERCC7 mRNA
level appeared to be an independent risk factor for RES
(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
ERCCT codon 118 genotypes and RES (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
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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 ERCCT 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
ERCCT codon 118 polymorphism could influence
the intratumoral ERCC7 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. ERCC7 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". So it is naturally expected that the higher the
levels of ERCCT 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 mRINA
and protein levels®™. However, the assumed relationship
between ERCCT7 codon 118 polymorphism and
expression was not always observed'". In this study, the
ERCCT 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 ERCC7 mRNA levels. In addition,
the possibility that ERCCT codon 118 polymorphism is
in linkage disequilibrium with other ERCC7 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 ERCC7 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 ERCC7 codon 118 polymorphism
has been extensively studied for its involvement
in carcinogenesis“s’m], 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"'™"; but controversial
results also exist” """, Viguier ez a/'"” and Martinez-
Balibrea ez a/"” found that colorectal cancer patients
with the ERCCT7 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™, pancreatic
cancer™ and ovarian cancer patients treated with
platinum-based chemotherapy. However, other studies

[10 [9,11,20,21

on lung cancer I and colorectal cancer I'showed
opposite results. In addition, several studies demonstrated
that no clear association was found between ERCCT
codon 118 polymorphism and platinum sensitivity™ "
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
ERCCT 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 ERCCT 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 ERCCT
polymorphism in gastric cancer. Hence, the possible
influence of LOH on ERCCT genotyping should be
discussed in the future.

Relative consensus conclusions were obtained
regarding the effect of ERCCT expression on platinum-
drug sensitivity. A multi-centers study on non—small-
cell 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”. In advanced
gastric cancer patients treated with 5-FU and oxaliplatin,
favorable response rate and survival were also found in
patients without ERCC1 protein expressionm. Other
studies showed that the low intratumoral ERCCT7
mRNA expression was associated with favorable
clinical outcomes after treatment with platinum-based
chemotherapy in lung cancet”™ colorectal cancer™,
gastric cancer™ ™ ovarian cancer”, bladder cancer™,
head and neck cancet™. A recent phase I trial in non-
small-cell lung cancer also demonstrated that assessment
of intratumoral ERCCT mRNA expression is feasible in
the clinical setting and predicts response to cisplatin[%].
However, most of those studies focused on the influence
of ERCCT expression on the effect of platinum-drug in
advanced or metastatic diseases, little was known about
its effect on platinum-drug adjuvant chemotherapy. Our
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results suggested that low ERCC7 mRNA level appeared
to be an independent prognostic factor for better

prognosis, which is consistent with the results observed
in advanced gastric cancer™ ™,

In conclusion, ERCC7 codon 118 polymorphism
has no significant effect on ERCC7 mRNA expression;
and the intratumoral ERCC7 mRNA level, but not
ERCCT 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 ERCCT
mRNA expression may give meaningful clinical
information with respect to the rational choice platinum
compound in the treatment of gastric cancer.

COMMENTS

Background

Oxaliplatin is one of the most effective agents against gastric cancer; its
efficacy rate differs greatly among patients. Resistance to oxaliplatin has been
attributed to enhanced tolerance and repair of DNA damage. Excision repair
cross complementing group 1 (ERCC1) has been reported to play a major role
in the response to platinum chemotherapy, but little is know about the effect
of ERCC1 codon 118 polymorphism and expression on clinical outcome of
oxaliplatin-based adjuvant chemotherapy in gastric cancer.

Research frontiers

ERCC1 has been reported to play a major role in the response to platinum
chemotherapy. Studies have shown that the higher the ERCC1 expression
levels, the less sensitive the tumors to platinum therapies. Recently, a single
nucleotide polymorphism at codon 118 (C—T) was reported to be associated
with altered ERCC71 mRNA levels and clinical outcome in cancer patients
treated with platinum-based chemotherapy. However, the results about the
relationship among ERCC1 codon 118 polymorphism, ERCC1 mRNA level and
platinum sensitivity are controversial.

Innovations and breakthroughs

No significant relationship was found between ERCC1 codon 118 polymorphism
and ERCC1 mRNA levels. It is found that ERCC1 mRNA level but not codon 118
polymorphism was a potential indicator in predicting the relapse and survival of
gastric cancer patients treated with oxaliplatin-based adjuvant chemotherapy. To
our knowledge, it is the first report to study the effect of intratumoral ERCC1 ex-
pression and ERCC1 codon 118 polymorphism on clinical outcome of oxaliplatin-
based adjuvant chemotherapy in Chinese patients with gastric cancer.
Applications

Controlled, prospective clinical trials are required to confirm our results and to
establish the advantage of pre-treatment tumor biopsy for ERCC1 screening,
which permits a more rational decision on whether to precede an oxaliplatin-
based adjuvant chemotherapy. So patients who are unlikely to respond may
spare unnecessary toxicity and can be treated with alternative drugs.
Terminology

Oxaliplatin is a widely applied medicine for chemotherapy of gastrointestinal
cancer. ERCC1 is an important enzyme for DNA repair.

Peer review

This is a good study. Over all the study has clinical relevance for LDLT pro-
grammes.

REFERENCES

1  Macdonald JS. Treatment of localized gastric cancer. Semin
Omncol 2004; 31: 566-573

2 Carrato A, Gallego-Plazas ], Guillen-Ponce C. Adjuvant
therapy of resected gastric cancer is necessary. Semin Oncol
2005; 32: 5105-5108

3 Hejna M, Wohrer S, Schmidinger M, Raderer M.
Postoperative chemotherapy for gastric cancer. Oncologist
2006; 11: 136-145

4 Bramson J, Panasci LC. Effect of ERCC-1 overexpression on

www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

sensitivity of Chinese hamster ovary cells to DNA damaging
agents. Cancer Res 1993; 53: 3237-3240

Olaussen KA, Dunant A, Fouret P, Brambilla E, André
F, Haddad V, Taranchon E, Filipits M, Pirker R, Popper
HH, Stahel R, Sabatier L, Pignon JP, Tursz T, Le Chevalier
T, Soria JC. DNA repair by ERCC1 in non-small-cell lung
cancer and cisplatin-based adjuvant chemotherapy. N Engl |
Med 2006; 355: 983-991

Fujii T, Toyooka S, Ichimura K, Fujiwara Y, Hotta K, Soh
J, Suehisa H, Kobayashi N, Aoe M, Yoshino T, Kiura K,
Date H. ERCC1 protein expression predicts the response of
cisplatin-based neoadjuvant chemotherapy in non-small-cell
lung cancer. Lung Cancer 2008; 59: 377-384

Kwon HC, Roh MS, Oh SY, Kim SH, Kim MC, Kim
JS, Kim H]J. Prognostic value of expression of ERCC1,
thymidylate synthase, and glutathione S-transferase P1
for 5-fluorouracil/oxaliplatin chemotherapy in advanced
gastric cancer. Ann Oncol 2007; 18: 504-509

Yu JJ, Mu C, Lee KB, Okamoto A, Reed EL, Bostick-Bruton
F, Mitchell KC, Reed E. A nucleotide polymorphism in
ERCC1 in human ovarian cancer cell lines and tumor
tissues. Mutat Res 1997; 382: 13-20

Stoehlmacher J, Park D], Zhang W, Yang D, Groshen S,
Zahedy S, Lenz HJ. A multivariate analysis of genomic
polymorphisms: prediction of clinical outcome to 5-FU/
oxaliplatin combination chemotherapy in refractory
colorectal cancer. Br | Cancer 2004; 91: 344-354

Isla D, Sarries C, Rosell R, Alonso G, Domine M, Taron M,
Lopez-Vivanco G, Camps C, Botia M, Nuifiez L, Sanchez-
Ronco M, Sanchez J], Lopez-Brea M, Barneto I, Paredes A,
Medina B, Artal A, Lianes P. Single nucleotide polymorphisms
and outcome in docetaxel-cisplatin-treated advanced non-
small-cell lung cancer. Ann Oncol 2004; 15: 1194-1203

Park DJ, Zhang W, Stoehlmacher ], Tsao-Wei D, Groshen
S, Gil J, Yun J, Sones E, Mallik N, Lenz HJ. ERCC1 gene
polymorphism as a predictor for clinical outcome in
advanced colorectal cancer patients treated with platinum-
based chemotherapy. Clin Adv Hematol Oncol 2003; 1: 162-166
Viguier J, Boige V, Miquel C, Pocard M, Giraudeau B,
Sabourin JC, Ducreux M, Sarasin A, Praz F. ERCC1
codon 118 polymorphism is a predictive factor for the
tumor response to oxaliplatin/5-fluorouracil combination
chemotherapy in patients with advanced colorectal cancer.
Clin Cancer Res 2005; 11: 6212-6217

Huang ZH, Hua D, Li LH, Zhu ]JD. Prognostic role of p53
codon 72 polymorphism in gastric cancer patients treated
with fluorouracil-based adjuvant chemotherapy. | Cancer
Res Clin Oncol 2008; 134: 1129-1134

Park DJ, Stoehlmacher J, Zhang W, Tsao-Wei D, Groshen S,
Zahedy S, Gil ], Mallik N, Lenz HJ. ERCC1 polymorphism is
associated with differential ERCC1 mRNA levels. American
Association for Cancer Research’s 93rd Annual Meeting.
2002 April 6-10

Zhou W, Liu G, Park S, Wang Z, Wain JC, Lynch TJ, Su L,
Christiani DC. Gene-smoking interaction associations for
the ERCC1 polymorphisms in the risk of lung cancer. Cancer
Epidemiol Biomarkers Prev 2005; 14: 491-496

Yin J, Vogel U, Guo L, Ma Y, Wang H. Lack of association
between DNA repair gene ERCC1 polymorphism and
risk of lung cancer in a Chinese population. Cancer Genet
Cytogenet 2006; 164: 66-70

Suk R, Gurubhagavatula S, Park S, Zhou W, Su L, Lynch TJ,
Wain JC, Neuberg D, Liu G, Christiani DC. Polymorphisms
in ERCC1 and grade 3 or 4 toxicity in non-small cell lung
cancer patients. Clin Cancer Res 2005; 11: 1534-1538
Steffensen KD, Waldstrom M, Jeppesen U, Brandslund
I, Jakobsen A. Prediction of response to chemotherapy by
ERCC1 immunohistochemistry and ERCC1 polymorphism
in ovarian cancer. Int | Gynecol Cancer 2008; 18: 702-710
Martinez-Balibrea E, Abad A, Aranda E, Sastre J, Manzano
JL, Diaz-Rubio E, Gémez-Espafia A, Aparicio J, Garcia
T, Maestu I, Martinez-Cardas A, Ginés A, Guino E.



Huang ZH et a/. Prognostic effect of ERCC? in gastric cancer

6407

20

21

22

23

24

25

26

27

28

Pharmacogenetic approach for capecitabine or 5-fluorouracil
selection to be combined with oxaliplatin as first-line
chemotherapy in advanced colorectal cancer. Eur | Cancer
2008; 44: 1229-1237

Ruzzo A, Graziano F, Loupakis F, Rulli E, Canestrari E,
Santini D, Catalano V, Ficarelli R, Maltese P, Bisonni R, Masi
G, Schiavon G, Giordani P, Giustini L, Falcone A, Tonini G,
Silva R, Mattioli R, Floriani I, Magnani M. Pharmacogenetic
profiling in patients with advanced colorectal cancer treated
with first-line FOLFOX-4 chemotherapy. | Clin Oncol 2007;
25:1247-1254

Ryu JS, Hong YC, Han HS, Lee JE, Kim S, Park YM, Kim
YC, Hwang TS. Association between polymorphisms of
ERCC1 and XPD and survival in non-small-cell lung cancer
patients treated with cisplatin combination chemotherapy.
Lung Cancer 2004; 44: 311-316

Zhou W, Gurubhagavatula S, Liu G, Park S, Neuberg DS,
Wain JC, Lynch TJ, Su L, Christiani DC. Excision repair
cross-complementation group 1 polymorphism predicts
overall survival in advanced non-small cell lung cancer
patients treated with platinum-based chemotherapy. Clin
Cancer Res 2004; 10: 4939-4943

Kamikozuru H, Kuramochi H, Hayashi K, Nakajima G,
Yamamoto M. ERCC1 codon 118 polymorphism is a useful
prognostic marker in patients with pancreatic cancer treated
with platinum-based chemotherapy. Int | Oncol 2008; 32:
1091-1096

Tibaldi C, Giovannetti E, Vasile E, Mey V, Laan AC,
Nannizzi S, Di Marsico R, Antonuzzo A, Orlandini C,
Ricciardi S, Del Tacca M, Peters GJ, Falcone A, Danesi R.
Correlation of CDA, ERCC1, and XPD polymorphisms with
response and survival in gemcitabine/cisplatin-treated
advanced non-small cell lung cancer patients. Clin Cancer
Res 2008; 14: 1797-1803

Ruzzo A, Graziano F, Kawakami K, Watanabe G, Santini D,
Catalano V, Bisonni R, Canestrari E, Ficarelli R, Menichetti
ET, Mari D, Testa E, Silva R, Vincenzi B, Giordani P, Cascinu
S, Giustini L, Tonini G, Magnani M. Pharmacogenetic
profiling and clinical outcome of patients with advanced
gastric cancer treated with palliative chemotherapy. | Clin
Oncol 2006; 24: 1883-1891

Keam B, Im SA, Han SW, Ham HS, Kim MA, Oh DY, Lee
SH, Kim JH, Kim DW, Kim TY, Heo DS, Kim WH, Bang
Y]. Modified FOLFOX-6 chemotherapy in advanced gastric
cancer: Results of phase II study and comprehensive
analysis of polymorphisms as a predictive and prognostic
marker. BMC Cancer 2008; 8: 148

Lord RV, Brabender J, Gandara D, Alberola V, Camps C,
Domine M, Cardenal F, Sanchez JM, Gumerlock PH, Taréon
M, Sanchez JJ, Danenberg KD, Danenberg PV, Rosell R. Low
ERCC1 expression correlates with prolonged survival after
cisplatin plus gemcitabine chemotherapy in non-small cell
lung cancer. Clin Cancer Res 2002; 8: 2286-2291

Ceppi P, Volante M, Novello S, Rapa I, Danenberg KD,

29

30

31

32

33

34

35

36

Danenberg PV, Cambieri A, Selvaggi G, Saviozzi S,
Calogero R, Papotti M, Scagliotti GV. ERCC1 and RRM1
gene expressions but not EGFR are predictive of shorter
survival in advanced non-small-cell lung cancer treated with
cisplatin and gemcitabine. Ann Oncol 2006; 17: 1818-1825
Shirota Y, Stoehlmacher J, Brabender J, Xiong YP, Uetake H,
Danenberg KD, Groshen S, Tsao-Wei DD, Danenberg PV,
Lenz HJ. ERCCI and thymidylate synthase mRNA levels
predict survival for colorectal cancer patients receiving
combination oxaliplatin and fluorouracil chemotherapy. |
Clin Oncol 2001; 19: 4298-4304

Metzger R, Leichman CG, Danenberg KD, Danenberg PV,
Lenz HJ, Hayashi K, Groshen S, Salonga D, Cohen H, Laine
L, Crookes P, Silberman H, Baranda ], Konda B, Leichman
L. ERCC1 mRNA levels complement thymidylate synthase
mRNA levels in predicting response and survival for
gastric cancer patients receiving combination cisplatin and
fluorouracil chemotherapy. | Clin Oncol 1998; 16: 309-316
Matsubara J, Nishina T, Yamada Y, Moriwaki T, Shimoda T,
Kajiwara T, Nakajima TE, Kato K, Hamaguchi T, Shimada
Y, Okayama Y, Oka T, Shirao K. Impacts of excision repair
cross-complementing gene 1 (ERCC1), dihydropyrimidine
dehydrogenase, and epidermal growth factor receptor on
the outcomes of patients with advanced gastric cancer. Br |
Cancer 2008; 98: 832-839

Wei ], Zou Z, Qian X, Ding Y, Xie L, Sanchez J], Zhao Y, Feng
J, Ling Y, Liu Y, Yu L, Rosell R, Liu B. ERCC1 mRNA levels
and survival of advanced gastric cancer patients treated with
a modified FOLFOX regimen. Br | Cancer 2008; 98: 1398-1402
Dabholkar M, Vionnet J, Bostick-Bruton F, Yu JJ, Reed E.
Messenger RNA levels of XPAC and ERCC1 in ovarian
cancer tissue correlate with response to platinum-based
chemotherapy. | Clin Invest 1994; 94: 703-708

Bellmunt J, Paz-Ares L, Cuello M, Cecere FL, Albiol S,
Guillem V, Gallardo E, Carles J, Mendez P, de la Cruz J],
Taron M, Rosell R, Baselga J. Gene expression of ERCC1
as a novel prognostic marker in advanced bladder cancer
patients receiving cisplatin-based chemotherapy. Ann Oncol
2007; 18: 522-528

Handra-Luca A, Hernandez ], Mountzios G, Taranchon E,
Lacau-St-Guily ], Soria JC, Fouret P. Excision repair cross
complementation group 1 immunohistochemical expression
predicts objective response and cancer-specific survival in
patients treated by Cisplatin-based induction chemotherapy
for locally advanced head and neck squamous cell
carcinoma. Clin Cancer Res 2007; 13: 3855-3859

Cobo M, Isla D, Massuti B, Montes A, Sanchez JM,
Provencio M, Vifiolas N, Paz-Ares L, Lopez-Vivanco G,
Muiioz MA, Felip E, Alberola V, Camps C, Domine M,
Sanchez JJ, Sanchez-Ronco M, Danenberg K, Taron M,
Gandara D, Rosell R. Customizing cisplatin based on
quantitative excision repair cross-complementing 1 mRNA
expression: a phase III trial in non-small-cell lung cancer. |
Clin Oncol 2007; 25: 2747-2754

S- Editor Xiao LL L- Editor Ma]Y E- Editor Zheng XM

www.wjgnet.com



Online Submissions: wjg.wjgnet.com
wjg@wijgnet.com
doi:10.3748 /wjg.14.6408

World ] Gastroenterol 2008 November 7; 14(41): 6408-6409
World Journal of Gastroenterology ISSN 1007-9327
© 2008 The WJ]G Press. All rights reserved.

CASE REPORT

Acalculous cholecystitis due to Sa/monella enteritidis

Maria Lourdes Ruiz-Rebollo, Gloria Sanchez-Antolin, Félix Garcia-Pajares, Maria Antonia Vallecillo-Sande,
Pilar Fernandez-Orcajo, Rosario Velicia-Llames, Agustin Caro-Paton

Maria Lourdes Ruiz-Rebollo, Gloria Sanchez-Antolin,
Félix Garcia-Pajares, Maria Antonia Vallecillo-Sande, Pilar
Fernandez-Orcajo, Rosario Velicia-Llames, Agustin Caro-
Patdn, Gastroenterology Unit, Hospital Rio Hortega, Valladolid
47010, Spain

Author contributions: Ruiz-Rebollo ML, Sanchez-Antolin
G and Garcia-Pajares F contributed equally to the design and
writting of the clinical case; Vallecillo-Sande MA and Fernandez-
Orcajo P found the references; Velicia-Llames R and Caro-Paton
A check the paper and add useful comments.

Correspondence to: Maria Lourdes Ruiz Rebollo, MD PhD,
Gastroenterology Unit, Hospital Rio Hortega C/Rondilla de
Santa Teresa n° 9, Valladolid 47010,

Spain. ruizrebollo@hotmail.com

Telephone: +34-98-3420400 Fax: +34-98-3358615

Received: April 13, 2008 Revised: June 10, 2008
Accepted: June 17, 2008

Published online: November 7, 2008

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 gastroin-
testinal infection.
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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°C
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 X
1000/pL with 50% neutrophils and 32% lymphocytes,
and haemoglobin and platelets were normal. 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 wete 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°C, a tender
uppet abdomen, and Mutphy’s sign. The laboratory tests
showed mild normocytic-normochromic anaemia with
7900 x 1000/pl. 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



Ruiz-Rebollo ML et a/. Acute cholecystitis

6409

(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. 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 ¢ /" 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, virus', parasites[s] or fungi.

AAC due to primary bacterial infection is rare.
Several cases have been reported complicating Salnonella
typhi infection™ and after non-typhoidal salmonellosis™®
as well.

During the past two decades, an increase in the
number of Salmonella enteritidis isolates has been observed

9
Pl and there are also rare

even in developed countries
complications of this common disease described in
medical literature"” Some of these complications are
extra-intestinal such as septic arthritis™" or meningitis“z],
but most of them are intra-abdominal™ 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"” (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™". 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®”.
Even with early cholecystectomy in good surgical

candidates”, or cholecystostomy or endoscopy nasobiliary

drainage in bad ones'™ | 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.
Extracolonic or visceral injuries, including pneumothorax,
pneumomediastinum, acute appendicitis, retroperitoneal
abscess and others, are far less common®. Splenic injury
1s a rare complication of colonoscopy with few cases
described; the first one was reported in 1974". Even
when some patients with late presentation have been
mentioned™, 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 tesected. 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 X 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
undetlying splenic disease.

DISCUSSION

Splenic injury following colonoscopy is considered very
infrequent. Only 40 cases have been reported” ™. To our
knowledge, our case is the first case coming from South
America. We believe that this is a rare but, most of the
times, an under published complication of colonoscopy,
so the real incidence might be higher. Although no
specific causes have been established, the mechanism
of injury may be related to direct trauma or preferently,
excessive traction on the splenocolic ligament, which
results in evulsion of the splenic capsule and different
grades of parenchymal disruption™ . A polypectomy
or a biopsy was performed in most of reported cases".
Splenomegaly, inflammatory bowel disease, pancreatitis
and intrabdominal post-surgical adhesions have been
mentioned as predisposing factors, due to a suspected

decreased mobility between the spleen and colon™",

However, these are not constant findings at surgery".
The addition of external abdominal pressure during
colonoscopy has also been proposed as a risk factor
for the development of this complication”’s]. Usually,
the clinical presentation occurs within the first 24 h
after colonoscopy™”; but many times the diagnosis
is delayed because the symptoms are attributed to
colonic insufflation. Finally, the diagnosis is made in a
critically ill patient, with the onset of hypotension and
acute anemia. There are also some teported cases with
a late presentation (from more than 24 h to 10 d) and
mild symptoms™*. CT scan is the imaging modality
UL 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,
3.9]

of choice

splenectomy is the most frequent treatment of choice'
Very few cases have been treated with transfusion
of hemocomponents, broad spectrum antibiotics
and close hemodynamic monitoring ">, Another
therapeutic action successfully described is splenic
artery embolization'”. The use of this “conservative”
treatment must be in direct relation with the
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 eatly 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.
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INTRODUCTION

Diverticular hemorrhage is a common cause of lower
gastrointestinal bleeding!'~
are asymptomatic and remain uncomplicated. However,
it was reported that severe diverticular hemorrhage
occurs in 3%-5% of patients with diverticulat?. Most
cases of diverticular bleeding resolve themselves.

1. Most colonic diverticula

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 non-
steroidal 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 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 50000 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

Figure 3 X-ray revealing diverti-
cula in the ascending colon filled
with barium.

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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Case 1 2 3 4
Gender M M M M
Age (yr) 63 67 76 63
Associated diseases HT,DM HT HT None
NSAID, L-Asp, Anticoagulants None NSAID None None
Previous bleeding episodes (1) 2 2 1 1
Location Throughout the colon Throughout the colon Ascending sigmoid  Ascending
Appearance AC, FB FB FB AC
Hemorrhagic site NI NI NI NI
Follow-up period (mo) 35 23 20 17
Recurrent bleeding None None None None

NI: Not identified; AC: Adherent clot; FB: Fresh blood; HT: Hypertension; DM:

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 19920
Another study concluded that diverticular diseases of the
right colon have increased steadily in Japan, suggesting
that diverticulitis and bleeding may continue to increasel.
As many reports stated, the prevalence of colonic
diverticula and their related severe bleeding have increased
recently in the Eastern countries including Japan!®®.
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!".
It was reported that acute lower intestinal bleeding
occurs in up to 3%-5% of colonic diverticulat?. Most
cases of diverticular bleeding resolve themselves and
diverticular bleeding stops spontaneously in 70%-80%
of cases’. 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 endo-
clip application!""'%. Endoscopic treatment can be
useful when a source of lower gastrointestinal bleeding

Diabetes mellitus; NSAID: Nonsteroidal

1s 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"®. 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, anglography 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/>!7,

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
avold 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
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Author, year n Location Concentration Successful Recurrent
of barium cases bleeding
Adams et al 1970 28 NR NR (20%)! 26 9
Chorost et al 2000 1 TO 20% 1 0
Koperna et al 2001 63 NR NR 53 10
Matsuhashi et al 2003 1 AC, TC, SC 200% (with 1 mg 1 0
of epinephrine)
Our cases 2008 4 TO 200% 4 0
AC, SC (2 cases)
AC

'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)®'820 A previous case
report® 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™ presented successful
treatment with a 20% barium sulphate solution at
a height of 0.9 m for 5 min. In 1970, Adams ef a/"’!
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 tubel”. A previous clinical
study®” 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®). 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®.

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
Hastern countries including Japan has increased recently.
From our present experiences, therapeutic barium enema
is also effective for right side diverticula which ate typically
located in the Eastern countries.

It is difficult to clarify the mechanism underlying
the effect of therapeutic barium enema. Adams ez a/'”!
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

www.wjgnet.com

report?'l. 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?. 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 countties.
Barium enema therapy is effective for diverticular
hemorrhage when the active bleeding site could not be
identified by colonoscopy. When no other therapeutic
techniques ate 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-year-
old 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 to-
mography (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.
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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!". Reports indicate that most
patients with polysplenia syndrome die before 5 years of
age because the disease is often associated with congeni-
tal anomalies, such as cardiovascular anomalies™. Severe
cardiovascular anomalies include interruption of the su-
prarenal inferior vena cava, atrioventricular septal defects,
ipsilateral pulmonary venous drainage, ventricular outflow
tract obstruction, dextrocardia and abnormal great vessel
relationshipsm. 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'. However, they may harbor anomalies
in abdominal organs or the gastrointestinal tract, one
example of which is a preduodenal portal vein (PDPV)P.
A PDPV can be diagnosed eatly as duodenal obstruction
in infants, but is often found incidentally or during surgery
when there are no symptoms[()].

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 in-
trahepatic 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 hos-
pital, she was noted to have polysplenia and left lateral
intrahepatic duct stones without intrahepatic duct dilata-
tion of segment 4. She was referred to our institution for
further evaluation and treatment. The physical examina-
tion revealed no abnormalities. An abdominal computed
tomography (CT) showed intrahepatic duct stones with
polysplenia and the portal vein was located anteriotly 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).

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.

clevated 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 pres-
ence 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 petformed safely. An intraoperative choledochos-
copy through the segment 3 bile duct was done for re-
moval of the right intrahepatic duct stone, and we con-
firmed 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'”.

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 meso-
gastrium. When the incisures fail to fuse, they create two
or more spleens'™. 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”. 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 communica-
tion) the duodenum. When the caudal and cranial com-
munications 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
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and middle communications are lost"”.

Although the exact cause of polysplenia is unknown,
studies have suggested that it is caused by various fac-
tors including embryogenic, genetic, and teratogenic
componentsm. Since splenic anomalies (splenic agenesis,
hypogenesis and polysplenia) are often accompanied by
anomalies in the cardiovascular tract and other abdomi-
nal organs, it can be inferred that the spleen plays a sig-
nificant role during the early embryonic stage!”.

Reports indicate that polysplenia syndrome occurs in
both genders with an identical frequency"”. Known car-
diovascular 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 cat-
diovascular 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. Even adult pa-
tients can have anomalies in abdominal organs including
visceral heterotaxia with a right-sided stomach, a left-sid-
ed 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!”, A
PDPV can be associated with duodenal atresia, stenosis,
web, annular pancreas and malrotation, and surgery may
be required for treatment’. However, since the portal
vein is a thin-walled, low-pressure vessel, it is highly
unlikely that PDPV alone can cause duodenal obstruc-
tion. 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 mag-
netic resonance imaging (MRD)""". Tn 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 lat-
eral segment of the liver in PDPV include selective portal
vein obstruction, biliary duct obstruction, partial obstruc-
tion of the portal vein associated with distention of the
hepatic bile duct, long-standing malnutrition and cachexia,
or toxic and vascular influences"!. 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, mak-
ing us believe that PDPV could be a cause for cholelithia-
sis!". When surgery is required, care must be exercised,
especially for procedures involving the upper abdomen. If
PDPYV 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 WIG 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'; but splenic angiosarcoma is
a dismal malignancy of vascular origin®. We usually
differentiate them before operation by imaging studies.
In this report, 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. The
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 glutamate-
oxaloacetate transaminase (SGOT). Tumor markers
including CEA, AFP, CA-199, and CA-125 were all
negative. Sonography of the spleen showed a well-
defined encapsulated tumor, 6.3 X 6.1 cm in diameter,
with hyperechoic density in the central portion
(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 contrast-
enhancement dynamic study (Figure 3B-D).

Overall, there were two parts of different signal
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Figure 1 Sonography showed a well-
defined 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.

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 low-
attenuation nodules in liver parenchyma (arrowhead).

intensity comprising the tumor at the spleen. The major
part of the circumscribed lesion showed persistent low-
signal 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 performed 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 X 8.5 X 6 cm
in size and weighed 240 g (Figure 4A). Grossly, there was
a well-circumscribed tumor inside the spleen, measuring
5.5 X 5.0 X 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
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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 contrast-
enhancement dynamic study, peripheral nodule enhancement with gadolinium-
contrast 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 term “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”.
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'.
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,
ot hypersplenism; however, more than one-third of the
cases reported showed no evidence of any abnormality
in laboratory investigations'. Other patients have signs
of immune thrombocytopenic purpura”. 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"”. 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”. 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”.

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'. 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

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 TPT'.

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'”.

Angiosarcoma is a malignancy of vascular origin,
and is characterized by masses of endothelial cells
with cellular atypia and anaplasia?. 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

Pl" which were not

immune thrombocytopenic purpura
specific to the disease. Pathogenesis remains obscure.
Prognosis is extremely poor, with a 6-month survival
rate of 20%"”. 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™. 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'.
The MRI appearance of splenic hemangioma is similar to
that of hemangioma of the liver. The lesion will be hypo-
or 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'. 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!"”.

In the present case, sonography showed hyperechoic
density in the central portion of the tumor. CT also
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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 T2-
weighted image. In T1 mode with gadolinium-
enhancement, 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 WIG 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 a-fetoprotein level was 1185.3 ng/mlL..
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 arterio-
venous 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 intra-
arterially 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
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Figure 1 Chest CT scan revealing multiple iodized oil-like high-density
materials in parenchyma of the lung.

Figure 2 Non-contrast enhanced CT scanning showing multiple dissemi-
nated 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.w.
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 a!"l 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

also been reported??.

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
assoclated 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 pulmonary embolism. Vascular
abnormalities, referred to as pulmonary arterio-
venous shunt, can be found in patients with advanced
liver diseasel®. 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 #a 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 formation,
ectopic infarction, efe. 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 pulmonary 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

vital signs, e#.. To reduce the intracranial pressure, some
nursing routines must be given such as keeping the head
of bed above 30° 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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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-year-
old 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 (FDG-
PET) 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 pT1lb. 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
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FDG-PET in the gallbladder cancer.
© 2008 The WIG Press. All rights reserved.
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INTRODUCTION

The vast majority of cholecystectomies are currently
performed laparoscopically, and unsuspected gallbladder
cancer can be discovered incidentally following 1% of
routine cholecystectomiesm. 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[z‘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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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
sutgery, 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 (9-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 pT'1b (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 catcinoma. 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 tomography

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

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 7# 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
changesm. 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 transfor-
mation and growth of tumor cells is associated with
overexpression of glucose transporters and increased
hexokinase acrjvitym.

FDG-PET imaging has been increasingly used to
identify and stage vatious tumors. The majority of these
studies show FDG-PET to be superior to traditional
imaging in the differential diagnosis of malignancy.
This has been particulatly notable in the evaluation of
recurrent or metastatic disease””. A few studies have

evaluated the use of FDG-PET in the assessment of
[4,8-10]

biliary system tumors or gallbladder carcinoma
In the study of Anderson et a/, nine of 14 gallbladder
cancer patients had residual carcinoma at the time of
PETY”. 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 tresidual
tumor or port site and distant metastatic diseases and
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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 ez al™ reported that
FDG- PET provided reliable differential diagnoses,
identifying gallbladder carcinoma with 75% sensitivity,
87.5% specificity, and 81.3% accuracy. Anderson e/ al”
report that the sensitivity of this modality was 78% in
their series of 14 gallbladder cancer cases. In the study
of Antonio ¢f a/, which comprises a series of 16 patients,
FDG-PET showed a sensitivity of 0.80, a specificity
of 0.82 in diagnosing gallbladder cancer™. 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" "', 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!™' ™", PET
imaging must be interpreted with caution in patients with
known severe inflammatory or granulomatous disease.
Nishiyama ez al? 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
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. 10,12 .
lesions may have several causes™. 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 dectease 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!"". In patients
with mucinous adenocarcinoma of the gallbladder, a
false-negative result has also been reported, probably
secondary to poor cellular density'". 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 e a/ adopted dual-time-point FDG-
PET 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!””. Recent hybrid
PET-CT systems provide structural and functional
information simultaneously, and may offer early and
accurate staging with an improved specificity!>'¥.

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.
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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

February 14-17, Berlin, Germany

8™ International Conference on New
Trends in Immunosuppression and
Immunotherapy
www.kenes.com/immuno

February 28, Lyon, France

3" Congress of ECCO - the European
Crohn’s and Colitis Organisation
Inflammatory Bowel Diseases 2008
www.ecco-ibd.eu

February 29, Québec, Canada
Canadian Association of
Gastroenterology

E-mail: general@cag-acg.org

March 10-13, Birmingham, UK
British Society of Gastroenterology
Annual Meeting

E-mail: BSG@mailbox.ulcc.ac.uk

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

18" 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 9" 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
9" 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

43 Annual Meeting of the European
Association for the Study of the
Liver

www.easl.ch

May 2-3, Budapest, Hungary

Falk Symposium 164: Intestinal
Disorders

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

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

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

June 5-8, Sitges (Barcelona), Spain
Semana de las Enfermedades
Digestivas

E-mail: sepd@sepd.es

June 6-8, Prague, Czech Republic

3 Annual European Meeting:
Perspectives in Inflammatory Bowel
Diseases

E-mail: meetings@imedex.com

June 10-13, Istanbul, Turkey

ESGAR 2008 19" Annual Meeting
and Postgraduate Course

E-mail: fca@netvisao.pt

June 11-13, Stockholm, Sweden
16" International Congress of
the European Association for
Endoscopic Surgery

E-mail: info@&#101;aes-eur.org

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
10" 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

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

July 9-12, Paris, France

ILTS 14* Annual International
Congress

www. ilts.org

September 10-13, Budapest, Hungary
11" World Congress of the
International Society for Diseases of
the Esophagus

E-mail: isde@isde.net

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

III FALK GASTRO-CONFERENCE
September 17, Mainz, Germany

Falk Workshop: Strategies of Cancer
Prevention in Gastroenterology

September 18-19, Mainz, Germany
Falk Symposium 166:

GI Endoscopy - Standards &
Innovations

September 18-20, Prague, Czech
Republic

Prague Hepatology Meeting 2008
www.czech-hepatology.cz/ phm2008

September 20-21, Mainz, Germany
Falk Symposium 167:

Liver Under Constant Attack - From
Fat to Viruses

September 24-27, Nantes, France
Third Annual Meeting

European Society of Coloproctology
WWW.escp.eu.com

October 8-11, Istanbul, Turkey

18" World Congress of the
International Association of
Surgeons,

Gastroenterologists and Oncologists
E-mail: orkun.sahin@serenas.com.tr

QOctober 18-22, Vienna, Austria
16" United European
Gastroenterology Week
www.negf.org

www.acv.at

QOctober 22-25, Minnesota, USA
Anstralian Gastroenterology Week
2008

E-mail: gesa@gesa.org.au

QOctober 22-25, Brisbane, Australia
71* Annual Colon and Rectal Surgery
Conference

E-mail: info@colonrectalcourse.org

October 31-November 4, Moscone
West Convention Center, San
Francisco, CA

59" 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

November 12, Santiago de Chile,
Chile

Falk Workshop: Digestive Diseases:
State of the Art and Daily Practice

November 28-29, Cairo, Egypt

1 Hepatology and Gastroenterology
Post Graduate Course
www.egyptgastrohep.com

December 7-9, Seoul, Korea

6™ International Meeting
Hepatocellular Carcinoma: Eastern
and Western Experiences

E-mail: sglee@amc.seoul kr

INFORMATION FOR ALL

FALK FOUNDATION e.V.

E-mail: symposia@falkfoundation.de
www .falkfoundation.de

Advanced Courses - European

Institute of Telesurgery EITS - 2008
Strasbourg, France

January 18-19, March 28-29, June 6-7,
October 3-4

N.O.TES
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

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

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-in-
one” programme merging the best
of several GI meetings. Faculty and
participants from all corners of the
earth will merge to provide a truly
global environment conducive to the
exchange of ideas and the forming
of friendships and collaborations.
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