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Abstract
The investigative evidence and emerging concepts
in neurogastroenterology implicate dysfunctions at
the levels of the enteric and central nervous systems
as underlying causes of the prominent symptoms
of many of the functional gastrointestinal disorders.
Neurogastroenterological research aims for improved
understanding of the physiology and pathophysiology
of the digestive subsystems from which the arrays of
functional symptoms emerge. The key subsystems
for defecation-related symptoms and visceral hypersensitivity are the intestinal secretory glands, the
musculature and the nervous system that controls and
integrates their activity. Abdominal pain and discomfort
arising from these systems adds the dimension of
sensory neurophysiology. This review details current
concepts for the underlying pathophysiology in terms of
the physiology of intestinal secretion, motility, nervous
control, sensing function, immuno-neural communication
and the brain-gut axis.
© 2007 The WJG Press. All rights reserved.

Key words: Neurogastroenterology; Visceral pain;
Diarrhea; Irritable bowel syndrome; Constipation;
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INTRODUCTION
Functional gastrointestinal disorders are those in which
no abnormal metabolic or physical processes, which can
account for the symptoms, can be identified[1]. The irritable

bowel syndrome (IBS) is an example of a significant
functional disorder, which affects 10-20 percent of the
population worldwide [2-6]. Predominant symptoms of
IBS are abnormal defecation associated with abdominal
pain, both of which may be exacerbated by psychogenic
stress[7]. The abnormal defecation in IBS is predominately
diarrhea or constipation. A subgroup of IBS patients
alternates from one to the other over time. In the absence
of abdominal pain, persistent diarrheal states or states of
constipation may also fall into the category of a functional
disorder. Urgency to stool and incontinence for fecal
liquid are often coincident with the diarrheal state. Patients
with constipation-predominant IBS, and oftentimes
functional constipation, often report bloating, straining
and sensations of incomplete fecal evacuation. Significant
subpopulations of IBS patients and functional dyspeptic
patients are hypersensitive to distension of the rectosigmoid region of the large bowel and the hypersensitivity
can extend to other regions of the digestive tract (e.g.
esophagus)[7,8].
The basic gastrointestinal physiology in this review
deals with the normal and disordered physiology of the
systems out of which the symptoms of IBS and functional
diarrhea or constipation emerge. Knowledge of this kind
is necessary for understanding the pathophysiology, which
underlies the symptoms, and for rational therapeutic
strategies. The subsystems involved in the defecationrelated symptoms are the intestinal secretory glands,
the musculature and the nervous system that controls
their activity. Abdominal pain and discomfort, which
arise from these systems, falls into the domain of
sensory neurophysiology. This review will explore the
pathophysiology in terms of current concepts of the
physiology of intestinal secretion, motility, nervous control
and sensing functions.

THE BRAIN-IN-THE-GUT
Gastrointestinal behavior reflects the integrated functioning of the musculature, mucosal epithelium and
blood-lymphatic vasculature. The enteric division of the
autonomic nervous system (i.e. brain-in-the-gut) organizes
and coordinates the activity of the three effector systems
to generate functionally effective patterns of behavior
that are adaptive for differing digestive states. The enteric
nervous system (ENS) is a local minibrain that contains a
library of programs for the necessary patterns of intestinal
behavior. Mixing in the digestive state, the migrating motor
complex in the interdigestive state and emetic patterns of
small intestinal motor behavior and haustral formation in
the large intestine are examples of outputs from four of
the neural programs in the ENS library. During emesis, the
www.wjgnet.com
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Figure 1 The heuristic model for the enteric nervous system is the same as for
the central nervous system. Sensory neurons, interneurons and motor neurons
are synaptically interconnected to form the neural networks of the ENS. Like the
central nervous system, sensory neurons, interneurons and motor neurons are
connected by chemical synapses for directional flow of information from sensory
neurons to interneuronal integrative networks to motor neurons to effector
systems. The ENS organizes and coordinates the activity of each effector system
into meaningful behavior of the whole organ. Bidirectional communication occurs
between the ENS and the central nervous system.

program output includes reversal of peristaltic propulsion
in the upper jejunum and duodenum to rapidly propel
the contents toward the open pylorus and relaxed gastric
antrum and corpus.
Structure, function and neurochemistry of the ganglia of the enteric ner vous system are unlike other
autonomic ganglia. Neurons in the ganglia of the ENS
are interconnected by chemical synapses to form an
independent ner vous system with mechanisms for
integration and processing of information like those
in the brain and spinal cord. Instead of housing neural
control entirely within the central nervous system (CNS),
a minibrain has evolved within the walls of the digestive
tract placed in close proximity to the effector systems that
must be controlled and regulated along several meters of
bowel.
The ENS has as many neurons as the spinal cord. The
large number of neurons, required for program control
of digestive functions, would overly expand the CNS if
housed there. Rather than crowding the neural control
circuits exclusively within the skull or vertebral column and
transmitting nerve impulses over long transmission lines to
the gut, vertebrate animals have evolved with most of the
neural networks, required for automatic feedback control,
spatially distributed along the digestive tract close to the
effector systems that must be controlled and integrated for
whole organ function.
Like the CNS, the ENS has interneurons and motor
neurons that are interconnected by chemical synapses
into functional neural networks (Figure 1). Moreover, like
the CNS, the ENS networks receive synaptic input from
sensory neurons. The sensory neurons, most of which
have their cell bodies in spinal dorsal root or nodose
ganglia and their terminations in the intestinal wall and
spinal cord, express receptor regions specialized for
detecting and coding information on changes in thermal,
chemical or mechanical stimulus energ y within the
www.wjgnet.com
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environment of the receptor region. The receptor regions
transform changes in stimulus energy into signals coded by
action potentials that subsequently are transmitted along
sensory nerve fibers to be received and processed in both
the ENS and CNS.
Interneurons are connected by synapses into networks
that process sensory information and determine the
behavior of motor neurons. Multiple connections among
many interneurons use the same mechanisms of chemical
neurotransmission as the CNS to form “logic” circuits
that decipher inputs from sensory neurons. Some of the
circuits are reflex circuits that organize reflex responses
to sensory inputs and others are integrative circuits that
contain the programs for motor behavioral patterns, such
as the migrating motor complex, haustral formation in the
colon and postprandial mixing movements in the small
intestine. Motor neurons are the final common output
pathways for transmission of control signals from the
interneuronal networks to the effector systems.
Enteric motor neurons
Motor neurons in the ENS are excitatory or inhibitory
motor neurons (Figure 1). The excitatory motor neurons
release neurotransmitters, which evoke contraction of
the musculature and secretion from mucosal glands.
Acetylcholine and substance P are the main excitatory
neurotransmitters released at neuromuscular junctions
to stimulate muscle contraction. Acetylcholine, vasoactive intestinal polypeptide and ATP are excitatory
neurotransmitters responsible for evoking secretion from
the intestinal glands.
Enteric inhibitory motor neurons release neurotransmitters at neuromuscular junctions where they
act to suppress contractile activity of the musculature.
Vasoactive intestinal polypeptide, nitric oxide and ATP
are among the neurotransmitters implicated as inhibitory
neurotransmitters at neuromuscular junctions in the
digestive tract.
Inhibitory motor neurons
Enteric inhibitory motor neurons have central importance
in consideration of ENS neuropathy because their loss
is manifest as profound pathologic changes in contractile
behavior of the intestinal musculature. The pathologic
changes in motor behavior associated with degeneration of
inhibitory motor neurons reflect the specialized physiology
of the musculature. The gastrointestinal musculature is a
self-excitable electrical syncytium consisting of interstitial
cells of Cajal (ICCs) that function as pacemakers for the
gastric musculature and the intestinal circular muscle
coat. The term “electrical syncytium” infers that action
potentials and pacemaker potentials spread by way of
gap junctions from smooth muscle fiber to muscle
fiber in three dimensions. The action potentials trigger
contractions as they spread through the bulk of the
musculature. The ICCs are a non-neural pacemaker system
of electrical slow waves that are electrically coupled
to the musculature and account for the self-excitable
characteristics of the muscle [9-13] . The electrical slow
waves, in this construct, are an extrinsic factor to which
the circular muscle responds. Consideration of these

Wood JD. Functional gastrointestinal disorders

functional aspects of the musculature raises the question
of why the circular muscle fails to respond with action
potentials and contractions to each and every pacemaker
cycle and why action potentials and contractions do not
spread in the syncytium throughout the entire length of
intestine whenever they occur at any point along the bowel.
The answer is that the circular muscle in a segment of
bowel can only respond to invading electrical slow waves
from ICCs when the inhibitory motor neurons in the ENS
of that segment are inactivated by input from the control
circuits formed by interneurons (Figure 1). Likewise, action
potentials and associated contractions can propagate only
into regions of musculature where the inhibitory motor
neurons are inactivated. Therefore, activity of inhibitory
motor neurons determines when the omnipresent slow
waves initiate a contraction, as well as the distance and
direction of propagation once the contraction has begun.
Some of the inhibitory motor neurons to the circular
muscle fire continuously and continuously release
inhibitory neurotransmitters at their junctions with the
muscle. This results in ongoing inhibition of contractile
activity. Action potentials and contractions of the muscle
are permitted only when the active inhibitory neurons
are inactivated by input from the interneuronal control
circuitry[14,15]. The behavior of inhibitory motor neurons
to smooth muscle sphincters (e.g. lower esophageal and
internal anal sphincters) is opposite to that of the intestinal
circular muscle coat. Inhibitory motor neurons to the
sphincters are normally silent and are switched to firing
mode with timing appropriate for coordinated opening of
the sphincter with physiological events in adjacent regions.
When inhibitory motor neurons fire, they release inhibitory
neurotransmitters that relax ongoing muscle contraction in
the sphincteric muscle and prevent excitation-contraction
in the musculature on either side of the sphincter from
spreading into and closing the sphincter.
In non-sphincteric circular muscle, the activity state
of the inhibitory innervation determines the length of a
contracting segment by controlling the distance of spread
of action potentials within the three-dimensional electrical
geometry of the smooth muscle syncytium. Contraction
can occur in segments in which ongoing inhibition is
inactivated while adjacent segments with continuing
inhibitory input cannot contract. The boundaries of
the contracted segment reflect the transition zone from
inactive to active inhibitory motor neurons. The directional
sequence in which the inhibitory motor neurons are
inactivated establishes the direction of propagation of
the contraction. Normally, inhibition is progressively
inactivated in the aboral direction, resulting in contractile
activity that propagates in the aboral direction. During
emesis, the inhibitory motor neurons must be inactivated
in a reverse sequence to account for small intestinal
propulsion that travels toward the stomach. In general, any
treatment or condition that ablates the intrinsic inhibitory
neurons results in spastic contractile behavior of the
intestinal circular muscle coat.
Several conditions associated with ablation of enteric
inhibitory neurons are associated with conversion from
a hypoactive contractile condition of the circular muscle
to a hyperactive contractile state. Observations of this

1315

nature, usually made by manometric recording methods
in vivo, reinforces the evidence that a subset of the pool
of inhibitory motor neurons is tonically active, and that
blockade or ablation of these neurons releases the circular
muscle from the inhibitory influence[14-16]. The behavior of
the muscle in these cases is tonic contracture and recurring
disorganized phasic contractile activity that is nonpropulsive.
Disinhibitory motor disease
The inhibitory neuromuscular relations in the intestine
predict that spasticity and “achalasia” (i.e. failure to relax)
will accompany any condition where inhibitory motor
neurons are rendered inactive or destroyed. Without ENS
inhibitory neural control, the self-excitable smooth muscle
contracts continuously and behaves as an obstruction.
This occurs because the muscle responds to each and
every ICC-generated electrical slow wave with contractions
that propagate in all directions without any control of
amplitude or distance of propagation. Contractions
spreading in the uncontrolled syncytium collide randomly
resulting in chaotic-ineffective behavior in the affected
intestinal segment in ways which are reminiscent of
fibrillation in the myocardium.
Loss or malfunction of inhibitory motor neurons is the
pathophysiological starting point for disinhibitory motor
disease, which includes several forms of chronic intestinal
pseudoobstruction and sphincteric achalasia. Neuropathic
degeneration of the ENS includes loss of the pool of
inhibitory motor neurons along with the interneuronal
pool and is a progressive disease that in its early stages may
be manifest as symptoms that could be interpreted as a
functional gastrointestinal disorder (e.g. IBS).
Intestinal pseudoobstruction is a pathophysiological
state with symptoms that resemble those of a mechanical
obstruction to forward propulsion, but without the
presence of a mechanical obstruction. Chronic intestinal
pseudoobstruction can be myopathic or neuropathic. The
neuropathic form of chronic intestinal pseudoobstruction
is a form of disinhibitory motor disease linked with
neuropathic degeneration in the ENS. Failure of propulsive
motility in the affected length of bowel reflects loss of
the neural microcircuits that program and control the
repertoire of motility patterns required for the necessary
functions of that region of bowel. Pseudoobstruction
occurs mainly because contractile behavior of the circular
muscle is hyperactive, but disorganized in the denervated
regions [17,18]. Hyperactivity determined by manometric
recording methods is a diagnostic sign of the neuropathic
form of chronic small bowel pseudoobstruction. The
hyperactive and disorganized contractile behavior reflects
the absence of inhibitory nervous input to the muscles,
which are autogenic when released from the braking
action of the inhibitory motor neurons of the ENS.
Chronic pseudoobstruction is therefore symptomatic of
the advanced stage of a progressive enteric neuropathy.
Retrospective review suggests that IBS-like symptoms in a
subgroup of patients can be an expression of early stages
of the neuropathy[19-21].
Degenerative non-inflammatory and inflammatory
ENS neuropathies are two kinds of disinhibitory motor
www.wjgnet.com
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Figure 2 Enteric neuropathy underlies the pathophysiology in a subset of patients
with functional gastrointestinal disorders. A: Idiopathic myenteric ganglionitis.
Histology of the myenteric plexus in a full-thickness small intestinal biopsy taken
during exploratory laparotomy for intestinal obstruction. A diagnosis of neuropathic
pseudoobstruction was made on the basis of neuronal degeneration associated
with an inflammatory infiltrate localized to the myenteric plexus. The patient had
a multiple year history of complaints suggestive of IBS. Histological section and
patient history courtesy of Dr. Claudio Fiocchi, The Cleveland Clinic, Cleveland,
Ohio; B: Enteric neuronal degeneration and associated symptoms progress
in parallel (e.g. symptoms of IBS). Most individuals start postnatal life with a
normal ENS and normally functioning bowel. Neuronal degeneration mediated by
autoimmune attack directed to the ENS (e.g. paraneoplastic syndrome, Chagas
disease, idiopathic inflammatory neuropathy) can progress to a stage where ENS
function is lost. Functional bowel symptoms appear and worsen as neurons are
progressively lost from the ENS microcircuits required for integrated function of the
whole organ. Chronic intestinal pseudoobstruction of the neuropathic form occurs
when the loss of neurons progresses to a stage where the neuronal circuits for
propulsive motility are no longer functional.

disorders that culminate in pseudoobstruction. Noninflammatory neuropathies are classified as familial or
sporadic[22]. In the former, the neuropathological findings
include a marked reduction in the number of neurons
in both myenteric and submucosal plexuses, and the
presence of round, eosinophilic intranuclear inclusions
in roughly 30% of the residual neurons. Histochemical
and ultrastructural evaluations reveal the inclusions not
to be viral particles, but rather proteinaceous material
forming filaments that is are in some ways reminiscent
of Alzheimer’s disease in the brain [23,24] . Members
of two families have been described with intestinal
pseudoobstr uction associated with the autosomal
dominant form of ENS neuropathy[25,26]. The numbers of
enteric neurons in these patients were decreased with no
alterations found in the CNS or parts of the autonomic
nervous system outside the gut.
Degenerative inflammatory ENS neuropathies are
characterized by a dense inflammatory infiltrate confined
to enteric ganglia. Paraneoplastic syndrome, Chagas disease
and idiopathic degenerative disease are recognizable
www.wjgnet.com
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forms of pseudoobstruction related to inflammatory
neuropathies.
Paraneoplastic syndrome is a for m of pseudoobstruction where commonality of antigens between some
forms of cancer cells (e.g. small-cell carcinoma of the
lungs) and enteric neurons leads to autoimmune attack,
which results in loss of neurons[27,28]. Most of the patients
with symptoms of pseudoobstruction in combination
with small-cell lung carcinoma express immunoglobulin-G
autoantibodies that react with neurons in their ENS[29].
These antibodies react with molecules expressed on the
nuclear membranes of neurons (e.g. Hu and Ri proteins)
and with cytoplasmic Yo protein of Purkinje cells in
the cerebellum [30,31] . Immunostaining with sera from
paraneoplastic patients shows a characteristic pattern of
staining in enteric neurons[30]. The detection of anti-enteric
neuronal antibodies in the patient’s serum establishes the
specific diagnosis. The circulating antibodies damage the
neurons by inducing apoptosis[32].
The association of enteric neuronal loss and symptoms
of pseudo-obstruction in Chagas disease also reflects
autoimmune attack on the neurons with accompanying
symptoms that mimic the situation in sphincteric achalasia
and paraneoplastic syndrome. Trypanosoma cruzi, the bloodborne parasite that causes Chagas disease, has antigenic
epitopes similar to enteric neuronal antigens [33]. This
antigenic commonality activates the immune system to
assault the ENS coincident with its attack on the parasite.
Idiopathic inflammatory degenerative ENS neuropathy
occurs unrelated to neoplasms, infectious conditions or
other known diseases[32,34-38]. Patients have been described
with early complaints of symptoms similar to IBS that
progressively worsened and were later diagnosed as
idiopathic degenerative inflammatory neuropathy based
on full-thickness biopsies taken during exploratory
laparotomy, which revealed chronic intestinal pseudoobs
truction[20,35-38]. Each of these patients had inflammatory
infiltrates localized to ganglia of the myenteric plexus.
Sera from these patients contain antibodies against enteric
neurons that are similar to those found in secondary
inflammatory neuropathies (i.e. anti-Hu), but with different
immunolabeling patterns characterized by prominent
cytoplasmic rather than nuclear staining.
Recognition of the brain-like functions of the ENS
leads to a conclusion that early neuropathic changes are
expected to be manifest as symptoms that worsen with
progressive neuronal loss. In diagnostic intestinal motility
studies (e.g. manometry), degenerative loss of enteric
neurons is reflected by hypermotility and spasticity [17]
because inhibitory motor neurons are included in the
missing neuronal population.
The observations in patients with autoimmune attack on the ENS suggest that early stages of an enteric
neuropathy might be expressed as IBS-like symptoms.
Early symptoms in these patients can be lower esophageal
sphincter achalasia, which reflects loss of inhibitory
innervation of the sphincter, and postprandial cramping
abdominal pain and diarrhea. The disease in these
individuals appears to progress from IBS-like symptoms
to symptoms of chronic intestinal pseudoobstruction in
parallel with progressive loss of neurons from their ENS
(Figure 2).
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Figure 3 Intestinal secretory glands (i.e. crypts of Lieberkühn and Brunner’s
glands) are innervated by secretomotor neurons in the ENS. Neurotransmitters
(e.g. ACh and VIP), which evoke secretion, are released at the neuro-epithelial
junctions when secretomotor neurons fire. Axon collaterals to blood vessels
simultaneously dilate submucosal vessels to increase blood flow in support
of stimulated secretion. Noradrenergic input from the sympathetic nervous
system and somatostatinergic input from intrinsic ENS neurons suppress firing
of secretomotor neurons and thereby inhibit secretion. Factors that cause
hyperactivity of secretomotor neurons enhance secretion and lead to neurogenic
secretory diarrhea. In inflammatory states (e.g. ulcerative colitis and Crohn’s
disease) the release of inflammatory mediators elevates activity of secretomotor
neurons leading to diarrhea. Certain pathogens and enterotoxins (e.g. cholera
toxin and Clostridium difficille toxin A) activate secretomotor neurons to produce
a diarrheal state. In food allergies, presence of sensitizing food antigens (e.g.
shellfish, tree nuts) triggers mast cell degranulation and releases mediators such
as histamine, serotonin and prostaglandins, all of which activate secretomotor
neurons to evoke diarrhea. When secretomotor neurons are hypoactive, secretion
is reduced, the liquidity of the intestinal contents is reduced and a state of
constipation can follow. Activating opioid or somatostatinergic receptors (e.g. by
opioid analgesics or octreotide) on secretomotor neurons inhibits their excitability
and suppresses secretion.

NEUROGENIC SECRETION: DIARRHEA AND
CONSTIPATION
Disordered defecation in IBS is related directly to the
physiology of enteric secretomotor neurons. Secretomotor
neurons are excitatory motor neurons in the submucosal
plexus of the ENS, which inner vate and stimulate
secretion from the intestinal crypts of Lieberkühn,
Brunner’s glands and goblet cells (Figure 3).
Secretomotor neurons
Secretomotor neurons are uniaxonal with characteristic
shapes described as Dogiel Type I and electrophysiological
behavior like S-type enteric neurons [39-41]. When they
fire, they release acetylcholine and vasoactive intestinal
polype ptide at their junctions with the secretor y
epithelium. Collateral projections from the secretomotor
axons innervate submucosal arterioles (Figure 3). Collateral
innervation of the blood vessels links secretomotor
activity in the glands to submucosal blood flow[42]. Active
firing of secretomotor neurons releases acetylcholine
simultaneously at neuroepithelial and neurovascular
junctions. Acetylcholine acts at the blood vessels level to
release nitric oxide from the endothelium, which in turn
dilates the vessels and increases blood flow[42].
Secretomotor neurons have receptors that receive excitatory and inhibitory synaptic input from other neurons in
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the integrative circuitry of the ENS and from sympathetic
postganglionic neurons (Figure 3) [43-45]. Secretomotor
neuronal excitability is greatly influenced also by paracrine
chemical messages from nonneural cell types in the
mucosa and submucosa (e.g. enterochromaffin cells, mast
cells and other kinds of immune/inflammatory cells).
Activation of the excitatory receptors on secretomotor
neurons stimulates the neurons to fire and release their
transmitters at the junctions with the secretory glands and
regional blood vessels. The overall result of secretomotor
neuronal firing is stimulation of the secretion of H2O,
NaCl, bicarbonate and mucus from the intestinal glands
into the intestinal lumen[46,47].
Inhibitory input to secretomotor neurons
Inhibitory inputs from other neurons hyperpolarize
the membrane potential of secretomotor neurons and
this decreases the probability of firing (Figure 3). The
physiological effect of inhibiting secretomotor firing is
suppression of mucosal secretion. Postganglionic neurons
of the sympathetic nervous system are an important
source of inhibitory input to the secretomotor neurons.
Norepinephrine released from sympathetic nerve terminals
in the submucosal plexus acts at alpha 2 noradrenergic
receptors to inhibit firing of the secretomotor neurons.
Inhibition of secretomotor firing reduces the release of
excitatory neurotransmitters at the junctions with the
secretory epithelium. The end result is reduced secretion
of water and electrolytes. Suppression of secretion in this
manner is part of the mechanism involved in sympathetic
nervous shut-down of gut function in homeostatic states
where blood is shunted from the splanchnic to systemic
circulation.
Neurogenic secretory diarrhea and neurogenic constipation
Knowledge of the neurobiology of submucosal secretomotor neurons is necessary for understanding the pathophysiology of secretory diarrhea, as well as constipation.
In general, secretomotor hyperactivity is associated
with neurogenic secretory diarrhea; hypoactivity is
associated with decreased secretion and a constipated
state. Suppression of secretomotor firing by antidiarrheal
agents (e.g. opiates, clonidine and somatostatin analogs)
is manifest as harder-drier stools. Stimulation by chemical
mediators, such as vasoactive intestinal peptide (VIP),
serotonin and histamine, is manifest as more liquid stools.
Watery diarrhea may be caused by several different
pathophysiological events. For example, secretomotor
neurons may be overly stimulated by circulating VIP
released from VIPomas, excessive serotonin release from
mucosal enterochromaffin cells or histamine release from
inflammatory/immune cells in the mucosa/submucosa[48].
Release of histamine or other inflammatory mediators
associated with diarrhea not only stimulates the firing of
secretomotor neurons, but also simultaneously acts at
presynaptic inhibitory receptors to suppress the release of
norepinephrine from the postganglionic sympathetic axons
that provide inhibitory input to secretomotor neurons[44,48].
Two pathological factors are therefore involved in the
production of neurogenic secretory diarrhea. One is over
www.wjgnet.com
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Figure 4 Mechanoreceptors are connected “in-series” with the long axes of
the smooth muscle fibers that form the intestinal circular muscle layer. Either
contraction of the muscle or distension of the intestinal wall “stretches” the
receptors and evokes firing of impulses in the sensory afferent fibers connected
to the receptor. Firing frequency of the receptor increases in direct relation to the
amount of “stretch” or, in some receptors, the rate at which the length changes.
Mechanosensory information generated in this manner is transmitted by spinal
afferents to the spinal cord or vagal nerve afferents to the dorsal vagal motor
complex in the brain stem.

stimulation of secretomotor neuronal firing and the other
is presynaptic suppression of norepinephrine release
from sympathetic postganglionic neurons. Presynaptic
suppression of norepinephrine removes the sympathetic
braking action from the neurons (Figure 3).
Excitatory Input to secretomotor neurons
Secretomotor neurons have excitatory receptors for several
neurotransmitters, which include acetylcholine, VIP, substance P and serotonin[49]. One of the serotonergic receptors
belongs to the 5-HT3 receptor subtype[50].Efficacy of blockade
of 5-HT3 receptors by a 5-HT3 antagonist in the treatment of
diarrhea in the diarrhea-predominant population of women
with IBS[51,52] suggests that hyperstimulation of secretomotor
neurons by serotonin is a significant factor in this form
of IBS. Observations that IBS symptoms of cramping
abdominal pain, diarrhea and fecal urgency are commonly
exacerbated in the postprandial state[7,53] and evidence for
elevated postprandial release of serotonin[54,55] suggests that
overactive release of serotonin from the enterochromaffin
cell population might underlie the diarrheal symptoms of
IBS. This is reinforced by suggestions of elevated numbers
of serotonin-containing enterochromaffin cells and also
mast cells in the mucosa of IBS patients[56-58].

ABDOMINAL PAIN AND DISCOMFORT
Primary causes of abdominal pain of digestive tract
origin are distension and excessively strong muscular
contractions. Stimuli, such as pinching and burning
of the mucosa applied via fistulae, do not evoke pain.
Hypersensitivity of the sensory mechanoreceptors for
stretch (distension) and contractile force are implicated
as pain factors in IBS. Hypersensitivity to distension
is present in a substantial subset of IBS patients [59-62].
Filling of a balloon placed in the recto-sigmoid region
evokes sensations of discomfort and pain at lower
distending volumes for IBS patents than for normal
subjects. Hypersensitivity of this nature to distension
is not restricted to the distal bowel. Patients, who are
diagnosed with functional dyspepsia, also experience more
www.wjgnet.com
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discomfort and pain at lower distending volumes in the
stomach than normal subjects[63,64] and hypersensitivity
to distension is present in the esophagus of patients with
non-cardiac chest pain[65].
IBS patients experience the same kind of hypersensitivity to electrical stimulation applied to the lining of the
recto-sigmoid region as they do during balloon distension
in the recto-sigmoid [66]. This hypersensitivity to direct
electrical stimulation of the intramural sensory innervation
implicates abnormal sensory neurophysiology rather than
mechanical factors (e.g. wall tension and compliance) as
underlying the decreased sensory thresholds present in
IBS patients. Identification of the sensory defect in IBS
continues as an area of active investigation and is yet to
be elucidated convincingly. The lower sensory threshold
in IBS might reflect: (1) sensitization of intramural
mechanoreceptors; (2) sensitization of neurotransmission
at synapses in the spinal cord; (3) abnormal processing
of the sensory information when it reaches the brain; (4)
combinations of each of these possibilities.
Peripheral neuropathological factors
Mechanosensitive primary sensory afferents in the walls
of the specialized organs of the digestive tract detect and
signal contraction and distension of the musculature.
The mechano-sensing structures at the afferent terminals
behave as if they are attached “in-series” with the
long axes of the smooth muscle fibers (Figure 4). This
arrangement accounts for activation of the sensors by
either muscle contraction or distension. The cell bodies of
the neurons that give rise to intestinal afferents are located
in vagal nodose ganglia and dorsal root spinal ganglia.
Mechanosensitive information is transmitted along spinal
afferents to the spinal cord by way of dorsal root ganglia
and along vagal sensory afferents to the brain stem by way
of the nodose ganglia and synaptic relays in the nucleus
tractus solitarius.
Vagal and spinal afferent fibers are predominantly
unmyelinated C-fibers or thinly myelinated A δ -fibers
each of which transmits different modalities of sensory
information at low conduction velocity. In general, vagal
afferents transmit sensory information on the nature
and composition of the luminal contents, the presence
or absence of motility and on contractile tension in the
musculature. Spinal afferents transmit mechanosensitive
information and pathophysiological information related to
potentially noxious mechanical or chemical stimuli arising
through tissue injury, ischemia or inflammation. Sensations
of pain and discomfort of digestive tract origin reflect
transmission in spinal afferents and information processing
in the spinal cord and brain. Sensor y infor mation
transmitted by the vagus nerves appears not to reach
the level of conscious sensation because patients with
high spinal cord transections and intact vagal pathways
experience little or no sensations of digestive tract origin.
On the other hand, conscious perception of sensations
from the digestive tract remains following a surgical
vagotomy. This presumably reflects transmission over
spinal afferents to the spinal cord and onward to conscious
centers in the brain.
The barrage of mechanosensory information, which is
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spinal pathways to multiple processing centers in the brain. Projection pathways
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and visceral pain from nociceptors in the bowel.

transmitted from the small and large intestine to the CNS
is generated by three kinds of sensory afferents known
as low-threshold, high-threshold and silent afferents[67].
Low-threshold afferents, which code small changes in
wall tension, are thought to transmit the minute-tominute information required for functional autonomic
negative-feedback control during contractile events. Highthreshold afferents require stronger changes in wall tension,
which might be produced by distension of the lumen
or strong contraction of the musculature, in order to be
activated. The high-threshold afferents are postulated to
be responsible for the range of sensations from mild to
severe pain that are associated with excessive distension or
exceptionally strong muscle contraction. Silent afferents
cannot be activated by distension when the bowel is in its
normal state. They take on pathophysiological significance
by becoming active and highly sensitive to stimuli during
inflammatory states[68,69].
Postinfectious IBS
A significant percentage of patients develop IBS-like
symptoms following an acute bout of infectious
enteritis [70-73]. Hypochondriasis and adverse life events
during the infectious episode are reported to double the
risk for development of postinfective IBS[70]. Nevertheless,
the question of whether the association between acute
infectious enteritis and IBS reflects low-level inflammation
(e.g. microscopic enteritis) and chronic exposure of the
neural and glial elements of the ENS to elevated levels
of serotonin, histamine or other inflammatory mediators
remains to be fully resolved.
Serotonin receptors on sensory afferents
Application of exogenous 5-HT evokes increased firing
in extrinsic afferents and this is mediated by 5-HT 3
receptors that can be blocked by selective 5-HT3 receptor
antagonists (e.g. alosetron) [74,75]. Intramural terminals
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of both spinal and vagal sensory nerves express 5-HT3
receptors. Reported efficacy of alosetron in the treatment
of abdominal pain and discomfort in the diarrheapredominant form of IBS in women suggests that these
symptoms might reflect over-active endogenous release
and elevated levels of 5-HT[51,76].
Persistence of 5-HT at its receptors, due to a defective serotonin transporter, is a second possibility for
hyperstimulation of intramural serotoninergic receptors.
Active uptake mediated by the serotonin transporter,
which is expressed by enteric neurons and mucosal
epithelial cells, restricts accumulation and action of 5-HT
at its receptors following its release[77]. Down regulation
of both transporter mRNA expression and expression
of immunoreactivity for the serotonin transporter were
reported to be present in mucosal biopsies taken from
the large intestine of IBS patients[78]. Watery stools and
enhanced propulsive motility occurred in mice with a
deletion in the serotonin transporter gene and the mice
were reported to sometimes alternated between diarrhea
and constipation in a way reminiscent of the subset of IBS
patients that are classified as “alternators”[79].
Receptors for inflammatory mediators on sensory
afferents
Aside from the 5-HT 3, receptors for bradykinin, ATP,
adenosine, prostaglandins, leukotrienes, histamine and
mast cell proteases are expressed on spinal sensory nerve
terminals[67,80]. Any one of these mast cell or ischemiarelated mediators has potential for elevating the sensitivity
of intestinal sensory nerves, especially in the disordered
conditions of inflammation or ischemia. This suspicion
is reinforced by findings that a reduced threshold for
painful responses to balloon distension in the large
bowel is associated with degranulation of mast cells in
animal models. Treatment with mast cell stabilizing drugs
prevents lowering of the pain threshold, which occurs
during mucosal inflammation in the animal models[81], and
suggests that mast cell stabilization might turn out to be an
efficacious treatment in human IBS[82,83].
Central neuropathological factors
Much of the evidence suggests altered peripheral sensory
transduction as the underlying factor for the exaggerated
sensitivity to distension found in IBS patients[84]. In this
scenario, mechanosensitive primary afferents in the gut wall
become hypersensitive to mechanical stimuli and as a result
transmit at elevated frequencies of firing that is interpreted
in the CNS as nociceptive information. In an alternative
scenario, normally functioning mechanoreceptors transmit
accurate information, which is then misinterpreted in
processing circuits in the spinal cord and/or brain to evoke
conscious perceptions of disordered sensations from the gut.
Ascending sensory pathways in the spinal cord
Ascending spinal pathways involved in the transmission
of nociceptive signals from the digestive tract are
the spinothalamic, spinohypothalamic, spinosolitary,
spinoreticular, and spinoparabrachial tracts (Figure 5).
Visceral pain information is also transmitted to higher
www.wjgnet.com
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Figure 6 Conscious perception of visceral sensations emerge from the cingulate
region of the cerebral cortex. Medial view of the brain showing organization of
the cingulate cortex. Perigenual, midcingulate, posterior and retrosplenial are
important structural and functional regions of the cingulate cortex with the following
properties: (1) Perigenual anterior cingulate cortex surrounds the rostral portion
of the cingulate cortex and is primarily involved in affect with a subsector devoted
to visceromotor control via projections to the cranial parasympathetic and spinal
sympathetic divisions of the autonomic nervous system. (2) Midcingulate cortex
is involved in response selection and motivation and has a skeletomotor control
subsector with neurons that project directly to the spinal cord. (3) Retrosplenial
cingulate cortex is associated with memory recall. (4) Posterior cingulate cortex
overlays the entire surface of the cingulate gyrus and has a caudomedial
subsector that overlaps with the retrosplenial cingulate cortex. The retrosplenial
cingulate cortex and posterior cingulate cortex are both involved in memory and
activation of the caudomedial sector of the posterior cingulate cortex during
memory of emotional events (e.g. emotional events associated with affect and gut
function) provide an important framework for assessment of visceral function and
disorder in brain imaging studies.

processing centers in the brain via pathways in the dorsal
spinal columns [85,86-90]. Spinal afferents, which transmit
nociceptive information, connect synaptically with second
order neurons in the dorsal column nuclei (i.e. nucleus
gracilis and nucleus cuneatus). Second order neurons in the
spinal dorsal horn also provide input to the dorsal column
nuclei (Figure 5). The pain signals are transmitted upward
via the ipsilateral dorsal column nuclei to the contralateral
ventroposterolateral nucleus of the thalamus[85,90-92]. Dorsal
column transmission is now considered to be more
important than the spinothalamic and spinoreticular tracts
in visceral nociceptive transmission.
A midline myelotomy, which severs axons in the human
dorsal columns, attenuates otherwise intractable visceral
pain[87,90]. Stimulation of the dorsal columns in patients
with severe IBS evokes an immediate increase in the
intensity of their abdominal pain[93]. These observations
in humans are consistent with experimental results in
animals. Severing the axons of the dorsal columns in rats
or monkeys reduces the neuronal responses to colorectal
distension in the ventral posterolateral nucleus of the
thalamus and of neurons in the dorsal column nuclei,
particularly in the nucleus gracilis[86,88].
Sensory processing in the cerebral cortex
Methods of brain imaging offer another investigative
www.wjgnet.com
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modality for addressing questions related to abnormal
processing of sensory information in the cerebral cortex
of IBS patients [84,94-96]. Functional magnetic resonance
imaging (fMRI) and positron emission tomography (PET)
are now commonly used to study information processing
in the higher brain centers that underlie an individual’s
experience of conscious sensations.
Results from imaging studies suggest that unlike
somatic sensation, which has a main homuncular
representation in the primary somatosensory cortex,
visceral sensation is mainly represented in the secondary
somatosensory cortex[96,97]. Differences in processing in
these specialized regions might account for the vagueness
of an individual’s ability to localize visceral sensation
in relation to somatic sensation. Beyond the sensory
cortices, fMRI and PET images show representation of
both somatic and visceral sensation to be similar in the
limbic and paralimbic regions of the cortex (e.g. anterior
insular, anterior and posterior cingulate, prefrontal and
orbitofrontal cortices[94,95]. These areas are known to be
involved in the individual’s motivational and emotional
mood states and in the cognitive components of visceral
sensations.
Gender differences, reminiscent of those found in IBS,
are seen in the cortical representation when a balloon is
distended in the recto-sigmoid region in healthy subjects[98].
Activation in the sensory/motor and parieto-occipital areas
does not differ between genders. On the other hand, more
extensive activation appears in the anterior cingulate and
prefrontal cortices in females than in males. The volume
of evoked cortical activity in females is greater than in
males for perception levels in the range from the urge to
defecate to sensations of fullness, mild discomfort and
pain. Significance of these gender differences is unclear;
nevertheless, they are reminiscent of the greater perceptual
responses reported in female patients with functional
gastrointestinal disorders (e.g. IBS)[99].
In healthy subjects, painful sensations evoked by
distension of a balloon in the recto-sigmoid region or
the anticipation of a potentially painful distension are
associated with increased blood flow in the anterior
cingulate cortex (Figure 6). In IBS patients, activation of
the anterior cingulate cortex was reported not to occur
in response to painful distension or the anticipation of
painful distension [94,100]. On the other hand, an fMRI
study found that patients with IBS showed enhanced
activation of the mid-cingulate cortex in response to rectal
distension[101]. Selective activation of the pre-frontal cortex
appeared to take place coincident with decreased activation
of the anterior cingulate cortex in another study [94] .
Attention is focused on the cingulate cortex because it
is generally thought to be an integrative center for both
emotional experience and specific representation for
pain that might account for the linkage between pain and
emotional state. This cortical region is formed around the
rostrum of the corpus callosum and has projections into
the motor regions of the cortex (Figure 6). The “affective”
areas of the cingulate cortex have extensive connections
with the amygdala and periaqueductal gray matter and with
autonomic nuclei in the brain stem[102]. This connectivity
integrates autonomic and endocrine functions and recall of
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Figure 7 Firing frequency of neurons in the dorsal horns of the spinal cord in
response to distension of the colon is increased during experimentally induced
inflammation of the colon in rats. Increased sensitivity is reflected by a decreased
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emotional experiences. Cognition is believed to reside in
the caudal portion of the anterior cingulate cortex where
the microcircuits are delegated to premotor functions and
processing of nociceptive information.
The functional neuroanatomy of the cingulate cortex
offers an explanation for the well documented association
of psychosocial disturbances (e.g. negative life events) with
more severe cases of IBS[99]. Rectal distension in persons
with histories of severe sexual and/or physical abuse has
been reported to selectively activate the perigenual region
of the anterior cingulate cortex (Figure 6). One case report
described a middle-aged female whose low pain threshold
for rectal distension and diarrhea-predominant IBS
improved after she was extricated from an abusive psychosocial situation. Brain imaging with fMRI in this individual
showed activation of the mid-cingulate cortex during rectal
distension prior to treatment and resolution of activation
associated with improvement in the patient’s psycho-social
situation[103].
Sensory processing in the spinal cord
Nociceptive afferents, which do not project to dorsal
column nuclei, terminate in the dorsal horn of the spinal
cord. They form synapses with second order nociceptive
neurons that are located mainly in laminae I & II. Most of
the neurons in laminae I & II receive direct synaptic input
from A-delta and nonmyelinated C-fibers. Large numbers
of neurons in lamina I respond exclusively to noxious
stimulation and project the information to higher brain
centers (Figure 5).
Central sensitization (“wind-up”)
Elevated excitability in nociceptive dorsal horn neurons
underlies spinally mediated hyperalgesia, which is termed
central sensitization to distinguish it from sensitization
that occurs at nociceptive terminals in the periphery. In
conditions of severe tissue injury and persistent injury,
nociceptive C fibers fire repetitively and the excitability
of the second order neurons in the dorsal horn increases
progressively in response to the elevated synaptic input.
This effect is sometimes called “wind-up” and reflects the
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synaptic release of glutamate from the incoming C-fibers
and activation of N-methyl-D-aspartate (NMDA)type glutamate receptors expressed by the second order
neurons. These long-lasting changes in the excitability of
dorsal horn neurons are like a memory imprint of the
nociceptive input. Accumulating evidence suggests that
the spinal wind-up phenomenon may be operational and
be an underlying factor in the intestinal hypersensitivity
associated with IBS.
One piece of the suggestive evidence for wind-up
hypersensitivity is the finding that second order neurons
in the dorsal horn show induction of the early gene
c-fos in response to noxious balloon distension of the
colon in rats [104] . Changes in gene expression in this
case are expected to underlie postsynaptic excitability
changes in the second order nociceptive neurons.
A related phenomenon occurs in the rat spinal cord
where excitability of second order nociceptive neurons
become sensitized to distension-evoked input following
inflammation of the colon produced by application of
acid to the mucosa (Figure 7). The same phenomenon is
evident in dorsal column nuclei where firing of second
order neurons to colo-rectal distension becomes sensitized
following inflammation of the colon evoked by application
of mustard oil to the mucosa [105] . These effects of
inflammation are characterized by a decrease in threshold
and an increase in firing rate of the neurons in the dorsal
horn and dorsal column nuclei in response to distension
of the large intestine. This is believed to reflect central
sensitization secondary to peripheral sensitization and
elevated firing of sensory nerve terminals in the inflamed
intestinal wall.
In a study, which is reminiscent of the connection
between sexual and physical abuse in early childhood and
IBS in adult humans, Al-Chaer et al[106] reported that central
sensitization may also be induced in animal models in
the absence of inflammation. Neonatal rats in this study
were subjected daily to noxious colo-rectal distension
or intracolonic injection of mustard oil beginning 8 d
postpartum and lasting for 21 d. When tested in adulthood,
the rats that were “abused” as neonates were hypersensitive
to colo-rectal distension as reflected by a lower threshold
and elevated intensity of reflex responses indicative of
abdominal pain. Single-unit electrophysiological recording
from dorsal horn neurons in the lumbar and sacral regions
of the spinal cord of the adult animals found significantly
higher background firing frequencies in the animals that
were “abused” as neonates and enhanced firing frequencies
in response to colo-rectal distension when compared with
non-abused controls. Histological examination found no
evidence of an inflammatory state in the large intestine in
either the adult “abused” animals or their controls in these
studies.
Limited evidence for central sensitization to distension
of the large bowel has been obtained for humans, who
meet diagnostic criteria for IBS [61] . In IBS patients,
repetitive inflation of a balloon in the sigmoid colon,
to noxious levels of stimulation, alters the processing
of afferent information entering the spinal cord from
the rectum. Altered central processing appears to be
present in IBS patients and not in normal subjects. The
www.wjgnet.com
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Figure 8 Multiple descending pathways from integrative centers in the brain
project to the dorsal horn of the spinal cord where they release neurotransmitters
that modulate the transmission of nociceptive signals after entry into the spinal
cord.

altered central processing in human IBS is reflected
by development of hyperalgesia in response to rectal
distension and spontaneously developing hyperalgesia over
an extended period of time in the recto-sigmoid region
in the absence of any further application of the repetitive
distension protocol.
Descending spinal modulatory pathways
Processing of incoming nociceptive signals in the spinal
cord is subject to descending modulatory influences from
supraspinal structures in the brain (e.g. periaqueductal gray,
nucleus raphe magnus, nuclei reticularis gigantocellularis,
and the ventrobasal complex of the thalamus) (Figure 8).
The descending modulator y activity can be either
inhibitor y, facilitator y or both de pending on the
context of the visceral stimulus or the intensity of the
descending neural activity. The descending pathways,
which originate in the brainstem and higher centers,
influence the processing of nociceptive signals from the
bowel within the microcircuitry of the dorsal horn of the
spinal cord. These descending pathways release serotonin
and noradrenalin and to a lesser extent dopamine as
neurotransmitters at their synapses in the spinal cord.
Descending modulation of visceral nociceptive
processing at the spinal cord level is ong oing and
includes both inhibitory and facilitative influences on
synaptic transmission in the dorsal horn microcircuits.
Experimental data, which correlate behavioral responses
and neuronal electrical and synaptic behavior, suggest that
activity in descending modulatory pathways influences
neuronal activity at the spinal cord level and the behavior
of individuals experiencing acute and persistent pain[107].
The descending modulation includes facilitative and
inhibitory influences both of which can alter the sensing
of pain of gut origin.
Electrical stimulation or chemical activation (i.e.
intracerebral injection of neurotransmitters or blocking
drugs) of several different supraspinal centers modulates
the neuronal and behavioral responses to visceral stimuli.
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For example, nociceptive responses to intraperitoneal
injection of hypertonic saline in rats are attenuated by
electrical stimulation in the periaqueductal gray matter[108].
Chemically-induced activation of neuronal cell bodies
in the rostro-ventral medulla also attenuates responses
to visceral stimulation [109,110]. Electrical stimulation or
microinjection of glutamate into the periaqueductal gray
matter, nucleus raphe magnus or the nuclei reticularis
gigantocellularis suppresses spinal dorsal horn neuronal
responses to visceral afferent fiber stimulation and to
noxious colo-rectal distention [111-113]. The descending
inhibition from the rostro-ventral medulla travels along
pathways in the dorsolateral spinal cord [114]. Electrical
stimulation of the ventrobasal complex of the thalamus
suppresses the responses of dorsal horn neurons to
colorectal distension in normal rats[115].
Sensory visceral input to the dorsal horn is also subject to descending facilitative modulation. Descending
facilitation might enhance conscious perception of the
bowel in the absence of any noxious stimulation and
could possibly explain the hypersensitivity often reported
to be present in IBS. Several lines of evidence support
the presence of tonic descending facilitative influences
in animals. In cats, reversible blockade of descending
pathways by cervical cooling suppresses the responses
of a subset of visceral neurons to stimulation of the
splanchnic nerves[116]. Zhuo and Gebhart[114] investigated
the effects of electrical or chemical stimulation in the
rostro-ventral medulla on reflex contractions of the
abdominal musculature of the rat in response to noxious
colo-rectal distension. Reflex contraction of the abdominal
musculature in response to colorectal distension in this
kind of study is regarded as a measurable perimeter
for assessment of severity of visceral pain in this rat
model. When applied at 22 different sites in the rostroventral medulla, electrical stimulation facilitated the reflex
responses to noxious distension at low stimulus intensities
of 5, 10, and 25 µA and suppressed the reflex responses
at stimulus intensities greater than 50 µ A. Electrical
stimulation at all intensities tested (5-200 µA) in other
sites in the rostro-ventral medulla only inhibited or only
facilitated reflex responses to noxious colorectal distention.
Microinjection of glutamate into the rostro-ventral medulla
mimics the findings for electrical stimulation. Reversible
spinal blockade by injection of lidocaine or irreversible
transection of spinal funiculi revealed that descending
facilitatory influences from the rostro-ventral medulla
were transmitted in the ventrolateral/ventral funiculus
and descending inhibitory influences were carried by the
dorsolateral funiculi. Descending modulation, whether
inhibitory or facilitative, is linked to a reflex response
to noxious stimulation; neither electrical stimulation
nor glutamate injection alters contractile behavior of
the abdominal musculature in the absence of colorectal
distension.
Intestinal motility and abdominal pain
Strong contractions of the intestinal circular muscle coat
during intestinal power propulsion (Figure 9) underlie
the sensation of cramping abdominal pain[21,117]. Power
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the perception of pain and discomfort. A second is for the
mechanoreceptors to become sensitized in the IBS patients
(e.g. by inflammatory mediators or other paracrine signals)
and send erroneously coded information to processing
centers in the spinal cord and brain. A third explanation is
for accurately coded sensory information carried by spinal
afferents to be mis-interpreted as it is decoded in the spinal
cord and central processing centers of the brain.

Power propulsive contractions

Large intestine

PSYCHOGENIC STRESS

Anus

Diarrhea
0

0.5

1.0
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Figure 9 Power propulsion is a protective response to the presence of food
allergens or other threatening agents in the intestinal lumen. It is an ENS
programmed motility pattern that can be recorded with sensors (e.g. force
transducers) as strong, long lasting contractions of the circular muscle that
propagate rapidly for extended distances along the intestine. Power propulsion
quickly strips the lumen clean as it travels along extended lengths of intestine.
Abdominal cramping, urgency, diarrhea and threat of incontinence are associated
with this motor program. Application of irritants to the mucosa, the introduction of
luminal parasites, enterotoxins from pathogenic bacteria, allergic reactions and
exposure to ionizing radiation each can trigger the propulsive motor program.

propulsion, which is one of the patterns of motility stored
in the program library of the ENS, occurs more frequently
in IBS patients than in normal subjects and the circular
muscle contractions are significantly stronger than normal
in IBS patients[53]. Postprandial power propulsion is more
prevalent in the colon of IBS patients than in normal
individuals and power propulsion in the colon is often
associated with their diarrhea[48].
Power propulsion in the large intestine generally starts
in the proximal colon and strips the lumen clean as it
travels rapidly toward the recto-sigmoid region (Figure 9).
In diarrheal states, large volumes of watery stool may
be propelled quickly into the distal large bowel. Rapid
distension of the recto-sigmoid region by the advancing
luminal contents triggers the recto-anal reflex. Relaxation
of the internal anal sphincter and conscious need for
contraction of the external sphincter and puborectalis
muscle occur at this time coincident with the sensation of
urgency and concern about incontinence. The sensation
of urgency is derived from mechanosensory information
transmitted to the CNS along spinal afferents from the
recto-sigmoid region and pelvic floor musculature.
The pain and discomfort in IBS patients during the
powerful contractions of power propulsion may be
explained in three ways, either separately or in combination. One explanation is for the exceptionally powerful
circular muscle contractions to activate high-threshold
mechanoreceptors that transmit the information centrally
where it is processed and projected to consciousness as

Psychological stress and negative life experiences are
recognized as exacerbating psychosocial factors in IBS[5,
99,100,103,118]
. Stress often exacerbates symptoms of cramping
abdominal pain, diarrhea and urgency in IBS patients.
These stress-exacerbated symptoms in IBS are similar, if
not identical, to the abdominal pain, diarrhea and urgency
associated with enteric allergic responses, infectious
enteritis, radiation-induced enteritis and noxious mucosal
irritation (e.g. senna laxatives). Recent advances in the basic
science of brain-to-gut and immune cells-to-ENS signaling
have introduced fresh insight into mechanisms underlying
the effects of psychological stress on the intestinal tract.
Neuro-immunophysiological paradigm for IBS-Like
symptoms
The human enteric immune system is developed at birth
and is colonized by populations of immune/inflammatory
cells that will change continuously in response to luminal
conditions and pathophysiological states throughout
the individual’s lifetime. The enteric immune system
is positioned to provide security at one of the most
contaminated borders between the interior of the body
and the outside world. It deals continuously with dietary
antigens, parasites, bacteria, viruses, and toxins as they
appear in the warm-dark-moist-anaerobic environment
of the intestinal lumen. The system is continuously
challenged because physical and chemical barriers at the
epithelial interface never exclude the large antigenic load in
its entirety. Furthermore, stress in the form of threatening
environmental conditions in animal models or handling
of the gut during laparotomy in humans opens the
barrier[119-121].
Immuno-neural crosstalk
Insight into how chemical communication between the
mucosal immune system and the ENS takes place is
derived from electrophysiological recording in enteric
neurons in intestinal preparations from animal models
after sensitization to foreign antigens[122-124]. Signals from
enteric immune/inflammatory cells activate a neural
program for defensive intestinal behavior in response to
circumstances within the lumen that are threatening to the
functional integrity of the whole animal. The signaling
mechanism is chemical in nature (i.e. paracrine) and
incorporates specialized sensing functions of intestinal
mast cells for foreign antigens together with the capacity
of the ENS for intelligent interpretation of antigenevoked mast cell signals[16,48,125]. Immuno-neural integration
starts with immune detection and progresses sequentially
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Figure 10 Heuristic model for brain-gut interaction in response to stress. The
ENS is a minibrain located in close apposition to the gastrointestinal effectors it
controls. Enteric mast cells are positioned to detect foreign antigens and signal
their presence to the ENS. When, stimulated mast cells release several paracrine
mediators simultaneously. Some of the mediators signal the ENS while others
act as attractant factors for polymorphonuclear leukocytes responsible for acute
inflammatory responses. The ENS responds to the mast cell signal by initiating a
defensive program of coordinated secretion and propulsive motility that functions
to rapidly expel the source of antigenic stimulation from the bowel. Symptoms of
abdominal pain, fecal urgency and watery diarrhea result from operation of the
defense program. Neural inputs to enteric mast cells from the brain stimulate
simultaneous release of chemoattractant factors for inflammatory cells and
chemical signals to the ENS with effects that mimic the symptoms of antigenic
detection by the mast cells. Stress activates this brain-to-mast cell connection.

with signal transfer to the ENS, followed by neural
interpretation and then by selection of a specific neural
program of coordinated mucosal secretion and powerful
motor propulsion (i.e. power propulsion, see Figure 9)
that effectively clears the threat from the intestinal lumen.
IBS-like symptoms of cramping lower abdominal pain,
fecal urgency and watery diarrhea reflect operation of the
immuno-neural defense program.
Sources of immuno-neural signals
Lymphoid and myeloid cells colonize the gastrointestinal
tract in numbers that continuously fluctuate with changing
luminal conditions and pathophysiological states [126] .
Cell types including polymorphonuclear leukocytes,
lymphocytes, macrophages, dendrocytes and mast cells
are present in continuously varying numbers in the
intestinal mucosa, lamina propria and smooth muscle and
are potential sources of immuno-neural signals. Each of
these cell types can be situated in close histoanatomical
association with the neuronal elements of the ENS, vagal
nerve fibers and spinal sensory nerves[56,58,127-130].
Signaling from the cells of the enteric immune/
inflammatory system to the ENS establishes a first line
of defense against foreign invasion at the vulnerable
interface of a single epithelial cell barrier between the
body and the outside environment. In inflammatory states,
close histoanatomical proximity of elevated numbers of
lymphocytes and polymorphonuclear leukocytes to enteric
nerve elements suggests that inflammatory mediators
released by these cells might access and influence the
ENS. Electrophysiological studies in enteric neurons
confirm that inflammatory mediators released in paracrine
www.wjgnet.com
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fashion alter electrical and synaptic behavior of enteric
neurons[122-124].
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Enteric mast cells
All kinds of immune/inflammatory cells are putative
sources of paracrine signals to the ENS. Most is known,
however, about signaling between enteric mast cells and
the neural elements of the ENS. Enteric mast cells are
packed with granules that are sites of storage for a broad
mix of preformed chemical mediators. Antigens stimulate
the mast cells to release the mediators, which then diffuse
into the extracellular space inside the ENS. Enteric mast
cells express high affinity receptors for IgE antibodies
or other immunoglobulins on their surfaces. A deluge of
multiple mediators is released from the mast cells when
antibodies to a sensitizing antigen occupy the receptors
and cross-linking occurs by interaction of the sensitizing
antigen with the bound antibody (Figure 10).
Infections with nematode parasites stimulate proliferation of intestinal mast cells in animal models[127,131].
These nematode-infected models and food allergic models
have been valuable for studies of mast cell involvement
in enteric immuno-neural communication. In the
sensitization models, a second exposure to antigen isolated
from the infectious agent (e.g. intestinal nematode) or to
a food antigen results in predictable protective integration
of intestinal motor and secretory behavior [119,132-135] .
Recognition of the antigen by antibodies bound to the
sensitized mast cells triggers degranulation and release of
the mast cell’s mediators. Once released, the mediators
become paracrine signals to the ENS, which responds
by suspending operation of other programs in its library
and running a defense program designed to eliminate the
antigen from the lumen. Copious secretion and increased
blood flow followed by orthograde power propulsion of
the luminal contents are the behavioral components of
the program. Abundant evidence supports a hypothesis
that mast cells are equipped and strategically placed
to recognize foreign agents that threaten whole body
integrity and to signal the ENS to program a defensive
response, which expels the threat. The immuno-neural
defensive program in the lower half of the intestinal tract
is reminiscent of the emetic program, which provides a
similar defense for the upper gastrointestinal tract.
Mast cell function in immuno-neural communication
is an immune counterpart of sensory detection and
infor mation coding in sensory neurophysiolog y. In
sensory physiology, sensory neurons are genetically
programed to express detection mechanisms for specific
stimuli (e.g. touch, temperature or light), which remain
fixed throughout the life of the individual. Mast cells,
on the other hand, acquire specific detection capabilities
through the flexibility of recognition functions inherent
in synthesis of specific antibodies by the immune system.
Detection specificity for foreign antigens is acquired
and reinforced throughout life due to formation of new
antibodies that bind to and occupy immunoglobulin
receptors on mast cells. The output signals from mast cells,
which are triggered by cross-linking of antigens with the
attached antibodies, are chemical in nature and analogous
to chemical output signals (i.e. neurotransmitters) from

Wood JD. Functional gastrointestinal disorders

sensory neurons to second order neurons in the brain and
spinal cord. Both mast cells and sensory neurons ultimately
code information on the sensed parameter by releasing
a chemical message that is decoded by infor mation
processing circuits in the nervous system.
Mast cells and the brain-gut connection
Aside from their sensing function, enteric mast cells
provide a connection node between the CNS and
ENS. This is a brain-gut interaction in which central
psychological status can be linked to irritable states of
the digestive tract by way of mast cell degranulation and
release of mediators. Mast cell degranulation evoked
by psychological stress activates the ENS “defense
program” to produce the same symptoms of diarrhea
and abdominal distress as antigen-evoked degranulation.
Evidence for a brain-mast cell connection appears in
reports of Pavlovian conditioning of enteric mast cell
degranulation[136]. Release of mast cell proteases into the
systemic circulation and intestinal lumen is a marker for
degranulation of enteric mucosal mast cells. Release of
proteases into the circulation occurs as a conditioned
response in laboratory animals to either light or auditory
stimuli after pairing with antigenic sensitization [136]. In
humans release of mast cell proteases into the lumen of
the small intestine occurs as a conditioned response to
stress[137], which like the animal studies, reflects a brain to
enteric mast cell connection. Central nervous influence on
mast cells in the upper gastrointestinal tract is suggested
by close histological association between vagal afferents
and enteric mast cells[130] and by elevated expression of
histamine in intestinal mast cells in response to vagal nerve
stimulation[128]. Electrical stimulation of spinal afferents
in nerve trunks in the small intestinal mesentery likewise
stimulates release of histamine from enteric mast cells,
which is mediated by the action of substance P at the
neurokinin-1 receptor subtype expressed by the mast
cells[138].
Stimulation of neurons in the brain stem by intracerebroventricular injection of thyrotropin-releasing hormone
(TRH) evokes degranulation of mast cells in the rat
small intestine and adds to the evidence in support of a
CNS to mast cell connection[139]. Intracerebroventricular
injection of TRH in the rat brain evokes the same kinds of
inflammation and erosions in the stomach as cold-restraint
stress. In the large intestine, restraint stress exacerbates
nociceptive responses to distension that are associated with
increased release of histamine from mast cells[140]. Like
the effects of central TRH on gastric mucosal pathology,
intracerebroventricular injection of corticotropin releasing
factor mimics large intestinal responses to stress. Injection
of a corticotropin releasing factor receptor antagonist or
pretreatment with mast cell stabilizing drugs suppresses
stress-evoked responses in the lower gastrointestinal
tract [141]. The brain-mast cell connection is significant
because the gastrointestinal symptoms associated with
mast cell degranulation are expected to be the same
whether the mast cells are degranulated by antigenantibody cross-linking in allergies or input from the brain
during stress.
Mast cell degranulation releases mediators that sensitize
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“silent” nociceptors in the large intestine[67]. In animals,
degranulation of enteric mast cells results in a reduced
threshold for pain responses to intestinal distension and
this is prevented by treatment with mast cell stabilizing
drugs[81]. Receptors for mast cell mediators are expressed
on the terminals of vagal and spinal sensory afferent
neurons[142-144]. Actions of mast cell mediators to sensitize
sensor y ner ves is reminiscent of the characteristic
hypersensitivity to intestinal distension found in a subset
of patients with IBS[60,61,64]. Colonic mucosal biopsies from
patients with IBS reportedly contain elevated numbers
of mast cells and this raises the question of whether the
hypersensitivity to distension reflects sensitization of
intramural endings of spinal mechanosensitive nerves by
the release of mediators from these pools of mast cells[57,58].
Degranulating mast cells release mediators to signal
the ENS that degranulation has taken place and at the
same time attract immune/inflammatory cells into the
intestinal wall from the mesenteric circulation. Placement
of purified Clostridium difficile toxin-A into intestinal loops
stimulates influx of acute inflammatory cells coincident
with activation of the ENS “defense program”. Activation
of the defensive program becomes evident as copious
mucosal secretion and power propulsion. Blockade of
enteric nerves by tetrodotoxin, treatment with tachykinin
NK-1 receptor antagonists or mast cell stabilizing
drugs prevents the acute inflammatory response to the
toxin[145-148]. Responses to C. difficile toxin-A do not occur in
mast cell deficient mice[149].
Substance P is a recognized mediator in the chain of
events leading to toxin-A-induced mast cell degranulation
and release of chemoattractant factors for inflammatory
cells from the circulation [150,151] . The neuropeptide is
expressed by enteric neurons and spinal sensory afferent
neurons. It is a putative neurotransmitter in the ENS and
for intramural axonal reflexes mediated by spinal sensory
afferents. Substance P is a secretagogue for histamine and
cytokine release from mast cells[138,150,151]. The excitatory
action of C. difficile toxin-A on enteric neurons is expected
to releases neuronal substance P, which in turn acts to
degranulate mast cells in the neighborhood where it is
released.
Exposure of enteric myenteric and submucosal neurons to C. difficile toxin-A depolarizes the membrane
potential and elevates excitability. This occurs coincident with presynaptic suppression of nicotinic fast excitatory synaptic transmission in both plexuses and with
suppression of inhibitory noradrenergic neurotransmission
to secretomotor neurons in the submucosal plexus [152].
Suppression of noradrenergic neurotransmission removes
sympathetic braking action from secretomotor neurons
and this facilitates stimulation of secretion (Figure 3).
Together with toxin-A evoked excitation of secretomotor
neurons, this is undoubtedly an underlying factor in the
diarrhea associated with antibiotic-related overgrowth of C.
difficile in the large intestine.
Mast cell signal substances
Several mast cell-derived mediators have neuropharmacological actions on electrical and synaptic behavior of
neurons in the ENS. Some important mediators known
www.wjgnet.com
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to act at their receptors on neural elements in the ENS
are: (1) Histamine; (2) Interleukin-6; (3) Leukotrienes;
(4) 5-hydroxytryptamine; (5) Platelet activating factor; (6)
Mast cell proteases; (7) Adenosine; (8) Interleukin-1β; (9)
Prostaglandins.
Histamine
Histamine is not synthesized by enteric neurons and is
not considered to be a neurotransmitter in the ENS[153].
Mast cells and neutrophils are sources of histamine
in the intestine. Knowledge of histaminergic actions
on ENS neurons comes from results obtained from
electrophysiological and immunohistochemical studies on
single enteric neurons in animals. Application of histamine,
to mimic release from mast cells and neutrophils, excites
neurons in the small and large intestinal myenteric and
submucosal plexuses of the guinea-pig[154,155]. Unlike the
intestine, enteric neurons in the guinea-pig stomach do
not express histamine receptors and do not respond to
experimental applications of histamine[124].
Histamine has three significant actions on neural
elements in the guinea-pig intestine. One action, which
occurs at the level of neuronal cell bodies, is long-lasting
excitation mediated by histamine H2 receptors[154,155]. The
second is at fast excitatory nicotinic synapses, where it
acts at presynaptic inhibitory histamine H3 receptors to
suppress cholinergic synaptic transmission [45,156,157]. The
third action is to prevent inhibition by the sympathetic
innervation of the intestine of secretomotor-evoked
mucosal secretion (Figure 3). Histamine acts at presynaptic
histamine H 3 inhibitor y receptors on sympathetic
noradrenergic fibers to suppress sympathetic inhibitory
input to submucosal secretomotor neurons and at H 3
presynaptic ter minals of enteric somatostatinergic
neurons that also provide inhibitory input to secretomotor
neurons[45].
Mast cells in colonic mucosal biopsies from patients
with diarrhea-predominant IBS release more histamine
than normal subjects [58]. Elevated release and flooding
of histamine onto the neural networks, which control
the secretomotor innervation of the intestinal secretory
glands in this subset of IBS patients, might enhance
intestinal secretion leading to secretor y diar rheal
symptoms like those associated with infectious agents and
food allergies. Histaminergic receptor antagonists have
been used effectively in the past to treat watery diarrhea
symptoms associated with mastocytosis and microscopic
colitis[158]. The H2 receptor antagonist cimetidine has been
used effectively in the treatment of pediatric diarrhea
and diarrhea associated with short-bowel syndrome in
patients with Crohn’s disease [159]. And finally, mast cell
stabilizing drugs, which act to suppress histamine release,
are efficacious in the treatment of diarrhea-predominant
IBS[83].
Serotonin
5-Hydroxytryptamine is another preformed mediator
that is known to be released during degranulation of
enteric mast cells and mucosal enterochromaffin cells to
form a neuromodulatory overlay on the ENS in animal
models and humans. Two receptors mediate the excitatory
www.wjgnet.com
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actions of serotonin at the cell bodies of guineapig enteric neurons. One of the receptors, which was
initially identified as a 5-HT1P receptor, is a metabotropic
receptor activation of which evokes long-lasting excitatory
responses in enteric neurons [160-162]. What was initially
reported as serotonergic slow synaptic excitation, mediated
by the 5-HT1P receptor, is now known to be blocked by a
5-HT7 antagonist, SB 269970, and mimicked by application
of a 5-HT 7 agonist, 5-carboxamidotryptamine [163]. Liu
and Gershon[164] presented results, which suggested that
the 5-HT1P receptor is a dimer of a 5-HT1B receptor and
a dopamine D2 receptor. Both receptors are expressed by
enteric neurons.
The response to stimulation of the elusive 5-HT 1P
receptors, like stimulation of histamine H 2 receptors,
evokes long-lasting excitatory responses in the time
range of minutes in ENS neurons. The second receptor,
identified as a 5-HT3 receptor, is an ionotropic receptor
directly coupled to non-selective cation channels [165].
Binding of 5-HT to the 5-HT3 receptor evokes “fast”
depolarizing responses that quickly desensitize and
occur in the millisecond time range like those evoked by
nicotinic receptor stimulation. Expression of two kinds
of serotonergic receptors with different mechanisms of
postreceptor signal transduction differs from the situation
for histamine where only a single metabotropic receptor
subtype is expressed by the neuronal cell body.
Histamine and 5-HT both act at presynaptic inhibitory receptors on cholinergic axons to suppress fast
neurotransmission at nicotinic synapses in the enteric
neural networks [156,166]. Presynaptic inhibition by both
neuromodulators is mediated by a different receptor
subtype than the one that evokes excitatory responses in
the neuronal cell bodies. Identification of the presynaptic
inhibitory 5-HT receptor is equivocal; the evidence
sug gests that it might be a 5-HT 1 receptor [167,168] . In
addition to presynaptic inhibitory action at enteric neuronal
synapses, histamine and 5-HT each act presynaptically to
suppress the release of norepinephrine from sympathetic
postganglionic fibers in the ENS[45,169].
Serotonin and functional disorders
Infusion of 5-HT either intravenously or into the intestinal
lumen evokes copious secretion of H 2O, electrolytes
and mucus from the intestinal secretory glands [45,170].
The stimulatory action of 5-HT underlies its action as a
diarrheagenic agent and its involvement in diarrheagenic
syndromes in humans [171]. Efficacy of blockade of the
5-HT 3 serotonergic receptor subtype by the selective
5-HT3 receptor antagonist, alosetron, in the treatment of
diarrhea and abdominal pain in the diarrhea-predominant
population of women with IBS[52,76] suggests that enhanced
stimulation of neural elements in the ENS by 5-HT might
be a pathophysiological factor in this form of IBS.
The IBS symptoms of cramping abdominal pain,
diar rhea and fecal urgency are exacerbated in the
postprandial state[6,7]. Elevated appearance of 5-HT in
the hepatic portal circulation in the postprandial state
reflects stimulated release from mucosal enterochromaffin
cells [54] . The normal postprandial release of 5-HT is
reported to be augmented in IBS patients [55] and this
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contributes to the suspicion that overactive release of
serotonin might be an underlying factor in the symptoms
of IBS in diarrhea-predominant patients. This suspicion is
reinforced by findings of elevated numbers of mast cells
and enterochromaffin cells, both of which contain 5-HT,
in colonic mucosal biopsies from IBS patients[57,58].
Reports that a significant proportion of IBS patients
develop IBS-like symptoms following an acute bout of
infectious enteritis are reminiscent of the basic research
findings for the actions of inflammatory mediators,
including histamine and serotonin, in the ENS. Gwee
et al [70] repor ted that 23 percent of patients, who
experienced an acute bout of gastroenteritis, progressed
to IBS-like symptoms within 3 mo. Hypochondriasis and
adverse life events are reported to double the risk for
development of postinfective IBS and may account for
the increased proportion of women who develop the
syndrome[73]. Nevertheless, the question of whether the
association between acute infectious enteritis and IBS
reflects low-level inflammation (e.g. microscopic enteritis)
and chronic exposure of the neural and glial elements of
the ENS to elevated levels of serotonin, histamine or other
inflammatory mediators remains to be fully resolved.
Exposure to 5-HT evokes increased firing in sensory
ner ves that leave the intestine and make synaptic
connections in the spinal cord[74]. This excitatory action on
intestinal sensory nerves is mediated by the 5-HT3 receptor
subtype and is blocked by selective 5-HT 3 receptor
antagonists (e.g. alosetron)[75]. Intramural terminals of both
spinal and vagal sensory nerves express 5-HT3 receptors.
Reported efficacy of the 5-HT3 receptor blocking drug,
alosetron, in the treatment of abdominal pain and
discomfort in the diarrhea-predominant form of IBS in
women[52,76] suggests that the pain and discomfort, like the
diarrhea and fecal urgency, reflect disordered endogenous
release of 5-HT and its action at the 5-HT 3 receptors
present on sensory terminals in the intestinal wall.
Receptors on sensory nerve terminals
Aside from 5-HT3 receptors, the sensory nerve terminals
in the intestine express receptors for several other putative
signal substances, including inflammatory mediators.
Functional receptors for bradykinin, ATP, adenosine,
prostaglandins, leukotrienes and mast cell proteases are
expressed on spinal sensory nerve terminals[80]. Intramural
pooling of any one of these mediators has potential for
increasing the sensitivity of intestinal sensory nerves,
especially in conditions of inflammation or ischemia.
Mediators, released by mast cells, are known to
sensitize nociceptors in the large intestine[68]. Mast cell
degranulation in animal models, results in a reduced
threshold for pain responses to balloon distension in the
large bowel. Treatment with mast cell stabilizing drugs
prevents lowering of the pain threshold during mucosal
inflammation in animal models[81]. The results obtained
from animals leads to the unresolved question of whether
the association between an acute bout of infectious
enteritis and the follow-up IBS symptoms of abdominal
pain and elevated sensitivity to distension reflects chronic
sensitization of intestinal sensory nerves as they function
in an environment with low-level inflammation.
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Brain-to-mast cell connection: Implications for functional
disorders
A brain-to-mast cell connection is currently the most
plausible mechanism for explanation of the well-known
relationship between stress and IBS-like bowel symptoms.
Sympathetic ner vous activation is not a plausible
explanation! Activation of the sympathetic nervous system
accounts for elevations of blood pressure and heart rate in
the stressed individual, but cannot explain the symptoms
of cramping lower abdominal, watery diarrhea and fecal
urgency. Advances in understanding of the sympathetic
interface with the ENS ruled-out sympathetic involvement
because sympathetic activation inhibits secretomotor
neurons and thereby suppresses the neurogenic secretion
that is necessary for generation of loose stools (Figure 3)[172].
Sympathetic activation and the release of norepinephrine
likewise suppress nicotinic synaptic transmission in the
ENS and are, therefore, unlikely to initiate the powerful
propulsive motility in the colon that accounts for cramping
lower abdominal pain.
A brain-to-mast cell connection implies a mechanism
that links central psycho-emotional status to irritable states
of the digestive tract. The irritable state of the bowel (i.e.
abdominal discomfort, cramping lower abdominal pain,
diarrhea and urgency), known to result from degranulation
of intestinal mast cells and release of signals to the ENS, is
expected to occur irrespective of the mode of stimulation
of the mast cells (Figure 10). Degranulation and release
of mediators evoked by neural input to the mast cells will
have the same effect of triggering a program of secretion
and power propulsion as degranulation triggered by
antigen detection. This most likely explains the similarity
of bowel symptoms between those associated with
noxious insults in the lumen and those associated with
psychogenic stress in susceptible individuals.
The immuno-neurophysiological evidence reinforces
the hypothesis that moment-to-moment behavior of
the gut, whether normal or pathological, is determined
primarily by integrative functions of the ENS. The enteric
minibrain processes input signals derived from immune/
inflammatory cells (e.g. mast cells), sensory receptors
and the CNS. Enteric mast cells utilize the capacity of
the immune system for detection of new antigens and
long-ter m memory that per mits recognition of the
antigen if it ever reappears in the gut lumen. Should the
antigen reappear, the mast cells signal its presence to the
enteric minibrain. The minibrain interprets the mast cell
signal as a threat and calls up from its program library
secretory and propulsive motor behavior organized for
quick and effective eradication of the threat. Operation
of the program protects the integrity of the bowel
and the individual, but at the expense of the side
effects of abdominal distress and diarrhea. The same
symptomatology is expected to result from activation
of neural pathways that link psychological states in the
brain to degranulation of mast cells in the gut. The
immuno-neurophysiology in this respect is suggestive of
mechanisms with susceptibility to malfunctions that could
result in symptoms resembling diarrhea-predominant IBS.
A lingering issue for the enteric neuro-imunophysiological
paradigm is the question of the functional significance of
www.wjgnet.com
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the brain-mast cell connection. What were the selective
pressures that led to evolution of central signaling to
mast cells in the gut? A hypothesis emerges from the fact
that the barrier between an extremely “dirty” luminal
environment and the interior of the body is a single
epithelial cell layer. Probability of a break in the barrier is
higher during physical stress and the potential for trauma
(e.g. “predacious attack, fright and flight”). Stress factors
are known to increase the permeability of the barrier
in animals [173]. The potential for threats to breach the
mucosal barrier suggests a need for immune surveillance
at a dangerous interface in the body. Increased immune
surveillance would include an influx of acute inflammatory
cells into the intestinal lamina propria and mucosa.
The brain has evolved to program homeostatic adjustments to environmental stressors and the emotional stress
associated with negative life events. These adjustments
include cardiovascular, hormonal and metabolic changes
and probably the targeting of inflammatory cells into
the gut from the systemic circulation. The only apparent
mechanism available to the brain for selective targeting of
inflammatory surveillance to the gut is to transmit nervous
signals that degranulate enteric mast cells and release
chemoattractant factors to “call-in” inflammatory cells
from the circulating blood (Figure 10).
Studies of colitis in a non-human primate (cottontop tamarin) implicate two co-existing factors as
being necessary for the initiation and progression of
inflammatory bowel disease (i.e. ulcerative colitis) in this
model. One of the factors is environmental stress and the
other is the large intestinal microflora[126,174,175]. Colitis was
not found in cotton-top tamarins living in a natural “stressfree” environment and with the normal microflora present
in the large intestine. Movement of colitis-free tamarins
out of their natural environment and into a stressful
environment leads to an acute inflammatory response in
the large intestine only if the feces are present. Studies, in
which the fecal stream was diverted from loops of large
intestine, found that colonoscopic and histological features
of colitis disappeared from the loops and progressed in the
colon in the same animal. These changes occurred while
the tamarins in the study remained in a colitis-inducing
environment. Results of a preliminary study, in which
putative neural input to colonic mast cells was suppressed
by dosing cotton-top tamarins with a non-peptide
neurokinin-1 receptor antagonist, showed suppression of
the inflammatory response in cotton-top tamarins held in
a colitis-inducing (i.e. stressful) environment[176,177].
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The GIOME: Concept and current role in gastrointestinal tract
studies
The goal of the Physiome Project is to understand and describe the physiology and pathophysiology of the human
organism. Multiscale mathematical and computer models are developed within this concept to help understand human
health. From its beginning about 15 years ago, most of the focus has been in the cardiac field (the Cardiome project)
but other areas are developing as well now.
Gastroenterology research has traditionally been based on experimental approaches rather than on mathematical
modeling. However, in the past five to ten years several groups independently started to model the gastrointestinal
tract and Gregersen introduced the term “GIOME” a couple of years ago (Gregersen H. The Giome Project.
Neurogastroenterol Motility 2006; 18:401-402, www.giome.com). Thus, the Physiome based GIOME project is a
very new concept in gastroenterology. The purpose is to facilitate modeling of physiological and pathophysiological
processes in the gastrointestinal tract. It is a framework that allows experts from a variety of disciplines to work
collaboratively to database and analyze observations and models. GIOME work so far has been on the mechanics
and electromechanical properties at the tissue and organ level based on medical imaging and other highly advanced
techniques. However, the long-term goal is to develop integrative models at all levels of gastrointestinal organization
from the genes through regulatory pathways to the whole gastrointestinal tract function. Such models will have
applications not only in research but also in teaching, training, development of medical devices and in clinical work.
Models span from simple analytical computations to advanced multiscale models that need input and validation from
highly skilled experimental work.
This special issue of World Journal of Gastroenterology contains a number of reviews and original papers related
to the GIOME Project from the majority of the active groups in this field. The studies represent bioengineering
models, primarily anatomical, functional and pathophysiological models, from most parts of the gastrointestinal tract.
By publishing such a special issue we hope to increase the awareness of GIOME related research and to stimulate
further research and collaboration in this area. The GIOME Project together with other European Physiome groups
recently received funding from the European Union to develop a Strategy for the EuroPhysiome. It is the hope that
this will facilitate further funding from the European Union and major funding agencies around the World to nurse this
important effort.
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for peristalsis without the longitudinal muscle layer, a
tremendous benefit that may explain the existence of
longitudinal muscle fiber in the gut. We also review
what is understood of the role of longitudinal muscle in
esophageal emptying, reflux and pathology.
© 2007 The WJG Press. All rights reserved.
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Abstract
We summarize from previous works the functions of
circular vs. longitudinal muscle in esophageal peristaltic
bolus transport using a mix of experimental data, the
conservation laws of mechanics and mathematical
modeling. Whereas circular muscle tone generates radial
closure pressure to create a local peristaltic closure
wave, longitudinal muscle tone has two functions, one
physiological with mechanical implications, and one
purely mechanical. Each of these functions independently
reduces the tension of individual circular muscle fibers
to maintain closure as a consequence of shortening of
longitudinal muscle locally coordinated with increasing
circular muscle tone. The physiological function is
deduced by combining basic laws of mechanics with
concurrent measurements of intraluminal pressure
from manometry, and changes in cross sectional
muscle area from endoluminal ultrasound from which
local longitudinal shortening (LLS) can be accurately
obtained. The purely mechanical function of LLS was
discovered from mathematical modeling of peristaltic
esophageal transport with the axial wall motion
generated by LLS. Physiologically, LLS concentrates
circular muscle fibers where closure pressure is highest.
However, the mechanical function of LLS is to reduce
the level of pressure required to maintain closure. The
combined physiological and mechanical consequences
of LLS are to reduce circular muscle fiber tension and
power by as much as 1/10 what would be required

INTRODUCTION
Figure 1 is a schematic of the cross section of the
esophagus. The muscularis propria is comprised of a layer
of circularly aligned muscle fibers within, and a layer of
longitudinally aligned muscle fibers without, surrounding
mucosal layers of loosely connected tissue. The muscle
mass of the circular and longitudinal muscle layers is
nearly the same. In the resting state, the circumferentially
averaged thickness of the muscularis has been measured
by various researchers as 1.1-1.4 mm in the esophageal
body, and 1.9-2.4 mm in the abdominal esophagus near the
junction with the gastric cardia[1-6].
The function of the circular muscle layer of the
esophageal muscularis propria is clear. Esophageal
peristalsis (as well as segmental contraction in the
intestines) requires luminal closure against the resisting
forces within a viscous bolus, demanding the existence
of circumferential, or “hoop” stresses to generate applied
pressures at a level sufficient to squeeze the lumen closed[7].
“Peristalsis” implies that the circular muscle contraction
travels as a wave along the esophageal lumen to create a
traveling contraction wave and a moving point of luminal
closure that forces the bolus fluid ahead, and ultimately
into the stomach[7,8]. As indicated in Figure 2, peristalsis
generates fluid pressure at the mucosal surface equal to
the closure pressure from circular muscle hoop stress.
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A similar plot can be created for luminal frictional shear
stress[8]. Within the bolus fluid pressure must generally
decrease in the direction of fluid motion to force the fluid
forward against frictional resisting forces in this frictiondominated flow. The axial pressure gradient is very small in
the distended part of the bolus, but becomes very sensitive
to luminal radius as the fluid layer thins[7]. Near the moving
point of closure, fluid pressure rises in response both to
the radial closure force and to frictional stresses associated
with the forcing of fluid from the point of closure[7,8].
Proximal to the bolus tail (Figure 2), the circular muscle
squeezes against the mucosae, which are forced onto a thin
layer of residual liquid that lubricates the interface between
the mucosa and manometric catheter surface (and, in the
absence of a catheter, fills pockets within the mucosal
folds). Above the tail, pressure rises in direct response to
the tonic component of hoop stress within the circular
muscle layer[9].
However, the mass of the esophageal muscularis
propria is split evenly between circular and longitudinal
muscle fiber[1,2]. What, then, is the role of longitudinal
muscle in the esophagus, and why is it there? This is
the question that we, at least partially, address in this
integrative summary of current understanding.
Consider in Figure 3 the classic data of Dodds et al[10]
in which four metal markers were sewn into the wall of
the lower esophagus of cats and tracked radiographically
during swallows. They found that shortly after the initiation
of the swallow, all markers except for the one at the hiatus
shifted orally together, implying longitudinal shortening of
the upper esophagus. Because only longitudinally aligned
muscle fibers can generate the active tension necessary
to shorten the upper esophagus, we conclude that
longitudinal muscle in the upper esophagus has contracted
locally during the initial period after a swallow. As the
bolus tail passed a wall marker in the lower esophagus, the
marker moved aborally, and the relative distance between
pairs of markers surrounding the tail shortened, implying
local shortening of longitudinal muscle fibers. The process
continued as the bolus tail progressed distally, until it
approached the hiatus, at which time the hiatal marker
was pulled orally, an ampulla formed[11], and esophageal
emptying began. Still the relative distance between
adjacent markers surrounding the bolus tail decreased as
the intrinsic lower sphincter was pulled into the thoracic
cavity and then returned to its original position well after
emptying was complete.
Basic features of the marker motions observed in
the feline esophagus by Dodds et al [10] have also been
observed more crudely in various studies in the human
esophagus where 11 mm metal clips were attached to the
mucosal surface and observed fluoroscopically during
liquid swallows[12-15]. Pouderoux et al[14], in particular, using
three clips in the distal esophagus, observed initial stretch
followed by shortening during bolus transport, consistent
with Figure 3.
We a d d r e s s h e r e t h e q u e s t i o n s : ( 1 ) h ow d o e s
longitudinal muscle contract locally in the human
esophagus during peristalsis, (2) is the contraction
coordinated in any way with peristaltic contraction of the
www.wjgnet.com
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Figure 1 Schematic of esophageal cross section, showing the primary
esophageal layers.

circular muscle, (3) why does longitudinal muscle contract
during esophageal peristalsis, and (4) are there benefits
to longitudinal muscle contraction that are of sufficient
importance to explain the existence of a longitudinal
muscle layer comprising nearly half the total muscle mass?
To answer these questions we integrate the literature
with two studies which apply basic laws of mechanics,
endoluminal ultrasound, and a mathematical model, to
analyze local contraction of longitudinal muscle in the
esophagus during peristaltic transport. We follow with a
review of other studies relevant to esophageal longitudinal
muscle function and close with a summary discussion
and speculation on at least one reason why evolution has
created a gut with a longitudinal muscle layer as massive as
the circular muscle layer that clearly underlies gut function.

Methods to quantify longitudinal
and circular muscle contraction
concurrently
Application of manometry to measure circular muscle
tone
Circumferential “hoop” stress in the esophageal wall is
a summation of neurologically induced active stress (or
“tone”) in the circular muscle, a passive elastic contribution
resulting purely from muscle distension, and a contribution
that arises from external pressures on the muscle surfaces.
Changes in hoop stress are directly reflected in changes
in intraluminal “closure” pressure, so that manometric
measurement of intraluminal pressure can be used in the
study of the mechanics and physiology of circular muscle
tone. This is especially the case near the bolus tail where
passive contributions are negligible and pressure reflects
directly the active stress component[9].
The relationship between intraluminal pressure and
hoop stress is given by a Newton’s law force balance
across the esophageal wall, as illustrated in Figure 4. The
following is an exact expression for a cylindrical esophagus
with hoop stress entirely within the muscularis propria
(Figure 4):
			
Tmuscle
Pclosure - Pthorax = (Shoop + Pthorax) Rcirc 		
			

(1)

P closure is the pressure at the mucosal-fluid interface
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Figure 2 Frozen time image of peristaltic transport of a liquid bolus
through the esophagus, with corresponding spatial variation in
intraluminal pressure. A: Fluoroscopic image and pressure distribution
(relative to atmospheric) concurrent with interpolated high-resolution
manometry data; B: Bolus shape and overlayed pressure distribution
from a mathematical model computer simulation.

Pressure (mmHg)

←

Tail

←
Pamp

←

Manometric
catheter

Bolus fluid

←

Bolus head

Figure 3 The classic experiment by Dodds et al[10]
in which the motion of four material points in
the muscle wall of the feline esophagus were
recorded over time concurrently with bolus
transport using fluoroscopy.
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wall, showing the relationship
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muscle layers.

Shoop

required to maintain closure and Shoop is the total average
hoop stress (force per unit muscle area) across the muscle
layers (muscularis propria), Tmuscle is the total thickness of
the muscle layers, Rcirc is the radius to the inner surface of
circular muscle, and Pthorax is the pressure in the thoracic
cavity external to the esophageal lumen. Equation (1) is a
good approximation for the real noncylindrical esophagus
when the stress and thickness are interpreted as averages
over both the thickness and circumference of the muscle

layer, and therefore only dependent on the axial distance x
along the lumen (Figure 2). (Note that the “Laplace law”
is derived from equation (1) by assuming that Tmuscle is very
much smaller than Rcirc. This is never the case, however, in
a contracted gut segment[16]).
Equation (1) shows that relative intraluminal pressure
(P closure - P thorax) increases in direct proportion to hoop
stress (Shoop) in the fully contracted regions, so that the
inner circular muscle radius Rcirc is fixed, to the extent that
the muscle thickness (Tmuscle) does not change with change
in hoop stress. Experimentally, therefore, we interpret
manometrically measured changes in pressure as indicating
changes in circular muscle tone. As will be discussed
next, these measurements have been made together with
quantifications in local shortening of longitudinal muscle
fibers, with implications on the assumption of fixed
muscle thickness during contracted esophageal segments.
Application of endoluminal ultrasound to measure local
longitudinal muscle shortening
Whereas intraluminal pressure responds to circular muscle
tone because of the force balance involving hoop stress
www.wjgnet.com
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Figure 5 Application of the principle of mass conservation to quantify local
longitudinal shortening from measurement of the change in cross sectional area
from endoluminal ultrasound images, leading to L/L* = 1/(A/A*).

and intraluminal pressure, there is no corresponding
balance between longitudinal stress and intraluminal
pressure in a tubular esophagus. Manometry therefore
provides no direct information on longitudinal muscle.
The only way to measure longitudinal muscle stress
directly is the implantation of strain gauges within the
muscle wall. This has been done in an animal model[17],
but cannot be done in humans. In humans the only
approach currently available to measure longitudinal
muscle contraction is indirect, through the measurement
of relative changes in longitudinal wall displacement, as
shown in Figure 3. Because muscle can only contract in
response to neurological stimulation of muscle tone, the
shortening of a localized axial segment implies one of two
possible scenarios. In a previously unstimulated esophagus,
local longitudinal shortening implies a local increase in
active stress (tone) in the longitudinal muscle fibers within
the shortened segment. In a longitudinally stimulated
esophagus, local shortening of one axial segment produces
stretching in adjacent segments; shortening of previously
stretched segments, therefore, can arise from relaxation
of a previously contracted adjacent segment. Local
longitudinal shortening can therefore be used indirectly to
indicate longitudinal muscle contraction when the history
of longitudinal shortening is understood. To estimate
longitudinal muscle stresses, would require a more complex
integration of measurement with the laws of mechanics
and modeling[9] than is possible from the simple force
balance that produced equation (1).
In a number of studies, to measure longitudinal
shortening of esophageal segments in humans, metal clips
have been applied to the epithelial surface and their axial
motions measured radiographically[12-15]. Whereas all of
these studies are at lower spatial resolution and contain
less detail than the Dodds et al[10] study in the cat (Figure
3), the results are consistent. Technical difficulties and
lack of comfort during the endoscopic placement of
clips has limited the application to 1-3 clips. Furthermore,
the clips are large (11 mm), and the relative change in
length between two clips typically spaced 3-5 cm is an
average over the clip spacing, and has been shown to be
a significant underestimate of more localized longitudinal
shortening[1]. Finally, since clips mark the motion of the
mucosal surface, which moves relative to the muscularis,
there is inherent uncertainty in the interpretation of
relative clip motion as inferring muscle shortening.
www.wjgnet.com
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The practical limitations of clips can be avoided by
combining a basic law of mechanics with the measurement
of muscle cross section with endoluminal ultrasound
(EUS) imaging of the esophageal muscle cross section.
The principle is illustrated in Figure 5. Imagine a thin slice
of the muscularis propria at some axial location, x, in the
resting state (denoted by*), and the same slice containing
the same muscle mass at some later time, for example
during the passage of a contraction wave (no*). Muscle is
a mixture of liquid and solid material within the mixture
muscle fiber, collagen, etc., which are incompressible,
meaning that the density (mass per unit volume) is always
the same. Thus, since the mass of the slice in Figure 5 is
the same before and after contraction, so is the volume
(volume = mass/density). The volume of the slice is the
cross sectional area times its thickness, so that L*A* =
LA. The relative shortening of the slice is L/L*, which is
therefore given by:
L
1
L*= A/A*

(2)
		
A decrease in the longitudinal shortening parameter
L/L * , or equivalently an increase in A/A * , quantify
longitudinal muscle shortening localized to the axial
position of the measurement.
To quantify local longitudinal shortening (LLS), one
measures the cross-sectional areas of the muscle layer
in the relaxed state (A * ) and during contraction (A)
using endoluminal ultrasound (EUS) and image analysis
methods. Nicosia et al[1], using the data of Miller et al[4], and
Dai et al[2] used a custom assembly that combined highfrequency ultrasound with water-perfused manometry
to collect esophageal segment cross-sectional images
simultaneously with intraluminal pressure. A 20 MHz
ultrasonographic transducer, placed within a 6 French
catheter, rotated at 15-30 Hz to provide 360 degrees
esophageal cross-sectional imaging with a 0.1 mm axial
slice thickness and a typical penetration depth of 2 cm was
used. Images were recorded on super VHS videotape at
30 frames/s. To quantify intraluminal pressure at the same
location, a second, 3 French angiography catheter was
glued to the EUS catheter and a small side-hole was made
at the same level as the ultrasound transducer for perfused
manometry. The two data sets were synchronized to within
one video frame when recorded on a Kay Elemetrics
swallowing workstation. The video images were digitized at
30 frames/s in single byte uncompressed tiff format and
pressure was digitized at 250 Hz.
It should be noted that with EUS one measures local
longitudinal shortening at a fixed axial location, similar to
pressure measurement with manometry. Figure 3 shows
that the muscle material moves axially relative to the point
of measurement associated with longitudinal shortening in
the axial segment surrounding the point of measurement.
Figure 6 is an example of cross sections of the
esophagus as seen from EUS (A) in the resting state, (B)
while the head of the bolus passes the EUS transducer,
and (C) when the peak intraluminal pressure passes the
transducer [ref. 1]. The black circle with white outline in
the center of each image is the EUS transducer. In each
image, the inner boundary of the circular muscle and the
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portions of the detected edges on each side of the missing
segment (Figure 6). The edges were always superimposed
on the image and the user adjusted segments incorrectly
extracted by the automated image-analysis system.
Consequently, the human time required to segment the
hundreds of images needed was very high, limiting the
number of images that could be quantified. In the end,
Nicosia et al[1] segmented and quantified several hundred
images over the entire swallowing sequence with four
normal subjects.
From the digitized coordinate data of the three
edges from each image the cross sectional areas of
the total muscle area, as well as the individual circular
and longitudinal muscle areas, were quantified. Given
the difficulties in the accurate estimation of the
interconnective tissue on many of the images, the accuracy
of the quantification for the individual longitudinal and
circular muscle areas was less than the accuracy of the
entire muscle area. However, quantification of total
muscle area, and therefore the LLS shortening parameters
A/A * and L/L * with equation (2), are felt to be quite
accurate. Furthermore, only this approach allows for direct
quantification of the local longitudinal shortening of
esophageal muscle layers.

A

B

C

1 cm

Figure 6 Example of the use of EUS with image analysis to determine the
cross sectional area of the muscularis propria (A) in the resting state (*), (B) with
distention at the bolus head, and (C) at peak contractile pressure.

outer boundary of the longitudinal muscle were outlined
and the coordinates obtained using specially designed
edge-detection software with a graphic user interface for
interactive semi-automated edge detection[1]. In addition
to extracting the muscle boundaries, the white band
that identifies the interconnective tissue at the interface
between the two muscle layers was quantified. (Because
the boundary between the circular and longitudinal muscle
layers was generally less visible than the inner and outer
boundaries of the muscularis, the accuracy of the digitized
coordinates of the interconnective tissue layer was
correspondingly less accurate).
In each image a pie-shaped black area facing outward
from the catheter towards the bottom of each image
is produced as a result of the manometric catheter
interfering with the acoustic wave. To objectively define
the muscle edges through this black area, the missing data
were estimated using cubic spline interpolation from the

Application of mathematical modeling to evaluate closure
pressures
In Figure 2A we show interpolated high-resolution
manometry data plotted axially along the lumen during
peristaltic transport. Not surprisingly, the pressure is
highest in the zone of complete occlusion, just proximal
to the bolus tail. The measured pressure is, in reality,
within a thin liquid film between the manometric catheter
and mucosa. Equation (1) gives the relationship between
the fluid pressure, muscle stress, and geometry. Thus, the
stress required by the muscles to close the lumen above
the bolus tail is the pressure within the bolus fluid in the
closed lumen. This fluid pressure is determined by the
details of bolus fluid motion in response to the motion
of the mucosal surface that, in turn, moves the bolus fluid
and generates pressure and resisting frictional forces at
the fluid-epithelial interface. The motion of the mucosal
surface originates in circular muscle contraction moving
the mucosal surface radially (transverse to the lumen), and
in longitudinal muscle contraction moving the surface
axially (along the lumen).
We ask the following functionally important questions:
If longitudinal muscle contracts locally, coordinated
in some way with circular muscle contraction during
peristalsis, does the resulting motion of the mucosal
surface in any way alter the pressure force that maintains
luminal closure (Pclosure in equation 1)? If so, is the alteration
beneficial or detrimental to the efficacy of peristalsis?
These questions cannot be answered experimentally,
because it would be necessary to repeat the experiment
with circular muscle contraction precisely the same in all
experiments, but with the degree of longitudinal muscle
contraction suppressed without altering circular muscle
physiology. However, a physics-based mathematical
model of peristaltic fluid transport can be applied to fill
in certain gaps between experimentally measurable data to
www.wjgnet.com
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Figure 7 Schematic of essential elements in the mathematical model. A: Bolus
shape with geometrical parameters. H is the bolus head radius, l is bolus length,
e is the thickness of the lubrication layer in the contracted zone, and c is the
peristaltic wave speed; B: Specification of mucosal surface velocity in the model.
Ub and Vb are the axial and radial surface velocity components, respectively, of a
material element of the mucosal surface.

address questions inaccessible to experiment. (By “physicsbased, we mean modeling derived directly from the laws
of physics which, in mathematical form, are predictive.)
To answer the questions above we therefore integrate a
mathematical model of bolus fluid motion with image
and pressure data of esophageal bolus transport. In this
section we describe this model in general terms without
mathematical equations. Mathematical details can be found
in Pal & Brasseur[18] and Li & Brasseur[8].
Figure 2B shows a prediction of intraluminal pressure
for bolus transport with a bolus shape designed as
representative of esophageal peristalsis. The modeled
bolus geometry is an idealized version of the physiological
bolus shape (Figure 2A) in order to capture the essential
elements of esophageal bolus transport needed for
the study. These essential elements are: (1) Accurate
mathematical representation of Newton’s second law
of mechanics applied to liquid bolus motion, intrabolus
pressure, and intrabolus frictional stress, driven by the
motion of a lumen boundary surrounding the bolus liquid.
A basic discussion of these physical effects in esophageal
bolus transport is give in[7]; (2) Specification of a “teardrop” bolus shape at specified peristaltic wave speed that
is representative of the actual bolus during peristalsis.
As discussed by Li & Brasseur[8], near the bolus tail there
is a coupling between the bolus shape and the pressure
that, through equation (1), reflects the manner in which
circular muscle stress increases to a peak proximal to
the bolus tail [9]. The basic nature of peristaltic muscle
squeeze produces a “tear-drop” shaped bolus, as shown in
fluoroscopic imaging of bolus transport (e.g., Figure 2A)
and as modeled in Figure 2B; (3) The diameter of the
modeled esophageal lumen in the fully contracted region
www.wjgnet.com
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proximal to the bolus tail is a direct reflection of the
liquid layer that coats the manometric catheter as in Figure
2A, or lubricates the mucosal folds during transport.
In the model, this occlusion diameter is an “effective”
lubrication layer that, for given peristaltic wave speed,
reflects the maximum squeeze of the circular muscle[7].
Peak muscle squeeze pressure is adjusted to match
experiment by adjusting this occlusion diameter; (4) For
the purposes of this study, the most important advantage
of the mathematical model is the ability to fully specify
the longitudinal motions of the lumen surface. We do this
consistent with measured local shortening of longitudinal
muscle and measured coordination with circular muscle
contraction. However, we explore the consequences of
local longitudinal shortening (LLS) with our unique ability,
with the model, to systematically alter the contribution
of LLS to contractile pressure, from no contribution to
the measured physiological contribution, as well as to
systematically explore the consequences of alignment
and misalignment between longitudinal and circular
muscle contraction. Through this unique property of a
mathematical model, we are able to explain mechanical
function of longitudinal muscle that is difficult to explain
through experiment alone.
Figure 7 shows the basic elements and parameters
of the mathematical model. The esophageal geometry
is simplified to a straight axisymmetric deformable tube
along which a bolus of fixed shape travels at wave speed
c. Deviations from axisymmetry are unimportant to the
effects of longitudinal muscle function that interest us
here. The volume of the bolus, bolus length λ and radius
H are specified consistent with fluoroscopic imaging of
esophageal bolus transport. As discussed above, lubrication
thickness, ε, is specified consistent with manometric
measurement of peak closure pressure, Pamp (Figure 2).
To study the effects of local longitudinal shortening on
closure pressure, the space-time motions of the surface of
the mucosa are explicitly specified in the model calculation
to be consistent with (1) no longitudinal shortening, (2) the
EUS and clip measurements of LLS, and (3) systematic
variations in level of LLS between no shortening and the
measured levels of shortening. In addition we systematically
vary the degree of coordination between local circular
muscle contraction, and LLS. As illustrated in Figure 7B, in
the model we ultimately specify the axial (Ub) and radial (Vb)
velocities of each surface point along the axial coordinate
(x) and time (t). The standard model of esophageal
bolus transport does not include longitudinal shortening,
so there is no axial motion in the model (U b = 0).
With longitudinal shortening, the axial velocity is made
nonzero consistent both with the shape of the propagating
bolus, and with measured LLS consistent with the EUS
results of Nicosia et al[1], and the marker studies of Dodds
et al[10], Pouderoux et al[14]. and Shi et al[15]. These will be
discussed in the following section.

aNALYSIS OF Endoluminal
Ultrasound WITH MARKER STUDIES
Figure 8 shows the essential result from the EUS analysis
of Nicosia et al [1]. By making use of conservation of
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Figure 8 The primary result from Nicosia et al[1]. In (A) the inverse of local
longitudinal shortening (A/A* = 1/(L/L*), see equation 2) is plotted together
with circular muscle closure pressure (see equation 1) and in (B) the effective
thickness of the muscularis propria is plotted together with effective lumen radius.
All variables are plotted during the passage of a peristaltic wave with the transport
of a 10 mL liquid bolus in the mid esophagus. Averages over four normal subjects
were done referenced to the peak in LLS.

muscle mass, equation (2), the LLS parameter A/A* is
plotted against time together with intraluminal pressure
during the transport of 10 mL liquid boluses through the
mid esophagus (Figure 8A). An increase in A/A* implies
a decrease L/L *, a local shortening of the esophageal
segment at the axial location of the ultrasound transducer.
From equation (1) and the analysis in[9], we may interpret
the variation in intraluminal closure pressure as a close
approximation to the variation in circular muscle hoop
stress, or tone. In Figure 8B are plotted the average muscle
thickness, Tmuscle, and the luminal radius to the circular
muscle, Rcirc, in the same time axis as Figure 8A. Ensemble
averages were carried out over four normal subjects with
the time reference as the peak in A/A*, or maximum LLS.
The Nicosia et al[1] result (Figure 8) is important for
several reasons. It tells us that during peristaltic transport
of a bolus through the mid esophagus, longitudinal muscle
contracts and shortens in a highly localized manner that
is tightly coordinated with the contraction of the circular
muscle. At a fixed axial location within the esophagus,
longitudinal muscle contraction precedes circular muscle
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contraction, but longitudinal muscle maximally shortens
coincident with maximum circular muscle contraction.
Longitudinal muscle then relaxes, but more slowly than
circular muscle. The Nicosia et al [1] result in the mid
esophagus has recently been replicated by Mittal et al[19] at
5 and 10 cm above the LES. We can relate this result to
the marker studies in the cat by Dodds et al[10] in Figure
3 where the time of maximal shortening of the three
marked segments always occurred when the bolus tail was
between the markers. Combined with the more precise
result of Figure 8, we conclude that esophageal peristalsis
may be described as overlapping peristaltic waves of
circular and longitudinal muscle contraction that are
spatially aligned so that peaks in longitudinal and circular
muscle contraction occur nearly together as the two waves
propagate concurrently along the esophageal lumen. The
in vivo-modeling study by Nicosia & Brasseur[9] showed that
the spatial pressure distribution surrounding the bolus tail
in Figure 2 is a good approximation of hoop stress. If it
were possible to plot local stress in longitudinal muscle on
the same plot, Figure 8 suggests that the local longitudinal
stress distribution would peak at the same place as hoop
stress and pressure in Figure 2, but would be broaderLLS would envelope circular muscle contraction as the
peristaltic waves propagate along the esophageal body.
Figure 8B indicates that as the bolus distends the
esophagus, a thinning of the muscularis occurs with no
change in the muscle cross sectional area, and therefore
without LLS. The initiation of LLS coincides with
transition from a thinning to a thickening muscle layer,
while the initiation of circular muscle contraction coincides
with the transition from a distending to a closing lumen.
When the lumen is fully closed, change in muscle thickness
implies change in muscle area, however the true marker of
LLS is relative change in cross sectional muscle area rather
than thickness.
Function of longitudinal muscle with esophageal emptying
Note in Figure 3 that the distal segment of the cat
esophagus initially lengthens, then shortens longitudinally
as the bolus tail (just distal to the point of peak circular/
longitudinal muscle contraction) approaches. This initial
lengthening has also been measured with clips in the distal
human esophagus[14,15], but is not observed in the data of
Figure 8 from the mid esophagus (nor in[19]). The initial
lengthening appears to result from a pulling on the distal
esophagus from above against an initially immobile LES,
until the bolus tail enters the mid esophagus (Figure 3)
and forms an ampulla, preceding the opening of the
hiatus and esophageal emptying [11]. Ghosh et al[20] used
a combination of concurrent manometry/fluoroscopy
data and mathematical modeling of the process of hiatal
opening and esophageal emptying to show that the circular
muscle of the distal esophagus undergoes a rapid increase
in tone that rapidly raises intrabolus pressure to force open
the relaxed sphincter segment, and then maintains high
pressure while bolus fluid is driven through the hiatus and
into the stomach.
Ghosh et al[20] argued that longitudinal shortening plays
a role in this process by pulling the intrinsic component of
www.wjgnet.com
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orad longitudinal stress on the gastro-esophageal segment.
Longitudinal muscle, therefore, appears to play an
important functional role in the process of hiatal opening
and esophageal emptying.
However, there is another, more important, role for
concurrent local longitudinal shortening and circular
muscle peristaltic contraction waves, that we describe next.
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Figure 9 From Dai et al[2], local longitudinal shortening at peak intraluminal
pressure during swallowing of 5 mL water bolus at different locations above the
upper margin of lower esophageal sphincter high-pressure zone. Averages of 20
normal subjects.

the smooth muscle sphincter orad and over the surface of
a forming ampulla, as suggested by the Dodds et al[10] data
in Figure 3. Since sphincteric smooth muscle is designed
to maintain tone in the resting contracted state, it is well
suited to the generation of sustained tone over an ampulla,
as needed during esophageal emptying. The hypothesis,
therefore, is that the active suppression of LES tone
ceases not when the LES returns to its resting state after
esophageal emptying, but rather before emptying begins as
the LES is pulled orad and placed over the ampulla surface
by contraction of longitudinal muscle in the esophageal
body. In this way, the LES contributes to the opening
of the hiatus by increasing intrabolus pressure during
ampulla formation, and to transsphincteric flow by the
maintenance of high ampullary pressure. It would follow,
then, that immobilizing the LES with fundoplication may
explain the insufficient generation of muscle tone required
to open the hiatus and drive esophageal emptying and,
consequently, to fully empty the esophagus with a single
peristaltic wave as has been consistently observed.
A question of mechanics now arises: how is it that
the LES is not pulled orad until the peristaltic circular/
longitudinal muscle waves enter the distal esophagus?
Why does the LES initially remain at its resting position?
Newton’s second law states that the LES will move orad
only if there is an orad force on the sphincteric segment
of esophagus that overbalances a caudal force. Apparently,
until the bolus tail passes into the distal-most esophagus,
the upward pull of the esophageal body on the sphincteric
segment is insufficient to overcome the caudal pull of the
phreno-esophageal ligaments. However, as the peristaltic
wave enters the lower esophagus, the balance of forces
on the sphincteric segment must change. Given that the
phreno-esophageal ligaments are purely elastic elements,
and therefore cannot generate tone, it must be the case
that the total upward force supplied by the longitudinal
muscle must increase as the peristaltic circular/longitudinal
wave approaches the hiatus and an ampulla forms. This
conclusion is supported by Dai et al [2] who measured
A/A* at peak intraluminal pressure at different distances
from the LES during swallowing of 5 mL boluses. Their
result is shown in Figure 9; the level of local longitudinal
shortening increases as the peristaltic wave passes into the
lower esophagus, suggesting a corresponding increase in
www.wjgnet.com

An Explanation for local longitudin a l s h ort e nin g : a p p l ic a tion
of mathematical modeling and
mechanics
As discussed above in context with equation (1), the
pressure required to maintain closure proximal to the
bolus tail is generated by an integration of circular muscle
hoop stress over the muscle thickness, which represents
a summation of the forces of the individual circular
muscle fibers on the cross section illustrated in Figure 4.
It follows that if a longitudinal segment of the esophagus
shortens, circular muscle fibers will be compressed within
a narrower longitudinal segment and the number of
fibers that contribute to hoop stress in that narrowed
segment increases. Consequently, the total force available
to maintain closure is larger for the same individual fiber
force by the increase in number of fibers within the
narrow segment. Conversely, for a given total closure force
required to maintain the closure of a fixed longitudinal
segment, local longitudinal shortening will reduce the force
per circular muscle fiber by the increase in the number of
circular muscle fibers recruited to create that given closure
force.
Mechanical vs physiological consequence of local
longitudinal shortening
Figure 8A shows a maximum local longitudinal shortening
of L/L* = 1/(A/A*) ≈ 1/3. This implies three times more
circular muscle fibers available for generating closure
pressure after LLS, which reduces the force required by
each fiber by 1/3. This is a substantial savings in force,
and correspondingly energy required to effect esophageal
peristalsis. This increase in longitudinal density of muscle
fibers might be described as a “physiological” explanation
for the existence of a longitudinal muscle layer[1].
Another way to make the same argument is through
the force balance, equation (1), and Figure 4. Above the
bolus tail, the radius Rcirc remains fixed. Up to now we
have focused on the relationship between hoop stress (Shoop)
and closure pressure (P closure) in equation 1. However,
local longitudinal shortening increases the cross sectional
muscle area A ≈ (2πR circ)Tmuscle, so that increasing the
area by a factor of three (Figure 8A) with fixed Rcirc also
increases the thickness by roughly a factor of three. Thus,
for the same closure pressure, Pclosure, the hoop stress, and
therefore average fiber force, can reduce by at least a factor
of three.
However, equation (1) also produces the following
question: Is the closure pressure Pclosure the same with local
longitudinal shortening as without? That is, if evolution had
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The mechanical consequence of local longitudinal
shortening
The basic mathematical model [18] from which closure
pressure can be predicted was described in “MATERIALS
AND METHODS” above and the basic parameters
of bolus motion are shown in Figure 7. However, the
axial motions of the lumen surface in the model were
described only in general terms, in the absence of the
local longitudinal shortening data from Figure 8. These
data were used to specify and parameterize the boundary
axial and radial velocities Ub and Vb of all material points
on the modeled mucosal surface. LLS was modeled as
a longitudinal muscle contraction wave that propagates
together with the circular muscle contraction wave,
as illustrated in Figure 10. The longitudinal muscle
contraction wave was modeled as a longitudinal shortening
wave with specified shape L/L* vs axial coordinate x that
moves with the specified luminal geometry at the same
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not created a longitudinal muscle layer, would the pressure
required to maintain closure (left side of equation 1)
be the same? The reason why the closure pressure
might be different is that a traveling wave of LLS causes
the mucosal surface to move axially (Figure 3). As the
bolus tail approaches a material point on the mucosal
surface, the material point moves orad; then, as the
tail passes that material point, it reverses direction and
moves caudal. Because there is a thin liquid film above
the tail the pressure in the tail region is very sensitive
to tail geometry[8], so that axial motions of the mucosal
surface close to the tail have the potential to impact fluid
pressure and frictional stresses there. It might be the case,
for example, that the pressure near the tail required to
maintain closure is higher as a result of the axial motions
associated with LLS than without in which case, the gain in
muscle fiber force from the compression of muscle fibers
by physiological stimulation of longitudinal muscle would
be offset by an increase in closure pressure. So, the answer
to the question is important for the role of longitudinal
muscle in esophageal peristalsis. However, these questions
cannot be answered through in vivo experiment, so we
employ the power of mathematical modeling to extend
data measurable in vivo to data unavailable to physiological
experiment.
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Figure 11 Primary result from Pal & Brasseur [18]. A: Mathematical model
calculation of pressure during esophageal peristaltic transport with different levels
of local longitudinal shortening, from the measured physiological level, to no
shortening; B: Calculation of peak closure pressure as a function of separation
between the circular muscle and longitudinal muscle contraction waves
(Figure 10).

bolus speed c. The peak in LLS was displaced from peak
intraluminal pressure by the specified amount ∆. The
shape and width of L/L* were determined from the data
of Figure 8A, assuming a wave speed of 3 cm/s (typical
for bolus transport through the mid esophagus). Peak
LLS, (L/L*)max, was varied: from no shortening (L/L* = 1,
implying no axial motion of the mucosal surface, or Ub = 0),
to the physiological value of shortening, (L/L*)max = 0.35),
leading to surface motions similar to the upper markers in
Figure 3. The displacement between the longitudinal and
circular muscle contraction waves, ∆ (Figure 10), was also
systematically varied from 0 to ± 2 cm. The mathematical
details are given in[18].
The primary result from Pal & Brasseur[18] is given in
Figure 11. In Figure 11A closure pressure is plotted along
the bolus axis for different levels of local longitudinal
shortening, with the longitudinal and circular muscle
contraction waves perfectly aligned (∆ = 0). T he
lubrication layer thickness ε was fixed at a value where peak
closure pressure in the absence of LLS was roughly 150
mmHg. We discover that a coordinated peristaltic wave of
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local longitudinal shortening reduces peak closure pressure
progressively, and very significantly, with increasing levels
of LLS. At the physiological level of LLS measured by
Nicosia et al[1], the level of pressure required to maintain
closure is one third what would be required in the absence
of a longitudinal muscle wave coordinated with the circular
muscle peristaltic wave. This is a very substantial reduction
in the pressure required to maintain the same level of
luminal closure, and is a fully mechanical effect that arises
from the changes in fluid stresses that arise from relatively
subtle axial movements of the lumen surface induced by
the LLS associated with longitudinal muscle peristalsis.
In Figure 11B we plot the effect of displacement
between the peak LLS and circular muscle contraction
waves on peak closure pressure, for different levels of LLS.
Whereas the minimum is relatively broad, we find that the
effect of LLS on reduction of closure pressure is maximal
when the circular and longitudinal muscle contraction
waves are aligned to within roughly 1 cm, or on a time axis
within about 1/3 second, consistent with Figure 8A.
An explanation for the existence of longitudinal muscle
Using a combination of intraluminal ultrasound with
image analysis, the laws of mechanics, and mathematical
modeling, we have arrived at a convincing functional
explanation for the existence of longitudinal muscle in
the esophagus. Combined longitudinal-with-circularmuscle peristaltic contraction waves have two beneficial
multiplicative consequences to the circular muscle tone
and energy required for esophageal peristalsis. Firstly,
local contraction of longitudinal muscle shortens the
longitudinal dimension of axial segments and increases the
concentration of circular muscle fibers at the location of
maximal circular muscle squeeze by nearly a factor of 3,
thus reducing the force required by each circular muscle
fiber by nearly 1/3 as compared to the same esophagus
without the longitudinal muscle layer. Secondly, the
local axial motions of the mucosal surface induced by a
peristaltic wave of local longitudinal shortening reduce
the level of applied pressure required to locally close the
lumen also by roughly a factor of three, a result of the
local changes in fluid stresses within the lubrication layer.
The net result is an overall reduction of fiber force by
about 1/9, or roughly 10% what would have been required
in the absence of the longitudinal muscle layer! To obtain
this benefit, longitudinal muscle contraction envelopes
circular muscle contraction.
Further more, given that the power required by
individual muscle fibers to transport a bolus through
the esophagus is proportional to the fiber force, the
coordination of longitudinal and circular muscle peristaltic
waves greatly reduces the energy requirements for circular
muscle fibers. Because the reduction in fiber force is
so high, even when the additional power requirements
of longitudinal muscle are taken into account, the net
savings in energy requirements are substantial. Indeed
the combined physiological and mechanical benefits are
so great that one might extrapolate this observation as
a potential explanation for the existence of longitudinal
muscle and local longitudinal muscle shor tening
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throughout the GI tract, including the intestines and
sphincters.

Related observations
Having understood how to interpret EUS data in context
with LLS, EUS research preceding the Nicosia et al[1] study
can now be interpreted in context with the discussions
above. Furthermore, three additional studies involving
clips provide additional insight.
Miller et al[4] were the first to report measurements of
muscle thickness concurrent with intraluminal pressure
during esophageal bolus transport. They report results
essentially equivalent to the thickness and pressure results
in Figure 8, showing an increase and decrease in muscle
thickness surrounding the pressure as in Figure 8. In
a more recent study, Dai et al [21] showed that the time
period of circular muscle contraction with bolus transport
through the esophageal body, as inferred from the duration
of the peristaltic pressure, is strongly correlated to the
time period of longitudinal muscle contraction as inferred
from LLS (r = 0.92), further confirming the integration of
longitudinal and smooth muscle contraction in esophageal
peristalsis.
In an interesting study of concurrent changes in
pressure and muscle thickness above and below local
balloon distension of the esophagus above the LES,
Yamamoto et al [22] showed that a peripherally induced
increase in circular muscle tone above local balloon
distension is strongly correlated with a local increase in
muscle thickness. Below the balloon distension neither
pressure nor muscle thickness increased. Because these
studies were carried out in the absence of a bolus, we
may interpret the increase in thickness as an increase in
muscle cross sectional area, and therefore the presence
of local longitudinal shortening above the distension, but
not below. We conclude that a strong correlation exists
between circular and longitudinal muscle contraction
associated with local discussion. Based on studies of
primary peristalsis, it is reasonable to hypothesize that
the correlation between circular and longitudinal muscle
contraction is maintained after balloon deflation and the
initiation of secondary peristalsis an association that was
suggested in clip studies by Shi et al[15].
Pehlivanov et al [6] showed a significant correlation
between maximum muscle thickness and pressure
amplitude during esophageal bolus transport, which we
now may interpret as a correlation between LLS and
closure pressure as was shown explicitly by Nicosia
et al[1]. These results support the physiological explanation
of longitudinal muscle function discussed above, since a
higher degree of LLS would imply a higher concentration
of circular muscle fibers and, potentially, a higher closure
pressure (equation 1, Figure 4). Pehlivanov et al[23] went
on to show that this correlation weakens in patients with
nutcracker esophagus and diffuse esophageal spasm,
suggesting that pathology of circular and longitudinal
muscle during bolus transport may be intertwined.
Interestingly, Balaban et al[24] demonstrated a correlation in
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thickening of the esophageal muscularis propria sustained
for a minute and chest pain, in the absence of peristalsis
and circular muscle contraction. In the absence of a
bolus, an increase in muscle thickness implies an increase
in muscle cross sectional area, so we may conclude that
the recorded chest pain was associated with sustained
shortening of esophageal longitudinal muscle.
Using mucosal clips in the distal esophagus, Kahrilas
et al[13] showed that longitudinal shortening is impaired
by hiatal hernia. This result is understandable in light of
the balance between longitudinal muscle stress orad, and
elastic stress within the phreno-esophageal ligaments
caudal, as discussed above. The mucosal clip study by Shi
et al[15] suggests that transient lower esophageal relaxation
(tLESR) may be associated with longitudinal shortening of
the distal esophagus, and therefore that gastro-esophageal
reflux may be preceded by longitudinal muscle contraction
and esophageal shortening. A recent study reported by
Pandolfino et al[25], with far more subjects that combine two
mucosal clips with high-resolution manometry, provides
convincing evidence that this is the case. The physiology
and function of local longitudinal shortening in reflux, and
in distinguishing normal from pathological reflux, is not
yet understood.

Discussion: The importance of
LONGITUDINAL Muscle
Research within the last several years has greatly increased
our understanding of longitudinal muscle function in
the esophagus. In particular, we now have a reasonable
explanation for why evolution has lead to the creation of
a longitudinal muscle layer. Peristalsis underlies esophageal
function. From a mechanical perspective, peristalsis
requires force and power. From a physiological perspective,
the peristaltic forces originate in the generation of muscle
fiber tone, regulated and controlled in space-time by
central and enteric neuromuscular interactions. Underlying
luminal transport in the esophagus, transport and mixing
in the gut, and regulation of transport in the sphincters,
is the controlled opening and closure of localized luminal
segments by circularly aligned muscle fibers. Thus the
efficiency of circular muscle function underlies the
efficiency of gut function. We have observed (Figure 8)
that at peak closure pressure, the circular muscle layer area
and thickness in the esophagus are roughly three times
larger than the resting state, implying that in the absence
of the longitudinal muscle layer, the circular muscle
should have to be three times thicker than evolution has
produced. Thus, taking into account a longitudinal muscle
layer with the same thickness as the circular muscle layer,
and assuming the same number density of longitudinal
and circular muscle fibers, the presence of a longitudinal
muscle layer implies a 33% savings in the required number
of muscle fibers.
However, the savings are much greater than simply a
reduction by one third in the number of required muscle
fibers. By producing a local wave of longitudinal muscle
contraction coordinated with circular muscle contraction,
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the longitudinal muscle layer generates controlled axial
motions of the mucosal surface that affect the frictional
and pressure stresses within the fluid lubrication layer
between the mucosa and catheter, or within the mucosal
folds. The consequence of these changes is to reduce by
two thirds the pressure force required to close the lumen
and effect peristaltic transport, and therefore the tension
force by each circular muscle fiber. The major reductions in
circular muscle force also imply major reductions in power
required to transport the bolus, and therefore the energy
required by the circular muscle fibers during peristalsis.
If one assumes that axial stresses induced by longitudinal
muscle contraction are, at best, comparable to the hoop
stresses during peristalsis, the additional power required by
longitudinal muscle is of order or less than circular muscle,
and a net savings of at least one third is again obtained.
Thus, the presence of the longitudinal muscle layer both
reduces substantially the number of muscle fibers required
for peristaltic bolus transport and the energy required
by the muscles involved in the transport process. The
motivation for the existence of a longitudinal muscle layer
is clear.
Whereas the mechanical consequences of longitudinal
muscle function in esophageal peristalsis are somewhat
clarified, there is very little that is understood about the
neurophysiology that controls the coordination between
longitudinal and circular muscle peristalsis, or about
the function and physiology of longitudinal muscle
not associated with peristalsis. Furthermore, whereas
there have been some tantalizing hints about the role of
longitudinal muscle in pathology, very little is known, much
less understood, about longitudinal muscle pathology, its
role in gut dysfunction, and its relationship to diseases of
the gastro-intestinal tract.
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Abstract
The oesophagus is a cylindrical organ with a collapsed
lumen and mucosal folds. The mucosal folding may
serve to advance the function of the oesophagus, i.e.
the folds have a major influence on the flow of air and
bolus through the oesophagus. Experimental studies
have demonstrated oesophageal mucosal folds in the noload state. This indicates that mucosal buckling must be
considered in the analysis of the mechanical reference
state since the material stiffness drops dramatically
after tissue collapse. Most previous work on the
oesophageal zero-stress state and mucosal folding has
been experimental. However, numerical analysis offers
a promising alternative approach, with the additional
ability to predict the mucosal buckling behaviour and
to calculate the regional stress and strain in complex
structures. A numerical model used for describing the
mechanical behaviour of the mucosal-folded, threelayered, two-dimensional oesophageal model is reviewed.
GIOME models can be used in the future to predict the
tissue function physiologically and pathologically.
© 2007 The WJG Press. All rights reserved.
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EXPERIMENTAL AND MODELING
APPROACHES TO THE ZERO-STRESS
STATE AND MUCOSAL BUCKLING
New computational models for describing the gastrointestinal (GI) tract mechanical behaviour precisely are a
GIOME approach for bioengineering tissue modelling.
The zero-stress state provides a standardized reference
state for describing the mechanical response to external
loading[1-4]. A large number of studies have been published
on the zero-stress state of the cardiovascular and GI
systems. The zero-stress state in soft biological tissues can
be obtained by an experiment where tissue rings are cut
radically, opening up into sectors. The angle subtended by
the open ring, referred to as the opening angle, is used as
a measure of the residual stress present in the intact ring
of the tissue[2]. However, recent studies on multi-layered
organs such as blood vessels and the GI tract indicate that
the zero-stress state differs between layers and that a stress
jump exists between the layers[5-11]. Thus, the true stressfree configuration for a multi-layered model is at least
a twice cut tissue ring; one circumferential cut for layer
separation and one radial cut in each layer to generate a
true stress-free state.
Longitudinal mucosal folds exist throughout the length
of the oesophagus. It was originally believed that the
folding was caused by the contraction of the muscle layer
in an in vivo state[12]. However, the folds appear even at the
no-load state[5]. Hence, additional tension caused by the
compressed mucosa-submucosal layer exists in the muscle
layer at the no-load state. Furthermore, the mucosal layer
is not perfectly elastic, its circumferential length cannot
decrease to zero, thus the tension in the muscle layer will
collapse the mucosal layer [12]. Therefore, the buckling
feature of the oesophagus must be accounted for in a
reference state analysis since the material stiffness drops
dramatically after tissue collapse.
In the airways it has been shown that the number
of folds de pends on the luminal radius, mucosal
thickness and on the elasticity of the mucosal layer[13,14].
However, since only experimental work has been done
on oesophageal mucosal folding, no detailed information
exists on relations between the stress-strain and buckling
of the oesophageal mucosa. A numerical model used for
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Table 1 The average geometry data of the three-layered
oesophagus
Opening Inner radius Thickness Inner radius Interface
angle (TS) (TS) (mm) (TS) (mm) (NS) (mm) radius (NS)
(mm)
(degree)
Muscle
MMS
Epithelial

47
91
91

1.28
2.21
2.14

0.37
0.15
0.07

0.95
1.23
1.16

1.19

MMS: Muscularis mucosae-Submucosa; TS: true zero-stress state; NS: noload state.

buckling analysis in a three-layered (the epithelium, the
muscularis mucosal-submucosal (MMS) and the muscle),
two dimensional oesophageal model has been generated.
Such bioengineering GIOME models can be used in the
future to predict the tissue function both physiologically
and pathologically.

Numerical modeling
Previous zero-stress state analysis has been based on data
from rat, rabbit and guinea pig[1,5,6,9,10,15]. In yet unpublished
studies, the zero-stress morphology data were obtained
from five male 300 g Wistar rats. Geometric models for
the oesophageal muscle and mucosal-submucosal layer
were generated based on the morphology of the separated
oesophagus at the zero-stress state[5,6,15]. The oesophageal
passive mechanical properties were tested from the two
other Wistar rats by using a tensile test machine[16,17].
Geometric models
Previous studies have shown that the muscle layer at
the no-load state is stretched while the mucosal layer
(the epithelial layer + the MMS layer) is compressed
(Table 1) [5,6,9,18]. Tensile and radial stresses induced by
muscle layer stretch existed at the interface between the
muscle layer and the mucosal layer. The radial stress is the
balance stress that acts on the mucosal layer to produce
the folds. For simulating the three-layered, mucosal folded
oesophageal wall, the analysis was divided into two steps.
The first step was to simulate the separated muscle layer
and mucosal layer from an opening sector to the closed
rings. The configurations for the opening sectors and the
closed ring are illustrated in Figure 1. The second step was
to stretch the muscle layer according to the experimental
morphological measurement and to compress the mucosal
layer by using the pressure that acted on the interface
between the muscle and the mucosal layer (the pressure
was equal to the radial stretch stress at the inner surface of
the muscle layer).
Mechanical properties
The mechanical properties of the muscle and mucosalsubmucosal layers were obtained based on the un-axial
tensile test and circumferential planar test on each layers.
The tests were conducted in a tensile test machine
consisting of an organ bath, motion table, force transducer
and electronics[15,16]. The force and displacement curves
were obtained simultaneously during the tensile test.
Hence, the uni-axial stress-strain can be calculated.
www.wjgnet.com

Muscle		

Mucosal (MMS + Epithelial) layer

Figure 1 The configurations of the separated muscle (left) and the mucosal (right)
layer at the zero-stress state (open sectors) and the no-load state (closed circular
rings). The no-load state was obtained by forcing the opening sector to be closed
using a pure bending deformation. The pure bending loads are indicted by arrows.
The numerical model was conducted by using the ABAQUS software.

Stress-strain calculation
The stress and strain calculation for the circumferential
uni-axial tensile test and planar test:
Stretch ratio: λ = (C/C0) 		
(1)
Lagrangian Stress T = F/(Wring × h × 2) (2)
where C and C0 are the length between the centre of the
two rods before and during deformation, F is the recorded
force. C, h, and Wring refer to the circumference, thickness
and width of the rings, respectively.
The circumferential stress-strain curves for both the
muscle and mucosal layer show an exponential, large
deformation pattern. Consequently, the muscle layer and
the mucosal layer must be modelled as a hyperelastic
material by using 2nd Ogden strain energy functions[19]
(Figure 2A). To the best of our knowledge, data on the
material properties do not exist on the separated MMS and
epithelial layer. Thus, it was assumed that the stress-strain
curve obtained from the separated mucosa-submucosal
layer mainly determined the mechanical properties of the
epithelial layer. The stress-strain curve of the MMS layer
was assumed to have a similar pattern as the epithelial layer
but it was about one order softer than the epithelial layer.
Hence, for achieving the same stress level, the submucosal
layer will be deformed about ten times more than the
epithelial layer) (Figure 2B).
Boundary conditions
The boundary conditions for the first step are: The
separated muscle and mucosal opening sectors were forced
to be closed by using a pure bending deformation (Figure 1).
The boundary conditions for the second step were
defined based on the morphological data in Table 1:
For the muscle layer
for the mucosal layer
u is displacement in the radial direction, σ r is the radial
stress and the substitute and are the inner surface of
the muscle and the outer surface of the mucosal layer.
Buckling analysis and mesh independent test
The first step for the buckling analysis was to compute
the buckling mode or shape by using a linearized buckling
analysis. The preferred buckling mode according to the
experimental images was introduced into the numerical
model by using imperfections. A nonlinear static analysis
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Figure 2 Circumferential experimental and curvefitted stress-strain curves for the
muscle (A) and mucosal (B) layers. The curves were fitted by using the Ogden
2nd order strain energy function. The stress-strain curve of the epithelial layer
was tested from the mucosal-submucosal layer while the stress strain curve of the
MMS layer was assumed to have a similar pattern as the epithelial layer with the
magnitude about one order softer than the epithelial layer. For the circumferential
uni-axial test and the circumferential planar test the separated muscle and
mucosal-submucosal rings were fixed in two L shape rods, one end of the L shape
rod was connected to a cannula. The cannulas were connected to rods that could
be moved at controlled velocities by a motor. One of the rods was attached to a
force transducer. The distance between the rods was adjusted manually to the in
vitro length of the strips (reference length). The force (F) was recorded online by a
Labview program.

was then applied to generate quantitative relationships
between the external compression stress and the associated
internal deformations and stress distributions for an
imperfect structure.
The mesh independent test was processed on the
double amount of the meshes each time for looking for
the convergence. The mesh was considered independent
when the displacement errors between the two analyses
were less than 5%.

layered buckling modeling
Circumferential stress and strain in the separated layers
after bending
For the strain analysis, the numerical model presented
similar result as the previous experimental studies, i.e. the
inner wall was in compression and the outer wall was in
tension for both the muscle and mucosal layer (Figure
3A). However, the strain distribution through the wall
can be further advanced using the numerical model. The
neutral surface (with zero strain) was located 50% and
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Figure 3 The circumferential strain (A) and stress (B) distribution throughout the
muscle and mucosal (MMS + epithelial) layers after the separated muscle and
mucosal layer sectors were closed. The strain and stress jump occurred at the
interface between the epithelial and MMS layer.

18% from the inner side of the muscle and mucosal layer.
The residual stress analysis in most of the previous zerostress study was neglected due to the lack of the material
properties. The numerical model shows the compressive
and tensile stresses in the epithelial layer were significantly
higher than that in the muscle layer, which is consistent
with the stiffer tissue material in the epithelial layer
(Figure 3B).
Residual stress and strain distribution at the no-load state
The muscle layer at the no-load state was fully stretched
(Figure 4A). The radial stress at the interface between
the inner muscle surface and the outer MMS surface was
0.26 Pa (Figure 4B). Buckling mode three and five were
used for imperfection in the buckling analysis according
to the experimental observation (Figure 5). The stress
distributions after buckling are heterogeneous. The region
with the lowest stress was found in the MMS region (blue
colour in Figure 5) due to the softer stiffness. The highest
stress region was located at the bending place in the
epithelial layer (Figure 5).

Summary and perspectives
Buckling in the oesophagus
Some materials are strong in tension but offer little
resistance to deformation when uni-axially compressed.
The large deformation in compression is called buckling.
Buckling is a common phenomenon in organs. Tissue is
in tension when the stretch ratio > 1 and in compression
when the stretch ratio < 1. Tissue buckling occurs when
the stretch ratio < 1[2]. The oesophagus uses buckling to
www.wjgnet.com
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Figure 4 Circumferential residual strain (A) and residual Mises stress (B)
distribution in the muscle layer at the no-load state. Strain was positive throughout
the muscle wall.

advance its normal function. Without food in the lumen,
a small tension in the circumferential muscle is sufficient
to cause large buckling to the mucosa and submucosa.
Qualitatively, the course of fold formation can be as
follows: As the oesophagus contracts, no folds need to
form until the radius of the hollow organ is reduced
beyond the ability of the mucosal elasticity to take up the
slack. Thereafter, the surface is thrown into folds as the
increasingly redundant lining membrane adjusts to the
diminishing circumference of the lumen. Finally, when
the tone of the contracted organ reduces the area of the
lumen to zero, the maximum number of folds will be
present[12].
Advantage of the numerical model
Mucosal folds in previous multi-layered oesophageal
models were either neglected[6]or simulated as the irregular
boundary[5]. This paper points out that the wall stiffness
of the inner layer dropped dramatically after the collapse.
Thus, the buckling appeared under a very small critical
buckling stress at the no-load state. This phenomenon is
consistent with in vitro experiments showing that rabbit
oesophageal mucosal folds disappear at the luminal
pressure of 1 cm H 2 O (unpublished data). It is thus
suggested that the extended inner mucosal layer must be
used as a reference state for tension or stress calculation
during in vivo ultrasound studies, for example.
The stress level in the modelling study is significantly
smaller than the previous layered oesophageal numerical
studies[11]. One reason could be that a different stress-strain
relationship was used. Another reason is that the buckling
feature was neglected in the previous residual stress and
strain analysis. Hence, the no-load state in the previous
study was simplified. The residual stress and residual strain
www.wjgnet.com

Figure 5 Residual stress of the mucosal layer in a three folds model (Top, left)
and five folds model (Top, right). The morphological oesophageal images indicated
that the folds numbers are between three (bottom, left) and five (bottom, right) at
the no-load state.

were calculated based on the configuration difference
between the zero-stress state and the no-load state[1,2,4].
Thus, a precise description of the zero-stress state and
the no-load state of the layered oesophagus is necessary
for accurate estimation of the residual stress and residual
strain.
Limitations of the current model
Since 2-D analysis was done the assumption of plain
strain implies no deformation in the axial direction. The
external loading in the model, simulating the effect of
smooth muscle constriction, consisted entirely of radial
and circumferential stresses since only the separated zero
stress state and the no-load state was investigated. The in
vivo axial stretch ratio of the oesophagus is about 150%.
Consequently, it is expected that the muscle wall will be
compressed even more and the number and the size of
the folds may be different. An obvious simplification of
the anatomy of the oesophagus was used in this model, i.e.
that the buckles formed in a symmetric pattern. The noncircular oesophageal geometry is expected to influence
the folding pattern (Figure 5, bottom).The mechanical
properties of the MMS-epithelial layer were assumed from
the measured mucosal-submucosal layer since no data
exist.
Clinical perspective and future GIOME studies
The buckling behaviour has been studied previously on the
upper GI tract and the airway system[11-14,20,21]. It has been

Liao D et al . Zero-stress state and mucosal folding of the oesophagus

found that the folds size and number are related to the
mucosal thickness and the material stiffness. Inflammation,
edema, lymphoma, and Menitrier’s disease all thicken
the mucosa; they are all associated with a reduction in
the number and an increase in the size of the folds[12].
Longitudinal folding exists along the inner surface of the
oesophagus, and possibly occluding the internal lumen.
This has a major influence on the flow through the lumen.
The nature of this folding and the resistance to narrowing
are functions of the composition, geometry and structural
properties of the various oesophageal wall components.
Hence, buckling analysis can be further used clinically
for predicting the tissue remodelling physiologically and
pathologically. This study shows that bioengineering
models in the future of the GIOME can provide
important new knowledge on tissue function.
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Abstract
The peristaltic transport of swallowed material in the
esophagus is a neuro-muscular function involving the
nerve control, bolus-structure interaction, and structuremechanics relationship of the tissue. In this study, a finite
element model (FEM) was developed to simulate food
transport through the esophagus. The FEM consists of
three components, i.e., tissue, food bolus and peristaltic
wave, as well as the interactions between them. The
transport process was simulated as three stages, i.e., the
filling of fluid, contraction of circular muscle and traveling
of peristaltic wave. It was found that the maximal
passive intraluminal pressure due to bolus expansion was
in the range of 0.8-10 kPa and it increased with bolus
volume and fluid viscosity. It was found that the highest
normal and shear stresses were at the inner surface of
muscle layer. In addition, the peak pressure required for
the fluid flow was predicted to be 1-15 kPa at the bolus
tail. The diseases of systemic sclerosis or osteogenesis
imperfecta, with the remodeled microstructures and
mechanical properties, might induce the malfunction
of esophageal transport. In conclusion, the current
simulation was demonstrated to be able to capture the
main characteristics in the intraluminal pressure and
bolus geometry as measured experimentally. Therefore,
the finite element model established in this study could
be used to further explore the mechanism of esophageal
transport in various clinical applications.
© 2007 The WJG Press. All rights reserved.
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functionality of esophagus
The transit of food the bolus through the esophageal
body depends on the properties of the bolus as well as
the positions of the thorax when the swallow occurs. If
the food is fluid-like and a person stands upright, it only
takes 2-3 s for the food to approach the lower esophageal
sphincter (LES). In this case, the bolus moves mainly
under the influence of gravity. When either or both the
content of bolus and the position of the thorax reduce
the effects of gravity, the peristaltic mechanism plays the
most important role for the bolus transport. The muscle
contraction is first inhibited to allow the bolus to distend
and fill the esophageal lumen. This inhibition is followed
by the active muscle contractions near the bolus tail to
maintain the lumen closure and propel the bolus towards
the stomach. The contraction wave travels at a speed of
1-4 cm/s and duration of 5-10 s is required for the bolus
to reach the LES, when the muscle at LES stats to relax
and LES opens. The LES remains open for 5-10 s during
which the food content is emptied from the esophagus to
the stomach. Thus, food transport is an interactive process
between the esophageal tissue, food bolus and muscle
activity.
It is well known that the stress distribution within
the esophageal wall is important to understand the
mechanics-function relationship of the esophagus. The
stress distribution under the physiological state has
been widely investigated in the literature [1,2]. However,
the effect of food bolus on tissue structure has usually
been represented by a luminal pressure imposed on the
internal surface of the esophageal tube while the bolus
and the interaction between the tissue and bolus have been
ignored. On the other hand, in the study conducted by Li
et al[3], a mathematical model was established to simulate
the fluid (food bolus) flow within the esophageal lumen.
By applying the lubrication theory [4], the intraluminal
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Figure 1 Geometrical model for the
simulation of food transport process.
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pressure was predicted from the bolus geometry. It was
shown that the simulation was able to capture the main
feature of the variation in intraluminal pressure. However,
due to the high sensitivity of the pressure variation in
the contraction zone to the variation in bolus geometry,
accurately prescribed geometry must be supplied. In the
current study, rather than specifying the bolus geometry,
the shape of food bolus is determined from a simulated
peristaltic transport process by adjusting the contraction
wave, bolus viscosity and material parameters of the
tissue in the physiological range. A finite element model
consisting of three primary composites, i.e., tissue, bolus
and muscle contraction, as well as the interactions between
them is established. The simulation aims to explore the
physiological features during the food transport process
and to investigate the effects of the tissue properties, the
fluid viscosity and volume, as well as the active contraction
wave on the transport efficiency.

Finite Element Model
The parameters used to characterize the active contraction
and bolus properties were borrowed from a few studies
on the human esophagus in the literature[3,5-8] while the
geometry and material parameters were measured from the
porcine esophagus. In our previous study[9], it was proved
that the porcine esophagus has similarities with the human
being’s esophagus in terms of both axial length (25-30 cm
for the pig 3-4 mo old vs 25 cm for an adult) and tensile
strengths (circumferential and axial strengths are 1.2 and 3.7
MPa for the muscle and 1.6 and 8.7 MPa for the mucosasubmucosa [9] vs 1.4 and 2.2 MPa for the entire wall).
Since detailed geometrical and mechanical parameters
for the human’s esophagus were not available for our
simulation, those for the porcine esophagus were taken as
the representative so that the effects of the variations in
mechanical properties on the efficiency of food transport
could be examined. By assuming the esophagus a straight,

Figure 2 Procedure used to obtain the true zero-stress state and definition of
three states: (A) Bonded no-load state; (B) separated no-load state; and (C) true
zero-stress state.

circular cylindrical tube, an axisymmetrical model was
constructed as shown in Figure 1. A segment of 10 cm in
length was modeled to represent the abdominal region of
esophagus connecting to the lower esophageal sphincter
(LES). The finite element model was developed with
ABAQUS 6.5 and it consisted of the following three
components.
Esophageal wall
The first component is the esophageal tissue, which is
modeled with both the inner mucosa-submucosal layer
and outer muscle layer. Following the procedure used by
Liao et al[1], the true zero-stress state was obtained by a
circumferential cut for layer separation followed by a radial
cut in each layer (Figure 2). The geometrical parameters,
including the inner and outer radii at both the no-load state
and zero-stress state as well as the opening angles at the
zero-stress state, were measured with the image processing
software Micro Image 4.5 (OLYMPUS-SZX12). The
geometrical model was established by using the parameters
at the no-load state as given in Table 1.
It is known that the no-load state of the esophagus is
not stress-free[10] and the residual stretches at the no-load
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Table 1 Parameters of the tissue, fluid bolus and peristaltic wave used in the model
Tissue

Muscle

Geo.

Bonded no-load state

Mat.

Mucosa-submucosa
True zero-stress state

ri (mm)
6.49

r0 (mm)
8.28

Ri (mm)
6.49

R0 (mm)
8.49

mel (Pa)
3752

k1 (Pa)
23997

k2
17.9

a()
45

Bonded no-load state
o

o

True zero-stress state

q()
79.4

ri (mm)
4.12

r0 (mm)
6.49

Ri (mm)
15.7

R0 (mm)
17.7

l0
1.11

mel (Pa)
1010

k1 (Pa)
9012

k2
50.7

a()
50.7

Fluid

3
5
m = 0.2 Pa.s; r = 0.7 kg/m ; Cn = 7.2E Pa.s/kg

Wave

nr = 0.5 mm/s; ni = 0.9 cm/s

o

state referred to the zero-stress state are evaluated as[11]:
				
					
(1)

		

(2)

where r o and R o are the outer radius at the no-load
and zero-stress state; = p - q and q is the opening angle;
lz is the axial stretch ratio and it is assumed to be the
unit. For the esophagus, the inner mucosa is compressed
and the outer muscle layer is extended at the no-load
state. It has been demonstrated in a previous study [10]
that the residual strain significantly influences the stress
distribution. For a more accurate simulation, the residual
strain was introduced with the following method. Firstly,
the residual deformation gradient tensor Fr was defined
as the initial value of a solution-dependent variable in the
subroutine SDVINI. Secondly, in the user material code
(UMA) the current deformation gradient tensor referred
Z
to the true zero-stress state F c calculated at the start of
iteration by multiplying the deformation gradient tensor
N
referred to the no-load state F c with Fr. The stress
tensor and stiffness tensor were also calculated based on
Z
Fc .
A structure-based constitutive model, which has
been successfully applied for the esophageal tissue[9], was
adopted in the simulation. With this model, the esophageal
wall was modeled as an isotropic matrix of elastin
reinforced with collagen fibers. Accordingly, the strain
energy function y was decoupled into two components:

y = y iso + y aniso				

(3)

The neo-Hookean model was employed to describe the
elastin as given in Eq. (4).
mel

y iso = 2 (I1 - 3)				

(4)

where mel is a material constant equivalent to the shear
modulus of elastin. It was assumed that the two families of
collagen fibers were symmetrically arranged in q - z plane
and their orientations rendered the preferred direction of
the tissue. An exponential function, as given in Eq. (5),
was used to capture the nonlinear elasticity of the collagen
fibers:

www.wjgnet.com

o

q()
33.9
l0
1.33

(5)
where k 1 is a material constant with the same
dimension as stress and k 2 is a dimensionless parameter
related to the stiffening speed. I4 and I6 are the fourth and
sixth invariants and can be expressed as:
I4 = lq2cos2a + lz2sin2a

			

I6 = lq2cos2 (-a) + lz2sin2(-a)

			

(6)
(7)

where a denotes the angle of the collagen fibers away
from q direction. I4 and I6 actually represent the squares of
stretch ratios in the directions of the associated families of
collagen fibers. A dimensionless parameter l0 is introduced
to scale the stretch ratio I i so that the unfolding process
of the collagen fiber can be accounted for. To characterize
the distinct stiffness of each layer, two different groups
of material parameters were given for the inner mucosasubmucosa and outer muscle layer. The parameters were
determined from the inflation test with a regression
method[10] and they were summarized in Table 1.
The tissue was meshed with a 4-node linear
axisymmetric element (CAX4H) and it was discreted with
18 and 100 elements in the radial and axial directions,
respectively. Geometrical nonlinearity was switched on for
all the simulation steps.
Food bolus
The food bolus was simulated as 100 fluid cavities
connected in sequence by the fluid link elements. An
example of fluid and fluid link element is illustrated
in Figure 3. Each of the cavities is composed of three
hydrostatic fluid elements (FAX2) and they share one
common node called cavity reference node (RF). The fluid
volume is that enclosed by the cylinder which is formed
by revolving the three line elements. The outer boundaries
of the cavity (e.g., element 2) share the same nodes with
the inner boundaries of the tissue element so that the
deformation of the fluid-filled tissue and the pressure
exerted by the contained fluid on the cavity boundary of
the structure are coupled.
In each cavity, the hydrostatic pressure is the same
everywhere. However, the pressure in each cavity could
be different and the difference in pressure between two
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Figure 4 Bolus shape (A) before the
muscle contraction (B) at the end of
muscle contraction and (C) when the
peristaltic wave reaches the LES.

Link 1
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2
1
Cavity 2
2

Figure 3 Example of the fluid element and fluid link element.

3

adjacent cavities determines the flow rate through a fluid
link element (FLINK) connecting the two RF nodes.
There are 100 fluid link elements and the last one connects
the RF node of the last cavity to an unconnected node
representing the gastric pressure in the stomach. The
relationship between the pressure difference (∆p) and the
mass flow rate (q) is defined as the property of fluid link
element as given in Eq. (8).

The contraction speed v r and longitudinal traveling speed
v l were set at 0.5 mm/s (i.e., circular muscle shortened at
3.14 mm/s) and 0.9 cm/s, respectively[8].

∆p = Cvq					

(8)

where C v denotes the viscous resistance coefficient.
The effect of gravity has been ignored by assuming a
supine position. For a local Poiseuille flow in a circular
tube, C v can be calculated as:
Cv =

8m
4					
prri

(9)

where m and r represent the fluid viscosity and density
and they were given at 0.2 Pa.s and 0.7 kg/m3 for a normal
food content[3]. r l is the luminal radius and it is equal to
the inner radius of mucosa-submucosa at the bonded noload state.
Peristaltic wave
At the start of a peristaltic wave, the circular muscle cells
shorten themselves and generate the contraction force. The
mechanism of muscle contraction is complicated involving
both the nerve controls and intrinsic properties of muscle
cells [12]. However, from the view of consequence, the
peristaltic contraction acts as an external force on the
tissue structure and travels downward at a certain speed. In
the model, a rigid body was defined as shown in Figure 1.
By applying an inward radial displacement, the rigid body
was in contact with the tissue structure and exerted a
pressure force on the outer surface of the tissue. As it
has been reported that the contraction zone extends 1-2
cm in length for the normal case[8], a 1 cm straight line
and a 1/4 arc with the radius of 1 cm was defined as an
axisymmetrical rigid body (RAX2). The arc segment was
used in order to prevent the numerical singularity induced
by the sudden increase in contact force at the transition
point between the attached and detached region. The
longitudinal travel of the contraction wave was simulated
by controlling the axial displacement of the rigid body.

1

Simulation
The objectives of simulation are, firstly, to investigate
the main feature of the intraluminal pressure distribution
and bolus shape at each stage of peristaltic transport; and
secondly to study the effects of tissue properties, bolus
properties, contraction and wave speed on the transport
process.
Filling of fluid
When considering that the simulated segment of
esophagus connects the stomach through a LES at the
distal end, the initial configuration of tissue (Figure 1)
is self-balanced and hence the fluid filled in the tissue
structure does not exert any force on the tissue. At this
moment the fluid volume (V), which is equal to the lumen
volume of the esophageal tube, is 5 mL. We start the
simulation by perfusing another 2.5 mL fluid at the speed
of 2.5 mL/s through the most proximal cavity. The filling
of fluid expands and deforms the tissue at the top and the
tissue reacts and in turn restrains further deformation. So
the circumferential tensile stress is generated within the
deformed wall and the intraluminal pressure at the top
cavity has to increase to balance the stress in the tissue.
As a consequence of the increase in pressure at the top
fluid cavity, pressure difference is induced between the top
cavity and its adjacent lower cavity and fluid transport is
initiated. After the filling of fluid, free redistribution of
fluid within all the cavities is allowed in the following 3 s.
This is to simulate the ‘off ’ response of muscle cells, i.e.,
muscle contraction begins 2-3 s after being stimulated[13,14].
Figure 4A presents the bolus shape after the redistribution
of fluid and immediately before the muscle contraction.
In this step, the bolus shape and intraluminal pressure
distribution are determined by the properties of both
the tissue and fluid bolus. By plotting the bolus shape
and intraluminal pressure distribution simultaneously, the
relationship between them is explored. Particularly, the
effects of bolus viscosity and tissue properties on the
maximal luminal radius ( r max ) and maximal intraluminal
pressure ( p max ) are evaluated by changing m from 0.2 to
www.wjgnet.com
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Figure 5 Bolus shape and intraluminal pressure
distribution along the length (A) at the end of bolus
filling and off response (before muscle contraction)
(B) at the end of muscle contraction at the top 1
cm segment (C) when the peristaltic wave reaches
the middle of the entire segment and (D) when the
peristaltic wave reaches the end of segment (LES).

P
6 mm

10 kpa

0.02 Pa.s, k 1 in the muscle layer from 23997 to 2399.7 Pa,
and l0 in the mucosa-submucosal layer from 1.33 to 1.
Muscle contraction
In this step, the contact between the rigid body and the
outer boundary of tissue is activated and the muscle
contraction is simulated by specifying an inward radial
velocity of the rigid body at 0.5 mm/s until the luminal
radius decreases to about 0.5 mm. Since the cavity volume
at the contraction zone (1 cm at the top) is forced to be
reduced quickly, the intraluminal pressure in these cavities
increases greatly which accelerates the downward flowing
speed of the fluid. At the end of the muscle contraction,
the main body of fluid bolus moves downward as shown
in Figure 4B. In addition to the tissue and bolus properties,
the intraluminal pressure distribution and bolus shape are
also influenced by the contraction speed. The effect of the
contraction speed on the peak pressure ( p peak ) is assessed
by changing v r from 0.5 to 0.25 mm/s.
Transport of peristaltic wave
Due to the muscle contraction at the top region, the bolus
content is pushed down to the lower region so that the
muscle cells at the lower region are also stimulated and
start to contract as well. So the contraction zone moves
downwards at a certain speed as a peristaltic wave. This is
simulated by specifying the axial velocity of the rigid body
at 0.9 cm/s. With the downwards moving of peristaltic
wave, the pressure at the bottom end increases and the
LES opens. From this moment, the fluid in the esophageal
lumen starts to flow into the stomach. The gastric pressure
in the stomach is set at zero in this simulation. As shown in
Figure 4C, some amount of food content has refluxed to
the esophageal lumen when the peristaltic wave reaches the
LES. This is because the continuous fluid flow is simulated
and the fluid always flows from the higher-pressure region
to the lower-pressure region. The secondary peristaltic
wave or the next fluid bolus is supposed to further push
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the remaining bolus down and empty the food from
the esophageal lumen. The fraction of bolus which has
been cleared is evaluated as an index of the efficiency of
peristaltic transport (Eff.). Our preliminary simulation
showed that the transport efficiency was affected by the
peristaltic wave speed. So the effect of the wave speed on
the value of Eff. is investigated by changing v l from 0.9 to
0.38 cm/s. The effects of bolus viscosity, tissue properties
and contraction speed are also examined.
Simulation with bigger bolus
In order to observe the features of food transport with
bigger bolus, the simulation described above is repeated
with a bolus volume of 10 mL.

parameters obtained from the
simulation
Figure 5 presents the bolus shape and intraluminal
pressure distribution along the esophageal length at four
representative stages, i.e., at the end of bolus filling and
off response (before muscle contraction); at the end of
muscle contraction at the top 1 cm segment; when the
peristaltic wave reaches the middle of the entire segment;
and when the peristaltic wave approaches to the end of the
segment (LES).
Maximal bolus radius and maximal intraluminal pressure
At every moment before muscle contraction, the pressure
in fluid is balanced by the stress in tissue. As the pressure
difference between the cavities induces the fluid flow, the
bolus shape has to adjust its shape continuously with time
to maintain the balance. At 3 s after the filling of food
bolus, the luminal radius is the maximal at the top end
( r max = 5.3 mm) and smoothly decreases from the top to
the bottom, as shown in Figure 5A. Correspondingly the
maximal pressure p max is 4.4 kPa at the top end, which is
in the range of the measured pressure in a normal human
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Table 2 Effects of bolus viscosity, tissue properties and
contraction wave on the maximal bolus radius, maximal
pressure, stretch of muscle, peak pressure and transport
efficiency

Axial
Cir
Radial

Stress (kPa)

25

Parameter

20
15
10
5
0
-5
0.0

0.8
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1.6
Wall thickness (mm)

2.4

3.2

Figure 6 Stress distributions along the esophageal wall under the expansion of
food bolus.

Control (V = 7.5 mL)
m = 0.02 Pa.s
k1 = 2399.7 Pa
l0 = 1
nr = 0.25 mm/s
nl = 0.38 cm/s
Control (V = 10 mL)
m = 0.02 Pa.s
k1 = 2399.7 Pa
l0 = 1
nr = 0.25 mm/s
nl = 0.38 cm/s

(mm)

r max

(kPa)

P max

lq
(muscle)

(kPa)

P peak

Eff.

5.30
4.48
6.32
4.27
5.30
5.30
5.91
4.62
7.12
4.41
5.91
5.91

4.39
0.75
2.37
12.0
4.39
4.39
9.58
1.17
7.28
14.8
9.58
9.58

1.18
1.10
1.30
1.08
1.18
1.18
1.25
1.11
1.39
1.09
1.25
1.25

9.71
1.24
6.65
14.1
6.25
9.71
14.4
1.32
9.73
15.0
8.94
14.4

31.8
48.7
19.0
73.6
33.9
38.0
43.9
61.5
22.4
80.0
46.7
51.2

(%)

esophagus (Gregersen, 2003). It is found that all the
stresses are significantly higher in the muscle layer than the
mucosa-submucosal layer. The axial and circumferential
stresses are the highest at the inner surface of muscle layer
at the top end (29.0 and 36.5 kPa). Figure 6 presents the
distribution of three normal stresses along the esophageal
wall thickness. It shows that the muscle layer withstands
most of the loading while the mucosa-submucosa layer
just transmits the pressure. In addition to the normal
stress, the shear stress also occurs due to the nonuniform
bolus radius along the lumen length. The shear stress is the
highest at the inner surface of muscle layer at 3.7 cm from
the top end (238.6 Pa), where the greatest curvature of
luminal radius occurs.
If a more fluid-like bolus is swallowed, the viscous
resistance becomes smaller and the fluid flow is eased and
accelerated. As given in Table 2, the maximal bolus radius
and maximal intraluminal pressure are reduced by 15%
and 83% respectively when the bolus viscosity decreases
to 10% of the original viscosity. When the stiffness in
the muscle layer decreases ( k 1 decreases by 90%) the
tissue is easier to be dilated ( r max increases by 19%) and
the intraluminal pressure is reduced ( p max decreases by
46%). On the opposite, if the inner mucosa-submucosa
layer becomes stiffer (by decreasing l0 from 1.33 to 1) the
maximal bolus radius is greatly decreased by 173% and
the maximal intraluminal pressure is increased by 46%.
Therefore, it is indicated that both the bolus properties and
tissue properties effects the bolus radius and intraluminal
pressure significantly.

be provided by the active muscle contraction. It is known
that the stretch level of the circular muscle during the
expansion of bolus affects the activity level of the muscle
cells and hence the contraction force that they are able
to generate (Cohen and Green, 1973). It is found that,
for bolus with viscosity of 0.2 and 0.02 Pa.s, the circular
muscle is stretched by 18% and 10% on average and the
required peak pressures are 9.7 and 1.2 kPa respectively
(Table 2). We assume that it represents the physiological
condition for the normal esophagus, i.e., the muscle cells
are able to generate the pressure which is required if and
only if they are stretched to the corresponding levels
indicated in the above two cases.
For the case of systemic sclerosis (SS) where the
amount of collagen in mucosa increases and the tissue
becomes stiffer (which is simulated by decreasing l0 from
1.33 to 1 for the mucosa-submucosal layer), the inflation
of the esophageal wall reduces during the transit of food
and accordingly the stretch of muscle also reduces (lq =
1.08). In this case, the contraction force generated by the
muscle should be less than 1.2 kPa based on the above
assumption. However, the pressure needed for the fluid
flow is shown to be 14.1 kPa (Table 2), which is even
higher than can be generated when the muscle is stretched
by 18%. So the simulation implies that, in the case of SS
disease, the esophageal tissue has to remodel itself so that
higher contraction force can be generated when the muscle
is stretched to a relatively small level. The simulation also
shows that if the contraction speed decreases by 50%, the
intraluminal pressure required for the fluid flow decreases
by 36% (Table 2). It implies that if the self-adjustment
does not work, the transport process of the SS esophagus
will become slower compared to the normal case.

Peak pressure
At the end of muscle contraction, the bolus radius at the
top 1 cm segment is reduced to 0.5 mm and a steep slope
forms due to the rapid increase of radius in the distal 1 cm
segment as shown in Figure 5B. The intraluminal pressure
is the maximal at the top end ( p peak = 9.7 kPa), which is
the pressure required for the fluid flow and is expected to

Transport efficiency
Figure 7 presents the mass flow rate from the fluid cavity
5091 (1 cm away from the top) to the fluid cavity 5090,
two of which the fluid link element 8091 connects, during
the muscle contraction and the moving of peristaltic
wave. It shows that the flow rate increases suddenly
when the contraction starts, decreases slightly during the
www.wjgnet.com
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Figure 7 Mass flow rate at fluid link element 8091 (1 cm away from the top end
connecting the fluid cavity 5091 and 5090) during the muscle contraction and
wave transport. 1 represents the moment when the rigid body is in contact with
the tissue structure (start of contraction); 2 the end of contraction at the top 1
cm segment; 3 when the contraction wave leaves the fluid cavity 5091 (1 s after
contraction); 4 when the contraction wave is 1 cm away from cavity 5091 (2 s after
contraction).

process of contraction, and suddenly decreases at the
end of contraction. During the first two seconds after the
contraction, i.e., from the moment when the contraction
wave leaves to the moment when it is 1 cm away from the
cavity 5091, backward flow occurs. The reflux of fluid is
due to the intraluminal pressure in the cavity 5090 is higher
than that in cavity 5091 during this period, as shown in
Figure 8. Even though the period of fluid reflux is short,
it induces that the food content cannot be cleared up from
the esophageal lumen to the stomach and some of them
are retained in the esophagus as shown in Figure 5C and D.
The transport efficiency is 31.8% for a bolus volume of 7.5
mL and viscosity of 0.2 Pa.s (Table 2). For fluid with lower
viscosity (m = 0.02 Pa.s), the transport efficiency increases
by 53%. In the case of osteogenesis imperfecta (OI) where
the collagen deficiency occurs (which is simulated by
decreasing k 1 to 10% of the original value for the muscle
layer), the transport efficiency is reduced by 44%. While
for the SS esophagus where the tissue becomes stiffer, it
increases by 93% instead. So it is indicated that the higher
stiffness of tissue results in higher percentage of bolus
content to be cleared up. However, for the SS esophagus,
the muscle contraction force required for the fluid flow
increases greatly which might exceed the magnitude that
the muscle contraction can provide. In conclusion, both
esophageal diseases might induce the malfunction of the
esophagus. From Table 2, it can also be found that the
decrease of either the contraction speed or the peristaltic
wave speed can increase the transport efficiency to some
extent. It implies that higher transport efficiency could be
achieved at the cost of slowing down of transport speed.
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Figure 8 Intraluminal pressure at cavity 5090 and 5091 during the two seconds of
fluid reflux.

Effects of bolus volume
The simulation with a bolus volume of 10 mL shows
similar features as described above. In comparison, with a
bigger bolus, the maximal luminal radius increases by 12%
during the filling process. Due to the stiffening of tissue
properties, the maximal intraluminal pressure increases
by an even higher percentage (118%). The peak pressure
and transport efficiency also increase by 48% and 38%
respectively. It implies that the muscle contraction has to
be strengthened in order to transmit a bigger bolus. The
simulation indicates that the efficiency increases for a
bigger bolus transport. However, it is under the condition
of this, that the increased peak pressure can be provided
by the active muscle contraction, as assumed during the
simulation. In reality, there is a limit for the maximum
muscle contraction force. Therefore, the conclusion that
the transport efficiency increases with bolus size could
only be true within the physiological range. The parametric
studies show that the effects of bolus viscosity, tissue
properties and contraction wave speed are also similar with
those found for the transport of the a 7.5 mL bolus.

implications of the simulation
In this study, the fluid is simulated as the fluid cavities
between which the fluid could transmit through a fluid
link as a Poiseuille flow. The fluid and tissue structure are
coupled to simulate the interaction between them. It is
found that the maximal intraluminal pressure increases with
bolus volume and fluid viscosity. This is consistent with the
observations in an experimental study conducted by Ren
et al[6]. The active muscle contraction is represented as an
external force imposed through a rigid body. By specifying
the displacement of the rigid body, the contraction speed
and wave speed is controlled. With the parameters in the
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physiological range, the peak pressure is predicted to be
1-15 kPa depending on bolus volume and viscosity. The
predicted peak pressure agrees with the manometrically
measured peak pressure very well[6]. It is also found that
the peak pressure required for bolus transport could be
reduced by slowing down the contraction speed. For the
SS esophagus, the required peak pressure greatly increases,
which might induce the failure and incomplete of bolus
transport. The transport efficiency is found to be higher
for the food bolus with lower viscosity and higher volume.
For the IO disease, the esophageal wall is severely dilated
and the transport efficiency greatly decreases. In order to
regain the transport efficiency, the contraction speed or
wave speed has to be reduced. In conclusion, both the IO
or SS diseases might induce the malfunction of esophageal
transport.
It is found that, during the filling of food bolus, both
the normal and shear stresses are the highest at the inner
surface of muscle layer. In contrast, the stresses in the
mucosa-submucosa are very low. This is mainly because,
at the bonded no-load state, the mucosa-submucosa is
compressed substantially in order to accommodate the
smaller space confined by the outer muscle layer. When the
food bolus expands the esophageal lumen, the mucosasubmucosal layer unfolds itself first and hence it is exposed
to a relatively lower circumferential strain. Therefore, the
residual strain could be a protective mechanism to prevent
the mucosa-submucosa tissue being over-stretched or overstressed. It also indicates that the residual strain should
be taken into account for an accurate evaluation of stress
distribution along the esophageal wall.
In the cur rent simulation, the lumen at the tail
of the bolus is not occluded completely. This is due
to the numerical difficulties encountered for further
reducing of the lumen radius. In a previous study [3], a
mathematical singularity in pressure also appeared in the
limit of complete occlusion when the lubrication theory
approximation was applied to simulate the esophageal
transport. A very thin layer of bolus fluid, which was called
the lubrication layer, was assumed to exist and extend
through the simulated esophagus. It was demonstrated
that the simulation could successfully capture the main
feature of the pressure distribution under this assumption.
In the current study, we adopted the same assumption and
specified the lubrication radius at 0.5 mm throughout our
simulation. In the physiological state, it is believed that the
muscle contraction is able to seal the lumen at the bolus
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tail and there is less reflux for a normal transport process.
Therefore, the transport efficiency is expected to be higher
than that predicted in this simulation. However, the general
trend in the transport efficiency due to the variations of
physical parameter should still be valid and it could provide
valuable information for future clinical studies.
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INTRODUCTION
Abstract
Whilst methods exist to indirectly measure the effects
of increased flow or gastro-oesophageal refluxing,
they cannot quantitatively measure the amount of acid
travelling back up into the oesophagus during reflux, nor
can they indicate the flow rate through the oesophagogastric junction (OGJ). Since OGJ dysfunction affects
flow it seems most appropriate to describe the geometry
of the OGJ and its effect on the flow.
A device known as the functional lumen imaging
probe (FLIP) has been shown to reliably measure the
geometry of and pressure changes in the OGJ. FLIP
cannot directly measure flow but the data gathered
from the probe can be used to model flow through the
junction by using computational flow dynamics (CFD).
CFD uses a set of equations known as the Navier-Stokes
equations to predict flow patterns and is a technique
widely used in engineering. These equations are
complex and require appropriate assumptions to provide
simplifications before useful data can be obtained. With
the assumption that the cross-sectional areas obtained
via FLIP are circular, the radii of these circles can be
obtained. A cubic interpolation scheme can then be
applied to give a high-resolution geometry for the OGJ.
In the case of modelling a reflux scenario, it can be
seen that at the narrowest section a jet of fluid squirts
into the oesophagus at a higher velocity than the fluid
surrounding it. This jet has a maximum velocity of almost
-1
2 ms that occurs where the OGJ is at its narrowest. This
simple prediction of acid ‘squirting’ into the oesophagus
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The Giome is a subset of the Physiome project, which
was originally proposed by Bassingthwaighte in 1995[1].
The Giome Project initiated by Gregersen represents
a method for obtaining an integrated understanding
of the human gastrointestinal (GI) tract based on
bioengineering models[2]. To use this method to advance
our understanding of the GI tract, it will be necessary
to generate new computational models and capture data
pertinent to these models. The output from the functional
lumen imaging probe (FLIP) is potentially one of these
sources of data for sphincteric regions in the GI tract.
In patients where compliance of the sphincter is not
ideal, control of reflux is not optimal. Often oesophagogastric junction (OGJ) dysfunction is the prime suspect
in this phenomenon, which effects up to 44% of the
population in the western world. It is logical to deduce
that an increase in sphincter compliance will result in
increased flow through the OGJ. Measuring flow directly
in the oesophago-gastric junction in vivo would prove very
difficult, especially because it must be accessed from the
oral or nasal cavity. This review looks at another option for
predicting flow parameters in the OGJ.

FLIP
Recently, a device known as the FLIP has been shown to
reliably measure the geometry of and pressure changes
in the OGJ by using a distensibility technique[3-6]. FLIP
can measure the geometric data needed to model flow
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through the junction. The concept of measuring flow by
a distensibility technique is not new[7] but the acquisition
and analysis of FLIP data seems much easier than with
any other known technique. Thus, FLIP could provide a
practical solution with the potential for clinical use in the
future.
Data from FLIP provides a platform for carrying
out numerical flow analysis, where the complexities of
flow through the junction could be represented using a
technique known as computational flow dynamics (CFD).

CHARACTERISTICS OF THE OGJ
At the OGJ, the oesophagus opens into the stomach. It
is important that backflow of stomach secretions into
the oesophagus is controlled at the OGJ opening only
transiently to allow passage of the swallowed food into
the stomach. The diaphragmatic hiatus, through which the
oesophagus passes at the OGJ, has a role in this valvular
mechanism[8].
Several structures are important in maintaining a
barrier at the OGJ. The lower oesophageal sphincter (LOS)
forms part of the OGJ structure. The intrinsic muscles of
the distal oesophagus and the sling fibers of the proximal
stomach make up the internal mechanism structures of the
LOS. The muscles of the diaphragm that connect to the
OGJ make up the crural diaphragm and this constitutes
the external LOS mechanism structures. The tissue that
connects the distal oesophagus to the crural diaphragm is
known as the phreno-oesophageal ligament[9].
The OGJ can be distinguished from the body of the
oesophagus by its behavior pattern. There is an increase
in the tone of the circular muscle in this region. The
sphincter relaxes in response to a swallow and this usually
precedes the arrival of a contraction wave travelling down
the oesophagus. This phase of relaxation is followed
by a short-lasting elevation of pressure above resting
values [10] . In recent years it has been known that the
sphincter sometimes relaxes even when a swallow does
not occur. These relaxations are known as transient lower
oesophageal sphincter relaxations (tLOSRs)[11]. Pressures in
the abdominal and thoracic cavities are involved in creating
the barrier, as well as the exact intra-abdominal location of
the junction. Time and posture are also important factors.
It is clear that the OGJ and the components that affect
its function as a valvular region between the stomach and
oesophagus have a complex interaction. In normal healthy
individuals this region provides adequate protection from
the effects of acid and non-acid liquids refluxing or backflowing up into the oesophagus.

REFLUX IN GENERAL
Gastro-oesophageal reflux disease (GORD) symptoms are
very common in the general population affecting up to
44% of the US population at least once a month and 20%
of the population once a week[12-14]. It has been shown
that patients suffering from GORD have a lower health
related quality of life than patients with angina and mild
heart failure[15]. There is solid evidence that incompetence
or dysfunction of the OGJ is a primary determinant
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of GORD. Three mechanisms at the OGJ lead to an
increased number of acid reflux events associated with
GORD: tLOSRs, free reflux during periods of low LOS
pressure and deglutitive relaxation of the LOS[11,16-18].
Other methods exist to indirectly measure the effects
of increase flow or refluxing. The most widely used of
these are 24 h pH studies and intraluminal impedance.
Studies of 24 h pH indicate the amount of time the
oesophagus is exposed to an acidic environment in a 24 h
period. However, they cannot quantitatively measure the
amount of acid travelling back up into the oesophagus nor
can they indicate the flow rate. Intraluminal impedance
on the other hand demonstrates the presence of liquids,
solids and gases in different longitudinal segments of the
oesophagus, hence giving flow patterns related to refluxing
but still without precise data on flow.

WHY PREDICT FLOW IN THE OGJ?
By using data gathered with FLIP, it is possible to
predict the flow patterns that occur during a reflux
event. By analysing the predicted flow patterns, a variety
of information can be obtained, such as shear stresses
along walls, which may contribute to the tissue damaging
potential of acid. With a better understanding of the
flows that develop in the area of the oesophago-gastric
junction, knowledge of its function will be improved. To
model the type of flow behaviour observed in the OGJ, a
set of equations known as the Navier-Stokes equations is
required (See appendixⅠ). These equations are complex
and therefore require computational numerical analysis to
obtain useful data. By making appropriate assumptions,
however, simplifications to the equations are made.

METHODS AND ASSUMPTIONS
CFD simulation is a process that has been used successfully
in the engineering industry, particularly aerospace, for
many years. CFD analysis has become advanced enough
that it is no longer considered as simply an evaluation
tool. It is increasingly being used in the design process of
everything from aircraft to racing cars. In recent years, the
technology has been applied to the flow within arteries
and the respiratory system of the human body. For this
application, the way a CFD simulation is preformed can be
broken down into 4 basic steps, as shown in Figure 1.
www.wjgnet.com
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Defining geometry
The data gathered by a FLIP probe provides, at the
current stage of development, eight cross-sectional areas.
By making the assumption that these cross-sectional areas
are circular, then the radii of these circles can be obtained.
By utilising these radii as X co-ordinates and the distances
of the electrode pairs from the ends of the probe as Y coordinates, it is possible to construct a 2D representation
of the geometry of the OGJ, as shown in Figure 2A.
The data gathered from FLIP probes is currently
limited in that it can only gather information at eight
points with a 4 mm separation. However, by using a cubic
interpolation scheme, a higher resolution image of the
OGJ can be obtained (Figure 2B).
The final step in defining the geometry of the problem
is to provide a mesh or grid (Figure 3) over which the
CFD solver can perform its calculations. To do this,
the geometric data above is imported into a modelling
program where the parameters of the mesh, such as cell
shape and resolution, are set before being created over the
geometry. Generally speaking, higher resolutions result in
more accurate results but require greater computational
time. Similarly, a carefully designed grid will yield better
results but will require more man-hours.
Defining boundary conditions
The second stage in performing a CFD analysis is to
define the boundary conditions along each edge/wall of
the geometry and to define the operating fluid. For the
sample illustrated in this work, this results in a total of 5
definitions (2 walls, 2 edges and the fluid).
For the purposes of a simple CFD simulation, the
assumption is made that the flow field consists of a single
fluid, and that this fluid fills the field entirely. The physical
parameters, such as density and viscosity of this fluid,
must be set. For the general case it can be assumed that
the operating fluid is liquid water. This has very similar
viscosity and density characteristics to the saline used in
the FLIP probe from where the data was acquired.
The walls present a unique problem for this CFD
simulation. It is known from basic flow dynamics that
boundary layers, which are areas of slower moving fluid,
form along these walls. The behaviour of these layers has
a large effect on the overall flow dynamics and can cause
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turbulent flows in regions of fast moving fluid. In order
to properly simulate these walls it is necessary to define a
roughness length. Since the FLIP probe cannot provide
this information, a value of 120 nm for the oral mucosa
was assumed[19].
The proximal edge is an imaginary wall that defines
the top of the area where the data is collected. The flow
of the fluid is not stopped by this wall, but its presence
allows the flow behaviour along this edge of the problem
to be defined. The most important parameter to be
defined along this wall is the hydrostatic pressure. If this
hydrostatic pressure is higher than that at the distal edge,
it will drive fluid down through the junction. Conversely,
if this pressure is lower it will allow fluid to flow upwards
from the stomach.
The FLIP probe measures two manometric pressures.
These measurements are used to identify the position of
the OGJ, but the proximal pressure measurement can also
be used to estimate the pressure along the proximal edge
of the problem.
The distal edge is similar in most respects to the
proximal edge but is located along the bottom of the
problem. The second pressure measurement on the
FLIP probe is located within the balloon and during the
placement of the probe within the OGJ it is temporarily
dropped to a position below the junction and into the
stomach. As the gastric pressure does not vary greatly
during an examination, the balloon pressure at this point
can be used to define the pressure along the distal edge of
the problem.

McMahon BP et al . Flow through OGJ

Solving
Before calculations can begin it is necessary to define a
few more parameters, which are the solution type and the
viscous model to be used.
For the rudimentary simulation shown here, the flow
does not change with time and hence a steady state solver
was used. Whilst this does not reflect the true complexity
of the situation, it provides a decent estimation that can be
used to develop an understanding in preparation for more
complex problems. For a dynamic problem, it is possible
to simulate the motion of the OGJ walls. In these cases,
where the geometry is allowed to move with successive
time steps and thus provides a more representative model,
an unsteady solver will be used in the future.
The way in which the thickness, or viscosity, of the
fluid is modelled in a CFD simulation is via a viscous
model. Each model makes different simplifications to the
governing equations of fluid flow, and has an effect on the
number of equations that must be solved over the cells
defined by the mesh. It is therefore important to select a
model that is appropriate to the problem. For a smooth,
simplistic flow a laminar model can be chosen, which
provides a fast calculation. For flows that feature turbulent
areas, a more complex viscous model is required. In these
cases there are a variety of models available from the faster
κ -ε solver to the more accurate Reynolds Stress solver. A
balance between speed and accuracy must be struck when
selecting the solver to be used.
After these parameters have been set, the calculation
can be started. This is a complex process, known as
iteration, where calculations must be performed over each
cell in the mesh and then repeated using the results from
one calculation to start the next. When the difference
between a given result and the one before it is small
enough, it is taken as an acceptable estimation and is called

-1

Velocity magnitude (ms )

Practical assumptions
In order to be sure that the result obtained is an accurate
representation, the flow at the exit of the system must be
fully developed. In the case of the OGJ, this is generally
facilitated by extending the problem upwards into the
oesophagus and downwards into the stomach. By doing
this, the OGJ becomes the central core of the problem
and hence any problems that may be encountered due
to the proximity of the proximal and distal edges are
removed. An example of such geometry is shown in
Figure 2B, where the oesophagus is assumed to have a
resting diameter equal to the uppermost diameter recorded
by the FLIP probe and the geometry of the cardia and
stomach are estimated from illustrations. It is necessary to
acknowledge these changes when estimating the pressures
on the data recorded by the FLIP probe.
Following the above method and using the grid
illustrated in Figure 3, a preliminary CFD simulation was
performed. The conditions for this simulation were as
follows (all pressures relative to atmospheric): (1) Pressure
at lower limit of stomach, 10 cmH2O; (2) Pressure in the
oesophagus, 0 cmH2O; (3) Roughness length of walls, 120
nm (estimated from data on oral mucosa); (4) Operating
fluid, water.
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Figure 4 Velocity Magnitude (m/s)
through the OGJ and into the
oesophagus (limited to 0.9 m/s).

convergence. At this point the calculations are complete
and the results can be presented.
Presentation of results
The CFD solver provides information on a variety of
parameters describing the flow, such as hydrodynamic
and hydrostatic pressures as well as flow velocities and
vectors of the operating fluid. These results can be plotted
on contour plots (Figure 4) to provide a picture of how
these parameters vary through the flow field allowing an
understanding of the flow itself.

RESULTS
Figure 4 illustrates a contour plot of velocity magnitude.
In this situation, the stomach pressure is higher than the
pressure in the oesophagus. This causes the flow to move
upwards, which represents the situation that occurs in
reflux. It can be observed in this plot that as the flow moves
upwards towards the oesophagus, its velocity increases
whilst the cross-sectional area decreases as predicted by the
continuity equation. The velocity of the flow then reaches
a maximum of almost 2 m/s at the narrowest section of
the OGJ, which has a diameter of 1.46 mm.

DISCUSSION AND PERSPECTIVES
This initial work using a CDF analysis of the OGJ shows
some promise for the future. For the case shown above,
it can be seen that at the narrowest section, a jet of fluid
emerges at a higher velocity than the fluid surrounding
it. This jet, illustrated by a green to light blue colouring
in Figure 4, does not travel vertically and is seen to brush
against the left side of the oesophagus. The cause of this
deflection from vertical is the bend between the cardia
and the stomach. This illustrates how the geometry
surrounding the OGJ must be considered for an accurate
analysis. The prediction of this jet of fluid corresponds
with anecdotal evidence of acid ‘squirting’ into the
oesophagus as the OGJ relaxes during tLOSRs and
illustrates how the use of numerical methods can be used
to further understanding of the OGJ operation.
The presented model is of a 2D nature, which
provides only a general picture of the flow in the OGJ.
In the future, the possibilities of CFD analysis will allow
a fully 3D model to be constructed, including dynamic
changes in the geometry of the OGJ and surrounding
www.wjgnet.com
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geometry, which is more representative of reality. With
these improvements, the numerical analyses will produce
better results and greater knowledge of the nature and
complexity of flow through the OGJ.

5

APPENDIX I

6

The Navier-Stokes Equations are the series of equations
that describe the relationship between the pressure and
viscous forces acting on a fluid particle and its acceleration.

7

8

The X-Component of the Navier-Stokes Equations
Since these are differential equations, only the most
basic of fluid flows can be solved via hand methods. This
means that the solution to these equations must be sought
via numerical methods in a field known as Computational
Fluid Dynamics. When attempting to solve the NavierStokes equations for a fluid flow, it is generally necessary to
discretise a problem into a grid or mesh. By doing this, it
is possible to define a complex problem as a collection of
simpler computations that can be solved simultaneously to
obtain a solution. In reality, the solution obtained via this
method will contain imbalances (or residuals) between the
different cells of the mesh. By repeating these calculations,
and using the results from the previous calculation as a
starting point each time, these residuals can be reduced
until they can be considered negligible.
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Abstract
The morphology of tissue structures composing the
pyloric orifice is thought to play a role in effectively
mixing aqueous gastric effluent with duodenal secretions.
To understand the physical mechanisms leading to
efficient digestion requires computational models that
allow for analyses of the contributions of individual
structural components. Thus, we have simulated 2-D
channel flows through representative models of the
duodenum with moving boundary capabilities in order to
quantitatively assess the importance of notable features.
A well-tested flow solver was used to computationally
isolate and compare geometric and kinematic
parameters that lead to various characteristics of fluid
motion at the antroduodenal junction. Scalar variance
measurement was incorporated to quantify the mixing
effectiveness of each component. It was found that the
asymmetric geometry of the pyloric orifice in concert
with intermittent gastric outflow and luminal constriction
is likely to enhance homogenization of gastric effluent
with duodenal secretions.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The gastric outlet to the small intestine or antroduodenal
junction is thought to influence the effectiveness of
mixing and subsequent absorption of nutrients in the

gastrointestinal tract[1-3]. Following ingestion of meals, the
stomach secretes gastric juice containing protein-denaturing
hydrochloric acid and pepsinogen, and effectively grinds
the mixture with a series of strong muscular contractions
to produce a slurry of small solid particles and gastric
juice known as chyme. Peristaltic contractions in the sinus
of the stomach then serve to transport chyme distally
into the small intestine, where further enzymatic catalysis,
transport, and digestion continue[1-4]. The objective of this
study is to determine what role, if any, the morphology
of the antroduodenal junction (Figure 1) plays in affecting
transport and dynamic mixing of nutrients in the proximal
duodenum. For this purpose we computed the flow of
gastric effluent in silico, modeling a set of experiments that
were conducted on the cat gut in vitro[5].
The pylorus is comprised of a collection of tissue
structures that connect the antrum to the duodenum.
Its luminal diameter is controlled by a sphincter muscle
complex that sets the resistance to bulk gastric effluent by
regulating the tone of the pyloric orifice. During gastric
digestion, the proximal and distal pyloric muscle loops
occlude the pyloric lumen, preventing premature discharge
of unprocessed material to the duodenum. Once the
stomach has completed its task of breaking down large
solid agglomerates into smaller particles, the pylorus
relaxes and peristaltic contractions in the antrum begin
to force chyme distally. At this point, antral contraction
waves approach the pyloric orifice and, along with the
sphincter complex and mucosal folds, cause steady
constriction of the pyloric lumen. Chyme continues to
be forcibly transported through this lumen until it is fully
occluded, a process thought to potentiate an effluent jet
into the superior duodenum[1-3]. To date, it seems that no
specific attention has been paid to how the geometry and
contractile activity of the pylorus might impact gastric
outflow and mixing in the first part of the duodenum,
although mixing of chyme with duodenal contents (in
particular pancreaticobiliary secretions) is essential for
digestion and absorption to proceed[3]. The purpose of
this study is to examine, through computer modeling
and simulation, the mechanics of flow and mixing in the
antroduodenal junction.

COMPUTATIONAL MODELING
OF TRANSPORT AND MIXING IN
ANTRODUODENAL REGION
Laboratory in vivo and in vitro experiments provide a great
www.wjgnet.com
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A

Cardiac notch

Pyloric orifice

Pyloric
antrum

Sinus

Figure 1 The region of interest (highlighted in grey) includes gastric outlet, or
antrum, pylorus, and superior duodenum.

deal of information regarding the function of various
components of the GI tract. However, better understanding
the mechanics requires development of quantitative
models that allow precise and isolated effects of these
components to be more thoroughly investigated. Such
models must include the essential physical mechanisms
pertinent to the physiology of the overall system. Clearly,
inclusion of all the known mechanisms acting in the GI
tract leads to a highly complex dynamical system. While a
3-dimensional transient model of the entire system would
best reproduce actual physical behavior, there is much
physical insight to be revealed in simple models that allow
for examination of specific features over a range of flow
and geometric parameters. This approach is being taken
presently, with emphasis on morphology and dynamic
properties of the pylorus.
In these preliminary calculations we examined the
basic aspects of fluid mechanics across the gastric outlet
in simplified models of its geometry. Several cases were
constructed and analyzed in order to assess the importance
of individual aspects of anatomical str ucture and
kinematics. Flow calculations were performed in a series
of channel-like domains (Figure 2) representing the distal
antrum and superior duodenum, separated by various
configurations of the pylorus. The particular aspects being
evaluated are: (1) How does the pulsatile nature of gastric
outflow affect the dynamics of nutrient transport and
mixing? (2) What are the geometric features of the antroduodenal junction that enhance or suppress transport/
mixing in that region? (3) To what extent does wall motion
in concert with pulsatile gastric outflow (aspect 1) through
different geometric configurations (aspect 2) lead to
enhanced transport and mixing?
To examine the aspects 1-3 listed above, flow fields
were computed in the following configurations.
(A) steady flow through a relaxed (symmetric) pylorus;
(B) pulsatile flow through a relaxed pylorus; (C) pulsatile
flow through a closing pylorus; (D) pulsatile flow through
a static pylorus, with asymmetry produced by tonicity of
the proximal and distal pyloric muscle loops along with
the pyloric torus; (E) pulsatile flow through a similarly
asymmetrical, but closing pylorus; and (F) In addition,
some of these cases varied in a range of gastric outflow
rates or effluent viscosities alternately to determine the
www.wjgnet.com
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Figure 2 Two representative channel domains used in flow calculations: (A)
relaxed pylorus; (B) "notched" configuration resulting from tonicity of pyloric torus
and both muscle loops.

effect of the pylorus on homogenization of the chyme of
different consistencies, more precisely different viscosities.
Computational methods for solving equations of flow
around moving boundaries in the manner chosen here
have been thoroughly validated in several papers[6-9].
Following fluid mechanical conventions, the governing
equations are “non-dimensionalized” or normalized,
by dividing dimensional quantities based on their
corresponding representative scales in order to reveal
parametric relationships to govern the physical behavior.
In our cases, length L* is normalized by the characteristic
unit length of the focal region (i.e. nominal diameter
of the duodenum), velocity V* by the maximum inflow
velocity in the gastric pulse Vmax, and time t* by L/Vmax .
This normalization leads to an important non-dimensional
quantity known as the Reynolds number, Re = (LV)/ν,
where ν is the kinematic viscosity of the fluid. Physically,
when the Reynolds number is very small, viscous effects
dominate over fluid inertia. The Reynolds number for all
cases in this investigation varied from Re = 1 (low) to Re
= 333 (moderate), the upper-bound value obtained from
duodenal dimensions and flow rates of normal saline
was introduced into the cat gut in vitro [5]. In moderate
Reynolds number flows (Re = 100 to Re = 1000), the
presence of relatively strong laminar vortical fluid patterns
is expected. It is widely recognized by fluid mechanicians
that such vortical patterns can lead to intense fluid
mixing, particularly if they possess temporal and spatial
variations[10-12].
The flow field equations solved in our level-set models
include the standard Navier-Stokes (continuity and
momentum) equations (Eqs. 1 and 2), where is a non(1)
(2)
dimensional fluid velocity vector with u*, ν* (x- and yvelocity) components in 2D.
Based on the available data and non-dimensional
techniques described above, the channel height in the
antral and duodenal regions was set at 1.0 unit length, with
the overall channel length from the inlet to the exit of
6.0 units. The 2D computational domain for all cases was
discretized into square Eulerian grid elements measuring
0.05, 0.025, or 0.0125 units length per side depending on
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Figure 4 The scalar species block was initialized identically for each case
evaluated.

Figure 3 Temporal variation of inlet velocity.
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the level of mesh refinement demanded by localized fluid
motion to obtain a suitable solution[13].
For each model involving temporal variation of fluid
velocity in digestive systems, a pulsatile inlet velocity
condition was imposed to represent rudimentary flow
characteristics generated by periodic antral contractions
(Figure 3). Nondimensional inlet velocity V* varied in a
sinusoidal manner between 0.0 and 1.0, and the frequency
of oscillation was set to f = 0.4 per time unit so that
one pulse would have a total duration of 2.5 time units
(corresponding to in vitro experimental data on cats[5].) To
complete the cycle, each pulse was separated by a quiescent
period (V* = 0.0) of 1.0 time unit, giving a total cycle
duration of t* = 3.5. The quiescent phase was principally
designed to represent the refractory period during which
pyloric relaxation and return to an open position occur,
but it was retained in all cases, with or without dynamic
wall events, to make the results more directly comparable.
In addition to the standard flow variables (velocities
and pressure), a conserved species of transport equation
was implemented to measure the spatial gastric effluent
homog enization with duodenal contents. Mixing
effectiveness was quantified in each case by calculating
the scalar variance[14] of an evolving species (marked fluid
region) that was initialized as a block measuring 1.0 unit in
length and 0.5 unit in height, with a concentration of 1.0
(Figure 4). The species was given a negligible diffusivity
of D* = 0.0001, being vertically centered around the
domain’s longitudinal axis with the front (right) side of the
block giving the same horizontal coordinates as the distal
terminus of the antrum. These scalar species blocks were
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Figure 5 Illustrative example of scalar variance calculation: (A) initial and (B) final
states, each with a mean concentration of 0.25.

In Eq. 4,
is the volume of the computational domain
and is the volume averaged concentration of the initial
(5)
species block, i.e.
In our 2-D computations, "volume" is the area. The
concept of scalar variance is clarified by considering a
rectangular domain of species concentration zero (no
species present), and initialized with a scalar species block
of concentration 1.0, or 100% (Figure 5A.)

T h e

m e a n

(3)
evolved in each of the flow fields by solving the transport
equation[15]:
In Eq. 3, represents scalar species concentration, Pe =
(U0L)/D is the Peclet number (the ratio of convective
to diffusive transport in the fluid continuum), and U 0
represents the characteristic bulk fluid velocity (ranging
from 0.0 to Vmax). Clearly, a small diffusivity coefficient
results in very little diffusive transport, implying that the
scalar species simply advects along fluid streamlines.
(4)
The scalar species variance calculated for each case is
defined by

concentration
of the field in this state is:which gives a
variance of
In a field that has become twice as "well mixed" (Figure

5B), the variance decreases with the increased level of
species homogenization:
In this way, the variance approaches zero as perfect mixing
is nearly achieved.

COMPUTATIONAL RESULTS
Steady flow across gastric outlet through a relaxed
pylorus
Volumetrically, a large portion of gastric emptying aqueous
www.wjgnet.com
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Figure 6 Passage of a passive scalar marker through a relaxed pylorus under
steady flow conditions, with inlet velocity set to V* = 1.0 and Re = 333. In this
image, 2.0 time units have passed, with the marked fluid exhibiting vertical
compression toward and horizontal stretching along the symmetry axis in the weak
jet created by the pyloric constriction. Aside from an increase in surface area due
to longitudinal stretching, no mixing is seen in this case.

material is believed to occur across an initially relaxed
pylorus[1-4]. In a relaxed state, the torus and distal muscle
loop of the human pylorus form a lumen of about 1 cm
in diameter between the antrum and duodenum, whose
diameters are several times larger[3]. To isolate the effect
of such a localized channel narrowing on flow, steady flow
behavior (at Re = 333) was computed through the channel
(Figure 2A). This calculation was designed to establish a
baseline for comparison with forthcoming cases exhibiting
pulsatility. The flow is from left to right, i.e. the antrum
(inlet) lies to the left of the pylorus and the duodenum to
the right. A constant velocity of V* = 1.0 was imposed
at the channel inlet, with the resultant flow of 10.0 time
units to propagate through the domain in order to achieve
steady-state conditions. After this initial period, the scalar
species marker was introduced as described previously and
allowed to pass through the channel domain to the exit
(Figure 6).
As anticipated from this steady flow case, the flow
field consists of a pair of recirculation zones distal to the
pylorus (Figure 7) and only one is shown with streamlines
due to symmetry. While the marker fluid is distorted,
it is essentially unmixed as it passes into the superior
duodenum. This is primarily due to the lack of dynamic
vortical activity in the flow. Vorticity is limited to the
separating region distal to the pylorus, and segregated
from the rest of the flow by a separatrix [10,16,17] . The
separatrix thus blocks the passage of bulk advecting fluid
into the recirculation zone, and vice versa, the ability to
effectively mix different regions of fluid is severely limited
unless some mechanism for disrupting the manifold (i.e.
the separatrix) between the recirculating zone and the
core flow is put into action. This is provided by pulsatility
(intermittent gastric outflow) as shown below.
Pulsatile flow across gastric outlet through a relaxed
pylorus
Pulsatile inflow conditions were imposed next (Figure 3)
on a channel that was identical to the one evaluated in the
steady flow. Pulsatility in the flow has apparently increased
the mixing a great deal over the steady flow solution, and
in a relatively small spatial region (Figure 7). Streamlines
illustrate a pattern of dynamic vortex behavior absent in
the previous case. In the pulsatile flow, jet development
through the pylorus is coincident with vortex growth and

www.wjgnet.com

0

1

2

3

X

4

5

6

Figure 7 Scalar species distribution following the active phase of one inlet pulse (t
= 2.5 time units, Re = 333), illustrating vortical stretching and resultant increase in
interfacial area between regions of concentration 1.0 and 0.0.

strengthening in the distal recirculation zones; the marked
fluid is entrained by vortices as they gain momentum
and push the separatrix further into the jet region. As
the inlet flow decelerates, mean flow through the channel
decelerates as well. This leads to "shedding" of the
vortices, i.e. the vortices detach from the wall distal to the
pylorus and carry away downstream, and a new pair of
vortices forms at the next flow pulse, leading to a periodic
vortical flow field in the superior duodenum. Vortex
formation and shedding from the divergent distal aspect
of the pylorus provide a key mechanism for drawing
the scalar species into the sheet; the separatrix between
regions of large-scale advection and recirculation has
been disrupted during the deceleration phase of the cycle,
allowing the marked species to become entrained in the
vortical flow.
Pulsatile flow across gastric outlet through a closing
pylorus
Transport of gastric effluent induced by periodic antral
contractions occurs in concert with the closure of pyloric
orifice, and fluid is forced through a narrowing lumen. To
isolate the contributions made by this narrowing to the
mixing process, a model was constructed identically to that
described in the previous section, but with the inclusion
of pyloric closure. In this model, temporal motion of the
solid boundary defining the pyloric geometry varied quasisinusoidally, e.g. the pylorus was in its fully open position
at the beginning of a pulse cycle, and closed by the time
the inlet velocity returned to zero at the end of the active
part of the cycle. Temporally sinusoidal reopening of
the pylorus was set to take place during the 1.0 time unit
refractory period marking the end of the cycle.
Immediately, one can see the enhanced mixing
achieved by closure of the pyloric lumen in concert with
flow pulsatility (Figure 8). The jet flow affected by the
narrowing lumen gives locally advecting fluid a great
deal of axial momentum, while the recirculation zones
grow concurrently with the increasing obstruction. This
effectively leads to large regions of vorticity, which
act to stretch marked fluid along the domain’s axis in
addition to rolling it into sheets within each vortex.
Prominent secondary vortices are also observed in this
case, possessing a rotational sense opposite to the primary
vortices. This leads to further stretching and folding of the
scalar field.
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Figure 8 Scalar species passage through a narrowing pylorus (Re = 333): t = 2.5
time units; the pyloric lumen is occluded and inlet velocity has returned to 0.0. The
thin, high velocity jet affected by the narrow lumen has led to rapid growth of a strong
vortex pair, which sheds and propagates downstream as the bulk flow is halted.
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Figure 10 Vorticity (A) and scalar field (B) after 2.5 time units at Re = 333. Inlet
velocity has returned to 0.0 and vortices have shed from divergent surfaces distal
to the lumen.

Pulsatile flow across gastric outlet through a static
asymmetric pylorus
In the previous three sections, three ingredients were
examined that concertedly lead to increases in the degree
of fluid mixing in a channel flow, namely, some sorts of
partial obstruction leading to convergence and subsequent
divergence of the flow, pulsatility, and wall motion. So
far, however, we have only covered highly simplified,
symmetric geometries to make this point. In reality, with
increased tonicity, the positioning of the proximal and
distal pyloric muscle loops lead to a "notched" pyloric
configuration when viewed in two-dimensional longitudinal
sections (Figure 9). In the next case, we seek to capture
the effect of this geometric feature of the pylorus on
flow into the proximal duodenum. Figure 10 illustrates the
static asymmetric pylorus increasing mixture of the scalar
field over its symmetric counterpart. As fluid is accelerated
through the pylorus, the resultant efflux is directed away
from the centerline due to geometric asymmetry. As the
jet evolves downstream and diverges further from the

PPL

axial midline, it collides with the upper wall of the channel
and is subsequently deflected away toward the lower wall.
This results in a meandering pathway of bulk advection,
demarcated by vortices which are staggered in the channel
and free to occupy the whole channel width rather than
being mirrored symmetrically. The resulting path of the
fluid jet (advected scalar) is highly contorted, leading to
longer residence time，i.e.,streamlines within the domain
are much longer and take more time to traverse, and
stretching of fluid elements, and therefore to enhanced
mixing.
Pulsatile flow across gastric outlet through a closing
asymmetric pylorus
Asymmetry is seen to be a significant contributor to mixing
effectiveness. Next, all of the mechanisms (pulsatility,
asymmetry, pyloric closure) were involved by examining
the effect of closure of an asymmetric pylorus.
Immediately evident is the fact that the mechanisms of
pulsatility, asymmetry and pyloric closure concertedly lead
to significant enhancement of mixing. Figure 11 shows
that after a single gastric pulse, the scalar marker species
has become much more homogenized. It is noteworthy
that this homogenization not only occurs rapidly, but takes
place within a small spatial region as well; scaling with the
human GI system, the level of mixing seen in this case
would occur within a 4-5 cm segment of the proximal
duodenum[3], even neglecting the presence of prominent
geometric features such as the duodenal cap and mucosal
folds in the channel.
Mixing effectiveness attributed to geometric and dynamic
properties
To quantify scalar mixing, the commonly employed
scalar variance measures were obtained during each flow
calculation. For each of the cases above, normalized
scalar variance (computed using Eq. 4) was plotted for
one complete pulse cycle to directly compare the mixing
www.wjgnet.com
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Figure 11 A temporal progression of scalar species (left) and vorticity (right) during one complete inlet pulse cycle (3.5 time units) through the closing asymmetric pylorus: A:
t = 1.25 time units, with the vortical jet becoming apparent as inlet velocity is maximized and luminal narrowing occurs; B: t = 2.5 time units. The lumen is fully closed, and
the inlet velocity has returned to 0.0; C: t = 3.5 time units. The pylorus has returned to its original open state during the 1.0 time unit refractory period. Strong, stable regions
of vorticity remain, entraining weaker unstable vortices and further stretching the species.
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Figure 12 Scalar variance plots of each case through one complete pulse cycle;
Re = 333.

effectiveness of each flow. In Figure 12, the scalar
variance measurement of the 5 cases is plotted. Dynamic
behavior of the pylorus, combined with pulsatility, clearly
results in effective mixing. Imperfections in the form of
channel asymmetry enhance this phenomenon even more;
the physical structure of the pylorus appears to have a
significant effect in mixing patterns, at least in the Reynolds
number (i.e. the fluid viscosity) regime corresponding to
saline in the cat gut examined in vitro[5].
Mixing effectiveness attributed to Reynolds number
Chyme viscosity can vary considerably based upon a meal’s

www.wjgnet.com

solid fraction[1-3,5], with more viscous solutions yielding
lower Reynolds numbers. Thus, the Reynolds number
varied over several orders of magnitude to study the
effects of viscosity in our model (Figure 13). For brevity,
results are limited to Re variations in the fifth and final
case involving a closing and asymmetric pylorus.
As seen from the scalar variance plot in Figure 14, the
flows with Reynolds numbers of order 1 and order 10 lack
the momentum necessary to overcome viscous stresses
in the fluid and generate vorticity, leaving the initial scalar
species blocks largely intact as they progress through the
channel. Advection begins to dominate as chyme viscosity
decreases, resulting in a large degree of fluid stretching,
vortex formation and hence, mixing. Scalar variance
plots help quantify this shift in behavior, and leave one to
conclude that pyloric structure may not play a large role
in the homogenization of dense meals without adequate
dilution.

CONCLUSIONS
The lumen of the gastroduodenal junction has a complex
geometry which changes with the contractile activity
of gastroduodenal musculature in response to the pH,
osmolarity, caloric density and mechanical properties of the
luminal contents[1-3]. Here we focused on the contribution
likely to be made by several specific anatomical parameters
(like the notching of pyloric lumen produced by its muscle
loops), and by some specific functional parameters (steady
versus intermittent gastric outflow). We also compared
the results between aqueous and more viscous luminal
contents. Our results indicate that intermittent gastric
outflow in combination with the complex geometry and
motion of the pyloric lumen is likely to enhance duodenal
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Figure 13 Scalar species plots following one pulse cycle through a closing, asymmetric pylorus at four different Reynolds numbers: A: Re = 1; B: Re = 10; C: Re = 100; D:
Re = 333.
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mixing of aqueous fluids, facilitating rapid chemical
digestion and subsequent absorption of nutrients in the
duodenum. More viscous meals may remain unmixed and
will necessarily involve contractions of the duodenum to
provide any significant homogenization.
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INTRODUCTION
Abstract
The objective of this research was to use abdominal
computed tomography (CT) scans to non-invasively
quantify anthropometrical data of the human stomach
and to concomitantly create an anatomically correct and
distensible ex-vivo gastric model. Thirty-three abdominal
CT scans of human subjects were obtained and were
imported into reconstruction software to generate 3D
models of the stomachs. Anthropometrical data such as
gastric wall thickness, gastric surface area and gastric
volume were subsequently quantified. A representative
3D computer model was exported into a selective laser
sintering (SLS) rapid prototyping machine to create an
anatomically correct solid gastric model. Subsequently,
a replica wax template of the SLS model was created. A
negative mould was offset around the wax template such
that the offset distance was equivalent to that of the
gastric wall thickness. A silicone with similar mechanical
properties to the human stomach was poured into
the offset. The lost wax manufacturing technique was
employed to create a hollow distensible stomach model.
3D computer gastric models were generated from the CT
scans. A hollow distensible silicone ex-vivo gastric model
with similar compliance to that of the human stomach
was created. The anthropometrical data indicated that
there is no significant relationship between BMI and
gastric surface area or gastric volume. There were interand intra-group differences between groups with respect
to gastric wall thickness. This study demonstrates that
abdominal CT scans can be used to both non-invasively
determine gastric anthropometrical data as well as
create realistic ex-vivo stomach models.
© 2007 The WJG Press. All rights reserved.
www.wjgnet.com

Computed tomography (CT) is a non-invasive radiological
examination tool which is capable of producing superior
diagnostic images of soft tissue organs, such as the
stomach, compared to other radiographic procedures[1-4].
Diagnostic imaging techniques have been used to extract
anthropometrical data of the human stomach such
as gastric wall thickness, surface area and volume [1,5,6].
Researchers investigating obesity have considered whether
obese persons have a significantly larger gastric volume
than non-obese persons[6].
Whilst employing diagnostic imaging scans for
quantitative analysis, it is also possible to transform
diagnostic scans into computer aided design models.
Magnetic resonance angiography (MRA) scans have been
used to create ex-vivo compliant tissue models [7]. MRA
scans were exported into computer software and later
manipulated through rapid prototyping techniques to
create solid models, which were subsequently used to
develop hollow arterial models.
Rapid prototyping (RP) is a fabrication method which
enables accurate and economic reproduction of devices or
models without the need for tooling[8]. Files from computer
aided design software may be exported to a variety of
RP processes such as 3D printing, stereolithography and
selective laser sintering to produce solid prototypes. These
prototypes may in turn be used to cast hollow models
using moulding techniques.
The lost wax process is a mould fabrication method for
creating thin-walled objects[9]. Using solid rapid-prototyped
objects as a template, it is possible to produce high detail
hollow objects after offsetting the template with a low
melting point material such as wax.
The objectives of this study were: (1) to demonstrate

Henry JA et al. Development of an ex-vivo gastric model

1373

that abdominal CT scans could be used to consistently
quantify anthropometric parameters of the human
stomach, specifically gastric wall thickness, surface area and
volume of non-obese and obese patients and (2) develop
an anatomically correct, distensible ex-vivo stomach model
using abdominal CT scans.

ANALYSIS OF ANTHROPOMETRICAL
DATA
Statistical analysis
Data are expressed as mean ± SD. Statistical analysis was
performed using Minitab® (v. 13, Minitab, Inc. PA, USA).
Statistical comparisons were made by analysis of variance
(ANOVA). Tukey’s honestly square difference was used
for post-hoc analyses to determine statistical difference
between groups. A p-value of < 0.05 was considered to be
statistically significant. Regression analysis compared BMI
against gastric surface area and volume.
Subject classification
The abdominal CT scans of 33 patients were obtained
(Siemens Somatom Emotion 6 TM Power CT scanner,
Siemens Medical Systems, Germany) from Merlin Park
Imaging Centre, Merlin Park Hospital, Galway, after an
approval from the Ethics Committee of the National
University of Ireland, Galway. Patients mass and height
were recorded and the patient’s body mass index
(BMI) was determined according to the World Health
Organisation (WHO) definition.
BMI is calculated by dividing a persons mass (kilograms)
by the square of their height (m 2 ). GroupⅠ(n = 19)
contained those with a BMI between 17.58-24.9 kg/m2,
considered underweight-normal by the WHO, while
Group Ⅱ (n = 14) comprised those with a BMI between
25.0-39.66 kg/m2, deemed clinically overweight-obese by
the WHO.
The mean BMI of GroupⅠwas 21.83kg/m 2 while
the mean BMI of GroupⅡwas 29.27 kg/m 2 . Grubb’
s test to identify outliers was applied to the raw data
before statistical analysis. No patient in either GroupⅠor
Group Ⅱ was identified as outliers. Both categories were
statistically different (P < 0.05) to each other with respect
to their mass and BMI, as shown in Table 1.
Manipulation of CT scans
The CT scans were individually imported into a 3D
reconstruction software package (MIMICSTM, Materialise,
UK), as per Figure 1A. Upon being imported into the 3D
reconstruction software package, the anterior, posterior
and lateral orientations of the patient were defined. The
transaxial plane images were used for all patients as the
stomach was discriminately defined in this plane. The
grey-scale of the scans was adjusted to differentiate the
stomach from adjacent organs such as the spleen and
liver. The threshold level was set by drawing a profile
line across a cross-section of the stomach. The threshold
levels were established by adjusting the HounsField units,
which accentuated the stomach on all the CT scans with a
mask, as shown in Figure 1B. An editing tool was utilised

Table 1 Height, mass and BMI measurements of patients

Height (m)
Mass (kg)
BMI (kg/m2)

BMI 17.58-24.9 kg/m2
n = 19
1.69 ± 0.10
62.50 ± 10.25a
21.83 ± 2.16c

BMI 25.0-39.66 kg/m2
n = 14
1.69 ± 0.10
83.61 ± 11.34a
29.27 ± 3.79c

All values mean ± SD. a,cP < 0.05.
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Figure 1 A: Typical imported CT image; B: mask applied to highlight stomach.

to remove any superfluous thresholding that may have
been picked up by adjacent organs. Smoothing algorithms
were used to remove any undesirable edge effects due
to pixilation and to optimise the geometries of the
anatomically correct stomachs.
Having edited the CT slices to isolate the stomach,
the slices were grouped together to form a 3D image of
the stomach. The 3D stomach images were saved in “.stl”
format and exported to a rapid prototype machine.
Gastric volume and gastric surface area
Upon manipulating the CT slices to isolate the stomach,
the slices were grouped together to form a 3D image of
the stomach. The 3D images were attained by choosing
the region growing function. Gastric volumes and gastric
surface areas were determined from the 3D images.
The gastric surface area and gastric volume 3D images
www.wjgnet.com
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Figure 2 Schematic diagram indicating how the proximal and distal gastric
regions were defined.

BMI (kg/m )

Volume 13

Table 2 Anthropometrical data from CT scans compared to
those reported in literature

CT slice at uppermost
point of fundus

A

March 7, 2007

30

Table 3 Proximal and distal gastric volume and gastric surface
area data from CT scans
BMI
(kg/m2)
17.58-24.90 kg/m2
25.00-39.66 kg/m2

Proximal GV
(cm3)

Distal GV
(cm3)

Proximal GSA
(cm2)

Distal GSA
(cm2)

78 ± 54
67 ± 52

91 ± 36
87 ± 26

84 ± 36
96 ± 31

76 ± 37
94 ± 18

All values expressed as mean ± SD. GV: Gastric volume. GSA: Gastric surface
area.
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Figure 3 Graphs of regression of BMI on (A) gastric surface area and (B) gastric
volume, indicating no linear relationship between these parameters.

were further divided into proximal and distal sections
to investigate whether there were significant differences
between these sections. Half-way between the uppermost
point on the fundus and the pyloric sphincter defined the
proximal and distal stomach, as shown in Figure 2.
There were no significant differences between Group
Ⅰand Group Ⅱ when comparing their gastric surface
areas or volumes, as shown in Table 2. Gender had no
influence on gastric volume or surface area. There were no
significant differences between the groups with respect to
proximal and distal gastric surface area and gastric volume
data (Table 3). The regression graphs of BMI against
gastric surface area and volume are shown in Figure 3A
and B respectively. The low regression coefficient values in
Figure 4 indicate that there is no linear relationship when

www.wjgnet.com

Figure 4 Typical gastric wall thickness measurements on transverse plane CT
scan using electronic callipers.

comparing BMI to gastric surface area or volume.
Gastric wall thickness
The tranverse slices were examined from the oesophagus
to the pyloric sphincter. Due to the positioning of the
patients on the CT scanner bed and the discrepancy
in slice thickness (range 2.5-4.5 mm) between patients,
there was variability between patients as to where the
stomach became evident and when the stomach was no
longer detectable in the CT scans. Using the electronic
callipers on the 3D imaging reconstruction software, six
representative gastric wall thickness measurements were
taken on each slice, as in Figure 4. The location of each
thickness was such that there were three anterior and
posterior measurements, with equidistance between the
points.
It was also investigated whether or not there was
a difference between the anterior and posterior, and
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Table 4 Mean gastric wall thickness from CT scans
BMI (kg/m2)

Gastric Wall Thickness (mm)

17.58-24.90 kg/m2
25.00-39.66 kg/m2
Gossios et al[3]
Scatarige et al[4]
Huh et al[14]

3.61 ± 0.51
3.37 ± 0.41
3.2
3
3.92 ± 0.16

All values expressed as mean ± SD. Values from literature are
given as a comparison.

Figure 5 Anatomically correct hollow
distensible silicone stomach after wax
removal.

proximal and distal stomach with respect to gastric wall
thickness. The anterior and posterior gastric regions were
defined by drawing a horizontal line through the midpoint
of the stomach on each CT slice. The proximal and distal
gastric regions were defined as described previously.
Mean gastric wall thickness values varied between 2.35
and 5.43 mm. Table 4 indicates that there was no statistical
difference in gastric wall thickness between GroupⅠand
Group Ⅱ. Analysis of the mean anterior and posterior
gastric wall thicknesses revealed that location does not
significantly influence gastric wall thickness, as per Table 5.

DEVELOPMENT OF EX-VIVO GASTRIC
MODEL
Model rapid prototyping
A 3D computer model file was recreated in a selective laser
sintering machine (DTM SinterstationTM 2500 plus, 3D
Systems Corp, USA). Powdered nylon was layered in 0.1
mm increments to produce a solid stomach model, which
was then used to create a mould for the hollow stomach
model. Solid stomach models were developed from the 3D
computer models using the SLS machine. This solid model
was used as a template to create the anatomically correct
hollow distensible stomach model.
Selection of distensible polymer
The next phase involved selecting a suitable polymer
that possessed the same mechanical and distensibility
properties as that of the stomach. Egorov et al[10] have
previously determined the mechanical properties of the
human stomach: modulus of elasticity about 0.4 MPa,
elongation to break about 225%, ultimate tensile strength
about 0.9 MPa. A silicone (Elastosil M4400TM, WackerChemie GmbH, Germany) was identified as a polymer
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Table 5 Mean anterior and posterior gastric wall thickness data
from CT scans
BMI
(kg/m2)
17.58-24.9 kg/m2
25.0-39.66 kg/m2
Pickhardt et al[1]

Anterior
(mm)

Posterior
(mm)

Proximal
(mm)

Distal
(mm)

3.54 ± 0.77
3.61 ± 0.72
5.00 ± 1.90

3.37 ± 0.66
3.53 ± 0.69
5.20 ± 1.70

3.55 ± 0.73
3.42 ± 0.72

3.64 ± 0.74
3.42 ± 0.68

All values expressed as mean ± SD. Values from literature are given as a
comparison.

with similar distensibility to the human stomach.
Fabrication of hollow model
A replica model of the rapid prototyped stomach was
created using wax. The wax model was then offset using
nylon reinforced modelling clay, which afforded a varying
thickness similar to that of the stomach wall. The claycovered model was secured in a retort stand via the rod.
Subsequently, a two-part negative mould (plaster of Paris)
of the clay model was created. Positioning guides were
marked on and around the mould so as to later ensure
accurate repositioning of the mould around the wax
stomach.
Once set, the mould halves were opened and the
modelling clay was removed, with the wax model still
secured in the retort stand. A thin wax-coating (Shellac)
was applied to the mould inner surfaces to aide removal
of the silicone stomach afterwards. Using the pre-marked
positioning indicators, the mould was repositioned around
the wax model and sealed. Air holes were drilled into the
mould at the oesophageal end and offset to the cardiac
notch to allow any trapped air to escape. These locations
were chosen as they were the two natural high points on
the mould.
Silicone was poured in at the oesophageal end of the
mould to fill the gap previously occupied by the modelling
clay. The air-hole near the cardiac notch was plugged once
silicone poured out of this hole. When the silicone came
out of the air-hole at the oesophageal end the pouring
process was deemed complete and the silicone was left
to set for 24h. Thereafter, the silicone and wax stomach
were placed in an oven at 80℃ for 3 h to melt the wax
out. The lost-wax process proved successful in fabricating
an anatomically correct distensible stomach model, as in
Figure 5. The exterior surface was smooth with an opening
at the oesophageal end.
Validation of hollow model
A non-destructive pressure-volume method was used
to determine gastric compliance in the ex-vivo model.
Gregerson et al[11] reported pressure-volume measurements
of the human antrum by incrementally inflating an intragastric bag, while Distrutti and associates determined
gastric compliance using a barostat[12].
For this study, a tube connected through a peristaltic
pump (Watson-Marlow 323S, Watson-Marlow, UK) and a
tube connected to a digital pressure gauge (ZSE30, SMC,
Ireland) were inserted into the oesophageal end of the
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Figure 6 Pressure volume curves of silicone stomach compared to human
stomach values reported by Gregersen et al[11] and Distrutti et al[12].

gastric model, which was then hermetically sealed. The
peristaltic pump was programmed to inflate the gastric
model using 10 mL increments of fluid, with a 1min
interval between steps, up to 200 mL. Any resulting change
in pressure after each volume increment was noted. This
procedure was repeated twelve times on the same stomach,
from which pressure-volume curves were derived.
The mean pressure-volume curve for the silicone
stomach was plotted against literature values, as shown in
Figure 6. Gregersen et al[11] reported on gastric compliance
after low volumes (< 100 mL) of fluid were introduced
into the stomach while Distrutti and colleagues reported
on gastric compliance after introducing higher volumes
of fluid (ca. 200-400 mL)[12]. It is evident from Figure 6
that the curves from literature have three distinctive curve
slopes, reflecting the three muscle layers (longitudinal,
circular and oblique) that surround the human stomach.
The compliance curve for the silicone stomach has similar
slopes to both literature values at low and high pressures.
Furthermore, it is evident that the silicone stomach curve
also has three different slopes, thus replicating the three
gastric muscle layers.

CONCLUSION
The aim of this study was to demonstrate that it is possible
to utilise abdominal CT scans to create an anatomically
correct, distensible ex-vivo gastric model. An image
reconstruction software package was used to create 3D
gastric models from abdominal CT scans. These computer
models were later exported to a rapid prototyping machine
to produce solid, anatomically correct stomach models.
The rapid prototyped models were used to develop
plaster of Paris moulds. Using the lost wax process, an
anatomically correct, hollow ex-vivo gastric model with
similar compliance to that of the human stomach was
developed.
Analysis of the anthropometrical data showed
statistical differences between the groups when comparing
their mass and BMI. However, the data in this study
correlates with the fact that the WHO range values which
define the BMI categories never overlap. Examination
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of the gastric surface area and volume data indicated no
statistically significant difference between the two groups.
Comparison of the proximal and distal gastric regions
showed no significant difference in their surface area and
volume. This finding suggests that both proximal and distal
regions behave similarly when accommodating food. The
gastric volume values in this study correlates with previous
studies that also quantified gastric volume through noninvasive methods (Table 2)[6,13]. However we are unable to
compare the distal and proximal gastric volumes in this
study with the reported values as Kim et al[6] defined the
proximal and distal regions differently, while Kuiken and
colleagues did not specify the BMI of their patients[13].
Low regression coefficient values of BMI compared to
gastric volume and surface area indicate that BMI is not an
indicator of gastric surface area or gastric volume, or vice-versa
There were both intra- and inter-group differences
with respect to the gastric wall thickness. The intergroup variability was due to a number of reasons such
as that some of the stomachs were fully distended whilst
others were not, and there may have been gastric wall
pseudothickening as a result of oblique sectioning by the
CT scanner. Such a phenomenon has been previously
reported by Pickhardt and Asher[1]. In this study, there was
a wide range for the gastric wall thickness, between 2.35
and 5.43 mm, with the majority of gastric wall thickness
measurements being between 3 and 4 mm. Previous
examinations of gastric wall thickness have indicated a
gastric wall thickness between 2.80 and 5 mm for fully
distended stomachs, hence validating our findings[3,4,14].
Pickhardt and Asher reported values greater than 12mm
for the gastric antrum wall thickness[1]. However, no such
large values were found in this study.
The use of CT scans to determine the volume and
surface area of the stomach hasn’t been reported thus far.
Previous attempts to quantify gastric volume and surface
area have relied on invasive methods such as intragastric
barostat balloon[15,16], whilst non-invasive techniques have
used single photon emission computed tomography
(SPECT) [17] , MRI [5] and endoscopic ultrasound [14] .
However the aforementioned methods are not without
th eir limita tio n s such a s p o o r ima g e r esolution,
erroneous gastric volume measurements and difficulty in
reproducibility [13,16-19] . Hence, the utilisation of CT
scans would make an ideal method for non-invasive
measurement of gastric accommodation.
Magnetic resonance angiography (MRA) scans and
the lost core technique were used to accurately create an
anthropomorphic model of the human carotid artery[7].
Thus far, there have been no reports of generating an
ex-vivo gastric model using CT scans. Therefore, the
described techniques in this study could be used to develop
anatomically correct ex-vivo models of other systems or
organs such as the respiratory system and heart. The
ex-vivo gastric model in this study was validated by the
similar compliance at both low and high pressures to the
human data reported in literature[11,12,20].
Hence, it may concluded that it is possible to manipulate
abdominal CT scans to obtain anatomically correct 3D
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models of the stomach, from which anthropometrical data
can be obtained.

9
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Abstract
One of the major aims of the International Union of
Physiological Sciences (IUPS) Physiome Project is to
develop multiscale mathematical and computer models
that can be used to help understand human health.
We present here a small facet of this broad plan that
applies to the gastrointestinal system. Specifically,
we present an anatomically and physiologically based
modelling framework that is capable of simulating
normal and pathological electrical activity within the
stomach and small intestine. The continuum models
used within this framework have been created using
anatomical information derived from common medical
imaging modalities and data from the Visible Human
Project. These models explicitly incorporate the various
smooth muscle layers and networks of interstitial cells
of Cajal (ICC) that are known to exist within the walls of
the stomach and small bowel. Electrical activity within
individual ICCs and smooth muscle cells is simulated
using a previously published simplified representation of
the cell level electrical activity. This simulated cell level
activity is incorporated into a bidomain representation
of the tissue, allowing electrical activity of the entire
stomach or intestine to be simulated in the anatomically
derived models. This electrical modelling framework
successfully replicates many of the qualitative features of
the slow wave activity within the stomach and intestine
and has also been used to investigate activity associated
with functional uncoupling of the stomach.
© 2007 The WJG Press. All rights reserved.
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Introduction
The concept of a “Physiome Project” was presented
in a report from the Commission on Bioengineering in
Physiology to the International Union of Physiological
Sciences (IUPS) Council at the 32nd World Congress in
Glasgow in 1993. In 2001, this project was designated as
a major focus of the IUPS for the next decade. The long
term goal of this project is to understand and describe the
human organism, its physiology and its pathophysiology.
One of the major aims of the overall Physiome concept
is to develop multiscale mathematical and computer
models that can be used to help understand human
health. Since the beginning, momentum has continued
in the Physiome project, with much effort focused on
the heart and associated Cardiome project. In contrast,
the gastrointestinal Physiome project (the GIOME) is
still in its infancy. However, GIOME related activities
are beginning to appear at several research centres, as
highlighted in this issue.
In this paper we present an integrated biophysically
based modelling framework for the gastrointestinal system,
which is being used to examine electrical activity within
the stomach and small bowel. Much of this work parallels
work carried out in the Cardiome project, although there
are clear anatomical and physiological deviations.
In the human stomach, there is rhythmic electrical
activity with a normal frequency of approximately 3
cycles/min (cpm; termed “slow wave activity”). Similar
electrical activity exists within the human small intestine
although the frequency varies between 8 and 12 cpm,
depending on the distance from the pylorus. It is now
widely accepted that slow wave activity is a spontaneous
event that arises in the interstitial cells of Cajal (ICCs),
and is then conducted to the surrounding smooth muscle.
Once the electrical activity reaches the smooth muscle,
a further excitable event may occur. This event, recently
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termed an action potential and historically referred to as
“spiking behaviour” or “electrical response activity”, is
responsible for the major contraction of smooth muscle.
Our understanding of gastrointestinal electrical activity
is still in its infancy when compared to that of other
muscles, most notably the heart. In the cardiac area, for
instance, there exist several anatomically realistic and
biophysically detailed multiscale modelling studies[1]. In
contrast, only in the last few years have modelling studies
of gastric slow waves been performed using anatomically
based models [2-4] . Before 2002, most gastrointestinal
models were designed to capture the general behaviour
of the slow wave in simplified geometries, such as
simplified conoid or ellipsoid geometry[5-8]. Anatomicallybased models have now been used to investigate normal
slow wave rhythm, functional uncoupling, and associated
electromagnetic activity. Besides geometric models based
on the Visual Human Project, geometric models have also
been derived from computed tomography (CT) images,
allowing an investigation of patient-specific geometries
and their effects on the simulated results. For all of these
geometric models, a continuum level description of
electrical behaviour that is based on the work of Aliev[9]
has been employed.
Presented below is a brief description of our
anatomically and physiologically based multiscale models
of the human stomach and small intestine. Following this,
we present some of the results obtained to date using these
models. Initially, normal slow wave activity was simulated
and, as far as possible, compared and contrasted to what
is currently known about slow wave activity. The models
have also been used to investigate abnormal activity such
as functional uncoupling. These simulations illustrate the
versatility of the modelling framework being developed.

ANATOMICALLY REALISTIC Models
An initial model of the human gastrointestinal system has
been created from photographic slices from the Visible
Human data set[10]. Details of the model development were
described in Pullan et al[1]. In brief, the components of the
gastrointestinal system were digitized from the images,
creating over 60 000 data points. From these digitized
points, surface and volume meshes of the stomach
and intestine were fitted to sub-millimetre accuracy. An
illustration of this model is given in Figure 1, together
with an enlarged view of the components of the gastric
model. Specifically represented are the longitudinal and
circular smooth muscle layers (LM and CM respectively),
with appropriate fibre orientations, separated by the layers
of ICCs, which are the myenteric layer (ICC-MY) and the
septa layer (ICC-SEP).
Further geometric models have been developed using
CT images acquired from normal human subjects and
porcine Magnetic Resonance Images (MRI) (Figure 2).
To improve the contrast in the CT images, the human
subjects ingested 16 ounces of oral contrast (containing
10 g hypaque sodium powder, Amersham Health) over
a period of 90 min prior to the abdominal spiral CT
scan. For the animal MRI scans, axial, coronal and saggital
T2-weighted images were obtained. As with the models
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ICC-MY

LM

ICC-SEP
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Figure 1 Shown above in (A) is the skin surface enclosing the esophageous,
stomach, small and large intestines and a portion of the skeletal system where
the components of the digestive system were created from digitized images from
the visible man project. Shown in (B) is an enlarged view of the stomach with a
high resolution mesh created over the finite elements that define the stomach
geometry and (C) is an enlarged view of layers and muscle fibers on that stomach.
Specifically modelled are the longitudinal (LM) and circular muscle (CM) layers
separated by the ICC-MY (myenteric) and ICC-SEP (septa) layers.

constructed from the Visible Human data set, the images
were manually digitized and then geometric models were
fitted to these data. Shown in Figure 3 are four different
examples of human stomach models that have been
created from CT images. This figure illustrates the large
variability in stomach location and size among different
subjects.

Continuum Based Modelling
A continuum modelling approach was used to simulate
the electrical activity of the stomach and intestine.
The bidomain model, widely used in simulations of
cardiac electrical activity[11,12], was used to represent the
transmembrane and extracellular potentials in the active
tissues of the stomach and intestine. These equations are
summarised in Equations 1 and 2:
(1)
					
(2)
where the i and e subscripts represent properties of the
intracellular and extracellular domains respectively. The
σ terms are tissue conductivities (which in general will
www.wjgnet.com
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Figure 2 Gastric geometric models of a normal human (A and B) and pig (C). A: Enlarged view of human stomach surface with green points showing the digitized points of
the stomach, overlaid with a CT image; B: the fitted stomach and skin surfaces with a CT image overlaid. The costal margin is outlined by the white interconnected points.
C: Anterior view of a pig stomach created from MR images. Shown are the digitised points corresponding to the stomach (green points), the stomach surface (transparent
surface) as well as a coronal MR image from which the model was created.

Figure 3 Anterior views of models of stomachs created from CT images acquired from 4 different human volunteers, illustrating some of the high degree of anatomical
variability. Shown are the stomach (red surfaces), skin (transparent surface) and the costal margin (white interconnected points).

be tensors), the ϕ terms are potentials, the Vm term is the
transmembrane potential (the potential difference across
the cell membrane), A m is the surface to volume ratio
of the membrane and Cm is the membrane capacitance.
Individual cellular models are able to plug directly into
these equations through the Iion term in the first equation.
At a fine scale, each cellular model is able to incorporate
complex subcellular processes.
Using this geometric model, these equations are solved
using either the finite element based finite difference
method or the structured finite element method[12]. An
illustration of a high resolution mesh that has been defined
over the stomach geometry is shown in Figure 1B. A
modified Fitzhugh-Nagumo (FHN) model[9,13] was used to
model the electrical activity of the muscle cells and ICCs,
since this currently appears to be the most advanced model
that explicitly differentiates between the different cell types
(ICCs and smooth muscle). The cellular equations are
based on a normalised transmembrane potential, u, that
varies from 0 to 1 and a single recovery variable, v. These
equations are:
(3)
(4)
where k is the maximum membrane conductance, a is the
www.wjgnet.com

normalized threshold potential, ε controls the excitability
of the system, γ is the recovery rate constant and β is
used to shift the cellular equilibrium from an excitatory
to an oscillatory state. The smooth muscle and ICC layers
were coupled through a scaled potential gradient with a
diffusion coefficient of 0.03.
Outside the active tissues of the gastrointestinal tract, a
generalized Laplace’s equation describes the current flows
within the passive tissue regions,
(5)
Here the ο subscripts denote quantities outside the
active region. The extracellular domain described by
Equation 2 above is directly coupled to the external passive
regions (governed by Equation 5) through continuity
of potentials and currents. Using this equation set, the
resultant electrical activity within, on and surrounding
the active tissues of the stomach and small bowel can be
determined from the (continuum) cellular level activity.

Simulations of GASTRIC ELECTRICAL
ACTIVITY
Normal slow wave activity
Normal slow wave activity in the stomach and intestine
has previously been simulated using the Visible Human
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Figure 4 Simulation results at five second intervals showing gastric slow wave activity wave in a human (A-E) and porcine (F-J) stomach. The human stomach has a
dominant frequency of 3.0 cpm while the porcine model has a dominant frequency of 3.7 cpm. Shown above is the transmembrane potential distribution on the outer surface
of the stomach coloured by the scale bar below the images.

Table 1 Summary of simulated gastric model parameters compared to published values that have been determined experimentally
Source

[14]

[15]

Species

Hound dogs
4-6

Duration (s)
Propagation
velocity (mm/s)

Frequency (cpm)

[16]

[17]

Model

Mongrel dogs

Human

Mongrel dogs

Human

1.58-1.88

2.68-3.28

N/A

N/A

6.8-8.5

N/A

Submucosal cells: 4.4-5.6
Myenteric cells: 6.1-6.5

N/A

Circular muscle:
16.6-19.2

Corpus: 2.2
Antrum: 6.8

Circular muscle
(fibre): 15.5-29.9
Circular muscle
(cross fibre): 5.8-16.6

3
7.9
Antrum:
LM: 16.9
CM1: 12.5
CM2: 10.7

Note the results from Horiguchi et al[16] are indirect measurements while the other sources are direct tissue measurements and results from Xu et al[15] correspond
to isolated tissue strips. In the model results, LM is the outer longitudinal muscle layer, CM1 is the middle circular muscle layer and CM2 is the inner circular
muscle layer.

A

B

ICC

Smooth muscle
-81 mV

-55 mV

-29 mV

Figure 5 Slow wave intestinal activity. Shown are the transmembrane potentials
from the (A) ICC and (B) smooth muscle layers at a particular time instance.

model[3,4,14]. The gastric computational model had a total
of 432 nodes, 320 elements and 566 656 grid points with
average spatial resolutions (distance between grid points)

of 1.06 mm (circumferentially), 0.84 mm [longitudinally]
and 0.33 mm (transmurally). The intestinal model had an
average spatial resolution of 0.95 mm down the entire
length. These length scales were small enough to provide
close to a converged solution to the governing equations
while remaining computationally feasible to solve. The
parameters in the cellular equations (Equation 3 and 4)
were chosen to match published serosal recordings.
Illustrative examples of normal gastric and intestinal slow
wave activity are given in Figures 4A-E and 5 respectively.
From these simulations, conduction velocities and other
parameters were computed and compared to experimental
observations. A summary of these comparisons for the
stomach is given in Table 1, and for the intestine in Table 2.
Normal gastric activity has also been simulated on the
porcine stomach model (shown previously in Figure 2C).
In this case the model has a dominant frequency of 3.7
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Table 2 Summary of simulated intestinal model parameters compared to published values that have been determined experimentally
Experimental data (Canine)

Model

Frequency (cpm)

Conduction velocity (cm/s)

Wavelength (cm)

Frequency (cpm)

Conduction velocity (cm/s)

Wavelength (cm)

Duodenum

17.4

10.0

36.4

17.4

10.30

34.0

Jejunum

  16.0

7.11

  25.0

15.4

6.50

26.6

Ileum

  12.2

1.22

   3.7

9.9

1.65

  8.2

Experimental data from Bauer et al[18].
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Figure 6 Top row (A-E) shows normal slow wave activity at 5 second interval. In this case the antrum is entrained by the slow wave activity originating in the corpus, is
shown. In the second row (F-J), the corpus and antrum maintain the same frequency of slow wave activity, but in this situation, the antrum is not being entrained by the
activity of the corpus. The bottom row (K-O) illustrates what happens when the intrinsic frequency of the antrum exceeds that of the corpus, resulting in some retrograde
slow wave behaviour.

cpm, which is within the expected experiment range of
3-4.5 cpm. This activity is shown graphically in Figure 4F-J.
Functionally uncoupled activity
In a normal stomach, slow waves originate from dominant
pacemakers along the greater curvature in the mid-corpus
and spread aborally through the antrum to the pyloric
sphincter. The pacemaker region in the corpus is dominant
in the stomach because it generates slow waves at the
highest frequency. With a breakdown in the ICC network,
as can occur for instance in diabetes[20], regions of ICC-MY
within the gastric network can become uncoupled from
the dominant pacemaker, and the synchronised spread
of electrical activity from corpus to pylorus is disrupted.
In such a situation, ICC-MY within the antral region may
become local pacemakers, and electrical slow waves may
www.wjgnet.com

be generated in ectopic sites. An increase in the intrinsic
frequency of antral pacemakers can lead to functional
uncoupling and ectopic pacemaking. This can result in
collisions between slow waves propagating from ectopic
sites and the normal pacemaker site, disrupting gastric
peristalsis and delaying gastric emptying (gastroparesis).
To simulate this phenomenon, the excitability
parameter, ε , was defined to be spatially varying. Under
normal conditions, the ICC excitability was at a maximum
in the proximal cor pus on the g reater cur vature,
decreasing slightly circumferentially and more prominently
longitudinally[3,21]. By altering the ICC excitability profile,
functionally uncoupled activity was generated. Figure 6
shows some of the different types of functionally
uncoupled behaviour that can arise. Figure 6A-E shows
normal slow wave activity in which the antrum is entrained
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by the slow wave activity originating in the corpus. In
Figure 6F-J, the corpus and antrum maintain the same
frequency of slow wave activity, but in this situation the
antrum is not being entrained by the activity of the corpus.
Figure 6K-O illustrates what happens when the intrinsic
frequency of the antrum exceeds that of the corpus,
resulting in retrograde slow wave behaviour.

CONCLUSION
We have presented an extensible anatomically and
biophysically based modelling framework that can be
used to investigate the electrical activity of the stomach
and small intestine. While still in its infancy, the electrical
modelling framework has successfully replicated many of
the features of the slow wave activity within the stomach
and intestine. It has also being used to investigate activity
associated with functional uncoupling of the stomach. We
are currently exploring wider applicability of the method
so that it can be used, for example, in investigating the
response to electrical stimuli that are used within gastric
electrical stimulation[22,23].
There is much work that still needs to be done,
including further validation and refinement of the existing
model. In terms of validation, there are a number of
avenues that can be explored to aid in this endeavour.
These include directly comparing simulated extracellular
potentials against high-resolution in vivo measurements of
extracellular potentials in the stomach and intestine walls.
Experiments of this nature have recently been performed
by Ver Donck et al[24]. Additionally, electrical activity within
the organs and the magnetic activity arising from this can
be computed at and above the body surface and compared
to non-invasive EGG and MGG recordings such as those
obtained by Bradshaw et al[25]. We are currently working
with various experimental groups to acquire such electrical
and magnetic data so that we can continue to enhance and
extend our model.
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Abstract
This paper reviews the progress made in understanding
the mechanical behaviour of the biliary system.
Gallstones and diseases of the biliary tract affect more
than 10% of the adult population. The complications
of gallstones, i.e. acute pancreatitis and obstructive
jandice, can be lethal, and patients with acalculous
gallbladder pain often pose diagnostic difficulties
and undergo repeated ultrasound scans and oral
cholecystograms. Moreover, surgery to remove the
gallbladder in these patients, in an attempt to relieve
the symptoms, gives variable results. Extensive research
has been carried out to understand the physiological
and pathological functions of the biliary system, but the
mechanism of the pathogenesis of gallstones and pain
production still remain poorly understood. It is believed
that the mechanical factors play an essential role in
the mechanisms of the gallstone formation and biliary
diseases. However, despite the extensive literature in
clinical studies, only limited work has been carried out
to study the biliary system from the mechanical point of
view. In this paper, we discuss the state of art knowledge
of the fluid dynamics of bile flow in the biliary tract, the
solid mechanics of the gallbladder and bile ducts, recent
mathematical and numerical modelling of the system,
and finally the future challenges in the area.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The human biliary system consists of the gallbladder,
the cystic duct, common bile duct and the sphincter of
Oddi. The gallbladder is a thin-walled, pear-shaped sac
and generally measures 7-10 cm in length and about 3 cm
in width. This muscular sac is located in a fossa in the
posterior of the right lobe of the liver. The average storage
capacity of a gallbladder is about 20-30 mL. Bile, the liquid
that flows in the biliary system, is composed of three
major components: cholesterol, bile salts, and bilirubin.
When the gallbladder is not functioning properly, the
components of the bile are supersaturated leading to the
formation of solid crystals, called gallstones.
A r ch a e o l o g i s t s h ave f o u n d h u m a n g a l l s t o n e s
originating from the 17th century B C in Mycenae, Greece
which suggests that mankind has been suffering from this
disease for at least 4000 years[1]. Cholecystectomy is the
most commonly performed abdominal operation in the
West, with some 60 000 operations performed in England
and Wales every year[2] at a cost to the National Health
Service (NHS) of approximately £60 million[3]. However,
not all the operations provided an effective cure; in 50%
of acalculous diseases, patients complained about the
recurrence of the symptoms[4]. Therefore, understanding
the mechanisms of gallstone diseases is essential for better
diagnosis and treatments of these diseases.
The earliest attempts to understand gallstone formation
focused on phenomena occurring within the gallbladder.
Cholesterol gallstone for mation depends upon two
conditions: (1) cholesterol crystal nucleation; (2) cholesterol
crystal growth. The necessary physical-chemical factor for
crystal nucleation or growth is cholesterol super-saturation
in bile[5-8]. Bile stasis may cause cholesterol super-saturation
and allow the formation of cholesterol stones[9]. Additional
studies have shown that hyper-secretion of gallbladder
mucus is also an important factor in gallstone formation
by accelerating cholesterol nucleation [10-12]. It has also
been found that increased glycoproteins in bile precede
cholesterol saturation and crystallization[13].
The gallbladder is able to react to the stimulus of eating
by contracting and discharging bile into the duodenum.
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Currently the gallbladder is regarded as a ‘slow pump’,
where emptying or refilling is concerned; its volume
change is related to the pressure inside the gallbladder
and its compliance [14-16] . This relationship is often
assumed to be linear [14], but more recently it has been
described as a ‘bellows’ plus pump, in which emptying
and refilling alternates [9,17]. Cholecystokinin (CCK), a
chemical stimulus, not only causes the gallbladder to
contract but also allows the cystic duct[18] and sometimes
the common bile duct[19] to contract. Thus, an injection
of CCK is often used to study g allbladder motor
function in vivo.
Poor gallbladder motor function can lead to abnormal
gallbladder emptying and is believed to contribute to bile
stasis and hence gallstone formation. Many studies have
shown that gallbladder emptying is abnormal in patients
with gallstones[20-31]. In addition, it has been observed that
cystic duct flow resistance is increased before gallstone
formation[32,33].
All these studies suggest that the mechanics of the bile
duct and flow within it play an important role in bile stasis
and gallstone formation. From a mechanical point of
view, the biliary system can be considered to be a pumppipe system, where the gallbladder provides the driving
pressure, and the flow rate of the bile going through the
ducts depends on the resistance as well as the pressure
drop between the gallbladder and the downstream end of
the common bile duct. In this sense, gallbladder motor
function is closely related to the pressure drop, flow rate
and the flow resistance in the biliary system. For a given
pressure drop, if the flow resistance of the system is
higher, then a smaller volume of bile will be driven out
of the gallbladder during emptying. Thus the principal
areas of interest are mechanical details, such as flow rate,
pressure drop and resistance of the biliary system which
are related to the geometry of the gallbladder and the
ducts. Bile flow in the biliary system is governed not only
by the fluid dynamics but also by the solid mechanics,
since it is the interaction between the bile flow and soft
tissue deformation which determines the characteristics of
the system. In addition, it is important to identify which
geometric parameters, material properties, or external
stimuli have the most significant influence on the system
behaviour. It is the purpose of this paper to review the
current studies of the mechanical aspects of the biliary
system, and their relationship with gallbladder diseases, in
particular, gallstones.

THE ROLE OF BILE FLUID DYNAMICS
Bile rheology
Bile rheology, the study of bile viscosity, is of interest in
any consideration of the mechanics of bile flow, since it
contributes directly to the flow resistance in the biliary
tract. Experimental measurements showed that the density
of gallbladder bile is very close to that of water, i.e. 1000
kg/m3, at room temperature[34]. However, the viscosity of
bile is very different to that of water (which is constant at
approximately 1 mPa.s) and it can change significantly in
pathological situations.
Bouchier et al[35] reported that the dynamic viscosity
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of gallbladder bile is higher than that of hepatic bile and
that viscosity is increased in pathological states[36]. Doty[37]
suggested that this was due to the presence of mucus
in gallbladders with stones. Jungst et al [38] also showed
that the viscosity of bile was markedly higher in patients
with cholesterol (5.0 mPa.s) and mixed stones (3.5 mPa.s)
compared to that of hepatic bile (0.92 mPa.s). He also
found a positive correlation between mucin and viscosity
in gallbladder bile but not in hepatic bile.
Tera[39] found experimentally that normal gallbladder
bile for med layers when left to stand. The dynamic
viscosity of the top thinnest layer is 2.0 mPa.s, but that
of the thickest layer is 2.2 mPa.s after allowing 2 h for
sedimentation to take place[39]. Gottschalk and Lochner[40]
measured postoperative bile viscosity, sampled by T-tube
drainage of 29 patients with a modified horizontal capillary
viscometer, from the day of operation to the 9 th postoperative day and confirmed that the viscosity changes
with time and the bile behaves like a visco-elastic Maxwell
fluid (viscous-elastic fluid). Non-Newtonian shear-thinning
behaviour was also observed using a Contraves Low Shear
viscometer: the bile dynamic viscosity decreased from 5
mPa.s at a shear rate of 0.1 s-1 to 1.5 mPa.s at 2.0 s-1[40].
Coene et al[41] reported that the bile viscosity of patients
with gallstones varied as a function of shear rate, and
that the bile dynamic viscosity decreased from 2.5 mPa.
s at a shear rate of 0.1s-1 to 1.5 mPa.s at 100s-1. These
observations seem to indicate that the bile in gallbladder
with gallstones has shear-thinning non-Newtonian
behaviour at low shear rate. Ooi[34] measured the dynamic
viscosity in fresh bile samples from 59 patients undergoing
cholecystectomy and found the dynamic viscosity of
gallbladder bile to be between 1.77-8.0 mPa.s for shear
rates between 0.5 s-1-75 s-1[34]. He discovered that the bile
in 20 subjects behaved like a Newtonian fluid, while in
22 subjects it showed shear-thinning at a low shear rate
and then shear-thickening at a higher shear rate. In 8
subjects there was shear-thickening, but in 4 other subjects
with mucus shear-thinning was observed. In general, the
Newtonian bile seemed to be associated with normal
subjects. Increased viscosity of gallbladder bile has been
considered an important factor in the pathogenesis of
gallstone disease[38].
It is clear that the bile viscosity can be subjectdependent even in nor mal physiological cases. In
pathological cases, it can also vary between Newtonian,
weakly non-Newtonian and strongly non-Newtonian
behaviours. However, for healthy subjects, it may be
reasonable to assume that bile is a Newtonian fluid.
Indeed, this assumption has been widely used in modelling
of cystic ducts[34,42-44].
Geometry of biliary duct and flow resistance
During gallbladder refilling and emptying in response
to hormonal and neural stimuli[45], the bile flow passes
through the cystic duct which connects the gallbladder
and common bile duct, see Figure 1. Observations on the
cystic duct anatomy have shown that the duct typically
presents a combination of two types of structure: (1)
in which the duct lumen wall may present the valve of
Heister [46,47] ; (2) the duct has a smooth lumen which
www.wjgnet.com
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Figure 1 The geometry of the biliary
tract, where the valves of Heister in the
cystic duct are shown.
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describes various geometries such as spiral, winding, kinks
or spiral incorporating an M-shape loop etc[34,48]. Different
cystic duct structures can significantly affect the pressure
drop required to drive the same flow of bile through the
system. Structure type (1), for example, offers much more
flow resistance compared to type (2).
The relation between the cystic duct geometry and
cholelithiasis has been investigated in vivo. Based on 250
patients with cholelithiasis and 250 healthy controls,
Deenitchin et al[49] discovered that patients with gallstones
have significantly longer and more narrow cystic ducts
(of mean length 48 mm and diameter 4 mm) than those
without stones (of mean length 28 mm and diameter
7 mm). The results suggest that flow resistance is affected
by the cystic duct geometry, and may be associated with
cholelithiasis.
Rodkiewicz et al[42], on examining the pressure drop
across the biliary system of a dog, found that flow rate of
∆bile,
p n ∝ Q , in the biliary system tree (including the sphincter
of Oddi) was related to the pressure drop, ∆p , by a power
law, i.e. ∆p n ∝ Q , not the Poiseuille law commonly used for
flow in a rigid straight tube which is ∆p ∝ Q . The power
index n was in the range of 1.47-2.05. On the other hand,
they found that the Poiseuille law was approximately valid
when the bile flowed along a long, circular, smooth and
rigid tube[42], which suggested that dog’s bile is more or less
a Newtonian fluid.
The key to a more accurate estimation of detailed
flow resistance is the reconstruction of the biliary tract
for each patient. 2D real-time ultrasonography and
HIDA scintigraphy techniques have long been applied
in gallbladder volume measurement and diagnosis of
cholecystitis[50-52]. However, these can only give limited
information on the 3D biliary tract. A 3D real-time
ultrasonography technique is now being developed and has
been applied to the measurement of gallbladder shape and
volume[53]. The 3D spiral/helical computed tomography
(CT) has also been involved in diagnosis of cholecystitis,
since it not only shows the 3D images of the gallbladder
but also of the whole biliary tract[54-60]. These techniques
may in the future facilitate the development of specific
models for measuring flow resistance.
Sphincter of Oddi
The sphincter of Oddi is located at the termination of
the common bile duct and pancreatic duct. The human
sphincter of Oddi segment is 6-15 mm in length and
has a muscular structure. The physiological functions of
sphincter of Oddi include: (1) regulating bile flow into the
www.wjgnet.com

March 7, 2007

Volume 13

Number 9

duodenum; (2) diverting hepatic bile into the gallbladder
and (3) preventing reflux of duodenal contents from the
duodenum into the biliary tree[61,62]. When CCK is released,
it causes the gallbladder to contract and the sphincter of
Oddi to relax allowing bile to empty. Coordination of
gallbladder and sphincter of Oddi function may also be
influenced by nerve bundles which connect the gallbladder
and the sphincter of Oddi via the cystic duct[63,64]. The
effect of enteric hormones on sphincter of Oddi motor
function was deter mined by recording intraluminal
pressure[65]. It was found that the human sphincter of Oddi
demonstrated unique phasic contractions, which would
have an important role in regulating biliary and pancreatic
duct emptying[65]. Several studies on the opossum sphincter
of Oddi showed that it regulates bile like a peristaltic
pump at low common bile duct pressure and as a resistor
at higher common bile duct pressures[66-68]. Funch-Jensen
et al [69] observed that the CCK injection inhibited the
activity of the sphincter of Oddi of dogs, thus as bile flow
increased, the gallbladder pressure remained unchanged.
Funch-Jensen[62] further argued that the peristaltic pump
activity of the human sphincter of Oddi was probably
less important since CCK inhibited the phasic wave of the
sphincter.
The basal pressure of human sphincter of Oddi is
affected by gallstone disease. Cicala et al[70] investigated
motor activity of the sphincter in 155 patients, and found
that gallstones are frequently associated with increased
basal pressure, which might obstruct bile flow causing
gallbladder stasis. The early work on pressure drop and
flow resistance across dog biliary duct illustrated that the
resistance of sphincter of Oddi is at least about 3 times
higher than that of the cystic duct[71]. These results suggest
the mechanical role for the sphincter of Oddi in the
system can be significant. In fact, this may contribute to
the reasons that the computational prediction of pressure
drop in the cystic duct resistance is much lower than the
clinically observed opening pressure during emptying[34].

THE ROLE OF SOLID MECHANICS
Mechanical properties of gallbladder muscles
The gallbladder contracts under the control of nervous
and hormonal stimuli during the emptying process [64].
Contraction of the muscle fibre mesh generates a vector of
force directed toward the centre of the gallbladder lumen.
To model the muscle changes due to the contraction, a
relationship which describes the muscle responses of
a system to external forces is required. This important
relationship is known as the constitutive relation, which
allows us to predict the stress distribution within the
muscle. Most of the current mechanical studies on
gallbladder muscles have concentrated on the constitutive
relations either in the form of the gallbladder volumepressure relationship, or the length-tension relationship of
a muscle strip.
The pressure-volume relation
The relationship between the volume change ∆V and
the differential pressure ∆p in the gallbladder can be
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expressed as ∆V = C∆p (1), where C is the compliance of
the gallbladder, which can be determined from in vitro or in
vivo experiments.
The pressure-volume response of opossum was
studied by Ryan and Cohen [14] under basal conditions
and after a continuous intravenous infusion of gastrinⅠ,
secretin, and CCK. It was found that without stimulation,
the g allbladder was capable of accommodating a
volume increase with only slight changes in pressure
whereas CCK significantly increased the pressure
in the gallbladder. They found that the gallbladder
compliance was about 0.77 mL/mmHg under basal
conditions, but decreased to 0.38, and 0.34 mL/mmHg
as CCK stimulation increased from 0.025 to 2.5 μg/kg.h.
Schoetz et al[15] measured the dynamic pressure-volume
relation of adult female baboons. Their results showed a
hysteresis loop in the pressure-volume relation which was
exacerbated by CCK stimulation. This suggests that the
gallbladder muscle may behave as a visco-elastic material.
However, the mean values they measured, with and without
stimuli, were very close to that of Ryan and Cohen [14].
Middelfart et al[16] measured the pressure-volume relationship
of the gallbladders in 11 patients with gallstones, in which
the gallbladders were injected with saline via a McGaham
catheter. It was found that the compliance varied from 0.17
to 4.0 mL/mmHg, and was highly subject dependent, with a
mean value of about 2.66 mL/mmHg.
The length-tension relation
Since the gallbladder consists of a layer of smooth muscle,
it is subject to both active and passive tensions during
emptying. The active tension is generated by hormonal
stimuli, and the passive tension is caused by stretch of the
muscle. The constitutive equation between the active force
and length variation in the gallbladder has been studied in
strips of gallbladder using uni-axial experiments. Although
the response of the smooth muscle to the hormone should
vary with time, currently all studies assumed that the
length-tension relation in gallbladder is time-independent.
Mack and Todd[72] studied 50 strips from 25 human
gallbladders obtained at operation. They found that the
human gallbladder muscle was capable of maintained tone
in vitro and that peak tension could be achieved within 3-5
min following hormonal stimulation. Unfortunately, they
did not measure the quantitative relation between length
and tension, therefore no constitutive equation for these
studies could be established.
Washabau et al[73] used gallbladder muscle strips from
mature female guinea pigs to measure the isometric stress
stimulated with either 10-8 to 10-4M acetyl choline or
10-80 mmol/L KCl stimulations. The passive tension
increased with the length ratio L/L 0 (where L is the
deformed length, and L0 is the initial length). The active
tension was found to achieve its maximal value at L0, and
declined afterward, although the total tension (active +
passive) rose with L/L0. Bird et al[74] measured the tension
of muscle strips from human gallbladder removed at
cholecystectomy. They found no differences for samples
taken from the longitudinal, circular and oblique planes.
However, the samples taken from the gallbladder body
region contracted more forcefully than those from the
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Figure 2 Two types of the cystic duct models used by Ooi et al[43] (modified from
Figure 2 in the Journal of Biomechanics, vol 37, page 1913-1922) .

gallbladder neck region. Strips from the body region were
also more sensitive to muscarinic stimulation. They did not
measure the length-tension relation. Ahmed et al[75] compared
the response of strips from patients with acalculous biliary
pain to those of normal gallbladders following CCK-8 and
carbachol stimulation. They found no difference in the
CCK responses in these two groups; but again, the group
also did not measure the length-tension relation.
The mechanical properties of bile duct
There are no experimental data available for mechanical
properties of human biliary ducts at the present time.
Most of the measurements on biliar y ducts were
conducted on animals. Jian and Wang [76] measured 16
bile duct systems in healthy adult dogs and found that in
normal physiological condition the bile duct experiences
an almost uniform circumferential and longitudinal stress.
However, in diseased cases the stresses are non-uniform,
and much larger at the inside wall than at the outside
wall. They also found that the elastic modulus (a material
property which represents the ratio of stress to strain in
an elastic body) decreases from the common bile duct
to the common hepatic duct and is lowest in the hepatic
duct. The elastic modulus of the cystic duct is comparable
to that of the hepatic duct. Duch et al [77] examined 11
pig hepatic and the common bile ducts. They found that
the cross-sectional areas in the common bile duct are
significantly higher than those of the hepatic duct under a
pressure range of 0-8 kPa. In a second study, the structural
and mechanical changes were quantified in the common
bile duct at different time intervals following experimental
acute obstruction[78]. In this study, the duct was ligated near
the duodenum in pigs, and studied after 3 h, 12 h, 2 d, 8 d
and 32 d. It was found that the circumferential stress-strain
relation changed with time.

NUMERICAL AND MATHEMATICAL
MODELLING
Ooi et al[34] studied the effect of the cystic duct geometry
on the flow resistance using both two-, and three
dimensional cystic duct models. In their numerical study,
the cystic duct was modelled as a straight pipe with two
types of baffles of different numbers and height (Figure 2).
The bile was assumed to be Newtonian, and its viscosity
varied between 1-4 mPa.s. The results were then compared
with more realistic two-dimensional models based on
patient’s biliary system images (Figure3). It was found
that both the baffle height and number of baffles can
www.wjgnet.com
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Figure 5 One-dimensional model of human billiary system and bile flow directions
in the (a) emptying and (b) refill phases, (c) details of baffles at one section of the
cystic duct[44]. p is the pressure inside the gallbladder, and Q is the flow rate of bile
fluid. (Modified from figure 2 to be published in ASME Journal of Biomechanical
Engineering).

significantly affect the flow resistance. In fact, the flow
resistance responds to these geometric effects much more
than to an increased bile viscosity. Under the same flow
conditions, the resistance from the scanned model based
on a diseased gallbladder was found to be larger than that
of a healthy one (Figure 4).
In an attempt to validate the numerical results by
Ooi et al [43], Al-Altabi et al [79-81] performed a series of
experimental studies on the flow patterns in a tube
with uniform baffles as shown in Figure 2A. In these
experiments, the Reynolds number was more than 50,
which is much higher than that in the human biliary
system (which is usually less than 10). Therefore, only
qualitative comparisons between the experiments and
the numerical modelling of could be made. However,
in the higher Reynolds number range, good quantitative
agreement between the numerical results from these duct
models and the experimental measurements were obtained
by Al-Altabi et al[80,81]. In addition, they discovered that the
flow in the duct with baffles presented complicated mixing
layers and possibly turbulent flows when the Reynolds
number was higher. Based on these findings, a onedimensional model was put forward to predict the pressure
drop for a turbulent flow in the duct model with baffles[81].
However, it remains to be shown that these results are
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Figure 4 The resistance, Rd, plotted with the Reynolds number, Re (which is
defined as the ratio of inertia over viscous forces, and is proportional to the flow
rate for a given duct and bile). n is the number of the baffles in the duct[43] (modified
from Journal of Biomechanics, vol. 37, page 1913-1922, Figure 6).
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Figure 3 Computational models built from two patients' biliary system images
used by Ooi et al [43] (modified from Journal of Biomechanics, vol. 37, page
1913-1922, Figure 2). Patient A is reported to have gallstones, and patient B is the
normal control.
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Figure 6 Pressure loss variations with baffle height ratio (A) and baffle number
(B) for both rigid and elastic models[44]. (Modified from figure 8 to be published in
ASME Journal of Biomechanical Engineering).

of any relevance to biliary flow which operates at a much
lower Reynolds number range.
In all these studies, the cystic duct was studied in
isolation, and the duct wall was assumed to be rigid. A
further development by Li et al[44] studied one-dimensional
rigid and elastic wall models for the biliary system,
including the cystic duct, and the T-junction of the
common bile duct and hepatic duct (Figure 5). Cystic
ducts with baffles were modelled using the concept
of equivalent diameter and length, and can be either
rigid or elastic. Both emptying and refilling phases were
considered. Using this model, the effects of the geometry,
elasticity of cystic duct wall, bile flow rate and viscosity
on the pressure drop, were studied in detail. It was found
that many factors, including the elastic modulus and bile
viscosity, can affect the pressure drop. However, the
geometric changes in the cystic duct were still dominant.
Among the geometric factors, the baffle height, b, was
found to have more significant effect than the number of
baffles, because it caused a greater change in the equivalent
diameter and length. The pressure drop also increased
with a decrease in the Young’s modulus of the cystic
duct during emptying, as a more compliant duct tended
to collapse at the downstream end, thus narrowing the
equivalent diameter further (Figure 6). However, it was
also found that a more compliant gallbladder duct gave
rise to an area of expansion near the gallbladder neck thus
increasing the equivalent diameter, which reduced the
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Figure 7 Gallbladder body shape during emptying is assumed to be ellipsoidal
with major and minor axis lengths D1, D2 and D3 (D1 > D2 ≥ D3); the gallbladder
is subjected to a uniform internal pressure. The stress due to the pressure at any
point P has three components, sq (meridian), sj (latitude) and tqj (in surface)[85].

pressure drop required to drive the bile during emptying.
In Li et al’s[44] model, it was found that when the elastic
modulus of the cystic duct was more than 700 Pa, the wall
deformation became negligible, and a rigid-walled model
gave a good estimate of the pressure drop in the system.
However, it was noted that the pressure drop in the cystic
duct models predicted by both Ooi et al[34,44] and Li et al, as
well as that from the in vitro measurements of Al-Atabi
et al[79,80], was much smaller than the clinical observations
of the opening pressure during emptying. The reason for
this is, at least in part, that the function of the Sphincter
of Oddi was not included, and also because the real nature
of the bile, the complicated cystic duct geometry, the soft
tissue deformation, and their interactions were not fully
taken into account.

CORRELATION OF MECHANICAL FACTORS
TO BILIARY PAIN
Acalculous biliary pain or functional biliary pain is defined
as steady pain located in the epigastrium and right upper
quadrant in the absence of gallstones or when other
structural abnormalities exists in the biliary tract [82] .
However, surgery for this condition is often conducted
without any guarantee of relieving the symptoms, so a
reliable pain prediction model is needed. Previous attempts
to provide an accurate predictor for relief of gallbladder
symptoms have not been successful with only about
50% of patients obtaining symptomatic relief following
surgery[83]. Moreover some patients without stones appear
to have typical gallbladder pain, but only half of them gain
relief of their pain if the gallbladder is removed. It would
therefore be useful to have a way of determining whether
the pain is actually arising in the gallbladder, because
similar symptoms can be produced by adjacent organs,
such as the stomach, duodenum and pancreas, even
without obvious disease.
Impaired motor function of gallbladder and sphincter
of Oddi have long been suspected as a major factor
contributing to gallbladder pain. The presumed mechanism
for the pain is obstruction leading to distension and
inflammation. The obstruction might result from a lack
of co-ordination between the gallbladder and either the

72.7985
62.3988
51.999
41.5992
31.1994
20.7996
10.3998
0
-10.3998
-20.7996
-31.1994
-41.5992
-51.999
-62.3988
-72.7985

Y

124.004
118.069
112.035
106.201
100.267
94.3324
88.3981
82.4639
76.5297
70.5954
64.6612
58.727
52.7927
46.8585
40.9242

Y

GB G
sj (mmHg)

Z
X

GB R
tqj (mmHg)

Z
X

X

GB R
sj (mmHg)

Z

sq (mmHg)

Z

X

121.766
113.679
105.591
97.5039
89.4167
81.3294
73.2421
65.1548
57.0675
48.9802
40.8929
32.8056
24.7183
16.631
8.54376

Y

GB G
tqj (mmHg)

Z

80.5497
69.0426
57.5355
46.0284
34.5213
23.0142
11.5073
0
-11.5073
-23.0142
-34.5213
-46.0284
-57.5355
-69.0426
-80.5497

Y

GB R
D1 > D2 > D3

GB G
D1 > D2~D3

Figure 8 Li et al[85] calculated the stress distributions for two different subjects: R
(left) and G (right). The top frame is the principal meridian stress, sq , the middle
frame is the principal latitude stress, sj , and the bottom one is the in-plane shear
stress tqj . It is seen that the location and the maximum stresses change as the
ratio of the lengths of the three axes change.

cystic duct or the sphincter of Oddi due to increased
flow resistance or tone[84]. In other words, pain may be
produced by contraction against resistance or stretch of
the gallbladder wall. When the gallbladder is inflamed,
artificial distension produces typical pain[62].
Preliminary work has been carried out to identify the
correlation between possible mechanical factors to biliary
pain[85]. Li et al[44,86] developed a mathematical model for the
human biliary system during the emptying phase, based
on a clinical test in which gallbladder volume changes
are measured in response to a standard stimulus and a
recorded pain profile. In their model the gallbladder was
assumed to be a thin-walled ellipsoid under uniform
pressure (Figure 7), where the three axis lengths can be
estimated from the in vivo volume measurements. Using
this information, together with the constitutive equation (1),
choosing the compliance C to be 2.731 mL/mmHg[87], they
predicted the flow resistance, R, in the biliary ducts using a
Windkessel model[88]: 					
C dP + P - Pd = 0 (1)
R
dt
where Pd is the pressure at the downstream end of the
tract. The detailed stress distributions in the gallbladder
wall during emptying for different gallbladder geometries
were also calculated analytically (Figure 8). This model was
then applied to clinical data from CCK provocation tests
from 25 patients. It was found that the pressure change
in the gallbladder, the gallbladder ejection fraction and
the shape change are all contributing to, but not solely
responsible for the pain. However, the maximum stress in
the gallbladder, σmax, is singled out to be the only factor
www.wjgnet.com
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closely correlated with gallbladder pain. In fact, using
the simple criterion that the maximum stress σmax > 200
mmHg, 76% of the model predictions for pain agreed
with the clinical results[44]. However further research is
required to confirm the stress-pain relationship, and to
validate and improve the model.

FUTURE CHALLENGES
Patient-specific prediction of flow resistance
Current studies show that geometry changes in the biliary
system play the dominant role in controlling bile flow and
pressure drop. Further modelling work on 3D models of
the biliary system is clearly required to help identify the key
geometrical parameters.
In addition, if any prediction of flow resistance is to
be used in clinical diagnosis, the model clearly needs to
be patient-specific. The key to predicting patient specific
flow features relies on obtaining the realistic geometry
of the biliary system. This will involve three-dimensional
geometrical reconstructions of the biliary system during
emptying. Therefore, techniques for the reconstructions
based on non-invasive clinical measurements need to be
developed.
Bile rheology
It has been found that the bile can demonstrate nonNewtonian behaviour at low shear rates, but its relation
with gallstone formation is not understood. Experiments
on bile’s viscosity can be contradictory and it seems
that the bile property is not only subject dependent,
but also pathologically dependent. In other words,
it changes with the status of bile concentration and
with tiny stones (crystals) forming, and the collective
behaviour is controlled by the resulting two-phase flow.
More experimental and modelling work are required to
understand the bile rheology before we can estimate the
flow details more accurately; this is especially true if the
measurement to be patient specific.
The constitutive equations for the gallbladder (and
biliary tract) are still to be established even for a healthy
subject. Currently, only limited infor mation on the
volume-pressure relation of the gallbladder and the lengthtension relation for single muscle strips, are available. More
experimental work is required to identify the mechanical
properties both for healthy and diseased gallbladders.
The lack of data on the mechanical properties makes it
impossible to build a quantitatively reliable mathematical or
numerical model to deal with the contraction and emptying
activity of the human gallbladder. The biliary system also
presents active contraction under chemical stimulations
such as CCK. For instance, the gallbladder, the sphincter
of Oddi, and even the cystic duct are reported to have
this activity[89]. Needless to say, studying the active smooth
muscle behaviour and its response to chemical stimulations
during physiological and pathological gallbladder emptying
poses an exciting challenge at the next level, both for
experimentalists and biomechanics modellers.
Fluid-structure interactions
Fluid-structure interactions add to the complications when
www.wjgnet.com
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attempting to describe the behaviour of the biliary system.
To date, only limited work has been carried out on the
fluid structure interactions. Ooi et al[90] simulated the bile
flow in a simple two-dimensional elastic cystic duct model,
and the nature of the fluid-structure interactions was only
crudely modelled in a one-dimensional model[44]. No work
on the fluid-structure interactions in a three-dimensional
model has been reported. However, it is the fluid-structure
interactions in the biliary system that provide the crucial
link between chemical stimuli and mechanical response in
the biliary systems, since these chemical stimuli changes
the tissue structure, hence the geometry and the elastic
modulus, which in turn change the flow resistance and
stresses in the system.
Prediction of the biliary pain
To date, only preliminary work has been carried out on
the link between biliary pain and levels of stress within the
system[44,86]. More work is required to confirm a positive
correlation between the stress and bililary pain. Although
the study by Li et al[86] considered both the active and the
passive stresses, the active stress was not obtained from
modelling of the smooth muscle mechanics; rather, it
assumed a same generic form for all subjects. In practice,
this will vary between individuals and in pathological
situations.

DISCUSSION
The fluid dynamics in the human biliary system depend
on the gallbladder motor function, biliary tract geometry,
the smooth muscle activity, bile rheolog y and their
interactions. These mechanical factors play important roles
in the normal functions of the biliary systems and may
help us to understand the nature and origin of ‘gallbladder
pain’. There hasve been extensive clinical and experimental
work both on human and animal biliary systems, however,
only few modelling and numerical studies have been
carried out to study the system from the mechanical point
of view. This paper has reviewed the current progress in
understanding the mechanical aspects of the biliary system,
and covered the areas in bile fluid dynamics, bile rheology,
gallbladder and duct tissue mechanics, mathematical and
numerical modelling, and the correlations between the
mechanical stresses and the gallbladder. The preliminary
work reported here represents a significant step forward
towards understanding the origins of gallbladder pain and
gallstone disease.
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Abstract
After a meal the activity of the gut increases markedly
as digestion takes place. Associated with this increase
in activity is an increase in blood flow, which has been
shown to be dependent on factors such as caloric
content and constitution of the meal. Much qualitative
work has been carried out regarding mechanisms for the
presence of food in a section of gut producing increased
blood flow to that section, but there are still many
aspects of this process that are not fully understood.
In this paper we briefly review current knowledge on
several relevant areas relating to gut blood flow, focusing
on quantitative data where available and highlighting
areas where further research is needed. We then present
new data on the effect of feeding on flow in the superior
mesenteric artery. Finally, we describe a framework for
combining this data to produce a single model describing
the mechanisms involved in postprandial hyperaemia.
For a section of the model, where appropriate data are
available, preliminary results are presented.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
This study was motivated by our previous work on blood
flow in the superior mesenteric artery (SMA). When we
explored the literature on the vasculature downstream
of the SMA in order to develop appropriate boundary
conditions for our work on computational fluid dynamic
modeling[1], we found little quantitative information on the
smaller vessels of the mesentery. These vessels control the
distribution of blood to the small intestine and as such are
of great importance in understanding gut physiology and
problems such as gut hypoperfusion following surgery[2].
This paper reviews current knowledge on blood
flow regulation in the gut vasculature, presents new data
on flow in the SMA and develops a framework for its
integration with a structural model of the gut vasculature
(to be published separately).
Following a meal, food arrives in the stomach, mixes
with gastric juices to become chyme, and is slowly
emptied into the small intestine. This rate of emptying is
largely governed by the stomach and is dependent on the
chemical and physical properties of the food. The chyme
is digested as it travels through the small intestine and this
propagating metabolic front is met by an increase in blood
flow through the capillaries supplying the gut wall, which
can be seen at a macroscopic level as an increase in flow
through the superior mesenteric artery.
Except for the proximal part of the duodenum, the
small intestine is wholly vascularised by vessels arising
from the superior mesenteric artery, which originates from
the aorta at the level of the L1 vertebra[3]. The vessels run
through a convoluted sheet of tissue called the mesentery
and then branch and anastomose (forming arcades) before
reaching the vascular bed of the gut wall.
The direction of blood to the appropriate part of the
gut is achieved by changes in vascular smooth muscle (VSM)
tone, with the basal state being partial tone, thus allowing
for both dilatation and contraction of the vessel wall. As
well as affecting the diameter of the vessel lumen and
hence its resistance to flow, VSM tone also mediates vessel
wall stiffness[4].
T here are two mechanisms likely to be of key
importance in the control of gut blood flow following
feeding. These are the response of vessels to food
stimulus and the myogenic response.
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The aim of modeling this system is to bring together
the knowledge and understanding available in each of
the specialist fields alluded to above, and to combine the
information to allow greater appreciation of the organ as
a whole. By definition, the model will not represent every
facet of the system being studied, nor should it. Instead,
the aim of the model is to capture the key factors that play
an important part in determining gut blood flow and allow
‘what if ’ questions to be asked. In order to be predictive
and to allow a wide range of questions to be posed, the
model must be flexible.

GASTRIC EMPTYING AND CHYME
PROGRESSION
Gastric emptying rates show substantial inter- and intrasubject variability and are dependent on meal nutrient
content and physical properties. Emptying of digestible
solids is generally characterized by a lag phase followed by
a period during which the emptying rate is approximately
constant. Animal studies suggest that the rate-limiting
factor leading to this constant rate of gastric emptying
is trituration (grinding up of solid food). In contrast,
isotonic liquid meals need no trituration and hence
exhibit a different pattern of gastric emptying, emptying
more quickly and following an exponential relationship[5].
Nutrient-containing liquids lie between these two extremes
with the rate of emptying rising quickly to 1.5-3 kCal/
min[5,6]. The presence of solid and liquid foods in the same
meal leads to modification of the emptying profiles of
both foods[5].
A model where nutrient content is detected locally
within the gut and to some extent influences blood flow
requires information on the progression of chyme through
the small intestine. Standard scintigraphic methods for
investigating small bowel transit times give little direct data
on the rate of transit of food through the small intestine
due to the gut’s convoluted nature and the poor resolution
of gamma cameras. Instead, short intestinal transit times
are often inferred from gastric emptying and colonic
filling[7,8]. A spectrum of transit times is often presented,
reflecting the fact that different parts of the chyme
progress through the gut at different rates (although solid
and liquid markers have been shown to progress along
the bowel at similar rates[7]). Motion of chyme through
the small intestine is governed by irregular pressure waves
moving along the gut[9] and it has been suggested that
transit is fast initially, acting to spread chyme through the
gut, and then slows as digestion takes place[10]. However,
quantitative data is limited.
In a scintigraphic study of six subjects, Malagelada et al[7]
reported median pylorus to caecum transit times in the
range of 95 to 245 min. For 8 of 12 tests (considering
progression of solid and liquid meals in each subject) a
normal distribution was considered by the authors to be a
good model for the transit time spectrum. No significant
difference in mean transit times was observed after solid
and liquid meals. The full-width half maximums (FWHM)
of the normal distributions were in the range 33-261 min
with mean FWHMs of 169 min (liquid) and 63 min (solid).
www.wjgnet.com
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Table 1 Average coefficients of apparent digestibility for the
nutrients in different food groups and for nutrients in a mixed
diet
Food Group

Protein

Fat

Carbohydrates

Total foods1

92

95

97

1

Weighted by consumption statistics based on a survey of 185 dietaries.

Whilst there was no difference in mean transit rates, the
liquid meal tended to become more spread out during its
passage through the small intestine.
FOOD - EFAECES
× 100
(1)
Apparent digestibil ity = E
EFOOD
Assuming that digestion is exclusively confined to the
small intestine, small intestinal efficiency will be equal to
the ‘apparent digestibility’ of the foodstuff, as given by
equation 1 above[11].
Where EFOOD and EFAECES are the caloric contents of
the food and faeces respectively. At the beginning of the
twentieth century, Atwater published several papers[12-14]
on the available energy in various foodstuffs, finding the
E values in equation 1; his key results are reproduced in
Table 1.

DETECTION OF CHYME CONSTITUENTS
IN THE SMALL INTESTINE
From the 1970s, Chou et al [15-17] have performed work
on characterizing the response of the gut to various
luminal contents. In descending order, the most potent
inducers of increased blood flow to the gut are: lipids and
fats (in combination with bile salts), glucose and other
carbohydrates, proteins, peptides, amino acids. Chou et al[15]
also experimented with the solid and fluid phases of the
chyme and they found that the compounds responsible for
postprandial hyperaemia exist in the hydrolytic products
of food digestion.
The basic control mechanisms relating the arrival of
chyme in an intestinal segment to an increase in local
blood flow are not fully understood. Chou and Coatney[16]
suggested five categories of potential influences on
local postprandial hyperaemia. The understanding of
these various effects has recently been reviewed by
Matheson et al [18]. The five categories are: (1) Direct
effects of absorbed nutrients: Intra-arterial injection of
some nutrients (micellar solutions containing bile and
oleic acid, capoic acid or taurocholate) has an effect
on jejunal blood flow, while most amino acids and
carbohydrates do not. Carbon dioxide and hydrogen ions
present in the gut can diffuse into the blood supply and
also have an effect; (2) Enteric nervous system effects
and reflexes: It has been shown that extrinsic sympathetic
and parasympathetic innervation is not required for postprandial hyperaemia; however, the role of other (nonadrenergic, non-cholinergic) neurons cannot be ruled
out; (3) Gastrointestinal hormones and peptides: While
many of these can have vasoactive effects, levels measured
experimentally have always been too low to produce vaso-
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MECHANICAL PROPERTIES OF
MESENTERIC BLOOD VESSELS
In order to build the model, the mechanical and vasoactive
properties that govern the resistance to blood flow in the
mesenteric vessels must be characterized. These important
parameters may be considered as two sets; those that
change with VSM tone, and those that can be considered
constant.
The key parameters that vary with vascular tone are
vessel diameter and stiffness. Ideally, from a modeling
perspective, these would be well-documented in terms of
basal values and deviations from these values associated
with each of the mechanisms described above. However,
this is not the case. The complex, layered structure of the
vessel wall combined with the difficulties associated with
in vivo measurement, mean that the mechanical behavior of
human arteries has yet to be characterized thoroughly[22].
The constant properties are the branching patterns and
lengths of the mesenteric vessels. Whilst some contrastenhanced x-ray images exist [23] from which a model
of a segment of gut could be derived, no one has yet
numerically recorded the branching patterns of an entire
human mesentery.

AN MRI STUDY OF FLOW IN THE
SUPERIOR MESENTERIC ARTERY
Due to the invasive nature of most flow measurement
techniques and poor spatial resolution of non-invasive
techniques; accurate measurement of flow in the smaller
arteries of the mesentery and gut is at present impossible
in normal human subjects. Studies have however been
carried out measuring flow in the parent vessel (the
SMA)[24,25]. Such data can be used to validate models of the
downstream vasculature. We added to this knowledge by
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dilatation; (4) Local non-metabolic vasoactive mediators; (5)
Local metabolic vasoactive mediators.
As well as the factors mentioned above, the myogenic
response may be of key importance. The myogenic
response is an increase in vascular tone associated with an
increase in transmural pressure, or a decrease in vascular
tone associated with a decrease in transmural pressure.
This has been reviewed from a biological perspective by
Schubert and Mulvany[19] and by Davis and Hill[20]. The
in vivo myogenic response is not well understood. Most
experiments to date have been performed in vitro and
often give conflicting results.
The myogenic response is seen primarily in small
arteries and arterioles and varies between arterial beds. It
is widely held to be dependent mainly on the reaction of
vascular smooth muscle to changes in vessel wall tension
(hoop stress). Osol et al[21] showed that in rats the response
is weaker in small mesenteric vessels than in cerebral
vessels that are equivalent. No similar studies have been
carried out in human mesenteric vessels.
Whilst work continues in each of these areas the
dominant mechanism controlling postprandial hyperaemia
in humans has not yet been isolated.
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Figure 1 Fasted (top) and fed (bottom) cine phase-contrast magnitude (upper)
and phase (lower) images of the SMA and abdominal aorta with associated graph
of fasted and postprandial flow profiles, showing signal loss through peak systole
in the fed case.

using a flow-measuring phase contrast sequence on a 1.5T
clinical MRI scanner to quantify the effect of a 600 kCal
Scandishake® (registered trademark of Axcan Pharma) test
meal on blood flow in the SMA. Twenty-one anatomical
and flow images were acquired representing an average
cardiac cycle over the 5 min acquisition time. For details
of phase contrast MRI, the reader is referred to Edelman
et al[26].
Eighteen healthy volunteers (11 male, 7 female, average
age 36) fasted from midnight on the day of the scan and
a base-line scan was taken between 9 and 10 am to give
a measure of resting SMA flow. Each was then fed a 600
kCal Scandishake test meal containing 11.7 g of protein,
69.5 g of carbohydrates including 35.8 g of sugars, and
30.4 g of fat including 14.8 g of saturates. A second scan
was taken 30 min postprandial (identified as the time of
peak SMA blood flow in a previous ultrasound study[27]).
For the postprandial scan, in 15 of the 18 subjects
the phase contrast signal was lost around peak systole
as previously observed in some[24] but not all[25] previous
similar experiments. In contrast to other authors[24], we
believe that this is not due to a change in the shape of the
flow waveform, but signal loss was due to disturbed flow
causing intravoxel dephasing through the systolic period.
Figure 1 shows postprandial PCMRA magnitude and phase
images for one subject. The absence of the SMA at peak
systole in both the magnitude and phase images supports
the disturbed flow hypothesis.
In 2 of the 15 subjects, the same signal loss was also
witnessed before feeding. For these reason we consider
www.wjgnet.com
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Table 2 Results of PCMRA flow experiments
Parameter

Mean

Heart rate (BPM)

Fasted
Postprandial
Change1

Mean SMA diastolic
flow (mL/s)

Fasted
Postprandial
Change1

Total SMA diastolic
flow (mL/heart beat)

Fasted
Postprandial
Change1

SD

March 7, 2007

Gastic
emptying rate
(t)

Range

62.1
69.3
11.9%

8.5
9.9
16.5%

45-76
50-90
0%-33%

4.3

3.3

0.6-14.5

11.9
177%

4.8
45.5%

3.0-18.7
881%-18.6%

4.1

2.8

0.6-11.9

10.4
154%

4.4
57.1%

2.7-17.7
798%-20.8%

Sensitivity of
vessel
to caloric load
(0-1) (v)

Volume 13

Number 9

Distances to gut
model segment
centres (z)
Scale transit
times

Reference systolic
pressure (v)
Transit time spectrum to
Systolic
each segment (z)
pressure (v, t)
Convolve
Calorie absorption
profile
X
c

d Caloric flux
associated with
maximal response

-c/d
Saturation
(-1 to 0)

a
a/b

b

Pressure difference
associated with
maximal myogenic
response (v)

Saturation
(-1 to 1)

Myogenic
signal (v,t)

X

- +

Food-related signal (v, t)
+ +

1

Percentage change normalized against fasted value.
Saturation
(-1 to 1)
VSM tone
(v, t)

only the diastolic portion of the cardiac cycle. At 30 min
post-prandial, mean diastolic flow was 2.8 times that of
the fasted value (Table 2).

We propose an integrated model of the small intestine
and the mesenteric arteries with arteries modeled as
a branching tree structure and the gut as a series of
connected segments. The arterial model is a digital
implementation[28] of Westerhof ’s branching tree model
first published in 1969[29], with each artery having specified
properties in terms of segment length, internal radius,
wall thickness and wall stiffness. One key function of the
intestinal model is to modulate the radius and stiffness
of each vessel in accordance with food intake and other
parameters. A suggested framework for this control is
shown in Figure 2.
Due to the absence of quantitative human data in many
areas, the model framework is designed to work logically
within the limits of physiologically realistic values for the
various inputs and to capture the key understood processes
without recourse to the detailed underlying biology. For
example, no caloric input, along with expected systolic
pressure, will ensure that vessel stiffness and diameter
remain at their basal levels, while saturation elements
within the model reflect the fact that there are limits on
the range of effect of the myogenic and calorie dependent
response.
Data relating to sensitivity of vessels to caloric load,
pressure difference associated with maximal myogenic
response, and the effect of smooth muscle, is particularly
difficult to obtain. For this reason, we now show results
for the digestion part of the model alone (top left of
figure 2 down to signal ‘c’), based on the consumption of
a 600 kCal milkshake as used in our MRI study. Gastric
emptying-rate data, a small intestinal transit time spectrum
and a calorie absorption profile are the inputs to this part
of the model. The model assumes a single food traveling
along the gut with the three inputs inferred from the
composition of the food being modeled.
The osmolarity of the milkshake was 880 mOsm/L
putting it firmly in the “nutrient-containing liquid”
category (normal osmolarity of blood 300 mOsm/L),
www.wjgnet.com
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Figure 2 Suggested framework for control of gut blood flow. “(v)”denotes
dependence of a parameter on the vessel in question, “(z)” on gut segment of
interest, and “(t)” on time.
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Figure 3 Linear (solid line) and exponential (dashed line) calorie absorption
profiles.

therefore a gastric emptying rate of 3 kCal/minute was
assumed.
The intestinal transit model consisted of a normally
distributed transit time spectrum with mean transit time of
172 min and FWHM 169 min. It was assumed that each
particle of chyme traveled along the gut at a constant rate.
The calorie absorption profile relates the percentage of
calories that have been absorbed from the food at a given
distance along the gut. Applying the nutritional data above
to table one and weighting by caloric load, we calculate a
coefficient of apparent digestibility for the milkshake of
96%. This becomes the final value in the calorie absorption
profile. We consider two calorie absorption profiles; one is
a linear profile assuming that caloric absorption is spread
evenly along the gut, the other an exponentially-governed
profile assuming that just over half of the calories are
absorbed in the proximal 20% of the gut. Both profiles are
shown in Figure 3.
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The development of this type of model brings
together concepts and data from diverse fields and aids
understanding of the physiology at organ and system
levels.

700
600

t /min

500
400

REFERENCES

300

1

200
100

2

0
0.1

B

0.2

0.3 0.4 0.5 0.6 0.7
Normalised position in gut

0.8

0.9

1.0

3
700

4

600

t /min

500

5

400

6

300

7

200
100
0

1397

8
0.1

0.2

0.3 0.4 0.5 0.6 0.7
Normalised position in gut

0.8

0.9

1.0

9
0.0

0.5

1.0
1.5
2.0
Caloric flux (kCal/min)

2.5

3.0

Figure 4 Pseudocolour plots showing caloric load against time and position in
the gut for given gastric emptying and transit spectrum data with 96% gastric
efficiency, based on linear (A) and asymptotic (B) absorption profiles.
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Combining the three inputs in the manner defined in
Figure 2 allows us to generate a surface showing caloric
flux past each point in the gut with time. Surface plots for
the two absorption profiles are shown in Figure 4.
The analysis illustrates the dependence of the pattern
of caloric flux on the absorption profile, which is likely to
result in altered arterial demand. This highlights the need
for good quality data to drive the model, and demonstrates
the ability of the model to show the effect of changes of
individual inputs on the wider system.

CONCLUSIONS
This paper introduces the potential utility of modeling
techniques to aid understanding of the complex
interactions within the gut and its supporting vasculature.
We have reviewed the available data on diverse subjects
that play an important role in the regulation of gut blood
flow and postprandial hyperaemia, developed a modeling
framework for the simulation of these processes, and
presented preliminary results from the part of the model
where the required data is available. We have also presented
new data on blood flow in the SMA following feeding.
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Abstract
Colorectal cancer (CRC) is one of the best characterised
cancers, with extensive data documenting the sequential
gene mutations that underlie its development.
Complementary datasets are also being generated
describing changes in protein and RNA expression,
tumour biology and clinical outcome. Both the quantity
and the variety of information are inexorably increasing
and there is now an accompanying need to integrate
these highly disparate datasets. In this article we aim
to explain why we believe that mathematical modelling
represents a natural tool or language with which to
integrate these data and, in so doing, to provide insight
into CRC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancers (CRCs) originate from the rapidly
renewing epithelium that covers the luminal surface of

the bowel and lines the colonic crypts (Figure 1). At the
bottom of these crypts, stem cells proliferate continuously
producing amplifying transit cells that divide rapidly several
times before differentiating into the various cell types that
constitute the epithelium (e.g. absorptive columnar cells,
mucinous Goblet cells, and neuroendocrine cells). The
production of new cells is synchronised with migration of
the epithelium upwards along the crypt axis. Upon reaching
the orifice, cells undergo apoptosis and are shed into the
lumen. Under normal conditions, these cellular processes
are tightly regulated by biochemical and biomechanical
signals (e.g. Wnt factors, cell-cell contacts and growth
factors) [1,2] . CRC arises when genetic alterations, for
example in the Wnt pathway, disr upt nor mal crypt
dynamics. Proliferating cells are then no longer confined
to the crypt’s base and the associated proliferative excess
generates biomechanical stress on the crypt structure,
which may deform in order to accommodate the newborn
cells. The dysplastic cell population will expand further
by invading neighbouring crypts and/or inducing crypt
fission, leading to the formation of an adenoma[3,4].
Cancers of the colon and rectum are the third most
frequent malignancies in the United Kingdom, being
responsible for 16 148 deaths in 2004 [5] . Most CRCs
occur sporadically, with only 5% attributable to hereditary
syndromes[6], such as familial adenomatous polyposis (FAP).
The first detailed genetic model for the development of
CRC was published in 1990[7], with adenomatous polyposis
coli (APC), K-ras, DCC and p53 as candidate cancer genes
that undergo mutation in an ordered sequence. Due to its
high socio-economic impact, CRC is studied extensively
world-wide. While some of the mechanisms of CRC
development have now been revealed, as more biochemical,
genetic, histological and clinical information is made
available, new layers of complexity are becoming apparent.
We believe that CRC research has now reached a stage at
which theoretical thinking and mathematical modeling
have become essential to integrate and make sense of
the biological information being generated and, more
importantly, to generate new biological hypotheses that can
then be tested in the laboratory. Among the benefits of
modeling are: (1) mathematical models act as in silico tools
with which to carry out and iterate virtual experiments that
might be dismissed by experimentalists for being unethical,
expensive, time consuming, or simply impossible; (2)
modeling necessitates the statement of explicit hypotheses,
a process which often enhances comprehension of the
biological system; and (3) simulations can reveal hidden
patterns and/or counter-intuitive mechanisms in complex
systems. The use of mathematical modeling to tackle
www.wjgnet.com
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complex biological problems is becoming increasingly
popular within the life sciences[8,9]. Hence, cancer modeling
is a rapidly growing field within applied mathematics
(critical reviews[10,11]) and, in particular, a number of models
have been developed specifically to study issues associated
with the normal gut and CRC (reviewed in Van Leeuwen
et al[12]). Epidemiological models, for instance, have sought
to describe CRC incidence in human populations [13,14].
Notably, such models have provided insight into the
multistage nature of carcinogenesis and the importance
of clonal expansion. Further more, discrete models
characterising the position and behaviour of individual
cells within an intestinal crypt have been formulated to
advance our understanding of the mechanisms of cell
migration and differentiation[15-17], while stochastic models
have been used to investigate the accumulation of genetic
(or epigenetic) alterations in epithelial cells[18-21].
Most theoretical studies of CRC, including those
exemplified above, were designed to investigate specific
biological questions and, consequently, they typically
focus on a single time and length scale. In reality, the
dynamics of normal tissue, colorectal carcinogenesis and
cancer progression involves the integration of a large
number of processes occurring over different levels of
organisation; ranging from the fast enzymatic reactions
taking place inside individual cells to the relatively slow
dynamics of tumour growth and metastasis (Figure 2).
In order to understand the ways in which subcellular
events influence macroscopic tumour progression, it is
necessary to develop models that incorporate multiple
time and length scales. Such multiscale models are also
needed to account for feedback within the system; for
example, hypoxic cues, mechanical stress, immunological
response and chemotherapeutic interventions all act on
the macro- and cell-scales but have a profound influence
on subcellular dynamics[22,23]. A natural consequence of
this coupling across scales is that models cannot be built
from the bottom-up by coarse-graining proteomic data,
even if this were computationally feasible[24,25]. We propose
that a multilevel approach be adopted, with (sub)models
assembled at different scales before being coupled
together so that more complex emergent behaviour can be
explained.
The potential use of multiscale modeling to tackle
complex biological problems is best exemplified by the
sophisticated computational models of the heart developed
by Noble and co-workers[26,27] where the simulation of
normal and abnormal physiology, from the molecular level
to the whole-organ, is well established. Only recently have
these efforts been mirrored by similar projects focused
on solid tumour growth. For example, Swanson and coworkers[28] have developed three-dimensional models that
describe the spread of gliomas through the brain. While
the mathematical model that they use is highly idealised
(Fisher’s equation describes how the tumour cells migrate
and proliferate), they have gone to considerable efforts to
replicate the detailed anatomical structure of the brain and
to calibrate their models against MRI scans. In particular,
the random motility and proliferation rates of tumour
cells are assumed to differ between grey and white matter.
Their models show excellent agreement with clinical data
www.wjgnet.com
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and are being used to predict the response of patients
to different treatment protocols. The limitations of the
models described in Swanson et al[28] are that they do not
explicitly account for nutrient supply to the expanding
tumour mass and they neglect the multiscale nature of
solid tumour growth. Several multiscale models of tumour
growth that attempt to resolve these issues have been
developed recently[22,29-31]. For example, Alarcón and coworkers have formulated a hybrid cellular automaton of
vascular tumour growth that links submodels that describe
processes occurring at the subcellular, cellular and tissue
scales[22]. In more detail, progress through the cell cycle
and the production of angiogenic factors are incorporated
at the subcellular level and competition for resources are
considered at the cellular level. The transport of nutrients
and angiogenic factors, blood flow and vascular adaptation
are included at the tissue scale. Coupling between the
different submodels occurs in several ways. For example,
oxygen levels, which are determined at the macroscale,
influence subcellular processes such as progress through
the cell cycle and the production of angiogenic factors.
Equally, subcellular production of angiogenic factors
modulates vascular adaptation at the tissue scale. Model
simulations reveal that the tumour’s growth dynamics
and, in particular, its morphology, are heavily influenced
by the way in which the haematocrit distribution
in the vasculature is modeled. For example, if it is
heterogeneously distributed, then the tumour’s growth is
highly irregular, being confined to well-oxygenated regions.
By contrast, if the haematocrit is uniformly distributed
then the tumour expands radially outwards as a compact
mass.
Most existing multiscale models of solid tumour
growth are generic in nature, in the sense that they are
not specialised to a particular tissue or a specific type
of cancer. We believe that it is now timely to develop
mathematical models of this type to describe CRC. We
aim in this article to explain the potentially valuable role
of multiscale modeling in advancing our understanding
CRC. We start by describing briefly some areas where
modeling has generated insight into CRC (for a more
exhaustive review, see Van Leeuwen et al[12]). These include
signalling pathways, CRC initiation and crypt buckling. We
conclude by explaining how we intend to integrate such
models within a multiscale framework and, in so doing,
enable experimentalists to explore, in a controlled in silico
environment, the ways in which phenomena occurring on
different space and time scales interact (Figure 2).

BIOCHEMICAL NETWORKS IN CRC
APC inactivation is believed to be an early, initiating
event in CRC. Genetic alterations in the APC gene have
been found in about 85% of all CRC cases and germline
mutations are responsible for FAP [6,7]. Although APC
is a multifunctional protein, it is generally accepted that
APC’s tumour suppressor potential relies upon its ability
to inhibit Wnt signalling[32]. This is best illustrated by the
fact that activation of Wnt signalling by other means
obviates the need for APC inactivation. Wnt signalling is
essential for maintaining the stem-cell niche at the base of
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Figure 1 Normal colonic mucosa. The normal colonic mucosa consists of crypts
(lined with epithelium) embedded within a connective tissue stroma. The mucosa
rests on a layer of smooth muscle, called the muscularis mucosae, below, which
is a loose connective tissue layer, called the submucosa. The epithelium consists
of a number of different cell types including goblet cells (containing mucin),
enterocytes and neuroendocrine cells (which secrete hormones). The crypts are
enveloped by a sheath of myofibroblasts that are separated from the epithelium
by basement membrane. The stroma contains a number of different cell types
including macrophages, fibroblasts and lymphoid cells. The crypt is a dynamic
structure that turns over every 3-6 d. The base of the crypts contains the stem
cells that are thought to give rise to transit amplifying cells. The cells migrate up
the crypt and undergo differentiation along the way. The goblet cells secrete mucin
into the crypt and intestinal lumen and the surface epithelium usually contains few
goblet cells. Upon reaching the surface, the cells undergo apoptosis and are shed
into the lumen. The migration along the crypt by the epithelial cells is accompanied
by a similar migration of myofibroblasts. The microenvironment is thought to
change along the crypt axis and this is thought to give environmental cues for
induction of maturation and inhibition of proliferation.

the crypt[33] and it has been proposed that, under normal
physiological conditions, spatial gradients in extracellular
factors acting on Wnt signalling, regulate cell proliferation,
migration, differentiation and apoptosis along the vertical
crypt axis[34]. This maintains the integrity of the normal
crypt and allows renewal of the intestinal epithelium to
occur in an ordered and controlled fashion. Inappropriate
activation of Wnt signalling, however, results in loss of
this normal control, leading to tumour development. The
importance of Wnt signalling in carcinogenesis means that
a model of this subcellular biochemical network should
play an integral role in the development of any multiscale
model of CRC.
Since the biochemical details and biological implications
of the Wnt pathway have been reviewed elsewhere[32,35],
here we summarise the key points. In the absence of an
external Wnt stimulus, a destruction complex (including
APC and axin) keeps cytoplasmic and nuclear levels of
β-catenin low, thus allowing the repressor Groucho to
bind preferentially to TCF/LEF transcription factors,
thereby preventing the expression of Wnt target genes. In
contrast, when extracellular Wnt factors bind to specific
cell-surface receptors, a cascade of protein activation/
inactivation events is triggered, leading eventually to the
inhibition and destabilisation of the β-catenin destruction
complex. Consequently, β-catenin protein accumulates
in the cytoplasm and travels to the nucleus, whereby
displacing Groucho from TCF/LEF proteins, it can induce
the expression of target genes. Lee et al[36] have formulated
a mathematical model of the Wnt pathway that describes
normal protein turnover, step-wise assembly/dissociation
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Figure 2 Prototype multiscale model of the gut. Subcellular, cellular and tissue
elements are represented in black, grey and white boxes, respectively. The
schematic shows possible interactions and feed-back loops coupling the different
levels of organisation and illustrates the complexity of the biological system. An
additional challenge in building such multiscale models is coupling phenomena
that act on very short time scales (e.g. the diffusion of metabolites and signalling
molecules in the extracellular medium) with processes that occur on longer time
scales (e.g. tumour growth).

of the destruction complex, binding and phosphorylation
of β-catenin by the destruction complex, and assembly/
dissociation of the transcription complex formed by
β -catenin and TCF. The model provides quantitative
expressions for dynamic changes in the level of 15
molecular components, based on parameter values either
measured or estimated from experiments with Xenopus
extracts. The combination of theoretical and experimental
results revealed the importance of a novel regulatory loop
involving APC-dependent degradation of axin. Hence,
when this feedback mechanism is active, β-catenin levels
are relatively resistant to reductions in active APC.
While Lee and co-workers[36] focused on the role of
[37]
β-catenin in signalling, Van Leeuwen et al have recently
developed an alternative model of the Wnt pathway
that accounts for its dual role in signalling and cadherinmediated cell-cell adhesion. Instead of restricting their
analysis to a limited set of parameter values, they used
mathematical methods to gain insight into the general
properties of the model system. In Figure 3, we exemplify
this approach with a simple network involving only three
components, i.e. A, B and AB. The reader can reduce the
level of abstraction by considering the often presumed
hypothesis that E-cadherin (A) can sequester β-catenin (B)
from signalling. Both proteins are subject to normal protein
turnover and to reversible binding to form a complex AB.
The time-dependent change in the concentration of each
molecular component is determined by its production and
elimination rates. However, once enough time has elapsed,
the compounds will reach a steady-state and no further
changes in concentration will occur. For the given system,
the final levels can easily be deduced from the kinetic
equations. The final concentration of B, for example, is
given by the ratio of its synthesis and degradation rates and
does not, therefore, depend on any parameters associated
www.wjgnet.com
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Figure 3 Example of a simple kinetic model.
The proteins A and B undergo normal protein
turnover (s = synthesis rates, d = degradation
rates) and associate to form a protein complex,
AB (k+ = assembly rate, k- = dissociation rate).
The behaviour of the system is captured by
the following system of ordinary differential
equations:
d [A]/dt = sA - k+ [A] [B] + k- [AB] - dA [A];
d [B]/dt = sB - k+ [A] [B] + k- [AB] - dB [B];
d [AB]/dt = k+ [A] [B] - k- [AB];
with initial conditions [A] (0) = A0, [B] (0) =
B 0 and [AB] (0) = 0. It can be shown that,
eventually, the components stabilise at levels
given by: [A] = sA/dA; [B] = sB/dB, and [AB] =
sA sB/(dA dB K), with K = k-/k+ the dissociation
constant.

with either A or the initial concentrations. This implies that
the long-term, equilibrium level of cytoplasmic β-catenin
is independent of E-cadherin and, consequently, changes
in E-cadherin expression can only transiently affect the
cytoplasmic β-catenin level. This example illustrates the
potential value of adopting a theoretical approach; even
in the absence of detailed parameter values, it is possible
to extract meaningful conclusions and to generate new
(experimentally-testable) hypotheses.
The approach of Van Leeuwen et al[37] made it possible
to compare two potential mechanisms of interaction
between signalling, transcription and cell-cell adhesion.
According to the first hypothesis (H.1), E-cadherin and
TCF simply compete for β-catenin. Alternatively, under
H.2, the Wnt signal induces the production of a ‘closed’
molecular form of β-catenin that binds preferentially to
TCF. This might occur, for instance, via the activation of a
kinase that phosphorylates β-catenin at Tyr-142. As might
be expected, in both cases the model predicted an increase
in the level of transcription complexes in response to
Wnt. Surprisingly, however, the final equilibrium level of
β-catenin-TCF complexes was independent of whether
H.1 or H.2 was active and, consequently, it is not possible
to discriminate between the two alternatives based on
target gene expression alone. Under H.1, the model always
predicted an increase in cell-cell adhesion in response
to Wnt, whereas under H.2 this was not always the case:
under H.2, the degree of cell-cell adhesion at equilibrium
decreased as the rate of β-catenin Tyr-phosphorylation
increased.
Van Leeuwen et al [37] also used their model to
investigate the impact of two genetic alterations commonly
obser ved in CRC; i.e. aberrant inactivation of APC
and mutations that render β-catenin resistant to APCmediated degradation. Simulations showed that in wildtype cells and single mutants, the level of transcription
complexes depends on the strength of the Wnt gradient;
by contrast, double mutants achieve the same (high) level
of target gene expression and this value does not depend
on the strength of the Wnt stimulus. As a consequence,
the proportion of functional APC needed to maintain a
normal phenotype increases with increasing extracellular
Wnt levels. This result illustrates that the environment can
have a substantial impact on malignant transformation and
tumour phenotype.
www.wjgnet.com
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STOCHASTIC MODELS FOR CRYPT
DYNAMICS AND CRC-INITIATION
According to Knudson’s classic model for inactivation of
tumour suppressors, two mutations (one in each copy of
the gene) are required to completely abrogate APC’s anticancer activity. Given the extensive period of time required
for a cancer to develop, stem cells have been widely
regarded as the most likely targets for these mutations
due to their apparent immortality. Komarova and Wang[18]
used mathematical modeling to investigate whether
neoplastic change could, instead, take place in the semidifferentiated, transit cell population. For this purpose,
they considered an idealised crypt containing a single stem
cell and investigated three complementary scenarios: (SS)
both hits happen in stem cell; (ST) the first hit occurs in
the stem cell and the second in a transit cell; and (TT)
the first hit is in a transit cell and the second in one of its
progeny. Scenarios SS and ST share an intermediate state
in which the crypt is monoclonal, being filled with single
APC mutants (APC+/- cells). Challenging a priori intuition,
the model revealed that the probability that the first double
mutant appeared in the stem cell pool was negligible. The
authors thus concluded that at least one of the hits occurs
in the migrating, transit population and remarked that “a
possible role of differentiated cells in cancer initiation
cannot be discarded simply based on the fact that they are
short-lived[18].”
In Komarova and Wang [18] , the ‘immortal’ stem
cell always divided asymmetrically, renewing itself and
producing a transit cell. Their model can therefore easily
be extended for crypts with multiple immortal stem cells,
as such crypts can be seen as multiple single-stem cell
crypts. Alternatively, Yatabe et al[21] considered ‘mortal’
stem cells that underwent asymmetric division, symmetric
division (giving two stem cells), or cell death, with
certain probabilities. To gain insight into the number and
patterns of division of human stem cells, they monitored
in silico the accumulation of random methylation changes
in individual crypts. By comparing the predicted intraand inter-crypt variability with experimental data on
the methylation content of specific CpG islands, they
concluded that “the complex epigenetic patterns were
more consistent with a crypt niche model wherein multiple
stem cells were present and replaced through periodic
symmetric divisions [21]”. An important consequence is
the concept of niche succession, which is, after a random
waiting time, the crypt will be filled with the progeny from
a single stem cell. More recently, it has been suggested
that these ‘lineage bottlenecks’ enhance malignant
transformation, because the progeny of an APC+/- stem
cell could take over the stem-cell pool, thereby increasing
the number of candidates for the second hit. Van Leeuwen
et al[12] performed a series of stochastic simulations to test
this hypothesis. Their model was built upon the following
basic assumptions: (1) stem cells divide synchronously; (2)
for any given generation, two random sets of m stem cells
divide symmetrically and die/differentiate, respectively;
(3) newborn cells acquire an APC mutation with a certain
probability. For a crypt with 64 stem cells, simulations were
iterated for values of m between 0 and 16. As expected,
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Figure 4 Schematics illustrating the lattice-free approach developed by Meineke
et al[16]. (A) In silico cells attached by springs. According to Hooke’s law, the
restoring force due to each spring is proportional to its net extension and acts in
the opposite direction. The total force acting on a cell i is equal to the sum of all
forces applied by neighbouring cells j: Fi (t) = μ Σ ui,j (t) ( di,j (t) - Li,j (t) ), with μ the
spring constant, Li,j the equilibrium length of the spring between i and j, di,j the
distance between i and j, and ui,j the unit vector from i to j. The new position of cell
i after a small time interval ∆t is given by: ri (t + ∆t) = ri (t) + Fi (t) ∆t/η, with η a
damping constant. (B) In silico 2D tissue, showing cell centres (black nodes) and
the associated Voronoi tesselation (solid lines). The related Delauney triangulation
(dashed lines) is obtained by connecting all neighbouring nodes and defines the
network of springs.

the average niche succession time decreased as the number
of symmetric divisions per generation increased. The
average time to a first double mutant, however, appeared
to increase with m. In particular, crypts with immortal
stem cells only (i.e. m = 0), on average, developed cancer
earlier than crypts with mortal stem cells (i.e. m > 0). As
expressed by the authors, “the stem cell lineage bearing
a single APC mutation has more chance of becoming
extinct during the next niche succession cycle than of
benefiting from the advantages of fixation in the crypt”.
It is therefore proposed that symmetric stem cell division
and niche succession protect stem cells against malignant
transformation[12].
Lobachevsky and Radford[38] have recently proposed
a different view of the crypt’s architecture in that their in
silico stem cells cannot divide indefinitely. This assumption
was motivated by experimental evidence supporting the
occurrence of significant telomere-shortening in stem
cells. The authors classified stem cells into two pools;
i.e. deep, slowly proliferating stem cells that produce
rapidly dividing proximate stem cells. The former always
divide asymmetrically whereas the latter either divide
symmetrically or die, as necessar y, to maintain the
homeostasis and integrity of the crypt. Furthermore,
the probability of symmetric division or death depends
on the cell’s age. Comparison of model predictions with
experimental data suggested a replicative lifespan for stem
cells of about 50-150 divisions, which differs markedly
from the 5000 divisions estimated by other modellers.
The new model was also able to reproduce the observed
time-dependent appearance of partially and monoclonally
mutant crypts in mice following treatment with ethyl
nitrosourea.

SPATIALLY-STRUCTURED MODELS OF
CRYPT-DYNAMICS
None of the models discussed thus far incorporate spatial
effects. For example, the models for Wnt signalling view
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cells as ‘well-stirred buckets’ and, thus, consider only
time-dependent changes in protein levels[36]. Equally, the
carcinogenesis models record the accumulation of genetic
or epigenetic alterations in a population of cells, without
considering the relative positions of individual cells within
an individual crypt[12,18,21]. Given that external cues to such
subcellular phenomena are often spatially distributed (c.f.
variations in extracellular Wnt levels along the crypt axis),
it is natural to include spatial effects in order to describe
accurately the dynamics of normal and pathological crypts.
Several computational models of normal crypt dynamics
that account for spatial effects have been proposed. In
these models the cylindrical crypt is usually cut open and
rolled out to give a two-dimensional surface, which is
computationally easier to simulate. For example, Loeffler
and co-workers[15,17] have built a series of models in which
cells are constrained to move within a rectangular grid.
During their simulations, they monitored the progress of
individual cells through the cell cycle. This enabled them to
compare their results with tritiated thymidine labelling data
showing how the proportion of proliferating cells changes
with spatial position and over time. The model was used
to compare eight alternative hypotheses concerning the
positioning of newly-formed daughter cells. Of these,
only two of the hypotheses were consistent with the
experimental data. The first placed the daughter cell at the
site of the oldest neighbour, whereas the second combined
random insertion with inevitable final differentiation at a
certain position along the crypt axis[15].
A major weakness of the 2D-grid approaches is that
insertion of each newborn cell displaces a whole column
of cells upwards, breaking many cell-cell contacts. This
is biologically unrealistic, as epithelial cells are known to
form tight cell-cell junctions. Meineke et al[16] resolved this
problem by developing a lattice-free model in which cell
movement was governed by the net effect of the repulsive
and attractive forces acting on each cell, these forces being
modeled by a network of springs connecting the centre
of neighbouring cells (Figure 4A). An advantage of this
approach is that the insertion of newborn cells causes
local rearrangements only. To display the geometry, the
nodes from the network of springs were used to generate a
Voronoi tessellation (Figure 4B). The resulting model was
then used to simulate the dynamics of a healthy crypt and
shown to reproduce the experimentally observed polygonal
shape of epithelial cells and the spatial distribution of
proliferating cells. Although the model by Meineke et al[16]
resolved the major weakness of the 2D-grid models, both
types of model have several limitations in common. For
instance, no biological mechanism regulates the removal
of cells from the upper edge of the crypt and the model
does not account for cell death occurring in cells other
than fully differentiated cells. Furthermore, cell size is
independent of growth processes, the time since the cell’
s last division and extracellular conditions. Finally, the
proliferative capacity is an intrinsic property of each cell
and the progression of individual cells through the cell
cycle is fixed at the time of their birth, with the duration
of each phase being independent of any biochemical
or biomechanical control (e.g. Wnt signals and cellwww.wjgnet.com
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Figure 5 The stages of tumour development. Colorectal cancers develop through
a variety of stages. Disruption of Wnt signalling (usually through APC mutation)
will cause adenoma formation. This is manifest as dysplasia of the epithelial cells
(characterised by enlargement of the epithelial nuclei, loss of mucin and deeply
staining nuclei). Adenomas can grow by crypt branching and colonisation of
other crypts but, importantly, remain bounded by the basement membrane. The
branching of the crypts causes adenomas to develop a very complex architecture
and, as more mutations accrue, the architecture becomes more complex and
the cells become more severely dysplastic. Eventually the tumour cells will break
through the basement membrane and invade into the stroma and this represents
the transition from and adenoma into a carcinoma. Once within the stroma, the
tumour cells can grow, infiltrate more deeply into the bowel wall and also can
invade into lymphatic and vascular structures to allow metastasis to distant sites,
such as lymph nodes. It is noteworthy that metastatic deposits also contain stroma
showing the importance of the relationship between the tumour epithelium and the
tumour stroma.

cell contacts). Integrating biologically realistic models
of such subcellular processes and biochemical network
dynamics with extracellular cues will be challenging and
computationally intensive, with the approach depending
on the correct coupling of the constituent submodels.
Smallwood and colleagues[39] have used an agent-based
framework to develop an alternative, lattice-free model
that describes the expansion of a population of epithelial
cells cultured in vitro on a monolayer. Individual cells are
represented as three-dimensional, rigid spheres that can
proliferate, migrate, differentiate or die. The model also
accounts for cell-cell and cell-substrate interactions. At
every time step, a set of simple predefined rules determines
the behaviour of each cell, based on its position, internal
parameters and the composition of the local, extracellular
environment. Under the assumption that calcium enhances
cell-cell adhesion, the resulting computational model
showed substantial differences in monolayer growth in the
presence of low and physiological calcium concentrations,
which nicely mimicked the results from equivalent in vitro
studies with normal human urothelial cells. Agent-based
models could, in principle, be modified to describe the
intestinal epithelium and, in particular, be used to study the
impact of changes in cadherin-mediated (Ca++-dependent)
cell-cell adhesion on the dynamics of the crypt.

MODELS FOR CRYPT BUDDING AND
FISSION
The genetic changes that underlie colorectal carcinogenesis
usually manifest themselves at a tissue level through
the formation of an adenoma, which may subsequently
www.wjgnet.com

Figure 6 Schematic of the biomechanical model developed in Edwards and
Chapman[44]. Proliferation in the epithelium generates stress within the layer
through cellular attachment to the underlying basal lamina. For certain choices
of the model parameters, the stress that is generated causes the layer to buckle,
inducing a displacement y and initiating crypt budding and fission.

develop into a malignant tumour (Figure 5). This
prog ression is known as the adenoma-carcinoma
sequence[7]. Two competing theories have been postulated
to explain how such adenomas form. According to the
top-down hypothesis, dysplastic cells in the superficial
portions of the crypt spread laterally, invading healthy
crypts from the ‘top-down’. According to Shih et al [4],
dysplastic cells are found to reside on the luminal surface
either because the initial APC mutant has migrated to the
surface, or because genetic precursors of the dysplastic
cells reside in the intercryptal zones; the possibility of
a second genetic hit in the migrating population, as
suggested by Komarova and Wang[18] and discussed above,
could also explain the appearance of a dysplastic luminal
epithelial layer. The alternative mechanism for adenoma
formation is known as the bottom-up hypothesis[3]. Here
adenoma formation always starts with a monocryptal
lesion, which then expands by crypt fission and/or by
colonisation of neighbouring crypts.
Adenomatous crypts are typically elongated and
deformed, exhibiting multiple branching events, although
still lined by a single layer of epithelial cells[40-42] (Figure 5).
In order to explain how crypt fission may occur, Drasdo
and Loeffler[43] developed an agent-based model in which
a vertical cross-section through a crypt was treated as
a U-shaped chain of growing, deformable cells that
interact elastically with each other. The authors show that
decreasing the cell cycle time and reducing the Young
modulus of the cells can cause the crypt to buckle and
undergo crypt fission. These results are consistent with
experimental observations, which suggest that an increase
in cell proliferation accompanied by a reduction in cellcell adhesion (both perhaps associated with a mutation in
APC) may lead to crypt fission.
More recently Edwards and Chapman [44] have
developed a biomechanical model of crypt budding and
fission in which the epithelial cells are treated as a
continuous tissue layer that is attached to a rigid basal
lamina (Figure 6). The model input parameters quantify cell
proliferation, adhesion, movement and apoptosis, which
are dependent on lower-scale effects. Using a combination
of numerical and analytical techniques, Edwards and
Chapman were able to identify parameter regimes in which
a flat (rolled-out) crypt would buckle. This instability was
indicative of crypt fission. For example, they determined
the extent to which the proportion of proliferating
cells can be increased before the layer buckles. Also, in
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qualitative agreement with Drasdo and Loeffler[43], they
found that decreasing the cell cycle time could destabilise
the layer. As Edwards and Chapman treat the epithelial
cells as a continuous sheet rather than as individual entries,
it may prove easier to extend their model to simulate more
realistic three-dimensional geometries and larger tissue
regions, possibly containing multiple crypts.

DISCUSSION
In this article we have reviewed a range of mathematical
models of CRC that provide insight into different aspects
of its development. These include stochastic models
designed to investigate where in the crypt the second
APC hit associated with CRC initiation is most likely to
occur[18], detailed models of Wnt signalling to enhance
our understanding of the mechanisms of action of this
pathway[36,37] and continuous models to explore the causes
of crypt buckling and fission[43,44]. While useful, models
that focus on a single time and length scale provide limited
insight into crypt dynamics and CRC.
Advances in biotechnolog y mean that it is now
possible to generate vast amounts of different types of
experimental data. For example, high-throughput gene
and protein expression data can be obtained from
microarrays [45-47] and more detailed information from
microdissection and tagging specific genes with green
fluorescent protein (GFP)[19,48]. Multiscale mathematical
models that account for subcellular, cellular and tissue scale
phenomena represent a natural framework for integrating
and exploiting these different datasets. As part of a UK
government funded project in Integrative Biology[49], we are
using grid technology and high performance computing
to perform multiscale simulations of cardiovascular
disease [25,27] and cancer [12,37,44,50]. The protype multiscale
model of a colonic crypt that we are developing uses a
lattice-free model to describe epithelial cell movement
and will incorporate subcellular, biochemical phenomena,
such as the Wnt signalling pathway and detailed models
of the cell cycle[51]. For example, using our Wnt signalling
model[37], it is possible to determine β-catenin levels in
the nucleus (and hence involved in gene expression) and
the number of molecules forming adhesion complexes,
and how these values change with the extracellular Wnt
stimulus. By incorporating this information into our
multiscale model, we will investigate the way in which
Wnt signalling co-ordinates cell movement, proliferation
and differentiation along the crypt axis. Additionally,
with knowledge of how single and double mutations in
the genes coding for APC and β-catenin affect the Wnt
signalling pathway, we may use our model to simulate
the spread of mutant cells and establish whether their
ability to colonise a crypt depends on the spatial location
at which the mutation originates. This will provide a
comparison of the top-down and bottom-up theories
of adenoma formation. By further extending our model
to account for the attachment of epithelial cells to the
underlying tissue stroma, it will be possible to see how
increases in cell proliferation associated with CRC and
changes in cell-stroma adhesion contribute to crypt
fission. Finally, by upscaling or homogenising our cell-
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level models, we aim to derive tissue scale models similar
in form to that of Edwards and Chapman[44]. In addition
to per mitting the simulation of large tissue regions
(and hence the colonisation of neighbouring crypts by
malignant cells), this will enable us to relate tissue level
parameters, associated with, for example, cell proliferation
and adhesion to experimentally measurable quantities, such
as nuclear β-catenin levels and extracellular concentrations
of Wnt factors.
Mathematical modeling and computational methods are
not only powerful tools for enhancing our understanding
of how tumours originate and grow; they may also be
used to improve cancer diagnosis and treatment. Hence,
modern imaging techniques make it possible to detect and
stage the primary tumour and to identify the presence of
early metastases, thereby facilitating patient management
decisions [52]. Furthermore, a number of mathematical
models have been developed to investigate tumour
invasion[53,54] and metastasis[55,56]. Such models could, in
principle, be adapted to evaluate the aggressiveness of
colorectal neoplasms. Finally, we anticipate that in silico
studies will be exploited to predict a patient’s prognosis
following cancer therapy and/or surgery[23,52,57].
In summary, we believe that mathematical modeling
has an important role to play in advancing our understanding of CRC. In addition to being used to test
biological hypotheses (concerning, for example, adenoma
formation), well-validated models have the potential for
generating new theories (regarding, for example, the ways
in which phenomena at different spatial and temporal
scales interact) that will themselves stimulate further
experimental work. In the longer term, and perhaps most
importantly, realistic simulation tools of crypt turnover
should assist in the development of new drugs and the
optimisation of existing therapies for treating CRC.
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Abstract
Advanced medical imaging and visualization has a strong
impact on research and clinical decision making in
gastroenterology. The aim of this paper is to show how
imaging and visualization can disclose structural and
functional abnormalities of the gastrointestinal (GI) tract.
Imaging methods such as ultrasonography, magnetic
resonance imaging (MRI), endoscopy, endosonography,
and elastography will be outlined and visualization with
Virtual Reality and haptic methods. Ultrasonography is
a versatile method that can be used to evaluate antral
contractility, gastric emptying, transpyloric flow, gastric
configuration, intragastric distribution of meals, gastric
accommodation and strain measurement of the gastric
wall. Advanced methods for endoscopic ultrasound,
three-dimensional (3D) ultrasound, and tissue Doppler
(Strain Rate Imaging) provide detailed information of
the GI tract. Food hypersensitivity reactions including
gastrointestinal reactions due to food allergy can be
visualized by ultrasonography and MRI. Development of
multi-parametric and multi-modal imaging may increase
diagnostic benefits and facilitate fusion of diagnostic and
therapeutic imaging in the future.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Medical imaging has a strong impact on clinical decision
making and its significance and utility seems increasing.
In the field of gastroenterology, new imaging methods
like double-balloon and capsule enteroscopy are recent
additions to the more traditional methods. In contrast to
X-ray, Computed tomography (CT), magnetic resonance
imaging (MRI), single photon emission computed
tomog raphy (SPECT) and positronen emissionstomographen (PET) scanning, ultrasonography is a
clinical method that can easily be applied even bedside
using mobile, hand-car ried scanners [1] . Despite its
favourable cost, availability, flexibility, and user friendliness,
ultrasonography stands out as the imaging method with
highest temporal and spatial resolution. In addition,
its real-time and functional imaging capacity makes it
well suited for soft tissue modelling. Ultrasonography
can provide physiological, pathopfysiological and
biomechanical information to the clinician and constitutes
an important tool in the diagnosis and follow up of large
populations of patients.
The gastrointestinal tract is a very long system of
organs that poses a particular challenge to medical imaging.
In this paper, we aim at outlining how advanced imaging
and visualization, particularly ultrasonography is able to
disclose structural and functional information of the GI
tract.

FUNCTIONAL ULTRASONOGRAPHY
Functional ultrasonography (f-US) is ultrasound imaging
of organ function, in contrast to conventional imaging of
anatomic structures. Using f-US, information on motility,
biomechanics, flow, perfusion, organ filling and emptying
can be obtained non-invasively.

Gilja OH et al . Imaging of the GI tract
Figure 1 Ultrasonogram of the fluid-filled
gastric antrum showing the different wall
layers and a propagating contraction wave
that occludes the lumen.

Contractile activity
Ultrasonog raphy can provide both qualitative and
quantitative information about motility, both in a fasting
state and after meal ingestion. Gastric contractions and
propagation of waves can be visualized and monitored
by ultrasound[2-7]. Both frequency and amplitude are easily
measured; the latter defined as the maximal reduction of
antral area induced by a contraction, as a fraction of the
relaxed area. High resolution ultrasound using frequencies
in the range 7-15 MHz enables detailed studies of gastric
wall layer involvement during peristalsis (Figure 1).
Ultrasound is more sensitive than manometry in detecting
antral contractions and in particular the detection of nonocclusive contractions[8].
Acute mental stress induced by a video game in which
the subjects were driving a simulated car trying to avoid
collisions on a highway, reduced postprandial antral
motility during the stress period in healthy volunteers,
but not in patients with functional dyspepsia [9]. Stress
mainly reduced the amplitudes of antral contractions and
cisapride had no effect on these stress-induced responses.
Gastric emptying
Ultrasonography has been widely used to assess gastric
emptying rates[10-16] and good correlation to radionuclide
estimates of emptying rates have been detected [12,17,18].
However, ultrasound is best suited for emptying of liquid
meals. Scintigraphy, with appropriate labelling of the test
meal components and appropriate corrections applied,
is still considered the gold standard for measurement of
gastric emptying. However, its application is limited by the
need to restrict exposure to ionising radiation. In depth
description of ultrasound estimation of gastric emptying
and findings in functional dyspepsia have been reported
elsewhere[19].
Gastroduodenal flow
The movements of gastroduodenal contents and velocity
cur ves of transpyloric flow can be synchronously
visualized by duplex ultrasound, a combination of Doppler
measurement and B-mode image[20,21]. It has been shown,
using duplex scanning, that a short gush of duodenogastric
reflux normally precedes the peristaltic closure of the
pylorus. An antral contraction can be defined as an
indentation of the gastric wall greater than one antral wall
thickness observed to propagate in space and time, as
long as the indentation is not due to respiration, pulsation
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transmitted from the aorta or heart, or to movements of
adjacent intestine. First gastric emptying is defined as the
first occurrence of gastric emptying after drinking the
“test” soup. An episode of gastric emptying is defined as
flow across the pylorus with a mean velocity of more than
10 cm/s lasting for greater than one second. Occluding
peristaltic-related transpyloric emptying is defined as
gastric emptying associated with contractile activity in
which the ultrasound image demonstrates an occlusion
of the stomach wall. Non-occluding peristaltic-related
emptying is defined as transpyloric emptying of gastric
contents associated with contractile activity of the gastric
wall which does not occlude the lumen. During maximal
contractions transpyloric flow can be seen passing back
and forth through the open pylorus. Non-peristalticrelated transpyloric emptying can be defined as transpyloric
emptying of gastric contents, without contractions
detected on ultrasound or manometry. Using this Doppler
method, timing of postprandial dyspeptic symptoms and
transpyloric passage of gastric contents can be studied
with great temporal and spatial resolution[22], including
after pharmacological intervention[23].
Gastric emptying of a low calorific liquid meal follows
sequences of emptying-reflux-emptying pulses. About
half of the sequences are peristaltic related, but both nonoccluding, peristaltic related and non-peristaltic related
emptying sequences occur. Non-peristaltic related flow
sequences have often more alternating emptying-reflux
episodes than those associated with peristalsis, and the
duration of non-peristaltic related emptying and reflux
pulses are longer. The pressure gradients for all types of
emptying are low and the pressure gradients during nonperistaltic related emptying are significantly lower than
during peristaltic related emptying.
Flow can only occur in the presence of an open
pylorus. Transpyloric flow can be classified into flow
associated with a local increase in the pressure gradient
between antrum and duodenum (Pa-Pd) due to antral
propagating pressure waves, and flow associated with a
common cavity pressure difference between the distal
antrum and the proximal duodenum as was observed
during non-peristaltic related flow. The second type of
flow is independent of peristalsis and is likely to be caused
by changes in gastric tone, or by pressure changes outside
the stomach such as aortic pulsation and inspiration.
Hausken and co-workers also developed a noninvasive method for evaluating transpyloric flow and
duodenogastric reflux stroke volumes using a threedimensional guided digital color doppler imaging model[24].
They studied healthy subjects both during ingestion of a
soup meal and 10 min postprandially. Cross-sectional color
doppler digital images of duodenogastric reflux episodes
were acquired with a 5-3 MHz phased array transducer.
The 3D position and orientation data were acquired
using a magnetic sensing system. They found high intraand inter individual variations of the stroke volumes
of transpyloric flow episodes during the initial gastric
emptying. The duodenogastric reflux episodes lasted on
average 2.4 s with a volume of on average of 8.3 mL. This
method minimized geometric assumptions and angular
ambiguity.
www.wjgnet.com
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Figure 2 These graphics outline the relative radial strain of the circular muscle
layer of the antral wall. The exact sampling point in the gastric wall is denoted
with a red marker in the color Doppler ultrasonogram of the left panel. In the right
panel, the positive strain curve with a maximum of 150% radial elongation of the
muscle layer is demonstrated.

Strain rate imaging
Tissue Doppler imaging (TDI) enables mapping of
local tissue velocities, thus increasing the physiological
information about moving walls[25,26]. However, the point
velocity of tissue does not differentiate between actively
contracting and passively following tissue. Therefore, a
Doppler method based on strain rate imaging (SRI) and
estimation of relative strain was developed to enable
this differentiation. In general terms, strain means tissue
deformation as a function of applied force (stress) [27].
The temporal derivative of strain, i.e. the strain rate, is a
measure of the rate of deformation.
Doppler SRI was evaluated in vitro using a silicone
strip phantom mimicking slowly moving tissue [28] . A
test apparatus was developed that enabled controlled
strain experiments with variable strain and strain rate to
be performed. We found low intra- and interobserver
variation. For the SRI method to give accurate estimates
of strain, the strain sample size should be in the region of
2 mm and averaging over several ultrasound (US) beams
increased the accuracy further.
In another study, we evaluated the accuracy of SRI in
measuring strain in the porcine antral wall in vitro[29]. An
experimental set-up enabled controlled distension of a
porcine stomach in a saline reservoir. SRI gave accurate
measurement of radial strain of the antral wall, but seemed
to be less accurate for measurement of circumferential
strain in this in vitro set-up.
Estimation of relative strain of the muscle layer of
the gastric wall by Doppler ultrasonography is feasible
(Figure 2) and enabled detailed mapping of local strain
distribution[30,31]. SRI is capable of distinguishing contractile
activity of the longitudinal and circular muscle layers, even
though the two layers cannot be separated visually in the
2D images. During balloon distension of the antrum, we
found a significant inverse correlation between pressure
and SRI measurement (r = -0.87). Ongoing studies are
evaluating whether SRI can be applied to evaluate the
relation between symptoms and biomechanical factors in
dyspepsia.
Ultrasonography to evaluate gastric accommodation
A sonographic method for assessment of proximal
gastric size was developed to estimate accommodation of
www.wjgnet.com

Figure 3 An oblique frontal section applied for ultrasound scanning of the proximal
stomach. The top margin of the fundus is shown as a white line in the bottom of
the image. A proximal gastric diameter is outlined in the frontal section by tracing
normally to the longitudinal axis of the proximal stomach, thus indicating the size
of the proximal stomach.

meals[32]. The transducer was positioned in the epigastrium
by the left subcostal margin and tilted cranially while the
subject was sitting in a chair, leaning slightly backwards.
Two standardised sonographic image sections were
chosen to monitor the size of the proximal stomach.
First, a sagittal section with the left renal pelvis in a
longitudinal projection, using the left lobe of the liver
and the tail of the pancreas as internal landmarks, was
recorded. Then, the transducer was rotated 90° clockwise
to obtain an oblique frontal section where the top margin
of the fundus is clearly visible (Figure 3). Utilising this
technique the existence of an impaired proximal gastric
accommodation to a meal in patients with functional
dyspepsia was observed[33]. Impaired proximal stomach
accommodation was in fact a much more prevalent
finding than a wide gastric antrum. Because nitric oxide
(NO) is a key neurotransmitter in the reflex regulating
adaptive relaxation, it was tempting to administer glyceryl
trinitrate, an exogenous donor of NO, to patients with
functional dyspepsia to examine if it would improve
gastric accommodation and symptoms in response to a
meal. In a double blind placebo-controlled cross-over
study, Gilja et al [34]demonstrated that glyceryl trinitrate
caused a concomitant improvement of proximal gastric
accommodation and epigastric pain, nausea and total
symptom scores in response to a meat soup meal.
This 2D method has also been used to study gastric
accommodation in diabetes mellitus[35], in patients with
reflux oesophagitis[36], in liver cirrhosis[37], and in children
with recurrent abdominal pain[38]. The method has also
been applied to study pharmacological intervention[39] and
the effect of a barostat bag in the stomach[40]. In contrast
to the barostat, ultrasonography is a non-invasive and
widely available method for the study of accommodation
of the proximal stomach.

3D ULTRASONOGRAPHY
A method for volume estimation of the stomach based
on mechanical tilting acquisition of 3D ultrasonography
was developed[41]. Using a motor device, the transducer
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was tilted through an angle of 90°, capturing sequential
2D-frames before the data set was transferred to a graphic
workstation for final 3D processing. This 3D ultrasound
system demonstrated excellent accuracy in vitro both on
phantoms[42] and on animal organs. Furthermore when
validated in vivo against magnetic resonance imaging (MRI)
this 3D system was in good agreement with the MRI and
produced results with high precision[43]. This system has
also been used to study diseases of the liver[44], and to
evaluate patients with functional dyspepsia[45-47]. However,
this 3D investigation could only acquire a 90° fan-like
data set from a pre-determined, fixed position of the
transducer. Accordingly, a mechanical acquisition system
like this could only capture small volumes of data and not
cover completely a large organ like the stomach or liver.
To enable scanning of the fluid-filled stomach, a
commercially available magnetometer-based position and
orientation measurement (POM) device was interfaced to
the scanner. This system for magnetic scanhead tracking
(Bird, Ascencion Technology Inc. Vermont, USA) was
validated both with respect to its precision in locating
specific points in space[48] and to its accuracy in volume
estimation[28,49]. For the first time, total gastric volumes
and intragastric distribution of meals could be studied
by ultrasonography[50]. Sagittal sections of the stomach
were recorded throughout its entire length, starting in the
proximal part where the transducer was positioned by the
left subcostal margin and tilted cranially to image the most
superior part of the stomach. After stepwise scanning
of the proximal stomach angling from left to right, the
transducer was moved and held to insonicate normally
to the skin surface. Then the distal stomach was scanned
stepwise moving distally to the gastroduodenal junction.
We validated this 3D ultrasonographic method in vivo
in healthy controls[51]. A barostat bag was positioned in the
proximal stomach of 6 healthy subjects who underwent
scanning with the Bird ® magnetic system. This 3D
ultrasound system correlated very well to infused volumes
and showed very good agreement with true volumes,
and in addition there was low inter-observer variation.
Patients with reflux esophagitis exhibited an abnormally
large volume of the proximal stomach soon after a
liquid meal, concomitant with the perception of fullness.
The abnormal distention of the proximal stomach may
represent a pathogenic mechanism in reflux oesophagitis.
In functional dyspepsia, poor accommodation of
the proximal stomach to a meal has been found in many
studies[33,52-54]. Drinking capacity is often reduced in these
patients and drink tests may therefore have a diagnostic
potential. A simple drink test in combination with 3D
ultrasonography was applied in a test using Toro meat
soup, Nutridrink, and water[55]. The meals were ingested at
a rate of 100 mL/min until maximal drinking capacity was
reached. Intragastric volume at maximal drinking capacity
was determined using 3-dimensional ultrasonography.
Optimal discrimination between patients and controls was
obtained by the combination of symptoms and intragastric
volume (S/V) using meat soup as the test meal. In another
study, an analytical method was developed to describe
the three-dimensional geometry of the gastric antrum,
the gastric fundus and the whole stomach based on 3D
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Figure 4 A 3D reconstruction of the total stomach volume (red) in the upper left
panel. The acquisition is based on magnetic scanhead tracking. Three orthogonal
orientation planes are shown in red, green and blue. The upper left panel is a
volume reconstruction window where manual outlining of the structures are made.

ultrasound acquisitions[56]. The Fourier series method was
used to simulate the organ surface geometry. The principal
curvatures spatial distributions were non-homogeneous in
the gastric antrum, gastric fundus and the stomach due to
their complex geometry.
Data processing and display requires specialized
computer software to handle the ultrasound images. We
have, in collaboration with Christian Michelsen Research
(Bergen, Norway) and Vingmed Sound (Horten, Norway),
developed a software package called EchoPac3D® to help
with this process [57,58]. EchoPac3D enables the import
of image data that are acquired both with mechanical
devices and magnetic position sensors as well as with
endosonographic acquisitions. Manual segmentation or
semiautomatic rendering of structures in the 3D data set
makes accurate volume estimation and reconstruction
of organs or pathologic tissue achievable. A display of
the EchoPac3D software is shown in Figure 4. The 3D
ultrasound system used in our lab is outlined more in
depth in a previous review[59].

FUNCTIONAL IMAGING OF THE ESOPHAGUS
Esophageal function in swallowing and competence in
gastro-oesophageal reflux has traditionally been assessed
with manometry, or alternatively barium radiography.
Standard manometry with relatively few (3-8) channels
measures the pressures generated in the distal and
proximal sphincters and in the body of the esophagus.
With high-resolution manometry and computer-generated
graphics, a much more detailed and complex picture is
composed from 16-24 pressure signals evenly spaced
along the catheter, allowing for detailed analysis of the
physiology of peristalsis and sphincter function. Highresolution manometry has recently been used to study
the physiology of peristalsis and the pathophysiology of
gastro-oesophageal reflux in patients with reversible hiatal
hernias[60].
Manometry has important limitations in studies of
oesophageal motor function. Firstly it does not measure
bolus transport. Furthermore it measures exclusively
www.wjgnet.com
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contractions of the inner circular muscle layer of the
oesophageal wall, and only if and at the time when a
contraction obliterates the lumen around the catheter.
These limitations can be overcome with high-frequency
intraluminal ultrasonography (HFIUS), with which one
can measure the thickness and contractile activity of the
muscularis propria, and also to some extent that of each
separate muscle layer. It has been demonstrated that
it is possible to detect hypertrophy of the muscularis
in hypercontractile disorders of the esophagus such as
achalasia, diffuse oesophageal spasm and nutcracker
esophagus[61]. Contractile activity of the longitudinal muscle
layer is thought to contribute stiffness and support to
the peristaltic wave generated in the inner circular muscle
layer. Isolated sustained contractions of the longitudinal
layer are seen as increased muscle thickness, and have
been shown to coincide with sensations of chest pain in
patients with idiopathic chest pain [62]. Furthermore, in
patients with heartburn, symptom episodes were preceded
by similar contractions, whether associated with acid reflux
occurred or not. Asynchrony between contractions of the
muscle layers are also likely to contribute to symptoms[63].
The miniaturization of HFIUS probes allows them to be
combined with manometry and laser Doppler flowmetry
into multi-modal catheters for studying the biomechanical
parameters and genesis of pain in healthy subjects and
patients with idiopathic chest pain[64].
Radiographic studies with barium contrast have
traditionally been used to screen for motility disorders
of the esophagus and when properly performed, can be
extremely useful. These techniques have occasionally been
combined with manometry to quantify parameters of
sphincter function. Scintigraphic studies only assess bolus
transport. Bolus transport has also recently been studied
with multichannel intraluminal impedance (MII), which
measures lumen dilatation at the time of passage of a food
bolus, enabling one to classify food passage as complete or
incomplete. MII can also be combined with manometry.
Multiple impedance channels as well as manometry are
also incorporated into the functional lumen imaging
probe (FLIP) for studying the distensibility and opening
characteristics of the oesophago-gastric junction[65]. The
limitation of impedancemetry is that it only measures the
geometry of the lumen and not the wall of an organ and
therefore yields limited biomechanical data. However, in
contrast to any other medical imaging technology, FLIP
is capable of providing quasi-3D lumen geometry in real
time.
Recently, endoscopy of the oesophageal mucosa has
been supplemented by the promising new method of
confocal laser endoscopy, which allows a detailed study
of mucosal layers. The characteristics of dysplasia and
minor changes of inflammation have been evaluated
in preliminary studies, indicating that the method may
become an important guidance for detecting early cancers
in the metaplastic or squamous oesophageal mucosa[66].

DYNAMIC ENDOSONOGRAPHY OF THE GI
TRACT
Endosonography (ES) is performed with intraluminal
www.wjgnet.com

March 7, 2007

Volume 13

Number 9

ultrasound transducers which can be inserted blindly into
hollow organs or under endoscopic guidance (EUS). ES is
usually performed as B-mode imaging but other modalities
can also be applied (M-mode, Doppler, elastography).
EUS makes visualisation of the mucosal surface of the
GI tract as well as the individual wall layers, adjacent
organs and other structures possible. Real-time ES probes
allow imaging of GI motility and biomechanics and when
a probe is used to apply pressure directly to the tissue,
information about tissue stiffness can also be obtained[19].
Instrumentation
The small diameter of ES-miniprobes allows these
probes to be inserted through the biopsy channel of
conventional endoscopes or a suitable catheter. Currently
available miniprobes operate with ultrasound frequencies
between 12 and 30 MHz. Dedicated echoendoscopes
combine endoscopy with integrated radial or curvilinear
array ultrasound transducers with frequencies between
5 and 30 MHz. New echoendoscopes can be connected
to modern ultrasound machines with advanced software
making it possible to use different ultrasound modalities
(B-mode, M-mode, Doppler, sonoelastography, strain rate
imaging, 3D-imaging, contrast-enhanced ultrasound).
Endosonographic assessment of GI biomechanics
Biomechanical functions of the GI tract and neighbouring
organs have in recent years been increasingly studied with
real time endosonography. Both active properties such as
peristaltic contractions (motility) and active and passive
forces and deformation (biomechanics) of the tissue
can be visualized with this technique[67]. ES- miniprobes
combine the advantages of high ultrasound frequencies
with small transducers thus being a technique which can be
combined with other methods, especially with manometry.
Echoendoscopes are suitable for examination both of
the GI wall and for studying extraintestinal organs and
structures because they use lower ultrasound frequencies
and have larger ultrasound transducers.
The GI tract and wall layers
The normal GI wall is imaged by ES as a layered structure
consisting of several layers (5-9 layers) but most often a
5-layer structure is seen[68]. Many disorders and diseases
may have an influence on GI wall morphology, motility
and other biomechanical functions which can be examined
using ES. The transducer can also be used as a diagnostic
tool to “palpate” the GI wall, thus giving additional
information about changes in GI wall thickness, layers and
echogenicity[69].
Esophagus
Endosonographic changes of the esophageal wall,
especially the proper muscle layer, have been found
to correlate with the increase in luminal pressure by
manometry. Hoff et al [64] have described a multimodal
device which can be inserted into esophageus combining
bag distension, manometry, high frequency intraluminal
ultrasound, laser Doppler flowmetry and symptom
registration. Preliminary experience indicates that these
modalties can be used in combination without significant
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Figure 6 Endoscopic image of a tumour in the
colon (arrow, top). An ultrasound miniprobe is used
to “palpate” the relatively soft echo-rich tumour
(arrow) which is a lipoma.
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Figure 5 Small bowel
loops (arrows) imaged
from the stomach with
an echoendoscope. Liquid within the gastric
lumen gives an excellent
acoustic window.

←
←
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Figure 7 ES-elastography (colour coded, left) in chronic pancreatitis displaying
hard (blue) and softer (green) areas (left, large arrow). Corresponding B-image
(right, arrow). Transducer pressure is indicated by a scale (small arrow).

and detrimental technical influence on each other. In a
study by Taniguchi et al[70], the esophagus was investigated
with M-mode ES and manometry. Swallowing events were
found to produce simultaneous increases in intraluminal
pressure and esophageal wall thickness. Furthermore,
patients with achalasia and nutcracker esophagus have
been examined with both ES and manometry showing
high correlation between wall changes and manometric
findings. Patients with sclerodermia may also demonstrate
abnormal ES findings in the esophageal wall due to
smooth muscle atrophy and variable fibrosis and collagen
parameters. In patients with reflux esophagitis, ES often
demonstrates inflammatory changes affecting all, or
individual, wall layers in the distal part of the esophagus
as well as demonstrating abnormalities in peri-esophageal
tissue and lymph nodes. These morphologic changes may
thus affect esophageal motility and thereby also influence
acid clearance.
Stomach, duodenum and extraintestinal organs
In wide and cur ved org ans ES can be technically
challenging but ES is a well documented method for
examination of the stomach, duodenal wall, retroperitoneum, pancreas, vessels, common bile duct and part
of the liver. The stomach and duodenum represent
good acoustic windows for transmural imaging and for
transducer palpation of extraluminal organs (Figure 5).
Thus, dynamic changes of the pancreatic duct in suspected
chronic pancreatitis can be examined by ES after drug

administration (Secretin) or by compressing the organ with
the transducer. A device which combines endosonographic
real-time imaging with intraluminal volume-controlled
bag distensions has also been developed for use in large
lumens. Detailed images of GI wall layers corresponding
to the area of bag pressure can be obtained using this
technique.
Rectum, colon and small intestine
Rectum and the large bowel may be examined with
dedicated echoendoscopes and rectal probes. However,
transcolonoscopic ES using miniprobes is a practical method
for imaging the colon and rectum wall (Figure 6). The small
intestine can now be examined by capsule endoscopy
or with enteroscopes. Capsule endoscopy is performed
with a small device which is swallowed by the patient
and endoscopic imaging of the entire small intestine
is possible. ES/EUS of the small intestine may in the
future be accomplished if a miniature ultrasound device
is integrated in the capsule or in an enteroscope. The
interpretation of wall layers, biomechanics and motility of
the small intestine and large bowel is as for the upper GI
tract.
Elastography
The stiffness of the GI wall and the individual wall
layers can be evaluated by compressing the tissue with
the ES transducer. Sonoelastography (SE) and SRI are
new ultrasound methods which can give information
about tissue hardness and contractility [31,71,72] . The
underlying principle of SE is that the deformation of
tissue by a mechanical excitation is a function of its
mechanical properties. For gastrointestinal purposes, the
intraluminal pressure may be used as the excitation force.
Imaging of ultrasound tissue elasticity has thus gained
considerable interest as a method to differentiate normal
from abnormal tissue. Cancer and inflammation may be
otherwise influenced by transducer pressure than normal
tissue and SE. Color codes seems to be a helpful technique
to separate pancreatic cancer from chronic pancreatitis
(Figure 7).
Strain rate imaging provides quantitative information
on velocities within a tissue. By color-coded tissue velocity
imaging, velocity data from the whole field of view
are available simultaneously. This allows extraction of
parameters through spatial and temporal processing of
www.wjgnet.com
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the velocity data. Trans-esophageal probes primarily used
in echocardiography can also be inserted into the stomach
thus having potential for SRI of esophageal and gastric
motor function.
3D ES images can be obtained using images acquired
by both echoendoscopes and miniprobes. 3D-ES may be
applied for improved recognition of the GI anatomy and
pathological lesions. Mostly, a pullback device has been
used to obtain parallel 2D images which are reconstructed
to a 3D-image[73]. However, the recent development of
3D real time transducers and advanced software programs
opens the way for three-dimensional motility and otherwise
dynamic studies of the GI tract.

FOOD HYPERSENSITIVITY AND IMAGING
Intolerance to food is prevalent in the general population.
In Western countries, the frequency of perceived food
hypersensitivity is as high as around 25%. However, only
2% of the population have food allergy as medically
defined. It is therefore important, and often a challenge,
to prove whether the ingestion of suspected food items
really causes symptoms, and by which mechanism.
Hypersensitivity is defined as objectively reproducible
symptoms or signs, initiated by exposure to a defined
stimulus at a dose tolerated by normal subjects. The
term “food allergy”, should be restricted to reactions
mediated by classical immune mechanisms. It is divided
into IgE-mediated food allergy (type-Ⅰ), mixed IgE
and non-IgE-mediated, and non-IgE-mediated food
allergy. Non-IgE-mediated food allergy (type Ⅲ or Ⅳ)
involves cell-mediated immunologic reactions, immune
complex formation or complement deposition. Non-IgEmediated allergic reactions are therefore subdivided into
those in which the reaction is initiated predominantly by
mechanisms associated with allergen-specific antibodies
other than IgE, and those in which a cellular response is
predominant.
Subjective food hypersensitivity
Subjective food hypersensitivity is poorly defined. In
practice, the diagnosis is based on self-reported symptoms
and absence of indications of allergic and non-allergic
hypersensitivity mechanisms or organic disease that can
explain the symptoms. Many patients with organic or
functional gastrointestinal disorders claim that they are
intolerant to various kinds of food. For instance, in a
recent study from our department, 75% of the patients
with H pylori positive dyspepsia claimed intolerance for one
or more food items. Eradication of the bacterium reduced
the prevalence of food intolerance significantly, but 51%
of the patients still reported food intolerance[74]. Likewise,
patients with irritable bowel syndrome (IBS) commonly
report various kinds of food hypersensitivity[75,76].
A typical food allergic reaction
In an allergic rat, intestinal provocation with an allergen
elicits mucosal swelling and leakage of plasma into the
lumen lasting a couple of hours before the mucosa returns
to normal[77]. The mucosal hyperaemia and exudation of
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plasma is regarded as a non-injurious defence mechanism.
In man, the intestinal response to food allergens is less
well characterised, but the consequences appear to be
much the same[78]. Massive luminal influx of fluid might be
the cause of the symptoms, which usually are acute, shortlasting abdominal cramps, nausea and diarrhoea. A major
problem in such IgE-mediated reactions is that all traces of
an allergic reaction might have disappeared at the time of
consultation. A positive skin prick test and abnormal levels
of total or specific IgE indicate allergic predisposition, but
do not prove that the complaints of the patients are in
any way related to allergy. Therefore, a provocation test is
often mandatory.
Double-blind placebo-controlled food challenge
The best method for diagnosing food allergy is still not
known. For many years, double-blind placebo-controlled
food challenge was considered the “gold standard”.
Because the procedure is extremely labour-intensive and
time-consuming, and the assessment based on subjective
symptoms such as abdominal discomfort and bloating,
which makes the results more equivocal than generally
thought, the method has become disputed. In practice,
the diagnosis relies on history, documentation of IgEsensitisation by skin prick tests or serology, registration
of food intake, elimination diets and open provocation
tests. Double-blind placebo-controlled food challenge is
seldom performed. Other cumbersome methods such as
endoscopic food allergen injection[79], jejunal perfusion
and recording of the intestinal mucosal response by
endosonography[80] have been tried, but further evidence is
required before these methods may be applicable in clinical
routines.
Response to intestinal provocation monitored by
endosonography
The duodenal mucosa was challenged with allergen
extracts via a nasoduodenal tube in 20 patients with selfreported adverse reactions to food. Seven of the patients
had food allergy according to history, specific IgE and skin
prick tests, whereas the remaining 13 patients were said to
have food intolerance.
The tube was positioned with its tip in the descending
part of the duodenum by first introducing a stylet during
gastroduodenoscopy and thereafter pushing the tube
in position over the stylet. The correct position of the
tube was checked by fluoroscopy. Endosonography was
performed by pushing a 20 MHz miniature ultrasound
probe (Fujinon Sonoprobe System, SP 701, Omiya City,
Japan) through the tube and installing a suspension of
the suspected food item into the duodenum through the
tube after temporarily withdrawing the ultrasound probe.
Apparently, the mucosal responses were potentiated if
the mucosal barrier was weakened by installing 10 mL of
48% alcohol either simultaneously of just prior to food
challenge. Alcohol alone had no effect. The thickness of
mucosa, submucosa and muscularis propria was measured
directly on ultrasonographic sections frozen on the
screen every 3 min before and after allergen challenge.
Clinical symptoms were recorded at same intervals. After
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Figure 8 Endosonographic
changes i.e. any resolvable wall
thickening of the duodenum,
contraction or new echogenic
layer) were observed in
many patients with food
hypersensitivity. Increased
mucosal thickness associated
with a new echogenic layer was
seen in two patients[82].
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Figure 9 The sonographic features; wall thickness and diameter of the duodenal
bulb and jejunum, peristalsis activity, and luminal fluid were recorded before and
during allergen challenge by external ultrasound. The ultrasonographic view of
the duodenal bulb shows wall thickening and increased diameter in response to
provocation[83].

completing the ultrasonographic recordings, intestinal
lavage was performed by infusing 2 L of an isotonic
solution of polyethylene glycol into the duodenum. The
first clear fluid passed per rectum and all urine voided for
5 h were sampled for analysis.
Endosonographic changes (i.e. any resolvable wall
thickening, contraction or new echogenic layer) were
observed in 15 of the 20 patients (75%). Increased mucosal
thickness in response to provocation was recorded in 11
patients, but not more often or pronounced in allergic
than in intolerant patients. Interestingly, increased mucosal
thickness associated with a new echogenic layer was seen
in two patients and a sustained duodenal contraction
associated with pain lasting 15-20 min in another two
(Figure 8). Intestinal permeability and inflammatory
mediators (calprotectin) were not significantly different in
the two groups.
Response to intestinal provocation monitored by transabdominal ultrasound
The feasibility of using external transabdominal ultrasound
to monitor the response of the proximal intestine to direct
luminal provocation was examined in 32 patients with
chronic abdominal complaints, self-attributed to food
hypersensitivity/allergy[81]. Via a nasoduodenal tube, the
duodenal mucosa was challenged with the suspected food
item dissolved in 10 mL water or saline. Gastrointestinal
symptoms were scored on a visual analogue scale. The
sonographic features (wall thickness and diameter of
the duodenal bulb and jejunum, peristalsis activity, and
luminal fluid) were recorded before and during one hour
after challenge by external ultrasound. Sonographic
changes after challenge were observed in 14 (44%) of the
32 patients (Figure 9). A positive sonographic response
(increased wall thickness, diameter, peristalsis and/or
luminal fluid) was significantly related to positive skin
prick test (P = 0.008) and positive double-blind placebocontrolled food challenge (P = 0.03). A significant
correlation was found between provocation-induced
symptoms and intestinal wall thickness, both in the
duodenal bulb (r = 0.50, P = 0.004) and in the jejunum (r =
0.42, P = 0.02). Intra- and interobserver variation of the
tracing procedure revealed low values.
Sonography appeared to be the most sensitive test
applied. It was positive in 14 patients, while the skin prick
test was positive in 10 and the double-blind placebo-

controlled food challenge in four. However, the specificity
of the new test is not yet known. We conclude that
responses of the proximal small intestines to direct
provocation (swelling of the wall and exudation of fluid
into the lumen) could be visualised by transabdominal
ultrasound, and that this new provocation test may
become helpful in the evaluation of patients with food
hypersensitivity. However, we acknowledge that further
validation studies are required.
Food hypersensitivity reactions visualised by ultrasonography and magnetic resonance imaging
Particularly in the absence of systemic food-specific
IgE, a firm diagnosis of food allergy is difficult. Using
ultrasonography and MRI we were able to visualise the
intestinal response in one such case [82]. A 24-year-old
female presented with self-reported food hypersensitivity,
particularly related to intake of egg. Nausea and diarrhoea
were predominant symptoms. Double-blind placebocontrolled food challenge with raw egg was positive, but all
other conventional tests of food hypersensitivity, including
skin prick test, total and food specific IgE in serum, were
negative. A thorough investigation programme could not
reveal any organic disease. We extended the evaluation
to include two new provocation tests namely monitoring
intestinal wall thickness and the amount of luminal liquid
by external abdominal ultrasound and MRI.
Both ultrasound and MRI investigations indicated
intestinal wall thickening and influx of large amounts of
fluid into the proximal small intestines within 10 min after
duodenal challenge with egg. The response was associated
with abdominal pain and bloating. We conclude that the
response to provocation was typical of an immediate
allergic reaction. Our results indicate that local foodinduced hypersensitivity reactions can occur in the gut
in the absence of systemic indications of IgE-mediated
allergy. Abdominal ultrasonography and MRI might
become valuable tools for documenting such responses.
Visualization of stress-induced responses
It has long been known that there are close anatomical
and functional connections between the enteric nervous
system and the mucosal mast cells. Electron microscopic
examinations show that the two structures are in direct
www.wjgnet.com
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contact [83]. Using intestinal intubation and multilumen
tubes allowing intestinal perfusion studies in man, Santos et
al[78] demonstrated release of histamine and tryptase from
mucosal mast cells in response to stress. The stress model
applied was repeated insertion of the left hand in ice water.
In addition to mast cell mediator release, the response
was characterised by oedema and marked increase in
flow of liquid into the lumen (a well-known consequence
of histamine-induced mucosal hyperaemia). Hence, the
intestinal response to stress includes several features typical
of the response provoked by allergens both in animals[79]
and man [84]. No wonder, therefore, that differentiating
between allergy- and stress-induced intestinal problems in
patients can be extremely difficult.
Food hypersensitivity reactions including gastrointestinal reactions due to food allergy can be visualized by
several modalities. From a practical clinical point of view,
visualization by ultrasound and MRI appear particularly
promising.

INTRALUMINAL MULTIMODAL IMAGING
DEVICES
Within the past five years there has been a considerable
interest in the development of multimodal probes for
studying visceral pain mechanics and physiology. Drewes,
Gregersen and coworkers have, through a series of studies
published from 2001 onwards, developed multimodal
stimulation probes and protocols using mechanical,
thermal, chemical and electrical stimuli with the purpose of
differentiating pain mechanisms. For example mechanical
stimuli are believed to stimulate receptors primarily in
the muscle layers whereas chemical stimuli are sensed by
mucosal receptors. Furthermore, electrical stimulation
is believed to bypass the receptors and to stimulate the
nerves directly. Using an advanced setup the stimuli can
be combined in many ways. In order to study whether
distension-induced pain is due to the mechanical stretch
of to tissue ischemia induced by the distension, Hoff
and coworkers developed a multimodal imaging device
combining bag distension, manometry, high frequency
intraluminal ultrasound, laser Doppler flowmetry and
symptom registration. Successful development of these
modalities will have important implications on our
understanding of functional pain in the viscera and the
development has now passed through several stages and
prototypes were bench-tested before trials were done in
pigs and subsequently in human subjects.
The probe consists of a 6 mm OD multi-lumen
bag catheter with a radial 20-MHz miniature ultrasound
probe with a diameter of 2.6 mm (UM-3R, Olympus
Corp, Tokyo, Japan) and a laser Doppler flow sensor
(Perimed, Sweden) placed inside the bag. Furthermore,
the catheter contained channels for filling and emptying
the bag and for pressure measurements. The laser
Doppler provides a qualititative measure of perfusion in
the mucosa (approximately 1 mm into the mucosa) and
the combined measurement of pressure and geometry
data using ultrasonography allow the computation of
mechanical stress (force per area) and strain (a measure
of deformation). Hence, by running various advanced
www.wjgnet.com

March 7, 2007

Volume 13

Number 9

distension protocols it is possible to differentiate pain
mechanisms.
In a typical study the device is inserted through the
mouth into the stomach and retracted to the esophagus,
with the tip of the bag placed approximately 8 cm
proximal to the upper border of the LES, as determined
with manometry and ultrasound. A total of six distensions
are performed at a bag infusion rate of 15 mL/min. The
inflations are reversed when moderate pain is reported
by the subject under study. The first distensions serve to
precondition the tissue mechanically. The fifth distension
is started 1 min after an intravenous injection of 20 mg
butylscopolaminebromide (Buscopan ® , Boehringer
Ingelheim, Germany). Buscopan serves to inhibit muscle
contraction and thus provides a “cleaner” experimental
situation.
Studies done until now in the human esophagus have
shown that the multimodal imaging device is safe to use
and provides accurate and reproducible data. Furthermore,
the ultrasound and laser Doppler signals do not interfere
with each other. Distensions increase the bag pressure and
lumen cross-sectional area and decrease the wall thickness.
Hence, increase in circumferential wall stress and strain
occurs. Furthermore, the Laser Doppler signal decreases
invariably during bag distensions but artifacts, likely
due to motions, may interfere with the Doppler signal.
Contractions characterized by high amplitudes and long
duration are often associated with a decrease in mucosal
perfusion whereas less strong contractions do not seem to
interfere with tissue perfusion. There are unpublished data
that contradict this hypothesis that distension-induced pain
is ischemia-related. However, such data does not exclude
that functional visceral pain is ischemic, and indeed there
may be dual mechanisms involved in visceral pain. Studies
are ongoing to shed light on this issue.

ADVANCED VISUALIZATION
Advanced screening technologies in medicine drive needs
for image processing research and visualization research.
Image processing deals with issues such as filtering, feature
enhancement, tissue segmentation, and tissue classification.
Visualization is usually performed after image processing,
and deals with the problem of transforming data into a
graphic representation that can aid in understanding the
meaning of the data.
Many medical screening technologies produce slices of
data, which may be aligned to form 3D data. Visualization
has become particularly important when 3D acquisitions
are available and the inspection of the two-dimensional
slices does not justify the particular goal of the medical
procedure. In such cases, 3D visualization provides added
value in terms of more holistic understanding of the data.
Typical examples here are pre-operative surgical planning
or virtual training of medical students.
Medical data is becoming more and more complex.
The resolution of the imaging modalities increases
resulting in an enormous number of cross-sectional ‘slices’
where manual slice-by-slice inspection is just not possible.
Furthermore, new co-registration techniques produce
multimodal data sets, i.e. combinations of CT, MRI, PET,
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Figure 10 Example of a colonoscopy layout in a 3D medical workstation 3Dnet
Examiner (Copyright Biotronics3D Ltd, Used by permission).

and US (ultrasound). In many cases the data are also
acquired over time. This complexity creates a new area for
advanced visualization research, where different data types
can be combined and presented in new ways.
In the following text we will discuss advanced
visualization techniques that assist medical scenarios
dealing with lesions in the gastrointestinal tract. We review
techniques already integrated into daily clinical routine or
currently under development. Following this we give an
outlook of possible research directions for visualization of
the gastrointestinal tract.
Virtual endoscopy
The visualization technique probably having the highest
impact on the diagnostic procedure in gastrointestinal
medicine is the virtual endoscopy[85]. It is mostly applied
to diagnosis of early stage cancer in the colon and aims
to overcome problems associated with original optical
endoscopy. The original procedure is uncomfortable for
the patient, provides limited views, does not give access
to areas behind colon collapses, and introduces potential
risk of lesions due to the endoscope. Virtual endoscopy
is realized as a ‘flythrough’ visualization of the patient’
s body acquired from CT or MRI scanning. The clinician
can freely navigate the camera in the scanned data to select
arbitrary views. The position of the ‘light’ can be also
freely manipulated. The spatial location of the camera in
the volume is depicted in overview, which is linked to the
detail view that shows the actual endoscopic view. This
guarantees that the user does not loose orientation in the
three-dimensional data.
Virtual colonoscopy is one specific type of virtual
endoscopy applied to the data acquired from the patient’
s colon. The goal is to identify polyps on the colon
wall, i.e. indications of early stage colon cancer or the
identification of pre-malignant lesions. The pipeline for
virtual colonoscopy diagnosis starts with acquiring data
(usually using CT modality) of cleaned colon that is
pumped-up with air. The colon structures are then rapidly
segmented, and various analysis tools are applied. For
example, in order to allow easy interaction a default camera
path is located on the pre-computed centerline of the
colon. Additionally, some recent work has concentrated
on shape analysis of underlying data for automatic polyp
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detection[86]. This allows the clinician to focus on the most
important region, and to reduce the overall time of the
diagnosis. The colon data can be shown using surface
rendering in order to clearly identify the polyps or by using
volume rendering to show structures behind the colon
walls[85]. The surface can be rendered directly using firsthit raycasting or a polygonal model of the colon walls can
be generated using the marching cubes algorithm[87], which
are then rendered using standard graphics hardware. In
cases where the clinician is interested in structures behind
the colon walls, the direct volume rendering technique
using semi-transparent colon walls can be selected. This
enables clinicians to examine tissues close to the colon
such as a tumor located adjacent to the colon. An example
of a commercial medical workstation featuring virtual
colonoscopy is shown in Figure 10.
Virtual colonoscopy and virtual endoscopy in general
has its limitations, and optical endoscopy will never be
fully replaced. The quality of the endoscopic visualization
highly depends on the quality of acquired data and the
chosen segmentation technique. The flaws of the data
acquisition and segmentation cannot be usually fixed
during rendering. In contrast to the optical endoscopy, the
visualization is done for the diagnostic purposes only, so
the in-situ analyses (e.g. biopsy probes) are not possible.
The main strengths of virtual endoscopy are clear
understanding of the spatial location and the non-invasive
character of the procedure.
Colon unfolding
A different visualization for inspection and diagnosis of
colon lesions is colon unfolding[88]. The data set is acquired
in the same way as in the case of virtual colonoscopy.
Colon unfolding is, in contrast to previously mentioned
optical and virtual endoscopy, still a research area in
development and not used in daily clinical use. The goal of
colon unfolding is to eliminate all the problems associated
with the manipulation in the three-dimensional space. The
approach performs unfolding of a cylindrical structure
to a plane. Unfolding the tubular structure provides an
instant overview of the entire organ. The topological
change from a cylindrical structure to a planar structure
has the potential to significantly speed-up in the diagnostic
procedure and decision making. This is very important in
order to reduce the overall costs of the process.
The reasons why this technique is still not routinely
used in the clinical setting are the artefacts associated with
the topological change to a planar structure that require
some advanced re-sampling strategies. Typical artifacts of
the re-sampling step are double appearance of the same
polyp in the re-sampled plane or missing a polyp due to
under sampling. Another problem may be missing a polyp
that is located at the ‘cut’ of the cylinder. Careful treatment
of the re-sampling step may, however, make this unfolding
a very powerful and popular feature among clinicians. A
comparison between a real dissected colon containing
polyps and colon unfolding of the CT scan obtained from
the same patient can be observed in Figure 11.
Virtual elastography
Elastography is a new ultrasound screening modality
www.wjgnet.com
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Figure 11 Comparison between real colon
dissection and the resulting visualization of
colon unfolding technique (Copyright Anna
Vilanova, Used by permission).
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Figure 12 Screenshot of current two-dimensional ultrasound elastography
visualization (A) and the Novint Falcon 3D haptic controller (B).

[89]

where the strain of the tissue is measured . Figure 12A
shows one slice of elastography data visualized by means
of standard techniques provided by the hardware vendor.
In this figure blue corresponds to hard tissue, while red
corresponds to soft tissue. Elastography is very well
suited for being combined with new volume rendering
techniques and new haptics (force-feedback) interaction
devices into a solution that may be termed “Virtual
Elastography”. Here the idea is that the strain of the
tissue can often characterize a presence of a tumor as
neoplastic tissue is usually much harder than surrounding
tissue. In such cases, 3D acquisitions followed by volume
rendering techniques can be used to show strain of the
entire three-dimensional structure. Advanced volume
rendering techniques, such as importance-driven volume
rendering [90], can be used to automatically emphasize
features of interest. This can be done by mapping the
tissue strain to the importance function. This will result
in a clear view of the three-dimensional shape of the
entire suspicious region characterized by high strain values.
The clinician will get information about the entire stiff
structure instead of information only about the crosssection. Two-dimensional cross-sections are currently
the only visualization technique supported by ultrasound
hardware vendors. Three-dimensional acquisitions will also
allow for three-dimensional measurements of the volume
of the stiff region, which may influence the selection of
appropriate medical treatment.
In addition to the advanced visualization strategies
using the impor tance-driven conce pt, the vir tual
elastography solution may include smart interaction
hardware such as haptic devices (Figure 12B). Such devices
are used to give the user the sense of touch by applying
forces, vibrations or other motions to the user. The
usage of haptic devices for medicine has, for example,
been studied for remote surgery or training of palpatory
diagnosis[91]. Using the elastography data as input for the
haptic device can very effectivelly convey the stiffness
information to the clinician by means of haptic cues.
Virtual elastography will in this case introduce a completely
new interaction to medicine, i.e. the ability to ‘touch’ and
‘palpate’ a patient’s internal organs.
Navigation 3D maps
Clinicians often refer to the lack of information about
the exact position and orientation of the imaging device
as a limitation or difficulty, e.g. in the practical use
www.wjgnet.com

of endosonography. The large Bird sensor has been
used for many clinical applications including external
GI ultrasonography [50,92]. New virtual reality tracking
technologies, such as the microBIRD (Ascension
Technology Corporation, Vermont, USA), can be used to
overcome this problem even in invasive procedures[93,94].
This device measures position and orientation in real time,
and is designed for use in catheters. The diameter of the
sensor is only 1.3 mm.
Miniature tracking devices are thus enablers for a broad
range of new medical applications. Within endoscopy, it
is very likely to see a development towards solutions we
may call “Navigation 3D Maps”. Here the idea is to firstly
perform screening of the patient prior to the endoscopic
procedure, e.g. by using CT, MRI or PET. Then the
endoscopic intervention is performed by including a
miniature tracking device in the setup. By combining the
screening data and the endoscopic data it will be possible
to visualize the internal structures of the patient together
with endoscopic ultrasound data.
Several technical issues need to be addressed before
we can expect to see Navigation 4D Maps in clinical use.
For example, during endoscopy of the upper GI tract,
the structures can move a considerable amount due to
digestion, heart beating, and breathing. This problem can
be addressed in several ways depending on the medical
procedure. In some cases it may be possible to perform
simultaneous acquisitions of map data and endoscopic
data, while in other cases it may be possible to correct
for movements in the map data. Such corrections can be
based upon acquisitions of cyclic movements, or be based
upon real-time data from the endoscope. In addition it is a
great challenge to explore and evaluate which visualization
techniques that are best suited for each of the broad range
of medical problems being addressed.

CONCLUSION
There are many imaging modalities and visualization
methods that can be used to diagnose and followup patients with diseases of the Gi tract. CT, MRI,
SPECT, PET, X-ray, ultrasonog raphy, endoscopy,
roentgenological and radionuclide methods have different
strengths and weaknesses and must be tailored to the
specific task demanded. Regarding temporal and spatial
resolution, SPECT and PET are at the lower end of,
and ultrasonography is at the high end of, the resolution
spectr um. Reg arding functional imaging capacity,
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X-ray and CT are at the lower end, whereas PET and
ultrasonography are at the higher end of the spectrum.
The introduction of 3D ultrasonographic imaging
in the field of gastroenterolog y seems to improve
standardization of data acquisition and analysis. Moreover,
acquisition time during an unpleasant procedure for
the patient can be reduced. 3D imaging also make
ultrasonography less operator dependant and facilitates
easier interpretation of ultrasonographic images. A
successful development of modern endosonographic
devices can be achieved on the basis of a fr uitful
collaboration between medicine, technology and soft-ware
producers. Different modalities can be merged into new
multimodal devices making it possible to measure multiple
parameters in one procedure. This also paves the way for
fusion of diagnostic and therapeutic imaging enabling
patients to have a one-session procedure.
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Abstract
AIM: To evaluate the long-term outcome and prognostic
factors of patients with hilar cholangiocarinoma.
METHODS: Ninety-six consecutive patients underwent
treatment for malignant hilar bile duct tumors during
1995–2005. Of the 96 patients, 20 were initially treated
with surgery (n = 2 R0 / n = 18 R1). In non-operated
patients, data analysis was performed retrospectively.
RESULTS: Among the 96 patients, 76 were treated
with endoscopic transpapillary (ERC, n = 45) and/or
percutaneous transhepatic biliary drainage (PTBD, n
= 31). The mean survival time of these 76 patients
undergoing palliative endoscopic and/or percutaneous
drainage was 359 ± 296 d. The mean survival time
of patients with initial bilirubin levels > 10 mg/dL was
significantly lower (P < 0.001) than patients with bilirubin
levels < 10 mg/dL. The mean survival time of patients
with Bismuth stage Ⅱ (n = 8), Ⅲ (n = 28) and Ⅳ (n =
40) was 496 ± 300 d, 441 ± 385 d and 274 ± 218 d,
respectively. Thus, patients with advanced Bismuth stage
showed a reduced mean survival time, but the difference
was not significant. The type of biliary drainage had no
significant beneficial effect on the mean survival time (ERC
vs PTBD, P = 0.806).
CONCLUSION: Initial bilirubin level is a significant
prognostic factor for survival of patients. In contrast,
age, tumor stage according to the Bismuth-Corlette
classification, and types of intervention are not significant
prognostic parameters for survival. Palliative treatment
with endoscopic or percutaneous biliary drainage is still
www.wjgnet.com

suboptimal, new diagnostic and therapeutic tools need
to be evaluated.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hilar cholangiocarinomas (Klatskin-tumors) are classified
into 4 stages according to the Bismuth classification: stage
Ⅰ or Ⅱ for tumors expanding up the hilus, type Ⅲ A/B
infiltrating the right or left hepatic duct, and stage Ⅳ with
infiltration of both hepatic ducts and subsegments [1].
Epidemiological data reveal an increasing mortality of
primary intrahepatic cholangiocarcinoma. Because of
the late presentation of symptoms, tumors are usually
diagnosed in their later stages, and thus most therapy
concepts cannot be curative[2, 3]. The prognosis of patients
with hilar cholangiocarcinoma is poor, and the survival
rate reported so far describes a very limited life expectancy
< 3 mo if no treatment is offered. Although radical hilar
tumor is a formidable challenge for surgeons, endoscopic
transpapillary and/or percutaneous transhepatic biliary
drainage offers the best survival[4, 5].
Possible treatment strategies for best supportive care
include endoscopic retrograde cholangiography (ERC) with
transpapillary stent therapy or percutaneous transhepatic
biliary drainage (PTBD)[6-8]. Effective endoscopic stent
placement provides adequate relief of symptoms
associated with biliary obstruction and leads to increased
overall survival [9,10] . Systemic chemotherapy, another
palliative therapy concept, is marginally effective and doselimited because of toxic side effects [11]. Unfortunately,
the efficacy of percutaneous radiation, brachytherapy or
radiochemotherapy is limited[12,13].
In the present study, the clinical outcome of patients
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with hilar cholangiocarinoma was investigated with regard
to possible prognostic factors such as Bismuth stage,
bilirubin levels, age, and types of endoscopic intervention.
Special attention was given to endoscopic transpapillary
versus percutaneous transhepatic biliary drainage.

MATERIALS AND METHODS
Data selection
Long-term follow-up of patients with hilar cholangiocarcinoma undergoing endoscopic and/or surgical therapy
was perfor med by retrospective analysis. The study
included 96 unselected consecutive patients (56 males
and 40 females with a mean age of 67 years) undergoing
treatment for hilar cholangiocarinoma from 1995 to 2005
in the Department of Gastroenterology and Surgery at
the Technical University Munich. Data acquisition was
based on hospital records. Furthermore, follow-up data
were obtained by telephone contact with relatives of the
patients or referring physicians. In order to evaluate the life
expectancy of patients with cholangiocarcinoma, followup analysis was done from the time when the patient
received his or her first treatment until death. Baseline
characteristics were age, gender, bilirubin levels, alkaline
phosphatase, γ-GT, leucocytes, and type of therapeutic
procedures including endoscopic transpapillary drainage,
percutaneous transhepatic drainage and surgery.
Bismuth classification and diagnostic procedures
The biliary stricture location was classified in relation
to the confluence of hepatic ducts as described by
Bismuth-Corlette [1] . Bismuth stage was assessed by
endoscopic retrograde cholangiography, endoscopic
retrograde cholangioscopy, percutaneous transhepatic
cholangiography and/or percutaneous transhepatic
cholangioscopy. In addition, selected patients underwent
computertomography (CT-scan), magnetic resonance
imaging (MRI), or magnetic resonance cholangiopancreatic
ography (MRCP). The final diagnosis was made by surgical
specimens, autopsy, percutaneous ultrasound-guided fine
needle biopsy, endoscopic ultrasound guided-fine needle
biopsy, endoscopic transpapillary forceps biopsy/brush
cytology, percutaneous transhepatic cholangioscopic
guided biopsy, and clinical course.
Treatment strategies
The type of therapeutic procedures depended on tumor
expansion and clinical conditions of patients. If the tumor
was resectable, surgery was the first choice of treatment
for patients in good clinical conditions. In all patients
the possibility of a curative therapy concept with tumor
resection was evaluated. In patients with non‑resectable
tumors or bad clinical conditions, palliative procedure
using endoscopic transpapillary and/or percutaneous
transhepatic biliary drainage was performed. R1‑resected
patients received also endoscopic and/or percutaneous
drainage as a second-line treatment.
Endoscopic transpapillary drainage
ERC was done by a standard videoduodenoscope Olympus
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Table 1 Characteristics, physical and laboratory parameters of
patients at admission

Number of
patients
Age (yr)
Bismuth Ⅱ
Bismuth Ⅲ
Bismuth Ⅳ
Bilirubin
Alkaline
phosphatase
γ-GT
Leucocytes

Resection

No resection

Standart values Scale unit

20

76

-

-

62 ± 8.4
2
7
11
5.4 ± 5.28

68 ± 8.3
8
28
40
10.87 ± 7.11

< 1.2

mg/dL

561 ± 278

610 ± 275

40–120

U/L

401 ± 225
8.95 ± 2.64

365 ± 237
9.21 ± 2.79

< 66
4-9

U/L
G/L

TFJ 160-R (Olympus, Hamburg, Germany). The first ERC
comprised an endoscopic sphincterotomy (EPT) using
an Olympus papillotom (Olympus, Hamburg, Germany)
introduced over a Terumo guide wire. Under radiographic
guidance using contrast fluid bile duct strictures were
localized. Subsequently, one or more plastic endoprotheses
were placed above the stricture to obtain biliary drainage. The
caliber of stents varied between 7 F and 12 F. Elective stent
changes were conducted at a time interval of 3 mo unless the
clinical situation of patients required an earlier intervention.
Percutaneous transhepatic biliary drainage
In patients with percutaneous transhepatic drainage the
biliary system was punctured with a steel needle, and a
nitinol‑coated guide wire (35’’) was introduced into the
bile duct after contrast visualization of the biliary system.
Dilation of the bile duct stricture was carried out using 8 F,
10 F, and 12 F bougies. After a first attempt, a 10 F pigtail
catheter was introduced. In a second attempt, bile duct
dilatation was continued to allow the placement of a 12 F,
14 F or 16 F Yamakawa drainage. The Yamakawa drainage
was changed at a time interval of 3 mo.
Statistical analysis
Survival curves in relation to bilirubin, Bismuth stage and
type of endoscopic procedures (ERC versus PTBD) were
estimated by the Kaplan-Meier curves and comparisons
were made by using the log rank test. P < 0.05 was
considered statistically significant.

RESULTS
Characteristics of patients
A total of 96 consecutive patients underwent treatment for
malignant hilar bile duct tumors during 1995-2005. The
characteristics of patients entered into this study included
mean age of 67 ± 8.6 years, 9.73 ± 7.1 mg/dL bilirubin,
599 ± 277 U/L alkaline phosphatase L, 373 ± 235 U/L
γ-GT, and 9.17 ± 2.75 G/L leucocytes. Of the 96 patients
at the time of their initial diagnosis, 10 were diagnosed
as Bismuth stage Ⅱ, 35 as Bismuth stage Ⅲ, and 51 as
Bismuth stage Ⅳ. Patients with Bismuth stage Ⅰ were not
identified by endoscopic and percutanoeus procedures.
T he characteristics of resected and non‑resected
patients are given in Table 1. A characteristic radiological
www.wjgnet.com
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B Ⅱ/B Ⅲ P = 0.707
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B Ⅱ/B Ⅳ P = 0.169
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Figure 1 ERC/X-ray contrast of the bile duct system in a 57-year old patient with
hilar cholangiocarcinoma (Bismuth Ⅳ).
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examination via ERC is shown in Figure 1. The patients
presented with jaundice (bilirubin > 10 mg/dL) and almost
complete obstruction of the left and right hepatic duct.
Treatment strategies
Of the 96 patients 20 were initially treated with surgery.
Two of these 20 patients had R0‑resection with complete
tumor removal, 18 had R1‑resection. All the 18 R1resected patients had recurrent biliary obstruction, thus
requiring subsquent endoscopic (ERC) and/or PTBD.
Seventy-six out the 96 patients underwent only endoscopic
transpapillary (n = 45) and/or percutaneous transhepatic
biliary drainage (n = 31). Figure 2 shows the algorithm
of treatment strategies in the resected and endoscopic
group. The overall mean survival was 359 ± 296 d in
the endoscopic group, 656 ± 299 d in the R0-resected
group, and 1114 ± 924 d in the R1‑resected group. Due
to the small number of resected patients and unbalanced
baseline characteristics, a direct comparison of survival
time between the endoscopic and resected groups was not
carried out.
Dependence on initial Bismuth stage for mean survival of
non‑resected patients
We investigated the correlation of mean survival time
and Bismuth stage at the time of initial diagnosis in 76

www.wjgnet.com
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Figure 2 Algorithm of treatment strategies.
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Figure 3 Kaplan-Meier estimate for survival depending on Bismuth stage at the
time of initial diagnosis in 76 (A) initial serum bilirubin levels (B), and endoscopic
procedure (ERC vs ERC/PTBD) (C) in 76 non resected patients.

patients with non‑respectable hilar cholangiocarcinoma.
The mean survival time of patients with Bismuth stage Ⅱ
(n = 8), Ⅲ (n = 28) and Ⅳ (n = 40) was 496 ± 300 d, 441
± 385 d and 274 ± 218 d, respectively. The Kaplan-Meier
estimate for survival depending on Bismuth stage is shown
in Figure 3A. The mean survival time of patients with
Bismuth stage Ⅱ was not significantly higher than that of
patients with Bismuth stage Ⅲ (P = 0.707) or Bismuth Ⅳ
(P = 0.169). Patients with Bismuth stage Ⅲ also did not
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Figure 4 Mean survival depending on patients age in the non resected group (n =
76).

have a significantly longer survival time than patients with
Bismuth stage Ⅳ (P = 0.084).
Dependence on initial bilirubin levels for mean survival of
non-resected patients
The Kaplan-Meier estimate for mean survival depending
on serum bilirubin levels at the time of primary diagnosis
is shown in Figure 3B. The mean survival time of patients
with bilirubin levels < 10 mg/dL (n = 36) was 541 ±
420 d, the mean survival of patients with bilirubin levels
> 10 mg/dL (n = 40) was 195 ± 141 d. Thus, in the
non‑resected group, the mean survival time of patients
with initial bilirubin levels > 10 mg/dL was significantly
lower (P < 0.001) than that of patients with initial bilirubin
levels < 10 mg/dL.
Dependence on endoscopic procedure for mean survival
of non-resected patients
The type of endoscopic procedures had no significant
beneficial effect on the mean survival of non‑resected
patient (Figure 3C). Forty-five patients only treated with
endoscopic transpapillary drainage (ERC) had a mean
survival time of 381 ± 286 d, and 31 patients who were
additionally treated with PTBD had a mean survival time
of 368 ± 312 d (P = 0.806).
Dependence on age for mean survival of non-resected
patients
Concerning the age of non‑resected patients at the time
of primary diagnosis, the mean survival rate appeared
to decline with increasing age. The regression line in
the scatter plot (Figure 4) showed that life expectancy
measured in days was reduced to about 50% between the
age of 50 and 80 years at the time of primary diagnosis.

DISCUSSION
Cholangiocarcinoma is the second most common primary
hepatic cancer. Although its overall incidence is low, it is
on the rise globally[14]. Risk factors for development of
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cholangiocarcinoma are liver cirrhosis, primary sclerosing
cholangitis (PSC), chronic choledocholithiasis, liver
cirrhosis, bile duct adenoma, and other rare diseases such
as biliary papillomatosis, Caroli’s disease, choledochal
cyst and parasitic biliary infestation and chronic typhoid
carrier state [15,16]. However, in the majority of patients
with cholangiocarcinoma etiology is unknown. In our
cohort only a minority showed risk factors including liver
cirrhosis or primary sclerosing cholangitis. Consequently,
it remains to be determined what other causes of tumor
development play a role in this disease, specially the role
of bacterial colonisation, e.g. Helicobacter species that
have been previously associated with cholangiocarcinoma
formation.
Most commonly, cholestasis occurs in later stages when
the bile duct is obstructed in the subhilar or hilar regions.
Surgical resection is a mainstay of treatment with curative
intent. However, previous reports indicate that not all
patients are able to undergo a surgical treatment and thus,
palliative options can be offered in a lot of cases[17-19]. In
line with these results, in the current retrospective analysis
tumour resection was performed only in 20/96 patients.
To some extent, surgical procedures have been restricted
since R0‑resection is hard to achieve and preoperative
diagnostic procedure cannot accurately predict stages of
tumor extent and infiltration. In our study R0‑resection
could be achieved in only 2/20 patients. Eighteen of
these 20 patients had no complete tumor removal and
underwent additional endoscopic and/or percutaneous
transhepatic procedures. Of the 96 non‑respectable
patients, 76 underwent endoscopic and/or percutaneous
treatment as the first‑line therapy. It has to be mentioned
that the decision for surgery was biased in our study since
younger patients with lower bilirubin levels were chosen.
Nevertheless, our study supported the resection of the
tumours even more aggressively, which is consistent with
other reports[20,21].
The current study focussed on the long‑term outcome
of 76 patients with non‑resected cholangiocarinoma.
Palliative treatment strategies including ERC and PTBD,
routinely perfor med in our hospital, had only few
complications and were safe and effective measures to
improve excretion of bile fluid. No difference was found
in the effectiveness between ERC and PTBD. However,
previous reports indicate that PTBD may be superior to
ERC[9].
Most important, we found that bilirubin levels at
initial diagnosis were a significant prognostic parameter.
Kaplan‑Meier analysis revealed that bilirubin levels seemed
to correlate with the survival time. So far, no other reports
have shown this association as clear as in the current study,
and thus, this factor needs to be taken into account when
initial diagnose is made.
Other groups performed photodynamic therapy (PDT)
for bile duct cancer and have achieved survival time of 98
d in the control group treated with endoscopic stenting,
and 493 d in the group additionally treated with PDT[22].
Zoepf et al[23] showed that patients not treated with PDT
could survive 7 mo, and those treated with PDT could
survive 21 mo. In the current study the mean survival
www.wjgnet.com
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time of patients undergoing palliative endoscopic and/or
percutaneous drainage was 359 d. Ortner et al[22] showed
that the control group has a significant shorter survival
time, which is comparable to our results. This may be
explained by the lack of adequate bilirubin drop after
endoscopic procedures in the control group.
In conclusion, bilirubin level is a significant prognostic
factor for the survival of patients. Endoscopic and/or
percutaneous biliary drainge represents the mainstream of
palliative treatment for patients with non‑resectable hilar
cholangiocarcinoma. Although newer treatment modalities
such as PDT can improve the expectancy of life, the
overall survival is still unsatisfactory. Thus, additional
diagnostic and therapeutic strategies should be evaluated.
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Abstract
AIM: To investigate the long-term results of liver
transplantation (LT) for non-acetaminophen fulminant
hepatic failure (FHF).
METHODS: Over a 20-year period, 29 FHF patients
underwent cadaveric whole LT. Most frequent causes
of FHF were hepatitis B virus and drug-related (not
acetaminophen) liver failure. All surviving patients were
regularly controlled at the out-patient clinic and none
was lost to follow-up. Mean follow-up was 101 mo.
RESULTS: One month, one-, five- and ten-year patient
survival was 79%, 72%, 68% and 68%, respectively.
One month, one-, five- and ten-year graft survival was
69%, 65%, 51% and 38%, respectively. Six patients
needed early (< 2 mo) retransplantation, four for
primary non-function, one for early acute refractory
rejection because of ABO blood group incompatibility,
and one for a malignant tumor found in the donor.
Two patients with hepatitis B FHF developed cerebral
lesions peri-transplantion: One developed irreversible
and extensive brain damage leading to death, and one
suffered from deep deficits leading to continuous medical
care in a specialized institution.
CONCLUSION: L o n g - t e r m o u t c o m e o f p a t i e n t s
transplanted for non-acetaminophen FHF may be
excellent. As the quality of life of these patients is also
particularly good, LT for FHF is clearly justified, despite

lower graft survival compared with LT for other liver
diseases.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Fulminant hepatic failure (FHF) is a rare but a dreadful
disease affecting mostly young patients. FHF is mainly
managed based on symptoms and the identification of the
FHF causes requiring specific treatment and supportive
care, as FHF patients have chances of recovery[1]. The
main causes of death of FHF patients are intracranial
hypertension leading to brain stem death, and sepsis
with multiple organ failure (MOF)[2]. Many liver support
systems have been tried, but the ideal and efficient artificial
liver has still to be designed and its efficacy to be proven[3].
In the sickest cases, when established predicting factors
of death are reached, liver transplantation (LT) has been
established as the standard treatment for FHF patients[4].
However, the results of LT for FHF may be disappointing,
especially compared with the results of LT for chronic liver
diseases since FHF patients often suffer from risk factors
for graft failure or high morbidity or/and mortality[5].
In the United States of America (USA) and in the
United Kingdom (UK), FHF is very frequently caused
by acetaminophen intoxication[6-9]. However this etiology
is far less frequent in other Western countries. The aim
of this study is to report the 20-year experience and the
results of LT for non-acetaminophen FHF of the liver
transplantation program of the University of Liège,
Belgium, a transplantation center working within the
Eurotransplant allocation system. As many variables
changed during such a long period of time, the authors
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focused this report on the outcome of FHF patients who
underwent LT.

MATERIALS AND METHODS
The liver transplantation program of the University of
Liège started in 1986[10]. From 1986 to December 2005,
345 cases of LT were performed, mostly in adult patients,
including 7 adult-to-adult living-related LT[11]. Among this
series, 58 patients were listed for Hyper Urgent (HU) LT,
meaning patients with FHF, or patients requiring urgent
retransplantation for primary non-function (PNF) or
vascular thrombosis after LT. Thirty-two patients were
registered for FHF. All these patients were suffering from
FHF as defined by the occurrence of encephalopathy
within 8 wk after jaundice development in patients without
previous histories of liver disease [12]. All reached the
established criteria for bad prognosis as established by the
Clichy’ s group (non-acetaminophen FHF group) or the
King’s College (acetaminophen FHF group)[13,14]. Three
patients who suffered from acetaminophen FHF and who
met the King’s College criteria for bad prognosis, recovered
under medical therapy and intravenous N-acetylcysteine
therapy. They were removed for subsequent analysis.
All patients were hospitalized in the intensive care
unit and underwent standard medical therapy [1]. None
but one patient received liver support with the Molecular
Adsorbents Recirculating System (MARS). Patients
in encephalopathy stage Ⅲ were intubated for airway
protection, if necessar y. Continuous veno-venous
hemofiltration was used for renal support. No patient
underwent intracranial pressure monitoring.
All patients were registered for HU cadaveric LT
in the Eurotransplant allocation system. Until 1992,
transplantation of an ABO non-compatible liver graft was
authorized for recipient life-saving purpose. As results
of the non-compatible LT were not satisfactory in terms
of graft survival, ABO compatible LT was required after
1992. All patients were transplanted with cadaveric whole
liver. Orthotopic whole LT with veno-venous bypass was
performed as the standard LT procedure from 1986 to
1994. After 1995 the standard surgical procedure for LT
was the Belghiti’s technique, i.e. a piggy-back LT with
temporary surgical porto-caval shunt, without use of
veno-venous bypass and with large cavo-caval side-toside anastomosis as venous reconstruction[15,16]. During
this 20-year period, many other variables changed in the
management of patients with FHF and of LT recipients.
Immunosuppressive protocols in triple therapy regimens
included cyclosporine/tacrolimus, Imuran/Cellcept and
steroids. Steroids were progressively weaned, and most
patients were under calcineurin inhibitor monotherapy at
one-year follow-up. Patients transplanted for hepatitis B
virus (HBV) FHF received life-long immunoprophylaxis
with intravenous anti-HBs antibodies (10 000 UI every 3-4
mo, aiming at a minimum blood level > 100 mUI/mL).
All surviving patients were regularly controlled at the
out-patient clinic and none was lost to follow-up. Mean
follow-up was 101 mo (range: 5-204 mo). Statistical
analysis was undertaken using patient and graft survival
www.wjgnet.com
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Table 1 Causes of fulminant hepatic failure in this series
Causes
Viral infection		
Drug induced		
Miscellaneous		
Budd-Chiari		
Wilson			
Ischemic			
Alcohol		
Autoimmune		
Undetermined		

No.
12 (HBV: 11, HAV: 1)
5
7
1
2
2
1
1
5

HBV: Hepatitis B virus; HAV: Hepatitis A virus.

Graft and patient survival after LT for FHF
100

Patient
Graft

75
Percent survival

1428

50

25

0

0

12

24

36

48

60

72

84

96

108

120

t /mo

Figure 1 Patient and graft survivals after liver transplantation for fulminant hepatic
failure according to the Kaplan-Meier method.

as endpoints. Survival was calculated using the method of
Kaplan-Meier.

RESULTS
Twenty-nine patients (nine males, twenty females; mean
age 39 years, range: 14-66 years) who developed nonacetaminophen FHF, were listed for cadaveric LT and
underwent transplantation. The etiolog y of FHF is
presented in Table 1. Most frequent causes of FHF
in this group were hepatitis B virus (HBV) and drugrelated. Three patients were in encephalopathy stage Ⅱ,
10 in stage Ⅲ and 16 in stage Ⅳ, at time of LT listing.
Mean factor Ⅴ level was 16% (range: 5%-31%). Mean
waiting time between listing for HU LT and availability
of a liver graft was 23 h (range: 4-49 h). Twenty patients
were mechanically ventilated at time of listing and until
LT. Nineteen developed acute renal failure and needed
hemofiltration. Mean cadaveric donor age was 40 years
(range: 14-57 years). Mean total graft ischemia was 417
min (range: 245-750 min). One month, one-, five- and tenyear survival was 79%, 72%, 68% and 68%, respectively
(Figure 1). All patients who survived the first two years
were alive at follow-up. Causes of early death (< 2 mo)
were MOF, PNF (1 case) and peri-operative brain death
(1 case). The only patient who died after 2 mo was not
compliant to medical therapy after transplantation,
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suffered from chronic allograft rejection but was denied
for re-transplantation (died at 18 mo of follow-up).
Six patients needed early (< 2 mo) re-LT, 4 for PNF, 1
for early acute refractory rejection because of ABO blood
group incompatibility, and 1 for a malignant tumor found
in the donor[17]. Three patients needed late (> 2 mo) retranplantation due to chronic rejection or chronic graft
dysfunction due to ABO blood group incompatibility
in two cases and to non-compliance in one case. One
patient needed a third transplantation because of chronic
cholangitis on the second graft. One month, one-, fiveand ten-year graft survival was 69%, 65%, 51% and 38%,
respectively (Figure 1).
In the group of long-term survivors, two young females
later enjoyed a total of three normal pregnancies. Among
the patients transplanted for HBV FHF, one developed
HBV graft reinfection treated first by lamivudine, and
afterwards adefovir when the virus became resistant to
lamivudine. This patient is well at follow-up, with graft
fibrosis at biopsy. Two patients with HBV FHF, developed
cerebral lesions during the peri-transplantation period: one
developed irreversible and extensive brain damage leading
to death, and one suffered from deep deficits leading to
the continuous medical care in a specialized institution.

DISCUSSION
FHF is nowadays a well-admitted indication for urgent
liver transplantation if the King’s College or Clichy’
s criteria are met. According to the European Liver
Transplant Registr y (www.eltr.org), 9% of the LT
performed in Europe are performed for FHF. In our
experience at the University of Liège, FHF represents 8.5%
of the indications of LT. If acetaminophen intoxication
is one of the main indications in the USA and UK, this
etiology is rare in other Western countries. In the authors’
experience, only three patients were listed for LT because
of liver failure due to acetaminophen overdose in a 20-year
period, and these three patients recovered on medical
therapy including intravenous N-acetylcysteine, while listed
for urgent LT. It is therefore important to assess the results
of LT in patients with liver failure due to other causes,
to confirm long-term survival despite a very unstable
medical condition at the time of listing and at the time of
transplantation. This is the case, as 68% of the patients
transplanted for FHF were alive at the 10-year follow-up.
In our experience, HBV infection represents the
main cause of FHF leading to LT (38%). In the 1990’
s, systematic vaccination against HBV was initiated in
Belgium. This policy reduced the frequency of HBV
FHF in the native population, but recent immigrants still
face HBV-related FHF. Drug-related FHF represents the
second identified cause of FHF in this series (17%), and
in five other cases we were not able to define the causative
factor, as it was frequently reported in other series[18].
In our series the patients who underwent LT for FHF
enjoyed excellent long-term survival, 68% of them were
alive and well at 10-year follow-up. These results compare
favorably to other series of the literature[4,13,18-21]. Moreover,
as our experienced showed, if the patients survived the
peri-operative period, they would have a good hope of
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survival with a low risk of late death. They also enjoy a
very good quality of life with a low risk of liver disease
recurrence or chronic rejection if they are compliant to the
medical treatment. However, these good results in terms
of graft survival are obtained at the price of a high rate
of re-transplantation, as graft survival rate was 38% at 10
years.
The main cause of death in our series was MOF. This is
certainly linked to medical status of these instable patients
who often suffered from kidney and respiratory failure at
the time of transplantation. This is also related to the high
rate of PNF and the urgency for LT in this indication. This
series also showed the efficiency of the Eurotransplant
organization in providing rapidly a cadaveric liver graft
for these urgent patients. In the early period of this
experience, transplantation of an ABO uncompatible graft
was allowed as a life-saving bridge to a later compatible
graft. However, this policy was not prolonged because it
consumes two grafts at a time of organ shortage. However,
the change of policy did not have a significant impact on
the waiting time of these urgent patients, and to our view,
there is no need for a living-related liver program for FHF
in resident patients within the Eurotransplant area. In
recent series of the literature, creatinine levels, body mass
index, recipient age and history of life support have been
established as significant risk factors for post-LT death in
FHF patients[5,18].
At least two patients of this series developed
neurological lesions during the peri-transplantation
period. This is certainly due to intracranial hypertension,
a frequent complication of FHF, promoted by brain
edema and increased blood flow[2]. We demonstrated that
during LT for FHF the dissection and reperfusion phases
are particularly at risk of intracranial hypertension [22].
On the contrary, the anhepatic phase, even if prolonged,
may be associated with good neurologic outcome[23]. The
development of neurological lesions during the peritransplantation period has also been reported in larger
series[18,24].
In conclusion, this series confirmed that long-term
outcome of patients transplanted for non-acetaminophen
FHF may be excellent. As the quality of life of these
patients is also particularly good, these results proved
that LT for FHF is clearly justified, despite a lower graft
survival compared to LT for other liver diseases.

REFERENCES
1
2

3
4
5

Detry O, Honoré P, Meurisse M, Jacquet N. Management of
fulminant hepatic failure. Acta Chir Belg 1998; 98: 235-240
Detry O, De Roover A, Honore P, Meurisse M. Brain edema
and intracranial hypertension in fulminant hepatic failure:
pathophysiology and management. World J Gastroenterol 2006;
12: 7405-7412
Arkadopoulos N, Detry O, Rozga J, Demetriou AA. Liver
assist systems: state of the art. Int J Artif Organs 1998; 21:
781-787
Bismuth H, Samuel D, Gugenheim J, Castaing D, Bernuau J,
Rueff B, Benhamou JP. Emergency liver transplantation for
fulminant hepatitis. Ann Intern Med 1987; 107: 337-341
Barshes NR, Lee TC, Balkrishnan R, Karpen SJ, Carter BA,
Goss JA. Risk stratification of adult patients undergoing
orthotopic liver transplantation for fulminant hepatic failure.
www.wjgnet.com

1430

6

7

8

9
10
11

12
13

14
15

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Transplantation 2006; 81: 195-201
Larson AM, Polson J, Fontana RJ, Davern TJ, Lalani E, Hynan
LS, Reisch JS, Schiødt FV, Ostapowicz G, Shakil AO, Lee WM.
Acetaminophen-induced acute liver failure: results of a United
States multicenter, prospective study. Hepatology 2005; 42:
1364-1372
Ostapowicz G, Fontana RJ, Schiødt FV, Larson A, Davern
TJ, Han SH, McCashland TM, Shakil AO, Hay JE, Hynan L,
Crippin JS, Blei AT, Samuel G, Reisch J, Lee WM. Results of
a prospective study of acute liver failure at 17 tertiary care
centers in the United States. Ann Intern Med 2002; 137: 947-954
Schiodt FV, Atillasoy E, Shakil AO, Schiff ER, Caldwell C,
Kowdley KV, Stribling R, Crippin JS, Flamm S, Somberg KA,
Rosen H, McCashland TM, Hay JE, Lee WM. Etiology and
outcome for 295 patients with acute liver failure in the United
States. Liver Transpl Surg 1999; 5: 29-34
Bernal W, Wendon J, Rela M, Heaton N, Williams R. Use and
outcome of liver transplantation in acetaminophen-induced
acute liver failure. Hepatology 1998; 27: 1050-1055
Lejeune G, Limet R, Meurisse M, Honoré P, Defraigne JO,
Detry O, De Roover A. History of solid organ transplantation
at the University of Liège. Acta Chir Belg 2003; 103: 32-36
Detry O, De Roover A, Delwaide J, Coimbra C, Kaba A,
Joris J, Damas P, Meurisse M, Honoré P. Living related
liver transplantation in adults: first year experience at the
University of Liège. Acta Chir Belg 2004; 104: 166-171
Trey C, Davidson CS. The management of fulminant hepatic
failure. Prog Liver Dis 1970; 3: 282-298
Bernuau J, Goudeau A, Poynard T, Dubois F, Lesage G,
Yvonnet B, Degott C, Bezeaud A, Rueff B, Benhamou JP.
Multivariate analysis of prognostic factors in fulminant
hepatitis B. Hepatology 1986; 6: 648-651
O'Grady JG, Alexander GJ, Hayllar KM, Williams R.
Early indicators of prognosis in fulminant hepatic failure.
Gastroenterology 1989; 97: 439-445
Belghiti J, Noun R, Sauvanet A. Temporary portocaval

16

17

18

19
20
21
22

23
24

March 7, 2007

Volume 13

Number 9

anastomosis with preservation of caval flow during orthotopic
liver transplantation. Am J Surg 1995; 169: 277-279
Belghiti J, Noun R, Sauvanet A, Durand F, Aschehoug J,
Erlinger S, Benhamou JP, Bernuau J. Transplantation for
fulminant and subfulminant hepatic failure with preservation
of portal and caval flow. Br J Surg 1995; 82: 986-989
Detry O, Honoré P, Jacquet N, Meurisse M. Management of
recipients of hepatic allografts harvested from donors with
malignancy diagnosed shortly after transplantation. Clin
Transplant 1998; 12: 579-581
Farmer DG, Anselmo DM, Ghobrial RM, Yersiz H, McDiarmid
SV, Cao C, Weaver M, Figueroa J, Khan K, Vargas J, Saab
S, Han S, Durazo F, Goldstein L, Holt C, Busuttil RW. Liver
transplantation for fulminant hepatic failure: experience with
more than 200 patients over a 17-year period. Ann Surg 2003;
237: 666-675; discussion 675-676
Bismuth H, Samuel D, Castaing D, Williams R, Pereira SP.
Liver transplantation in Europe for patients with acute liver
failure. Semin Liver Dis 1996; 16: 415-425
Ascher NL, Lake JR, Emond JC, Roberts JP. Liver
transplantation for fulminant hepatic failure. Arch Surg 1993;
128: 677-682
McCashland TM, Shaw BW, Tape E. The American experience
with transplantation for acute liver failure. Semin Liver Dis
1996; 16: 427-433
Detry O, Arkadopoulos N, Ting P, Kahaku E, Margulies
J, Arnaout W, Colquhoun SD, Rozga J, Demetriou AA.
Intracranial pressure during liver transplantation for
fulminant hepatic failure. Transplantation 1999; 67: 767-770
Detry O, De Roover A, Delwaide J, Hans MF, Canivet JL,
Meurisse M, Honoré P. 60 h of anhepatic state without
neurologic deficit. Transpl Int 2006; 19: 769
Bismuth H, Samuel D, Castaing D, Adam R, Saliba F,
Johann M, Azoulay D, Ducot B, Chiche L. Orthotopic liver
transplantation in fulminant and subfulminant hepatitis. The
Paul Brousse experience. Ann Surg 1995; 222: 109-119
S- Editor Liu Y L- Editor Ma JY E- Editor Zhou T

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 7; 13(9): 1431-1434
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Surgical approaches of resectable synchronous colorectal
liver metastases: Timing considerations
Ioannis Vassiliou, Nick Arkadopoulos, Theodosios Theodosopoulos, Georgios Fragulidis, Athanasios Marinis,
Agathi Kondi-Paphiti, Lazaros Samanides, Andreas Polydorou, Constantinos Gennatas, Dionysios Voros,
Vassilios Smyrniotis
Io a n n i s Va s s i l i o u , N i c k A r k a d o p o u l o s , T h e o d o s i o s
Theodosopoulos, Georgios Fragulidis, Athanasios Marinis,
Lazaros Samanides, Andreas Polydorou, Dionysios Voros,
Vassilios Smyrniotis, 2nd Department of Surgery, Aretaieion
Hospital, University of Athens, School of Medicine, Athens,
Greece
Agathi Kondi-Paphiti, Department of Pathology, Aretaieion
Hospital, University of Athens, School of Medicine, Athens,
Greece
Constantinos Gennatas, Department of Oncology, Aretaieion
Hospital, University of Athens, School of Medicine, Athens,
Greece
Correspondence to: Ioannis Vassiliou MD, 2nd Department of
Surgery, Aretaieion Hospital, University of Athens, School of
Medicine, FACS, 29 El. Venizelou str., GR-154 51 Athens,
Greece. ianvass@otenet.gr
Telephone: +30-210-7759546 Fax: +30-210-7759546
Received: 2006-10-26
Accepted: 2006-12-15

Abstract
AIM: To compare the safety and efficacy of simultaneous
versus two stage resection of primary colorectal tumors
and liver metastases.
METHODS: From January 1996 to May 2004, 103
colorectal tumor patients presented with synchronous
liver metastases. Twenty five underwent simultaneous
colorectal and liver surgery and 78 underwent liver
surgery 1-3 mo after primary colorectal tumor resection.
Data were retrospectively analyzed to assess and
compare the morbidity and mortality between the
surgical strategies. The two groups were comparable
regarding the age and sex distribution, the types of liver
resection and stage of primary tumors, as well as the
number and size of liver metastases.
RESULTS: In two-stage procedures more transfusions
were required (4 ± 1.5 vs 2 ± 1.8, pRBCs, P < 0.05).
Chest infection was increased after the two-stage
approach (26% vs 17%, P < 0.05). The two-stage
procedure was also associated with longer hospitalization
(20 ± 8 vs 12 ± 6 d, P < 0.05). Five year survival in both
groups was similar (28% vs 31%). No hospital mortality
occurred in our series.
CONCLUSION: Synchronous colorectal liver metastases
can be safely treated simultaneously with the primary
tumor. Liver resection should be prioritized over colon

resection. It is advisable that complex liver resections
with marginal liver residual volume should be dealt with
at a later stage.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal metastases to the liver either synchronous or
metachronous can be excised resulting in a 5-year survival
of 25%-40%[1-6] , provided that the extrahepatic disease has
been controlled and the remaining liver harbors no cancer.
Even re-resections of liver metastases are rewarded with
a 5 year-survival of 20%-30% and should be carried out
in selected patients[6-9]. Many aspects of surgical strategies
for the management of colorectal liver metastases have
been extensively analyzed[10-15] and patient selection has
been elucidated[1,3,7,15-17]. However, the question of when is
the most favorable time to operate on synchronous liver
metastases in relation to the primary colorectal tumor
remains a controversial and debatable issue [10,12,14,16,18].
Several authors assume that combined liver and colon
resection has higher morbidity and mortality rates[9,19,20] and
favor a staged approach resecting the liver metastases 2 to
3 mo after treating the primary tumors.
However, recent advances in anesthesiology and
surgical techniques prompted some surgeons to resect
simultaneously colon lesions and liver metastases with
mortality rates varying from 0% to 24%[10,12,14,18,21]. The
conclusion is that in selected patients, one-stage approach
is comparable to the two-stage procedure in mortality,
morbidity and long-term survival[3,10,12,14,18].
Our retrospective study aimed to determine whether
the one-stage surgical strategy for synchronous colorectal
www.wjgnet.com
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liver metastases grants an optimal outcome to the patients
compared to the two-stage procedure.

MATERIALS AND METHODS
From Januar y 1996 to May 2004 one hundred and
three patients with resectable synchronous colorectal
liver metastases underwent surgical treatment. Both
endoscopies and biopsies confirmed the diagnosis of the
primary tumors. The resectability of the liver metastases
was assessed by ultrasonog raphy (US), computed
tomography (CT), magnetic resonance imaging (MRI) and
intraoperative ultrasonography (IUS), only in cases where
there was no extrahepatic tumor spreading and the number
of lesions was ≤ 3. The decision for the type of surgical
treatment was based on whether both liver lesions could be
managed through one subcostal or midline incision. When
trisegmentectomy or biliary reconstruction was anticipated
the two-stage procedure was adopted.
Based on the timing of surgical excision of the liver
secondaries, the patients were assigned to two groups.
The one-stage group (n = 25) underwent simultaneous
colorectal and liver surgery and the two-stage group (n =
78) underwent liver surgery 1 to 3 mo after excision of
the primary lesion. The patients suitable for combined
colorectal and liver surgery were operated through either
a bilateral subcostal (n = 19, 75%) or a midline (n = 6,
25%) incision. Two patients (8%) had bilobar metastases.
Patients of the two-stage group (n = 78) were operated via
a midline incision for the control of the primary tumors
and 1 to 3 mo later via a bilateral subcostal incision for
the resection of liver metastases. The bilateral subcostal
incision provided adequate surgical field suitable for
any liver resection and was a safe approach for primary
tumors located in the cecum to the descending colon.
In contrast, the midline incision offered an access to the
whole colorectal tract but only to the left hepatic lobe and
segments V and VI of the right lobe. Twelve patients (16%)
had bilobar resectable liver diseases. Patient characteristics,
histological features, location of the primary lesions and
the liver metastases are illustrated in Table 1.
The Pringle maneuver [22] was used in minor liver
resections, while in major hepatic resections additional
occlusion of the hepatic veins was opted. Liver transection
was conducted by the clamp crushing technique with Kelly
clamp or by the sharp liver transection technique. Details
of the liver transection have been described elsewhere[10,23].
The factors analyzed to compare the two surgical
strategies were: intraoperative blood loss, transfusion
requirements to keep hematocrit above 29%, postoperative
complications, hospital stay, 30-day mortality rate and
cumulative survival. Oncological validity of each procedure
was assessed by the nar rowest tumor-free margin
determined by painting the cut surface of the resected
specimen with Sinic ink.
Statistical analysis
Statistical analyses of the data were performed with chisquare test for qualitative variables and Student’s t-test for
quantitative variables. Cumulative long-term survival was
calculated by the Kaplan-Meier method and differences
www.wjgnet.com
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Table 1 Epidemiological and pathological data of patients with
synchronous colorectal metastases to the liver, operated on in
one stage (Group A) and two stages (Group B) n (%)
Characteristics
Gender
Male
Female
Age (yr, mean ± SD)
Tumor differentiation
Well
Moderate
Poor
Astler-Coller staging27
Β2
C1
C2
Size of liver disease (cm)
1-3 cm
4-6 cm
> 7 cm
Colon location
Right colon
Left colon
Rectum
Liver location
Right lobe
Left lobe

Group A
(n = 25)

Group B
(n = 78)

15 (58)
10 (42)
63 ± 12

47 (61)
31 (39)
61 ± 14

6 (21)
9 (37)
10 (42)

17 (21)
28 (36)
24 (32)

5 (21)
11 (42)
9 (37)

8 (11)
37 (47)
33 (42)

6 (21)
12 (50)
7 (29)

25 (32)
33 (42)
20 (26)

17 (67)
5 (21)
3 (12)

15 (18)
55 (71)
8 (11)

20 (83)
5 (17)

61 (79)
17 (21)

P
NS

NS
NS

NS

NS

P < 0.005
P < 0.005
NS

NS: Not significant.

were analyzed by the log rank test. P < 0.05 was significant.

RESULTS
The age, gender and pathological features of the primary
tumor did not differ between the two groups except
that in the one-stage approach right-sided colon tumors
dominated, 17 out of 25 vs 15 out of 78 (P < 0.05). In
contrast, in the two-stage approach, left-sided colon tumors
were more frequent, 63 out of 78 vs 8 out of 25 (P < 0.05)
(Table 2). The size and location of liver metastases were
equally distributed between the two groups (Table 1). The
extent of liver resection and warm ischemia time were not
different between the two groups. By contrast, operative
time, blood loss and transfusion requirement to keep the
hematocrit above 29% were significantly lower in the onestage group compared to the two-stage group (Table 2).
The rate of postoperative complications between the two
groups was not different and no re-operation was needed
to treat any of the complications. Subhepatic collections
were treated with CT-guided aspiration (Table 3).
The tumor-free margin was not different between the two
groups (9 ± 1.4 mm in one-stage group vs 11 ± 1.2 mm
in two-stage group). Hospital stay was shorter in the onestage group compared to the two-stage group (12 ± 6
d vs 20 ± 8 d, P < 0.05). Overall survival was 90%, 40%
and 28% at 1, 3 and 5 years, respectively after one-stage
resections and 93%, 44% and 31% at 1, 3 and 5 years,
respectively after two-stage resections.

DISCUSSION
Hepatic tumor resection constitutes the only therapeutic
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Table 2 Intraoperative data of patients with synchronous
colorectal metastases to the liver, operated on in one stage
(Group A) and two stages (Group B) n (%)
Intraoperative data
Major liver resections
(≥ 3 segments)
Minor liver resections
(≤ 2 segments)
Warm ischemic time (min)
Operative time (min)

Table 3 Complications and hospital stay of patients with
synchronous colorectal metastases to the liver, operated on in
one stage (Group A) and two stage (Group B) n (%)

Group A
(n = 25)

Group B
(n = 78)

P

Postoperative data

7 (25)

23 (29)

NS

18 (67)

55 (71)

NS

27 ± 9
260 ± 30

32 ± 11
340 ± 60

NS
P < 0.05

Hospital mortality
Wound infection
Chest infection
Pleural effusion
Bile leak
Subphrenic collections1
Splenic rupture
Anastomotic leak
Rectovaginal fistula
Hemorrhage
Hospital stay (d)

Transfusions (RBCs)

2 ± 1.8

4 ± 1.5

P < 0.05

Right hemicolectomies

67%

18%

P < 0.05

Left hemicolectomies

21%

71%

P < 0.05

Abdominoperineal resections

12%

11%

NS

1433

One-stage group Two-stage group
(n = 25)
(n = 78)
2 (8)
4 (17)
5 (21)
2 (8)
3 (12)
1 (4)
1 (4)
12 ± 6

3 (4)
20 (26)
18 (24)
7 (9)
8 (11)
1 (1)
1 (1)
1 (1)
20 ± 8

P
P < 0.05
P < 0.05
NS
NS
NS
NS
NS
NS
NS
P < 0.05

NS: Not significant.

1

option with curative intent for patients with colorectal liver
metastases[5,6,16]. All efforts should be made to eliminate
the hepatic lesions after controlling the loco-regional
disease and ruling out extrahepatic tumor spread. In such
cases there are well documented reports demonstrating
a 5-year survival of 20%-40%[1-6], and 20%-30% when
a re-resection has been executed in highly selected
individuals[6-9].
The indications and criteria of patient selection for
liver surgery due to metachronous colorectal metastases
have been clarified in numerous excellent papers[14-16]. In
contrast, for synchronous metastases the prevailing issue
is the timing of liver resection in relation to the treatment
of the primary tumor[18,20,21]. The strategy of the two-stage
surgical approach gained popularity over the years and
has been established as the standard surgical practice[3-7].
However, the fact that two-stage surgery requires two
separate operations and accumulating evidence of the
negligible morbidity and mortality of modern liver
surgery prompted some surgeons to attempt simultaneous
resections of primary tumors and liver metastases[10,12,14,18,21].
T h i s a p p r o a ch wa s awa r d e d w i t h a m o r t a l i t y o f
0%-24% [10,12,14,18,24] . Nordlinger et al [15] reported a 7%
mortality for one-stage surgery and 2% for two-stage.
Bolton and Fuhr man showed a 12% mor tality for
synchronous liver resections, which increased to 25%
when a major hepatectomy (resected segments ≥ 3) was
performed[24]. Martin et al[10] demonstrated a 4% mortality
and comparable morbidity between the two surgical
approaches[12]. Our study, with the inherent limitations of
a retrospective analysis, indicates that one-stage approach
is equally safe to the two-stage regarding the morbidity,
mortality and long-term survival and is consistent with
other studies[12-14,18].
The majority of studies addressing the issue of onestage over two-stage surgical treatment of synchronous
colorectal liver metastases are retrospective and thus
some biases are unavoidable and should be taken into
consideration [6,10,11,18,19]. However, helpful conclusions
have been drawn concerning the criteria for patient
selection for either strategy (one-stage and two-stage) and
valuable lessons have been learned[2,10,11,16,17]. It has been

shown that patients who underwent a single operation
had invariably smaller and fewer hepatic metastases and
were treated with less extensive liver resections[10,12,18,19].
The above mentioned variables are negatively associated
with postoperative complications and should be taken
into consideration when simultaneous liver resections are
anticipated [6,7,16]. Bolton et al [24] proposed that complex
hepatic resections should be delayed for at least 3 mo.
Expertise in liver resections is an important factor
in determining patient outcome, since the majority of
postoperative morbidity and mortality are mainly related
to liver surgery, a point that has been established by many
studies[4,10,18,24-26]. Bleeding during hepatectomy is a poor
prognostic factor and all efforts should be centered at
minimizing blood loss by meticulous techniques and liver
vascular control[1-3,10,23]. It appears that application of the
Pringle maneuver in an intermittent manner should be
preferred because it causes less liver reperfusion injury
and intestinal edema, which might compromise the safety
of gut anastomoses[4,10,21]. Some bleeding from the area of
gut resection can be easily controlled by careful ligation of
the divided mesentery and is not a major problem as has
been illustrated by Martin et al[10] and Weber et al[12] , who
reported that intraoperative blood loss was less in the onestage approach, a fact confirmed by our findings. However,
in complex hepatectomies when protracted vascular
occlusion is anticipated, the two-stage procedure seems
more prudent.
In our series, complications related to sepsis around
the liver appeared to be equally distributed in both groups,
a finding possibly related to the precautions taken during
surgery to eliminate spillage of intestinal contents (onestage, 12%; two-stage, 11%). However, it is advisable to
avoid one-stage procedure when bowel obstruction or
a perforated tumor is found. Vascular occlusion of the
liver does not jeopardize the safety of gut anastomoses
and we think the protective ileostomy recommended by
Elias et al[21] unnecessary. Nevertheless, we agree with these
authors that gut resection should precede liver resection
and intermittent vascular control should be applied.
Cardio-respiratory status and complexity of liver surgery
should be always taken into account when a combined

Resolved with aspiration under CT guidance. NS: Not significant.
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liver and colon resection is planned[10,12,25]. Biliary fistula,
subphrenic abscess, liver failure and chest infection are
cited as the leading causes of postoperative morbidity in
the majority of studies[10-13]. Laurent et al[25] demonstrated
a clear connection of postoperative morbidity with longterm survival. Therefore, in order to optimize the surgical
outcome when dealing with colorectal liver metastases,
the liver surgical technique should be prioritized over the
colectomy, because as mentioned before, liver surgery is
related to the majority of postoperative complications and
long-term survival[5,10,24,26]. Adequate exposure of the liver
should be the primary concern of the surgeon in order
to achieve a safe hepatectomy fulfilling the oncological
principles of liver resection with a sufficient tumorfree margin[13,16,21,24,26]. In that respect, our study did not
show any difference in the oncological validity between
the two techniques. Martin et al [10] observed increased
positive margin rate in wedge excisions and advocate
anatomic hepatectomies. This view is shared by Tanaka
et al[26]. Bilateral subcostal incision provides excellent liver
exposure and facilitates colon resection from the cecum
up to the descending colon. In contrast, malignancies
located in the sigmoid colon downward necessitate a
midline incision and an extension to the right (Rio-Branco
incision)[21].
In conclusion, simultaneous resections of the liver and
primary colon malignancies are equally safe and efficient
with the two-stage procedure. The overall complication,
postoperative mortality and long-term survival rates are
similar to those of two-stage procedures, but hospital stay
was significantly shorter with the one-stage approach.
Simultaneous liver and colon surgery should be preferred
for most of the right colon lesions and for small liver
lesions that can be approached from a midline incision,
regardless of the colonic tumor location. It is advisable
that complex liver resections should be postponed for a
later stage, especially for patients having potential cardiorespiratory and liver impairment.
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INTRODUCTION
Abstract
AIM: To investigate the use of Daclizumab (Dmab) as
an immunosuppressive agent in an experimental model
of hepatocyte xenotransplantation (XenoTx) in rats with
fulminant hepatic failure (FHF).
METHODS: Two white male New Zealand rabbits
were used as donors and 68 Wistar rats as recipients.
F H F wa s i n d u c e d b y i n t rave n o u s a p p l i c a t i o n o f
dimethylnitrosamine (DMNA). The isolated hepatocytes
of the rabbits were xenotransplanted into the spleen of
the rats 24 h after FHF induction. Group A (n = 13): no
treatment; Group B (n = 14): FHF and XenoTx; Group C
(n = 14): FHF and XenoTx and cyclosporin (CsA); Group
D (n = 14): FHF and XenoTx and Dmab; Group E (n =
13): FHF and XenoTx and CsA and Dmab. The rats were
followed for 15 d.
RESULTS: Statistical analysis showed better survival
among groups D (92.86%) and E (76.92%) compared
to group A (all rats died after 72 h), group B (28.57%)
or group C (71.43%), although the differences were not
statistically significant. Biochemical evaluation of the liver
enzymes and histology confirmed satisfactory function
and engraftment, respectively.
CONCLUSION: This experimental model has shown
the safe, effective and beneficial use of Dmab in a
xenotransplantation model of rabbit hepatocytes in rats.
© 2007 The WJG Press. All rights reserved.

The lack of a sufficient number of organ transplants
constitutes the main problem in the field of organ
transplantation. As far as the transplantation of hepatic
cells is concerned, the same difficulty exists in collecting
transplants. Other attractive alternatives as transgenetic
xenotransplantion, xenotransplantation of hepatic cells
and the artificial liver, are related to economic, technical or
ethical issues that make their extensive clinical application
very difficult[1].
Recent studies stress the important aspect of xenotransplantation as a possibility of a bridging therapy in
patients with organ failure[2]. In the current experimental
study we evaluate the safety and efficiency of Daclizumab,
a monoclonal anti-CD25 antibody, and an IL-2 receptor
antagonist, which selectively blocks IL-2 receptors on
activated T helper cells in rats with acute liver failure and
xenotransplantation of rabbit hepatocytes.

MATERIALS AND METHODS
Animals
Sixty-eight adult male Wistar rats weighing 200-400 g
were obtained from the Pasteur Institute. Rats were
acclimatized to our laboratory conditions for 1 wk prior to
use in experiments. Rats ate commercial rat chow and had
water ad libitum. Rabbits were obtained from the Pasteur
Institute as well. All experimental procedures described
below were approved by the Animal Care Committee
of the Veterinary Directorate of the Local Prefecture,
according to the European Union Act and the Greek Law
160, A-64, May 1991. Also all animals received proper
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Table 1 Survival analysis and survival rate
Median (95% CI)
2 (1-2)
6 (3-9)a
11 (8-14)a,c
15 (14-15)a,c
13 (12-15)a,c

n (%)2
0/13 (0)
4/14 (28.6)e
10/14 (71.4)e,f
13/14 (92.9)e,f
10/13 (76.9)e,f

Kaplan Meier-Log-rank test: aP < 0.05 vs FHF; cP < 0.05 vs XenoTx. 2Chisquare, Fisher’s exact test: eP < 0.05 vs FHF; fP < 0.05 vs XenoTx. FHF:
fulminant hepatic failure.
1

Table 2 Histopathological analysis
Median score (Min-Max)
FHF
XenoTx
XenoTx + CsA
XenoTx + Dmab
XenoTx + Dmab + CsA

2 (2-5)a
1 (0-3)
1 (1-5)a
0 (0-3)
3 (0-3)a

Volume 13

XENO + Daclizumab + CsA

XENO + CsA

XENO + Daclizumab

XENO

Number 9

ALF

1.2

1.0
Cumulative percentage (%)

FHF
XenoTx
XenoTx + CsA
XenoTx + Dmab
XenoTx + Dmab + CsA

1

March 7, 2007

0.8

0.6

0.4

0.2

0.0
0

2

Kruskal-Wallis: P = 0.001; Mann-Whitney: aP < 0.05 vs Dmab. FHF: fulminant
hepatic failure.

4
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14

16

t /d

Figure 1 Survival rate 15 d after the induction of acute liver failure (ALF).

care in compliance with the “Principles of Laboratory
Animal Care” and the Guide for the Care and Use of
Laboratory Animals, prepared by the Academy of Science
and published by the National Institute of Health.
Grouping
Fulminant hepatic failure (FHF) was induced in 68 wistar
rats with intravenous application of N-dimethynitrosamine
(N-DMNA) (Sigma, N-3632) in a dose of 18 mg/kg
body weight. This dose has been shown to result in
reproducible hepatic necrosis and high mortality rates.
Twenty-four hours after the induction of toxic acute
hepatic failure 55 rats received randomly approximately
108 viable rabbit hepatocytes injected intrasplenically. Two
male white New Zealand rabbits weighing 2600 g were
used for the isolation of hepatocytes according to the
method described by Papalois et al[3]. Viability was 92% ±
6% by the trypan blue exclusion test (Serva 23 850) while
contamination of non-parenchymal cell was less than 2%.
During the experimental period the animals had free
access to water and regular diet. After fulminant hepatic
failure (FHF) and intrasplenic xenotransplantation
(XenoTx) of the rabbit hepatocytes, the rats were randomly assigned to 5 study groups: (1) Group A (n = 13):
Toxic FHF with no treatment; (2) Group B (n = 14): FHF
and XenoTx; (3) Group C (n = 14): FHF and XenoTx
and cyclosporin (Cyclosporin-CsA); (4) Group D (n = 14):
FHF and XenoTx and daclizumab (Daclizumab- Dmab);
(5) Group E (n = 13): FHF and XenoTx and Dmab and
CsA.
Dmab was administered in a dose of 0.05 mg/kg
body weight immediately after the XenoTx and at the
seventh day of the experiment (instructions of the
manufacturer). CsA was administered immediately
after the XenoTx in a dose of 20 mg/kg body weight
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per os/day. Fifteen days after the acute liver failure
induction, the rats were sacrificed and blood was taken for
biochemical evaluation (liver enzymes, bilirubin, cholestatic
enzymes). The liver, spleen and kidney were resected for
histopathology examination. Specimens were fixed in 10%
neutral formalin and stained with hematoxylin-eosin. A
histopathology grading score for the quantification of the
liver damage was adopted from Ishak et al[4].
Statistical analysis
Quantitative data is presented as median (min-max) and
qualitative data as frequencies (n) and percentages (%).
All the results were computed with the SPSS version
12 package. To evaluate the differences in survival, the
Kaplan-Meier survival analysis was performed and a
log rank test was used for the evaluation of differences.
Mann-Whitney and Kruskall-Wallis tests were used for
the comparisons of histological and biochemical variables
between groups. Statistical significance was set at a value
of P < 0.05.

RESULTS
None of the rats with acute toxic hepatic failure and no
further treatment survived beyond 48 h after the injection
of N-DMNA. Rats treated with XenoTx and Dmab
showed the best survival rate (Table 1 and Figure 1). In
accordance to this survival rate, the Dmab group also
had the best histopathology grading score (Table 2).
The statistical analysis of the histopathological score
also showed better results in the Dmab group. Values of
hepatic enzymes, direct total bilirubin in the rats of the
study groups are shown in Table 3. Statistical analysis

Papagoras D et al . Experimental xenotransplantation of hepatocytes

Table 3 Biochemical analysis
SGOT

1

SGPT

2

Direct TBi

3

Median (Min-Max) Median (Min-Max) Median (Min-Max)
FHF

565.00 (3-1077)

257.00 (111-759)

XenoTx

143.00 (83-154 )a

60.00 ( 58-67)c

XenoTx +
CsA

58.00 (43-88)

a

0.03 ( 0.02-0.08)e

112.00 (85-183)c

0.03 (0.02-0.05)e

XenoTx +
Dmab

246.00 (101-365)a

92.00 (50-339)c

0.02 (0.00-0.10)

XenoTx +
Dmab + CsA

142.50 (98-247)a

58.50 (41-77)c

0.01 (0.00-0.03)

1

Kruskal-Wallis P < 0.0005; Mann-Whitney: aP < 0.05 vs FHF; 2Kruskal-Wallis:
P < 0.0005; Mann-Whitney: cP < 0.05 vs FHF; 3Kruskal-Wallis: P = 0.044;
Mann-Whitney: eP < 0.05 vs XenoTx + Dmab + CsA. TBi: total bilirubin; FHF:
fulminant hepatic failure; CsA: cyclosporin.

results[14]. The safety and effectiveness of cyclosporin was
studied by Wen et al[15] in a xenograft model, whereas the
safety and effectiveness of daclizumab was studied only in
rats with acute liver failure and intrasplenic transplantation
of rat hepatic cells[13]. To our knowledge, our data are the
first about the safety and effectiveness of daclizumab in
xenotransplantated rats with acute toxic liver failure.
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model that mimics in certain degree the pathophysiology
of acute liver failure in humans[8,9]. Daclizumab was used
successfully in the clinical pancreatic islet transplantation
program by Shapiro et al[10], and still is one of the most
promising immunosuppressive agents[11,12]. Daclizumab
has also been successfully used in an experimental model
of allotransplantation of hepatocytes in rats with acute
hepatic failure[13]. In the present experimental protocol,
only 4 (28%) of the rats with acute liver failure survived by
xenotransplantation without immunosuppressive treatment
for 15 d. Regarding the survival rate of the study groups,
the acute hepatic failure with no treatment group had the
highest score in the liver injury grading system, whereas
the Daclizumb group had the lowest score. As shown by
the results, daclizumab was excellently tolerated, and so
was the combination of cyclosporin and daclizumab. This
monoclonal antibody has already been evaluated by clinical
trials focusing on organ transplantation with excellent
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Abstract
AIM: To identify alterations in genes and molecular
functional pathways in esophageal cancer in a high
incidence region of India where there is a widespread
use of tobacco and betel quid with fermented areca nuts.
METHODS: Total RNA was isolated from tumor and
matched normal tissue of 16 patients with esophageal
squamous cell carcinoma. Pooled tumor tissue RNA was
labeled with Cy3-dUTP and pooled normal tissue RNA
was labeled with Cy5-dUTP by direct labeling method.
The labeled probes were hybridized with human 10K
cDNA chip and expression profiles were analyzed by
Genespring GX V 7.3 (Silicon Genetics).
RESULTS: Nine hundred twenty three genes were
differentially expressed. Of these, 611 genes were
upregulated and 312 genes were downregulated. Using
stringent criteria (P ≤ 0.05 and ≥ 1.5 fold change),
127 differentially expressed genes (87 upregulated
and 40 downregulated) were identified in tumor
tissue. On the basis of Gene Ontology, four different
m o l e c u l a r fu n c t i o n a l p a t hway s ( M A P K p a t hway,
G-protein coupled receptor family, ion transport activity,
and serine or threonine kinase activity) were most
significantly upregulated and six different molecular
functional pathways (structural constituent of ribosome,
endopeptidase inhibitor activity, structural constituent of
cytoskeleton, antioxidant activity, acyl group transferase
activity, eukaryotic translation elongation factor activity)
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were most significantly downregulated.
CONCLUSION: Several genes that showed alterations in
our study have also been reported from a high incidence
area of esophageal cancer in China. This indicates that
molecular profiles of esophageal cancer in these two
different geographic locations are highly consistent.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Environmental carcinogens have repeatedly been shown
to affect the genetic material of host cells, leading to
uncontrolled growth and ultimately malignant tumors[1].
The development of esophageal cancer is a leading
example in which environmental carcinogens in addition
to geographic and genetic factors appear to play major
etiologic roles[2]. Esophageal cancer occurs at very high
frequencies in certain parts of China, Iran, South Africa,
Uruguay, France, Italy and in some regions of India [1].
The highest incidence of this cancer in India has been
reported from Assam in the North-east region where it is
the second leading cancer in men and third leading cancer
in women[3].
Tobacco smoking, betel quid chewing, and alcohol
consumption are the major known risk factors for
esophageal cancer [4]. Tobacco smoke contains over 60
established carcinogens including polycyclic aromatic
hydrocarbons and nitrosamines. Tobacco specific
nitrosamines such as 4- (methyl nitrosamino)-1-butanone
(NNK) and N’-nitrosonornicotine (NNN) that are
carcinogens in smokeless tobacco, have been shown
to enhance the risk of cancer development by forming
adducts with DNA[5]. Betel quid chewing, a common habit
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in Southeast Asia, has been found to increase the risk of
developing esophageal cancer by 4.7-13.3 fold, although
other exogenous risk factors may also be involved[4]. Betel
quid usually comprises a piece of areca nut, which contains
many polyphenols and several alkaloids, Piper betle, and
lime with or without Piper betle leaves[6]. Arecoline, a major
component of areca nut can produce 3-methyl nitrosamine
propionitrile (MNPN), a potent carcinogen and safrolelike DNA adducts that have been shown to be genotoxic
and mutagenic. Furthermore, contamination of areca
nuts by fungi has been reported to produce carcinogenic
aflatoxins. This assumes importance since using fermented
areca nut with any form of tobacco is a common habit of
people in Assam and has been reported to be a potential
risk factor of esophageal cancer in this region[3].
The molecular mechanisms that may lead to the
development of esophageal cancer in betel quid chewers
and tobacco users are unknown. Recent studies are
focusing on mechanisms that can explain the carcinogenic
effects of tobacco and areca nut on epithelial cell lines.
Incubation of areca nut extract or arecoline with primary
oral keratinocytes has been reported to promote cell
survival and an inflammatory response by induction of
prostaglandin E2, interleukin-6 (IL-6) and cyclooxygenase-2
(COX-2) production via activation of MEK1/ERK/c-Fos
pathway[6]. Genotoxic stress as well as tissue inflammation
and release of inflammatory mediators have been suggested
to be key factors in carcinogenesis of gastrointestinal
system. Genotoxic chemicals may induce the release of
inflammatory mediators via mitogen activated protein
kinase (MAPK) activation. Phosphorylated ERK1/2, JNK,
p38 and ERK5 are reported to be significantly increased
by exposure to tobacco smoke, indicating the activation of
MAPK pathways[7]. NNK has recently been identified as a
ligand of neuronal nicotinic acetylcholine receptors, which
belong to G-protein-coupled receptors (GPCRs). GPCR
induces proliferation through activation of members of
the family of MAPKs[8,9].
The gene expression profile of esophageal cancer
in a high incidence region of Assam where tobacco use
and alcohol consumption are widespread and the users
of these two substances are also betel quid chewers, has
so far not been investigated. In the current study, cDNA
microarray gene expression analysis was done to identify
the genes differentially expressed in esophageal cancer
associated with prevalent risk factors such as tobacco use
and betel quid chewing in a high-risk Indian population.

MATERIALS AND METHODS
Collection of tumor samples
Endoscopic tissue biopsy specimens were taken from 16
patients at Dr. Bhubaneshwar Borooah Cancer Institute
(BBCI), Guwahati, Assam. Routine histopathologic
analysis was done to confirm the diagnosis. Tumor tissue
and matched normal tissue distant to the tumor were
collected during endoscopy in RNA later (Ambion,
Austin, USA), snap-frozen in liquid nitrogen and stored
at -70℃ until processed. Informed consent was obtained
from all patients. Data of clinicopathologic parameters
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Normal pooled RNA
labeled by Cy-5
Tumor samples labeled
by Cy-3

61, 121, 81

G2
13008041

146,136, 76

G2
13008047

110, 125, 103

G2
13008053

55, 90, 127, 64

G1
1312811

73, 117, 111

G3
13146417

Figure1 Experimental design: G1, G2 and G3 indicate well-differentiated,
moderately and poorly differentiated squamous cell carcinoma respectively.
13008041-53, 1312811 and 13146417 indicated barcode of microarray chips.

were obtained from patients’ clinical records, operative
notes and pathologic reports. Institutional Human Ethics
Committee approved the study.
Sample preparation and chip hybridization
Total RNA isolation: Tissues were g round into
powder in -196℃ liquid nitrogen and homogenized using
Trizol reagent (Invitrogen Life Technologies, CA) for
extraction of total RNA following the instruction of the
manufacturer. The integrity of total RNA was checked
by 1.2% formaldehyde agarose gel electrophoresis (visual
presence of 28S and 18S bands). Total RNA with OD260/
OD280 > 1.8 was used for microarray experiments.
Experimental design: Total RNA was isolated from
normal tissue of the esophagus from all the patients
involved in this study and combined to make one common
control. We pooled total RNA from biopsy samples
of three to four patients in all five experiments on the
basis of matching the histological grade to get sufficient
amounts of total RNA for direct labeling. Pooled tumor
RNAs were labeled with Cy-3 and hybridized against
the Cy-5 labeled pooled samples of normal esophageal
RNA, which generated a constant control to be used on
chips analyzed. Figure 1 shows the study design. Sample
pooling was done to rapidly identify tumor markers that
were expressed by the majority of tumors in a population.
Pooling of RNA samples isolated from tissue is a strategy
that can be implemented in microarray experiments when
the amount of sample RNA is limited or when variations
across the samples must be reduced. The reason behind
this approach is that the concentration of an mRNA
molecule in a pooled sample is likely to be closer to the
average concentration for the class than the concentration
in a sample from a single individual. Pooled samples
have been shown to accurately reflect gene expression in
individual samples and yield reproducible data[10,11].
Labeling and hybridization: Twenty μg of total RNA
from the tumor and matched normal tissue were labeled
with cyanine 3-dUTP and cyanine 5-dUTP by direct
labeling method (Perkin Elmer Life Sciences, USA:
Micromax Direct labeling kit). The labeled probes were
denatured at 95℃ for 5 min and hybridized with a human
10K cDNA chip (University Health Network, Microarray
Centre, Toronto, Canada), which contains 9914 well-
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characterized human clones, in a hybridization chamber
(Corning Life Sciences, USA) at 65℃ water bath for 18 h.
Before hybridization, slides were pre-hybridized in 5XSSC,
0.1% SDS and 1% BSA solution at 65℃ for 45 min to
prevent nonspecific hybridization. After hybridization, the
slides were washed in 2XSSC with 0.1% SDS, 0.1X SSC
with 0.05% SDS and 0.1XSSC sequentially for 20 min each
and then spin-dried.
Microarray image analysis: Hybridized arrays were
scanned at 5 μm resolution on a Gene Pix 4200A scanner
(Axon Instruments Inc. Foster City, CA) at various PMT
voltage settings to obtain maximal signal intensities with
< 0.1% probe saturation. The Cy5-labelled cDNAs were
scanned at 635 nm and the Cy3-labeled cDNA samples
were scanned at 532 nm. The resulting TIFF images
were analyzed by Gene Pix Pro 6.0.1.27 software (Axon
Instrument). Both digital images were overlaid to form a
pseudo colored image and a detection method was then
used to determine the actual target region based on the
information from both red (Cy5) and green (Cy3) pixel
values. The ratios of the sample intensity to the reference
intensity (green: red) for all of the targets were determined
and ratio normalization was performed to normalize the
center of the ratio distribution to 1.0. Image processing
analysis was used for estimation of spot quality by
assigning a quality score to each ratio measurement[12].
Data analysis
Quality assurance: The data sets were imported into
Microsoft Excel spreadsheets. Four parameters were used
to assess quality of spots with the following features
excluded: diameter < 50 μm; > 50% saturated pixels in
both channels; < 54% of the pixels with an intensity
greater than the median background intensity plus one
standard deviation in either channel; flagged by Gene Pix
as “not found” or “absent” or manually flagged as “bad”
due to high background, misshapen features, scratches or
debris on the slide undetected by Gene Pix[13].
Normalization: The results were normalized for labeling
and detection efficiencies of the two fluorescence dyes,
prior to determining differential gene expression between
tumor and normal tissue samples. Intensities of selected
spots were transformed into log2 (Cy3/Cy5) and data were
normalized by locally weighted linear regression (LOWESS)
method. Genespring software version GX7.3.1 (Silicon
Genetics, Redwood, CA) was used to normalize values for
each gene for data analysis.
Ranking of genes: Data analysis was performed using
Genespring Software GXV 7.3 (Silicon Genetics, Redwood
City, CA). Differentially regulated genes were ranked on
the basis of signal intensity, normalized ratio, flag value and
variance across replicate experiments. Top ranked genes
had a higher intensity, high-normalized ratio for up and
low for down, unflagged, very low variance or standard
deviation. Filtered genes identified to be differentially
expressed by 1.5 fold or greater in three of five chips were
analyzed for functional gene clusters using GeneSpring
software GXV 7.3. GeneSpring used data found publicly
in genomic databases to build gene ontology based on
annotation information. t-test was performed at the 0.05%
significant level to find genes that vary significantly across
www.wjgnet.com
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Table 1 Demographic and clinical characteristics of esophageal
squamous cell carcinoma cases
Patient
ID

Age

Sex

EC-61
EC-64
EC-55
EC-103
EC-111
EC-90
EC-117
EC-73
EC-125
EC-110
EC-146
EC-136
EC-127
EC-121
EC-76
EC-81

55
45
52
59
55
50
60
50
71
70
45
48
58
55
50
55

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

Tobacco/
Alcohol
smoking habit
use
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes

Betel nut Pathological
chewing
grade
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

G2
G1
G1
G2
G3
G1
G3
G3
G2
G2
G2
G2
G1
G2
G2
G1

G1 = Well differentiated squamous cell carcinoma; G2= Moderately
differentiated squamous cell carcinoma; G3= Poorly differentiated squamous
cell carcinoma.

samples. P-Value or probability value is the chance of set
of genes involved in a particular function to be present in
any given gene list with reference to the number of genes
known to be involved in the function.
Hierarchical clustering: Average linkage hierarchical
clustering was done using the Cluster Software version
3.0 written by Michael Eisen[14]. The Euclidean distance
metric was used as a measure of similarity between the
gene expression patterns for each pair of samples based
on log-transformed ratios across all genes. The results
were analyzed and visualized with the Tree View Program
Version 1.50 also written by Michael Eisen. Those
genes showing progressive fold increases or decreases in
gene expression relative to normal mucosa were shown
proportionally in red and green, respectively.
Pathway prediction analysis: We obtained annotations
of the bioprocesses, molecular function and cellular
localization using the freely available Gene Ontology
and Source database [15]. The significant gene clusters
were queried with known components of the biological
pathways on the freely available KEGG database [16] .
We also used the Biointerpreter software (http://www.
genotypic.co.in/biointerpreter) for gene ontology.

RESULTS
Sixteen esophageal biopsy samples were compared
with nor mal pooled esophageal tissue. All patients
were male and gave a history of tobacco consumption
and betel nut chewing (Table 1). Gene expression
was measured using microarrays to detect changes in
tumor samples compared to nor mal. Nine hundred
and twenty three genes were differentially expressed
at least 1 fold in 3 out of 5 experiments. Of these,
611 genes were upregulated and 312 genes were down
regulated. The scaled data generated from Gene Pix
Pro 6.0.1.27 software were imported into GeneSpring

13146417

13012811

13008053

13008047

13008041
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Table 2 List of significantly upregulated genes in esophageal
cancer patients
Category

Genes
Genes % Genes
in list
in
in
category category in category

% Genes P -value
in list
category

GO: 4930:
G-protein coupled
receptor activity

150

2.148

23

3.433

0.0156

GO: 8324: cation
transporter activity

307

4.396

39

5.821

0.0404

GO: 4674: protein
serine/threonine
kinase activity

285

4.081

38

5.672

0.022

20

0.286

5

0.746

0.0368

4

0.0573

3

0.448

0.00327

GO: 4707: MAP
kinase activity
GO: 4161: dimethylallyltransferase
activity

Table 3 List of significantly down-regulated genes in esophageal
cancer patients

Figure 2 Hierarchical Clustering (Average Linkage Clustering) of the genes that
were over or under expressed in tumor versus normal tissue in the 16 ESCC
patients.

for fold change analysis, filtering, and cluster analysis.
Hierarchical Clustering analysis of 923 genes selected
from the 10 000-gene sets was performed (Figure 2).
To identify highly reproducible changes, data were
filtered based on select criteria. Transcripts modulated by
a minimum 1.5 fold in at least three of five chips were
used for further analyses. However, genes that had a ≥
1.5 fold cutoff value or had a P value of ≤ 0.05 were
also included for analysis to seek for subtle changes in
gene expression. Using stringent criteria (P ≤ 0.05 and
≥ 1.5 fold change), 127 differentially expressed genes
(87 upregulated and 40 down regulated) were identified
in tumor tissue. Using the Gene Ontology database, we
categorized the 923 differentially expressed genes into
known or probable functional categories. Genes involved
in dimethylallyltransferase activity and farnesyltransferase
activity (CTLA4), cation antiporter activity (SLC9A2) and
cation transporter activity (KCNN2, SLC30A4, KCNJ15,
CACNA2D3), G-protein coupled receptor (GPCR)
activity (GPR87, NPY), MAPK signaling pathway (FGF12),
and protein serine or threonine kinase activity (GRK4) were
significantly upregulated (Table 2). Out of 87 upregulated
genes, two genes were involved in GPCR group, five genes
were involved in cation transporter activity, one gene each
was involved in protein serine or threonine kinase activity
and MAPK activity. Genes involved in anti-apoptosis
activity (BIRC1), omega peptidase activity (UCHL1)
and cellular proliferation (EGR2) were also significantly
activated. Genes involved in structural constituent of
the ribosome (RPL32, RPS4X), structural constituent of
cytoskeleton (KRT17, KRT8, PLA2G1B), cysteine protease
inhibitor activity (CSTB, CSTA), anti-oxidant activity
(PRDX6), acyl groups transferase activity (TGM3), and

Category

GO: 3735: structural
constituent of
ribosome

Genes % Genes Genes
in
in
in list in
category category category

% Genes P -value
in list
category

115

1.647

32

4.992

5.54E-09

GO: 4869: cysteine
protease inhibitor
activity

27

0.387

11

1.716

1.19E-05

GO: 5200: structural
constituent of
cytoskeleton

63

0.902

12

1.872

0.011

GO: 16746:
transferase activity,
transferring acyl
groups

90

1.289

19

2.964

0.000422

GO: 16209:
antioxidant activity

25

0.358

9

1.404

0.000232

GO: 3746: translation
elongation factor
activity

14

0.2

5

0.78

0.00636

translation elongation (EEF1A1) were significantly downregulated (Table 3). Genes involved in humoral immune
response (CD24) and base-excision repair (MPG) were
significantly down regulated. Out of 40 down regulated
genes, five genes were involved in structural constituent
of the ribosome, four genes were involved in structural
constituent of cytoskeleton, two genes were involved in
cysteine protease inhibitor activity and one gene each was
involved in anti-oxidant activity, acyl group transferase
activity and translation elongation.

DISCUSSION
Several tobacco constituents, including nitrosamines,
polycyclic aromatic hydrocarbons, aromatic amines,
various aldehydes and phenols, may be causally related to
esophageal cancer[1]. A previous report has shown that
betel quid chewing with or without tobacco consumption
www.wjgnet.com
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is associated with the development of esophageal cancer
in Assam[3]. However, there are very few studies of gene
expression profiles of tumors that may be associated with
betel quid chewing as well as tobacco consumption. The
current study was aimed to analyze genes and pathways
that may be involved in tobacco and betel quid chewing
related esophageal malignancies in this high incidence
region of India.
Gene expression levels showed that there were four
different molecular functional pathways that were most
significantly upregulated and six different molecular
functional pathways that were most significantly down
regulated. Some of the significantly overexpressed
molecular functional pathways like MAPK signaling
pathway, G-protein coupled receptor and cation transporter
activity have earlier been reported in esophageal and other
cancers. However, genes such as CTLA4 (involved in
dimethylallyltransferase activity and farnesyltransferase
activity) and UCHL1, NPY, FGF12, KCNN2, and
KCNJ15 were found to be significantly upregulated in
our study and have not been reported earlier. Genes
involved in structural constituent of ribosome (RPL32,
RPS4X, RPL7A) and anti-oxidant activity (PRDX6) that
were found to be significantly down regulated in our
study, have also not been reported earlier. Some of the
significantly down regulated molecular functional pathways
like structural constituent of cytoskeleton (KRT17, KRT8,
KRT4), acyl groups transferase activity (TGM3) and
cysteine protease inhibitor activity (CSTB, CSTA), have
already been reported previously in esophageal carcinoma.
The data may be used for selection of a limited number of
markers that can be screened in large populations by RTPCR. All the genes identified here are of interest because
of their potential roles in the natural history of esophageal
squamous cell carcinoma.
The mitogen activated signaling cascade showed
significant up-regulation in our study. Activated MAPK
pathway has been detected in many human tumors
including carcinomas of the breast, colon, kidney, and lung
suggesting the possibility that MAPK may play a major
role in tumor progression and metastasis. MAPK induces
proteolytic enzymes that degrade the basement membrane,
enhance cell migration, initiate several pro-survival genes
and maintain growth[17]. Oxidants in cigarette smoke have
previously been reported to activate MAPK signaling
cascades in lung epithelial cells in vitro and in vivo. These
signaling pathways lead to the enhanced ability of Jun
and Fos family members to activate transcription of a
number of AP-1 dependent target genes involved in
cell proliferation, differentiation, and inflammation [18].
Phosphorylated ERK 1/2, JNK, p38 and ERK5 genes
were significantly increased upon exposure to tobacco
smoke, indicating the activation of MAPK pathways[7].
Benzo (a) pyrene quinines, which is the non-volatile
component of cigarette smoke, have also been reported to
increase cell proliferation, generate reactive oxygen species,
and transactivate the epidermal growth factor receptor in
breast epithelial cells[19].
TNF- alpha was found to be upregulated in our study.
Cigarette smoke is known to enhance the induction of
TNF-alpha by differentiated macrophage that is regulated
www.wjgnet.com
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primarily via the ERK ½ pathway[20]. TNF receptor super
family member 17 has been shown to specifically bind to
the TNF (ligand) super family member 13b (TNFSF13B/
TALL-1/BAFF) , which leads to activation of NF-kappaB
and MAPK8/JNK.
Neuropeptide Y (NPY), which belongs to G-protein
coupled receptor family, was found to be significantly
upregulated in our study. Aberrant NPY expressions are
early events in prostrate cancer development and are
associated with a poor prognosis[21]. Activation of the Y1
receptor by NPY regulates the growth of prostate cancer
cells. Estrogen upregulates NPY receptor expression in a
human breast cancer cell line[22].
Ion channel regulating genes showed significant
upregulation in our study. Several tumors such as prostrate,
uterus, glial cells, stomach, pancreas, breast and colorectum
are known to express Ca 2+activated K + channels. The
complex process of carcinogenesis is trig gered by
oncogenic pathways via activation of K+ channels. For
example, p21 ras and the Raf kinase are known to induce
oncogenic transformation via activation of Ca2+ dependent
K + channels. Enhanced cell mig ration and tumor
metastasis are associated with fluctuations in the activity of
membrane transporters and ion channels that require K+
channel activity[23]. Genes involved in calcium regulation
and calcium signaling also seemed to be important in the
progression of esophageal squamous dysplasia[24].
The deleted in colorectal cancer (DCC) gene, which
was found to be upregulated in our study, is a candidate
tumor suppressor gene which may be associated with
differentiation and proliferation of normal cells. DCC
protein expression seems to be a significant prognostic
factor in high-risk resected gastric cancer. This gene may
play a role in the metastatic potential of these tumors[15].
Transglutaminase-3 (TGase-3) that showed significant
down regulation in our study has been reported in earlier
studies. TGase-3 has been implicated in the formation and
assembly of the cornified cell envelope of the epidermis,
hair follicle and perhaps other stratified squamous
epithelia. Alterated TGase-3 expression is a common
event in human esophageal cancer[25]. The lowest levels
of TGases 3 and 7 have been reported in patients with
metastatic disease [26]. Tissue transglutaminase (tTG) is
a high level phenotypic biomarker down regulated in
prostate cancer[27].
Intermediate filaments form the cytoskeleton of cells
and maintain the integrity of cells. Keratins (KRT4 and
KRT8) showed significant down regulation in our study.
Overexpression of epithelial cell intermediate filaments
and their isoforms (KRT8) have been reported earlier in
colorectal polyp and cancer[28].
Reduced expression of cystatin B as found in our study,
has earlier been reported to be associated with lymph node
metastasis and may therefore prove to be a useful marker
for predicting the biologic aggressiveness of esophageal
cancer[29]. Overexpression of cystatin A has been shown
to inhibit tumor cell growth, angiogenesis, invasion, and
metastasis in esophageal cancer[30]. High levels of cystatin
A and cystatin B have been reported to correlate with
more favorable patient outcome in breast, lung and head
and neck tumors.
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A group of ribosomal proteins may function as
cell cycle checkpoints and compose a new family of
cell proliferation regulators. They play an important
role in translational regulation and control of cellular
transfor mation, tumor growth, ag gressiveness and
metastasis. Thus in addition to protein synthesis, they are
involved in neoplastic transformation of cells. Ribosomal
proteins were found to be significantly down regulated
in our study. Expression of human ribosomal protein
L13a has been shown to induce apoptosis, presumably by
arresting cell growth in the G2/M phase of the cell cycle.
In addition, a closely related ribosomal protein, L7, arrests
cells in G1 and also induces apoptosis[15]. Mitochondrial
ribosomal protein L41 suppresses cell g rowth in
association with p53 and p27Kip1. MRPL41 is reported
to be either expressed at reduced levels or absent in most
tumor types and cell lines[31]. Human apurinic apyrimidinic
endonuclease (RPLP0) and its N terminal truncated
form (AN34) are involved in DNA fragmentation during
apoptosis. Down regulation of RPLP0 expression
is associated with the induction of apoptosis in
differentiating myeloid leukemia cells[32]. Simultaneously,
three ribosomal proteins (RPL10, RPL32, and RPS16)
also showed up-regulation in C81 cells. Overexpression
of several ribosomal proteins including RPS16 has been
reported in colon, breast, liver, and pancreatic tumors[33].
This is the first study to provide gene expression
profiles of esophageal cancer in a high-risk region of
Assam in India. The most salient finding was identification
of down regulated genes involved in structural constituents
of ribosome and upregulated genes involved in cation
transporter activity. In a similar study of gene expression
profiles in a high-risk area of China, Taylor et al[12] and Liu
et al[35,36] have reported down regulation of CSTB, CSTA,
KRT4, and T GM3 and upregulation of G-coupled
signaling, ion transport activity and MAPK activity[24]. In
a recent study from a low risk area of India, deregulation
of genes associated with zinc homeostasis in esophageal
squamous cell carcinoma (ESCC) has been reported[34].
These data indicate the consistency of molecular profiles
of esophageal cancer in two different geographic locations
that have a high incidence of ESCC but different food
habits and customs.
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Abstract
AIM: To investigate the effects of KN-93, a CaMKⅡ
selective inhibitor on cell proliferation and the expression
of p53 or p21 protein in human hepatic stellate cells.
METHODS: Human hepatic stellate cells (LX-2) were
incubated with various concentrations (0-50 mmol/L) of
KN-93 or its inactive derivative, KN-92. Cell proliferation
was measured by CCK-8 assay, and the expression of
two cell cycle regulators, p53 and p21, was determined
by SDS-PAGE and Western blotting.
RESULTS: K N - 9 3 ( 5 - 5 0 mm o l / L ) d e c r e a s e d t h e
proliferation of human hepatic stellate cells in a dosedependent manner from 81.76% (81.76% ± 2.58% vs
96.63% ± 2.69%, P < 0.05) to 27.15% (27.15% ± 2.86%
vs 96.59% ± 2.44%, P < 0.01) after 24 h treatment.
Incubation of 10 mmol/L KN-93 induced the cell growth
reduction in a time-dependent manner from 78.27%
at 8 h to 11.48% at 48 h. However, KN-92, an inactive
derivative of KN-93, did not inhibit cell proliferation
effectively. Moreover, analysis of cell cycle regulator
expression revealed that KN-93 rather than KN-92
reduced the expression of p53 and p21.
CONCLUSION: KN-93 has potent inhibitory effect on
proliferation of LX-2 cells by modulating the expression
of two special cell cycle regulators, p53 and p21.
© 2007 The WJG Press. All rights reserved.

Key words: KN-93; Human hepatic stellate cells; LX-2;
Cell proliferation
An P, Zhu JY, Yang Y, Lv P, Tian YH, Chen MK, Luo HS.
KN-93, a specific inhibitor of CaMKⅡ inhibits human hepatic
stellate cell proliferation in vitro . World J Gastroenterol
2007; 13(9): 1445-1448

http://www.wjgnet.com/1007-9327/13/1445.asp

INTRODUCTION
Many forms of acute and chronic liver injury, such as
viral infection (especially hepatitis B and C), cholestasis,
metabolic diseases, persistent alcohol abuse, and
autoimmune liver diseases, result in hepatic fibrogenesis[1,2].
In the wound-healing process, retinoid-storing quiescent
hepatic stellate cells (HSCs) are activated turning to
myofibroblasts which are the major cell type responsible
for producing excessive extracellular matrix, and play a
pivotal role in the development of hepatic fibrosis[3-5]. For
the outstanding importance in hepatic fibrosis, more and
more researches focus on investigating the proliferation
and apoptosis of HSC.
Among many signaling pathways of proliferation,
intracellular calciumol/L has been extensively demonstrated
to be very important[6]. In cytoplasm, calciumol/L binds
to calmodulin, and then activates the Ca 2+/calmodulin
(CaM) dependent kinases (CaMKs) which are a family
of structurally related serine/threonine protein kinases
including CaMKI-Ⅳ[7]. Recent studies have suggested
that CaMKⅡ, a multi functional protein kinase, is
ubiquitously involved in many physiological processes
including control of cell cycle, apoptosis, gene expression,
and neurotransmission[8,9]. Despite the important role of
CaMKⅡ in cell cycle, no studies on CaMKⅡ and its
inhibitors in HSC proliferation have been reported.
KN-93, as a membrane permeant compound of CaMK
Ⅱ-selective inhibitor, can intensively prevent CaMK[10]
Ⅱ activation by antagonizing CaM binding , and has
been used in functional studies on living cells. In contrast
to KN-93, KN-92 is a congener of KN-93 without
CaM kinase inhibitory activity and has been used as an
experimental control[11]. It was reported that KN-93 not
only suppresses CaMKⅡ activity but is a strong inhibitor
of cell proliferation[12].
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This study was to explore the effects of KN-93 on
proliferation of human HSC and its mechanism.

March 7, 2007

Cell line, culture conditions and KN-93 treatment
The human hepatic stellate cell line LX-2[13] was obtained
from Institute of Liver Diseases, Shanghai University of
Traditional Chinese Medicine. Cells were propagated in
DMEM supplemented with 10% heat-inactivated fetal
bovine serum, penicillin (100 U/mL) and streptomycin (100
g/L) under standard culture conditions (37℃, 950 mL/L
humol/lidified air and 50 mL/L CO2). A stock solution of
10 mmol/L KN-93 and 10 mmol/L KN-92 in DMSO was
prepared, and final concentrations (1, 5, 10, 25, 50 mmol/L)
in DMEM were prepared from stock solution immediately
before use. DMEM with an equal volume of DMSO
served as a negative control.
WST-8 assay
The proliferation of LX-2 cells was estimated by CCK-8
assay according to the manufacturer’s guidelines. LX-2
cells treated with DMSO were used as a control. This assay
is based on the cleavage of the tetrazolium salt WST-8 by
mitochondrial dehydrogenase in viable cells. Briefly, LX-2
cells (2 × 103 cells/well) were incubated with 100 mL of
culture medium in 96-multiwell plates. After incubated with
KN-93 or KN-92 at indicated concentrations for 24 h or
with 10 mmol/L of KN-93 or KN-92 for indicated periods
of time, the media were removed and 100 μL of DMEM
containing CCK-8 (10 μL) was added to each well. After a
further 2 h incubation at 37℃, the absorbance at 450 nm
of each well was measured with a Thermomax microplate
reader. Each experiment was repeated three times, and the
data represent the mean of all measurements.
Western blot analysis
A total of 5 × 10 5 LX-2 cells were plated in 6-well
dishes. After attachment, KN-93 or KN-92 at indicated
concentrations or vehicle control was added and incubated
for 24 h. For Western blot analysis, the procedure was
performed as described previously [14]. Briefly, an equal
amount of protein lysates (40 μg) was electrophoresed
on a 10% polyacrylamide gel and then electophoretically
transferred to a polyvinylidene difluoride membrane. The
membrane was blocked with 5% nonfat dry milk for 2
h at room temperature and incubated with the indicated
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Table 1 Effect of KN-93 and KN-92 on cell proliferation in
human hepatic stellate cells (LX-2) after 24 incubation (n = 3,
mean ± SD)

MATERIALS AND METHODS
Materials
KN-93 and KN-92 were provided by Calbiodhem (La Jolla,
CA). Dimethyl sulfoxide (DMSO) trypsin, PMSF, aproptin
and SDS were obtained from Sigma Chemical Company
(St. Louis, MO, USA). Dulbecco’s modified Eagle’s
medium (DMEM), glutamine, and penicillin-streptomycin
were purchased from Gibco (Invitrogen, Carlsbad, CA).
Fetal bovine serum (FBS) was from Hyclone. Primary
antibody against β-actin, p53 and p21 were obtained from
Santa Cruze Biotechnology (Santa Cruz, CA). WST-8 cell
proliferation and cytotoxicity assay kit was from Beyotime
Institute of Biotechnology (Jiangshu, China).

Volume 13

Cell proliferation (% of control)
Concentration
Control
5 mmol/L
10 mmol/L
25 mmol/L
50 mmol/L

KN-93
100.00 ± 3.32
81.76 ± 2.58a
60.30 ± 2.59b
33.42 ± 3.07b
27.15 ± 2.86b

KN-92
100.00 ± 3.32
96.63 ± 2.69
96.24 ± 3.14
95.61 ± 2.81
96.59 ± 2.44

a

P < 0.05, bP < 0.01 vs control group.

Table 2 Effect of 10 mmol/L KN-93 and KN-92 on cell
proliferation in human hepatic stellate cells (LX-2) after
treatment for various periods of time (n = 3, mean ± SD)
Cell proliferation (% of control)
Time of treatment
Control
4h
8h
16 h
24 h
48 h
b

KN-93
100.00 ± 2.86
99.56 ± 3.53
78.27 ± 2.92b
52.26 ± 2.90b
30.54 ± 2.82b
11.48 ± 3.16b

KN-92
100.00 ± 3.32
97.12 ± 2.97
96.95 ± 2.56
98.34 ± 3.18
96.53 ± 2.67
97.12 ± 3.09

P < 0.01 vs control group.

primary antibody overnight at 4℃. After washing, the
membrane was incubated with a horseradish peroxidaseconjugated secondary antibody (Amersham Biosciences,
Piscataway, NJ). Subsequently, the blots were developed
by using the ECL kit (Santa Cruz Biotechnology, Santa
Cruz, CA) and exposed to X-ray film. Protein bands were
quantified by densitometric scanning using a Bio-Rad GS800-calibrated densitometer. Each experiment repeated
three times.
Statistical analysis
Data were expressed as mean ± SD. Statistical comparisons
between groups were analyzed by the Student’s t test. P <
0.05 was considered statistically significant.

RESULTS
KN-93 inhibited LX-2 cell growth
To assess the biological activity of KN-93 in LX-2 cell
proliferation, KN-93 and its inactive derivative, KN-92
were chosen in CCK-8 assay. KN-93 significantly inhibited
cell proliferation. After incubation of KN-93 at various
concentrations for 24 h, the number of LX-2 cells reduced
dramatically (Figure 1A) from 81.76% (5 m mol/L) to
27.15% (50 mmol/L) (Table 1). Exposure to 10 mmol/L
KN-93 also significantly declined cell proliferation in a
time-dependent manner (Figure 1B). The proliferation of
LX-2 cells was reduced after KN-93 was incubated for 8
h (P < 0.01) and more obviously after further treatments
(Table 2). Despite KN-93 had such a powerful influence
on human hepatic stellate cells, KN-92 was ineffective
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Figure 1 WST-8 assay showing the effect of KN-93 and KN-92 on the growth of LX-2 cells after incubation for 24 h (A) and at the indicated time (B). Data are expressed as
mean ± SE of three experiments.
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Figure 3 Effects of KN-93 (A) and KN-92 (B) on
expression of p21 in LX-2 cells.
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Figure 2 Effects of KN-93 (A) and KN-92 (B) on
expression of p53 in LX-2 cells.
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in blocking cell growth (Figure 1, Tables 1 and 2). These
results implied that KN-93 inhibited proliferation of LX-2
cells in a dose- and time-dependent manner.
KN-93 increased the expression of p53
Next, we concentrated our studies on whether KN-93
influences the expression of cell cycle regulator, p53.
The results from Western blotting and data analysis are
exhibited in Figure 2. It was much clear that KN-93 at each
concentration improved the expression of p53, especially
at the concentration of 50 m mol/L (Figure 2A). As
expected, KN-92 showed little impact on p53 expression
(Figure 2B), demonstrating that it was KN-93 rather than
KN-92 increased p53 expression in a dose-dependent
manner.

50

KN-93 also increased expression of p21
Another important regulator involving cell cycle, p21, was
examined. The level of p21 increased with the increase
of KN-93 concentration (Figure 3A). Few changes in
p21 expression were observed when KN-92 was added
(Figure 3B).

DISCUSSION
During liver fibrosis, HSCs perform a phenotype change
from vitamin A-rich cells to proliferative, contractile and
fibrogenic myofibroblasts. The activated HSCs produce
excessⅠ and Ⅲ collagens which deposit and lead to
fibrotic tissue in liver[15,16].
KN-93, a specific inhibitor of CaMKⅡ is verified to
www.wjgnet.com
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have a powerful capability of suppressing the activation of
CaMKⅡ[17]. It was reported that KN-93 is involved in cell
cycle arrest and proliferation[12], indicating that CaMKⅡ
is necessary for cell cycle progression through G1 and is
a key regulator in the transduction signals of cell growth.
In Hela cells, KN-93 can also inhibit cell proliferation and
elevate some cell cycle regulators such as CKD1[18]. These
results indicate that CaMKⅡ is one of the most important
factors for cell survival.
Our study suggested that KN-93 could significantly
inhibit human hepatic stellate cell LX-2 proliferation in
a dose-dependent manner. The inhibition increased with
increase of incubation time. The effect of KN-92 on cell
growth demonstrated the specificity of KN-93 in LX-2.
These obvious results indicate that KN-93 might not
only inhibit human HSC proliferation but also exert toxic
effects on cells despite its negative effect on KN-92. In this
study, 10 mmol/L KN-93 inhibited LX-2 cell proliferation
in a time-depended manner, which is in agreement with the
reported data showing the effect of KN-93 on apoptosis
in NIH 3T3 cells[12], suggesting that HSCs and CaMKII
can enhance cell proliferation.
Since KN-93 inhibits cell growth, we studied the
regulators of cell cycle. P53, a suppressor protein, is
a nuclear transcription factor controlling cell cycle
progression[19,20]. Abriss et al[21] showed that constitutive
expression of p53 is sufficient to induce cell arrest in
HSCs. P53 can reduce proliferation of activated HSCs.
In the present study, KN-93 significantly down-regulated
the expression of p53 compared with KN-92 KN-92.
Although KN-93 inhibited LX-2 proliferation, the exact
mechanism by which KN-93 affects p53 is not clear and
needs further study.
P21 is an inhibitor of cyclin-dependent kinases that
control the cells to enter the S-phase[22]. P21 is regulated
by the protein product of the gene p53, and is the
downstream point. In this study, p21 expression was
obviously decreased, suggesting that p21 is involved in
KN-93-induced inhibition of HSC proliferation.
In conclusion, KN-93 has inhibitory effects on the
proliferation of hepatic stellate cells. However, further
studies are needed to explore the mechanism of KN-93
underlying the proliferation and apoptosis of hepatic
stellate cells.

REFERENCES
1
2
3
4

Friedman SL, Schiff E, Sorrell M, Maddrey W. Diseases of the
Liver. 8th ed. Philadelphia: Lippincott-Raven, 1998: 371–386
Bissell DM. Hepatic fibrosis as wound repair: a progress
report. J Gastroenterol 1998; 33: 295-302
Friedman SL. Seminars in medicine of the Beth Israel Hospital,
Boston. The cellular basis of hepatic fibrosis. Mechanisms and
treatment strategies. N Engl J Med 1993; 328: 1828-1835
Friedman SL. Molecular regulation of hepatic fibrosis, an

5

6
7
8
9
10

11

12

13

14

15
16
17

18
19
20
21

22

March 7, 2007

Volume 13

integrated cellular response to tissue injury. J Biol Chem 2000;
275: 2247-2250
Maher JJ, Bissell DM, Friedman SL, Roll FJ. Collagen
measured in primary cultures of normal rat hepatocytes
derives from lipocytes within the monolayer. J Clin Invest 1988;
82: 450-459
Kahl CR, Means AR. Regulation of cell cycle progression by
calcium/calmodulin-dependent pathways. Endocr Rev 2003;
24: 719-736
Hook SS, Means AR. Ca(2+)/CaM-dependent kinases: from
activation to function. Annu Rev Pharmacol Toxicol 2001; 41:
471-505
Braun AP, Schulman H. The multifunctional calcium/
calmodulin-dependent protein kinase: from form to function.
Annu Rev Physiol 1995; 57: 417-445
Heist EK, Schulman H. The role of Ca2+/calmodulindependent protein kinases within the nucleus. Cell Calcium
1998; 23: 103-114
Mamiya N, Goldenring JR, Tsunoda Y, Modlin IM, Yasui K,
Usuda N, Ishikawa T, Natsume A, Hidaka H. Inhibition of
acid secretion in gastric parietal cells by the Ca2+/calmodulindependent protein kinase II inhibitor KN-93. Biochem Biophys
Res Commun 1993; 195: 608-615
Rodriguez-Mora OG, LaHair MM, McCubrey JA, Franklin
RA. Calcium/calmodulin-dependent kinase I and calcium/
calmodulin-dependent kinase kinase participate in the control
of cell cycle progression in MCF-7 human breast cancer cells.
Cancer Res 2005; 65: 5408-5416
Tombes RM, Grant S, Westin EH, Krystal G. G1 cell cycle
arrest and apoptosis are induced in NIH 3T3 cells by KN-93,
an inhibitor of CaMK-II (the multifunctional Ca 2+ /CaM
kinase). Cell Growth Differ 1995; 6: 1063-1070
Xu L, Hui AY, Albanis E, Arthur MJ, O'Byrne SM, Blaner WS,
Mukherjee P, Friedman SL, Eng FJ. Human hepatic stellate cell
lines, LX-1 and LX-2: new tools for analysis of hepatic fibrosis.
Gut 2005; 54: 142-151
Han SW, Lei ZM, Rao CV. Up-regulation of cyclooxygenase-2
gene expression by chorionic gonadotropin during the
differentiation of human endometrial stromal cells into
decidua. Endocrinology 1996; 137: 1791-1797
Reeves HL, Friedman SL. Activation of hepatic stellate cells--a
key issue in liver fibrosis. Front Biosci 2002; 7: d808-d826
Iredale JP. Hepatic stellate cell behavior during resolution of
liver injury. Semin Liver Dis 2001; 21: 427-436
Muthalif MM, Karzoun NA, Benter IF, Gaber L, Ljuca F,
Uddin MR, Khandekar Z, Estes A, Malik KU. Functional
significance of activation of calcium/calmodulin-dependent
protein kinase II in angiotensin II--induced vascular
hyperplasia and hypertension. Hypertension 2002; 39: 704-709
Rasmussen G, Rasmussen C. Calmodulin-dependent protein
kinase II is required for G1/S progression in HeLa cells.
Biochem Cell Biol 1995; 73: 201-207
Allred DC, Harvey JM, Berardo M, Clark GM. Prognostic and
predictive factors in breast cancer by immunohistochemical
analysis. Mod Pathol 1998; 11: 155-168
Cox LS, Lane DP. Tumour suppressors, kinases and clamps:
how p53 regulates the cell cycle in response to DNA damage.
Bioessays 1995; 17: 501-508
Abriss B, Hollweg G, Gressner AM, Weiskirchen R.
Adenoviral-mediated transfer of p53 or retinoblastoma protein
blocks cell proliferation and induces apoptosis in cultureactivated hepatic stellate cells. J Hepatol 2003; 38: 169-178
Levine AJ. p53, the cellular gatekeeper for growth and
division. Cell 1997; 88: 323-331
S- Editor Liu Y L- Editor Wang XL

www.wjgnet.com

Number 9

E- Editor Zhou T

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 7; 13(9): 1449-1450
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CASE REPORT

Strangulated diaphragmatic hernia presenting clinically as
pericarditis
Rohit Makhija, Jacob A Akoh
Rohit Makhija, Jacob A Akoh, Directorate of Surgery, Derriford
Hospital, Plymouth PL6 8DH, United Kingdom
Correspondence to: Rohit Makhija, Directorate of Surgery,
Derriford Hospital, 8 Winston Churchill Drive, King’s Lynn,
Norfolk, PE30 4YQ, United Kingdom. rohit100@doctors.net.uk
Telephone: +44-1553-771200
Received: 2006-08-15
Accepted: 2007-02-22

Abstract
A case of strangulation of the transverse colon in
a traumatic left diaphragmatic hernia manifesting
as pericarditis is reported. This is unusual because
pericardial signs in traumatic diaphragmatic hernia have
been previously described in association with direct
pericardial injury. This is the only such case where
electrocardiographic changes of pericarditis were seen
without direct pericardial trauma. The possibility of
internal herniation through a traumatic diaphragmatic
hernia must be considered in patients with chest
symptoms and a compatible history.
© 2007 The WJG Press. All rights reserved.

Key words: Strangulated colon; Diaphragmatic hernia;
Pericarditis; Diaphragmatic injury
Makhija R, Akoh JA. Strangulated diaphragmatic hernia
presenting clinically as pericarditis. World J Gastroenterol
2007; 13(9): 1449-1450

http://www.wjgnet.com/1007-9327/13/1449.asp

INTRODUCTION
We report an unusual case of strangulated diaphragmatic
hernia presenting as pericarditis, which was not reported in
English literature.

CASE REPORT
Mr CV, a 60-year old man presented to the casualty
department with a history of vomiting and crampy
abdominal pain. His previous medical history included
a fall 4 years ago during which he sustained multiple rib
fractures and a small left haemopneumothorax, which was
treated conservatively at that time. Physical examination
was unremarkable and he was empirically treated for

gastroenteritis and discharged home. He returned the
following day, with pleuritic left chest pain, dyspnoea,
pyrexia of 38.5℃ and tachypnoea. Investigations revealed
minimally elevated white cell count, left lower lobe
consolidation on chest X-ray (CXR) (Figure 1) and normal
electrocardiogram (ECG).
He was admitted to Medical Assessment Unit where he
later complained of chest tightness. Repeat ECG revealed
generalised ST elevation with upward concavity (Figure
2). A differential diagnosis of acute myocardial infarction
and pericarditis was entertained and he was transferred to
Coronary Care Unit (CCU) where he had a short episode
of supraventricular tachycardia controlled with intravenous
adenosine. Echocardiography revealed normal ventricular
function with minor apical hypokinesis and no pericardial
fluid. Twelve hours later he had signs of acute abdomen.
Abdominal radiograph suggested large bowel obstruction,
which was confirmed by GastrografinTM enema. The
surgical team reviewed him and took him to the operating
theatre with a diagnosis of peritonitis. However, its cause
still remained unknown.
Laparotomy findings were faecal peritonitis with caecal
perforation due to strangulated transverse colon in a left
diaphragmatic hernia. Extended right hemicolectomy was
performed with formation of ileostomy and a mucous
fistula. The diaphragmatic opening was primarily repaired
with non-absorbable sutures. Post-operative recovery was
protracted with a long spell in the Intensive Care Unit.
ECG changes reverted to normal shortly after surgery.

DISCUSSION
Traumatic diaphragmatic hernia is usually caused by blunt
trauma and occurs more frequently on the left side as the
liver often protects the right side[1,2]. As in this case, it is
a diagnosis, which is often missed at the time of initial
injury and only determined at laparotomy much later. This
case is unusual because the presenting features so strongly
simulated pericarditis that the patient was initially admitted
to CCU after assessment by a cardiologist. This type of
presentation has not been published in English literature
previously. Whenever pericardial symptoms are associated
with traumatic diaphragmatic hernia, there is a direct
trauma to the pericardial sac[3,4]. However, in this patient,
the pleuritic chest pain and ECG changes were presumably
caused by pressure effects from the adjacent distended
colon along with contaminated faecal fluid in the hernial
sac.
In conclusion, all patients who have persistent basal
www.wjgnet.com
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Figure 1 Chest X-ray showing stomach bubble in left
hemi-thorax, above the left hemi-diaphragm.

Figure 2 ECG with ST and T wave changes showing acute pericarditis.

abnormality on their chest X-ray after blunt thoracoabdominal trauma should be radiologically evaluated to
exclude the possibility of a ruptured diaphragm owing to
the serious consequences of an undetected diaphragmatic
hernia. The preferred radiological investigation is a
contrast-enhanced computed tomography scan of the
abdomen. In addition, the possibility of an incarceration
should be kept in mind when assessing patients presenting
with chest symptoms and a histor y sug g estive of
previously ruptured diaphragm.
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Abstract
Abnormalities of gastric mucosa in patients with portal
hypertension are well documented. Manifestations
of portal hypertension in small bowel and colon are
less common. Colonic polypoid lesions microscopically
consisting of a normal mucosa, with dilatation of
submucosal vessels, have been described. We here
report the first case of portal hypertensive duodenal
polyp, responsible for gastro-intestinal bleeding.
Endoscopic treatment turned out to be successful.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Esophagogastric varices are common manifestations
of portal hypertension, but other lesions such as gastric
mucosal changes, called portal hypertensive gastropathy[1],
or colonic mucosal abnor malities [2,3] may occur.
Duodenopathy has also been reported, with various
forms [4-6] but never under the appearance of a polyp.
We describe a patient who was found to have a portal
hypertensive duodenal polyp, responsible for gastrointestinal bleeding. Endoscopic treatment was performed
with success.

CASE REPORT
A 70-year old man, with alcoholic cir rhosis, was

hospitalized for a melena. Physical examination found
superficial venous engorgement of the abdominal wall,
with ascitis. Laboratory data revealed anemia and liver
dysfunction. International normalized ratio (INR) value
was 1.33.
An upper endoscopy showed large esophageal varices
without red spots, and portal hypertensive gastropathy. In
the descending portion of the duodenum, a 3-cm long,
ulcerated and haemorrhagic polypoid lesion was seen
(Figure 1).
We performed polypectomy using hemostatic clips on
the pedicle, then a polypectomy snare. Anatomopathologic
examination of the specimen showed a fibrous and
inflammatory polyp, with numerous thick-walled capillaries
in its subepithelial portion, and a few vascular ectasias were
associated (Figure 2). This histological appearance was
considered as portal hypertensive duodenopathy. There
was no epithelial proliferation in favor of an inverted
polyp or hamartomatous lesion.
No complication occurred, and control endoscopy was
performed three days later. The duodenal mucosa appeared
normal. Colonoscopy revealed an 8-mm polyp located in
the left portion of the colon, which was removed with a
polypectomy snare. Anemia resolved and the patient was
still free of haemorrhagic recurrence six months later.

DISCUSSION
McCormack et al [1] first described portal hypertensive
gastropathy, its appearance consists of mosaic pattern,
cherry red spots and scarlatina rash. Other entities have
then been documented, such as portal hypertensive
enteropathy[4-10] and colonopathy[2,3].
Duodenum can thus be involved and with the
exception of varices, lesions reported are erythema,
scattered petechiae, friable mucosa, erosion, ulcer and
edema.
In our patient, portal hypertensive duodenopathy
took the unusual presentation of a polyp. Misra et al[11]
and Ryushi Shudo et al[4] reported that the predominant
pathological features of portal hypertension duodenopathy
(PHD) are subepithelial edema, and increase of diameter
and wall thickness of the capillaries. Now, numerous
capillaries with a thickening wall were found in our
specimen, suggesting that the polyp is due to portal
hypertension duodenopathy. On the other hand, colonic
polypoid lesions due to portal hypertensive colonopathy
have already been described[12].
Moreover, many authors insist on the uncertain
clinical significance of portal hypertensive enteropathy[13],
in particular whether it can be responsible for gastrowww.wjgnet.com
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Figure 1 Endoscopic view of the
duodenal polyp.

intestinal bleeding.
In the reported case, the only haemorrhagic lesion was
the duodenal polyp. Additionally, anemia resolved after
polypectomy. This illustrates that portal hypertension
duodenopathy is a potential aetiology of gastro-intestinal
bleeding.
We removed the polyp using hemostatic clips before
applying polypectomy snare, to avoid the potential risk of
post polypectomy hemorrhage. Polypectomy appeared to
be a safe procedure and allowed histological diagnosis.
In conclusion, we report the case of a cirrhotic patient
who had upper gastro-intestinal haemorrhage due to a
portal hypertensive duodenal polyp. To our knowledge,
this is the first case of this form of portal hypertensive
duodenopathy. Endoscopic treatment was performed
successfully. Although the new data suggest that portal
hypertensive enteropathy may present as a source of
bleeding, its exact clinical significance has to be defined
subsequently.

Figure 2 Polypoid lesion of the duodenum demonstrating the presence of
multiples capillaries in the lamina propria, immediately beneath the surface
epithelium.
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Abstract
A 50-year old woman suffering from diabetes had a CT
scan that revealed a diffuse thickening of small intestinal
wall and swollen paraaortic lymph nodes. An esophago
gastroduodenoscopy (EGD) confirmed multiple polypoid
lesions in the duodenum and small intestine, and
conventional histological testing revealed non-specific
inflammatory changes. Further examinations including
the immunohistochemical profiles of the biopsied
specimens led us to diagnose the lesion as a marginal
zone B-cell lymphoma of mucosa-associated lymphoid
tissue type, forming multiple lymphomatous polyposis
sequentially spreading from duodenal bulb to terminal
ileum. According to Lugano’s classification, its staging
was clinically diagnosed as stage Ⅱ. Two courses of
a standard CHOP (cyclophosphamide, doxorubicin
hydrochloride, vincristine sulfate, and predonisolone)
regimen with rituximab reduced the lesion and the
patient had a almost complete response. A 5-year followup EGD and histological examinations detected no
recurrence of the disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Lymphomas in the gastrointestinal (GI) tract may be
ulcerative, superficial, polypoid, or diffuse, and may
also have other less common characteristics[1]. Multiple
lymphomatous polyposis (MLP) is characterized by the
formation of multiple mucosal polyps[2]. Polypoid lesions
of MLP are usually widely spread to several regions of the
GI tract including the esophagus, stomach, duodenum,
and intestine. Histological findings tend to lead to the
classification of most MLPs as mantle cell lymphomas[3-5].
Therefore, MLP may be one of the poor prognostic
lymphomas in the GI tract, even though several regimens
of systemic chemotherapy have been adapted for its
treatment.
We report a rare and interesting case of MLP whose
histology was a marginal zone B-cell mucosa-associated
lymphoid tissue (MALT) lymphoma. A range of polypoid
lesions was observed from duodenal bulb to the terminal
ileum by various image examinations. The present case
failed to respond to treatment to eradicate H pylori, but was
successfully managed using a CHOP regimen combined
with rituximab.

CASE REPORT
A 50-year old woman underwent an abdominal CT scan
during an educational admission for diabetes mellitus at
another hospital. CT scan revealed a diffuse thickening
of small intestinal wall and swollen paraaortic lymph
nodes, but no abnormal mass in her pancreas. Gallium
citrate scintigraphy showed abnormal accumulation in the
www.wjgnet.com
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Figure 2 Fluoroscopic examinations showing many small round shaped defects in
the second portion of the duodenum (A), jejunum (B), and ileum (C).

Figure 1 EGD (A), dye contrast EGD (B), EUS (C), and lower endoscopy (D)
showing features of the lesions.

A

B

Lymphoepithelial lesion

Figure 3 Follicular colonization (A) and many small lymphocytes and a few large
lymphocytes in the duodenal tissues (B) in the biopsied specimens (HE, × 200)

small intestine. Esophagogastroduodenoscopy (EGD)
showed multiple polypoid lesions in the duodenum, and
histological finding revealed non-specific inflammatory
changes including infiltration of lymphoid cells. All these
findings indicated a lymphatic proliferative disease. To
obtain a differential diagnosis, she underwent endoscopic
partial mucosal resection to perform the Southern blot
analysis for immunoglobulin (Ig) genes but results were
negative for changes in Ig-heavy chain JH. Then the patient
was admitted to our hospital for further examination and
treatment.
On admission, she had no clinical symptoms. Physical
examinations revealed no superficial lymphadenopathy
and no abnormal abdominal mass. Laboratory findings
showed only mild liver dysfunction, mild elevation of
lactate dehydrogenase and total cholesterol. No atypical
lymphocytes were seen in peripheral blood, and the
serum soluble interleukin-2 level was within normal
limits. EGD showed multiple yellowish granular polypoid
lesions sequentially spreading from the bulb to the distal
www.wjgnet.com

tract over descending portion of the duodenum (Figure
1A and B). On the other hand, such polypoid lesions
were not detected in the stomach except for atrophic
mucosa. Cultures were positive for H pylori. Endoscopic
ultrasonography revealed hypoechoic thickening from
the first to the second sonographic layer, indicating that
it was almost confined to the mucosal layer (Figure 1C).
Fluoroscopic examination of the small intestine aiming
to estimate the extent of lesion showed many round
defects from the duodenal bulb to the end of jejunum
(Figure 2), suggesting that the lesion was extending
from the duodenum to the jejunum and ileum. Lower
endoscopic findings showed whitish small polypoid lesions
in the terminal ileum, but no obvious lesion in the colon
and rectum (Figure 1D). Abdominal CT scan showed
thickening of the duodenal and small intestinal walls.
Abdominal MRI images also showed swollen paraaortic
lymph nodes (approximately 1 cm in diameter) and an
abnormal mass at the left side of supra-mesenteric artery
(7 cm × 3 cm) which was probably composed of swollen
mesenteric lymph nodes.
Histological findings of the specimens obtained
from the lesions of duodenum and ileum showed
follicular colonization dominantly composed of many
small lymphocytes and a few large lymphocytes (Figure
3A), as well as a lymphoepithelial lesion, one of the
typical features of mucosa-associated lymphoid tissue
(MALT) lymphoma (Figure 3B). Immunohistochemical
examinations showed that a large number of lymphoma
cells were positively stained for bcl-2 and CD20 (the B-cell
marker), but negative for UCHL-1 (T-cell marker). On
the other hand, the tumor cells were negatively stained for
CD5, CD10, and Cyclin D1 (Figure 4). All these findings
including the immunohistochemical profiles led us to
diagnose this lesion as a marginal zone B-cell lymphoma of
the MALT type according to the WHO classification[6] but
not as a mantle cell lymphoma, forming MLP sequentially
spreading from the duodenal bulb to the terminal ileum.
According to Lugano’s classification [7], its staging was
clinically diagnosed as stage Ⅱ.
Eradication therapy was selected as the first treatment
modality for H pylori infection (lansoprazole 60 mg/d,
clarithromycin 800 mg/d, and amoxicillin 1500 mg/d,
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Figure 4 Immunohistological profiles of the
lesions revealing positive staining for bcl-2 (A)
and negative staining for CD5 (B), CD10 (C),
and CyclinD1 (D).

combination with rituximab: 375 mg/m2 regimen, followed
by a further CHOP treatment at their half dose. Ten days
after the first therapeutic course, EGD findings showed
that each polypoid lesion of the duodenum became
smaller, and their tops collapsed and showed evidence for
erosion. Following 2 courses of CHOP plus rituximab
regimen, the lesions and abdominal lymph nodes almost
completely resolved (Figure 5). A 5-year follow-up with
EGD and histological examination showed no recurrence
of the disease.

DISCUSSION
After

Figure 5 Endoscopic features of the lesions before and after the treatment.

for one week), since it was less invasive for the patient.
Follow-up EGD findings after H pylori eradication
showed no improvement of these lesions. We selected
the systemic chemotherapy as the second treatment
modality for H pylori infection because the lymphoma may
spread to the duodenum and other areas, even though the
histopathological findings did not reveal a high potential
for it to become malignant. The patient then received
a standard CHOP (cyclophosphamide: 750 mg/m 2 ,
doxorubicin hydrochloride: 50 mg/m2, vincristine sulfate:
1.4 mg/m 2 , and predonisolone: 100 mg) regimen in

The present case of lymphatic proliferative disease in
the GI tract was diagnosed by endoscopy, radiographic
imaging, and genetic profiling. The clinical features
indicated a MLP type of lymphoma in the duodenum and
small intestine. Actually, many reports have demonstrated
the consensus that the majority of MLPs are histologically
mantle cell type lymphomas, and a few cases of follicular
lymphoma or T-cell lymphoma have been reported[8-12].
In the present case, however, histological examination
showed characteristic findings such as lymphoepithelial
lesions and immunohistological profiles (positive CD20
and bcl-2; negative UCHL-1, CD5, CD10, and CyclinD1).
These findings motivated us to diagnose the case as a
B-cell MALT lymphoma, which was discriminated from
a mantle cell or follicular type lymphoma. On the other
hand, the differential diagnosis was considered as an
immunoproliferative small intestinal disease (IPSID), a
subtype of MALT lymphoma[13]. However, this case was
clinically different from the typical features of IPSID,
because the dominant region for IPSID is duodenum
and upper jejunum and it usually causes malabsorption
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syndrome or protein-losing gastroenteropathy. Thus, the
present case was more consistent with a MALT lymphoma
forming MLP rather than IPSID. To our knowledge, only
4 cases of MALT lymphoma forming MLP have been
reported[14-16], indicating that our present case is actually
rare. In regard to the origin of this lymphoma, we could
not completely deny the suspicion that a lymph node
might be the origin of the disease because of the swollen
mesenteric lymph nodes. However, the involvement
of other lymph nodes was unremarkable although the
polypoid lesions were widely distributed in the GI tract.
Furthermore, no atypical lymphocytes were shown in
peripheral blood, and this case was compatible with the
definition about primary GI tract lymphoma described by
Lewin and Herrmann[17,18]. Thus, it was more likely that
the primary lesion of the present lymphoma was in the GI
tract.
Recently, treatment to eradicate H pylori has become
a standard management for primar y gastric MALT
lymphoma[19-21]. Certainly, there are various reports showing
that eradication of H pylori is effective for duodenal MALT
lymphoma[22,23]. Nakamura et al[24] reported that primary
duodenal lymphoma might have different characteristics
between locations at the bulb and descending portion.
Lymphomas originating from duodenal bulb might have
similar characteristics with gastric MALT lymphomas,
suggesting that H pylori eradication therapy is often
effective. Unfortunately, the lesions observed over the
descending portion might be less associated with H pylori
infection, indicating that H pylori eradication therapy
cannot be expected to be totally effective. On the other
hand, the efficacy of H pylori eradication therapy for the
small intestine or colorectal lymphoma is not known,
though a few responsive cases have been reported[25,26].
Since H pylori eradication therapy was ineffective in the
present case, we used a more potent therapy due to the
potential of the lymphoma to spread more extensively
and its possible transformation of MALT lymphoma cells
into diffuse large B cell lymphoma cells in the presence
of a few large cells in the specimens. In general, surgical
resection, systemic chemotherapy, and radiation therapy
are performed in the treatment of malignant lymphoma in
the GI tract[27]. Since curative surgical resection or radiation
therapy was not suitable in our case because the lesion
was already diffuse and widespread, we selected a systemic
chemotherapy as a second line treatment. Combination
therapy of a CHOP regimen, the most common regimen
in combination with rituximab (a molecular targeting agent
for this particular follicular type lymphoma), has been
recently used in the treatment of GI tract lymphoma[28,29].
This combination therapy contributed to a significant
improvement in the present case. We performed careful
follow-up examinations such as laboratory analyses, EGD
examination, and various abdominal images at every six
months interval. EGD examination revealed no obvious
recurrence of MLP and there was no evidence for
recurrent lesions or clinical symptoms during the 5-year
follow-up.
In conclusion, we reported a rare case of MALT
lymphoma in the small intestine which was histologically
diagnosed as a marginal zone B-cell MALT lymphoma.
www.wjgnet.com
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CHOP regimen in combination with rituximab is an
effective therapy for MALT lymphomas in the GI tract.
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Abstract
Perforation of the gallbladder with cholecystohepatic
communication is a rare cause of liver abscess. Because
it is a rare entity, the treatment modality has not
been fully established. We report for the first time a
patient with an intrahepatic abscess due to gallbladder
perforation successfully treated by endoscopic stent
placement into the gallbladder who had a poor response
to continuous percutaneous drainage.
© 2007 The WJG Press. All rights reserved.
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Endoscopic stent placement; Cholecystohepatic
communication
Kang MS, Park DH, Kwon KD, Park JH, Lee SH, Kim HS, Park
SH, Kim SJ. Endoscopic transcystic stent placement for an
intrahepatic abscess due to gallbladder perforation. World J
Gastroenterol 2007; 13(9): 1458-1459

http://www.wjgnet.com/1007-9327/13/1458.asp

INTRODUCTION
Perforation of the gallbladder with cholecystohepatic
communication is a rare cause of liver abscess [1-3] .
Percutaneous drainage with systemic antibiotics is the
initial treatment for these conditions [2]. However, the
presence of a biliary communication is associated with
significantly longer periods of catheter drainage, because
continuous bile flow into the abscess cavity through
the communicating tract hindered the natural healing
course, resulting in prolonged healing time[4]. Moreover,
www.wjgnet.com

continuous catheter drainage has its drawbacks, including
discomfort in the patient, the nuisance of catheter
maintenance, and accidental catheter dislodgement[5,6].
To our knowledg e, this is the first case of an
intrahepatic abscess due to gallbladder perforation
successfully treated by endoscopic transcystic stent
placement to the gallbladder who had a poor response to
continuous percutaneous drainage.

CASE REPORT
A 70-year-old man was hospitalized for fever, right
upper quadrant pain, and general weakness due to a poor
appetite.
Abdominal computed tomography (CT) was performed
to clarify the origin of fever. A 5-cm hepatic abscess
was found in the right lobe adjacent to the gallbladder
(Figure 1A). An 8-Fr pigtail catheter was percutaneously
inserted into the abscess pocket, and purulent pus was
drained. Following catheter insertion, we discovered a
communication between the abscess and the gallbladder
with a large stone (Figure 2). Systemic antibiotics were
administered. Although elective cholecystectomy was
considered, his poor general condition which was
associated with uncontrolled dementia and hemiparesis due
to a previous stroke contraindicated surgery. Two weeks
after percutaneous drainage, the patient unintentionally
removed the inserted pigtail catheter. We decided to
attempt internal drainage to prevent the patient from selfremoving the percutaneous catheter repeatedly. There was
no change in the size of the hepatic abscess on follow-up
CT (Figure 1B). Therefore, endoscopic transcystic stent
(a 7-Fr 10-cm-long double pigtail biliary stent, Zimmon;
Wilson-Cook, Winston-Salem, N.C.) was placed into the
gallbladder (Figure 3). There were no procedure-related
complications such as bile leak, peroration, or bleeding.
Ten days after the insertion of the double pigtail biliary
stent, the patient’s general condition improved, and a
follow-up abdominal CT showed that the size of abscess
pocket decreased markedly measuring approximately
0.5 cm (Figure 1C). The patient was discharged after an
uneventful recovery and has remained in good condition
with the stent in place during the 7-mo follow-up.

DISCUSSION
Because liver abscesses associated with gallbladder
perforation with cholecystohepatic communication is rare,
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Figure 1 A: CT scan found an hepatic abscess in the right lobe adjacent to the gallbladder; B: Two weeks after the percutaneous drainage, the size of the hepatic abscess
did not decrease much; C: Ten days after the insertion of a 7-Fr 10-cm-long double pigtail biliary stent, the size of the abscess pocket decreased markedly.

Figure 3 A 7-Fr 10-cmlong double pigtail biliary
stent was placed into the
gallbladder.

Figure 2 Percutaneous transhepatic cholangiography reveals a cholecystohepatic
fistula (white arrow) between liver abscess (black arrow) and gallbladder with a
large stone.

the treatment modality has not been fully established[1-3].
In this case, surgical management was not considered
because of the patient’s poor general condition. Although
percutaneous drainage was maintained for the liver
abscess, there was no clinical or radiological improvement.
In addition, percutaneous drainage could not be kept
for a long period, because the patient was demented.
Some liver abscesses with biliary communication are
refractory to percutaneous drainage alone. For such
abscesses, endoscopic drainage including papillotomy,
nasobiliary drainage, or biliary stenting may be an effective
treatment[4,7]. We believe that a large gallstone may provoke
bile flow of the gallbladder to the communicating tract,
resulting in a poor response to percutaneous drainage
for the intrahepatic abscess, and if the bile was diverted
away from the communicating tract, the bile flow into the
abscess cavity would cease, thereby enhancing the healing
of both the tract and abscess[4]. Therefore, endoscopic
transcystic biliary drainage of gallbladder was designed as
an alternative management. To date, the stent has remained
in situ without any complications for 7 mo of follow-up
in this case. Because the patency results of the endoscopic
gallbladder stent placement vary[8,9], regular evaluation of
stent patency may be also required in this particular case.
In conclusion, the endoscopic transcystic placement
of a biliary stent to the gallbladder may be effective as an
alternative management for patients with hepatic abscesses
caused by a perforated gallbladder with cholecystohepatic

communication, who have poor responses to continuous
percutaneous drainage.
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Abstract
Angiolipoma is a rare vascular variant of the benign
lipomatous tumors and is generally seen in subcutaneous
tissues. We report a 70-year-old female with abdominal
distension not related to rectal small polypoid mass with
peduncule described as angiolipoma by histologically,
and review the literature.
© 2007 The WJG Press. All rights reserved.
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lesions[9,12,14,23,24], are diagnosed generally by postoperative
histopathologic evaluation or after polypectomy. Radiologic
techniques such as barium radiographs, enteroclysis,
abdominal ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI) can demonstrate the
lesion in the gastrointestinal tract before histopathologic
diagnosis[24].

CASE REPORT
A 70-year-old woman admitted to the hospital with
complaints of abdominal distension and constipation. She
had no abdominal pain, rectal bleeding or weight loss. Her
total blood count, serum biochemistry, sedimentation rate
and abdominal ultrasound were normal. A polyp (1 cm
in diameter) with lobulated and degenerated hyperemic
mucosa and normal peduncle was seen at proximal rectum.
Polypectomy was performed by endoscopic polypectomy
snare and no complication occurred. Angiolipoma was
diagnosed after histopathologic evaluation in mature
adipose tissue and proliferous blood vessels (Figure 1).
There was no fibrin thrombus and no muscle structure in
histologic examination with HMB45 (monoclonal mouse
anti-human melanosome, Dako, USA) and anti-smooth
muscle antibody (mouse anti-human primary alpha-smooth
muscle actin, Dako, USA) tissue stainings. There were no
other lesions in total colonoscopy and esophagogastroduo
denoscopy. No photograph of the polyp was taken before
resection because externally there was no special difference
in adenomatous polyps with degenerated surface mucosa.

http://www.wjgnet.com/1007-9327/13/1460.asp

DISCUSSION
INTRODUCTION
Lipomas, lipomatosis, lipoblastoma, lipoblastomatosis,
angiolipomas, myolipomas, chondroid lipomas, spindle
cell lipomas, and pleomorphic lipomas are the benign
adipose tissue tumors [1] . Angiolipoma is one of the
rare subcutaneous tissue tumors with its characteristic
histolog y consisting of mature adipose tissue and
interspersed proliferated vascular component [1-3] . It
accounts for 5%-17% of lipomas[2,4,5], and is rarely seen
in the gastrointestinal system (GIS). The locations of
gastrointestinal angiolipoma according to the current
literature are oropharyngeal region [4,6-8], esophagus [9],
stomach[10-13], duodenum[14,15], small intestine[3,16-18], ileocecal
valve [19-21] , colon [14,22-24] and liver [25-28] . Angiolipomas
localized in the gastrointestinal tract, characterized as
submucosal solitary sessile[10,11,18,20] or endoluminal polypoid
www.wjgnet.com

Angiolipomas are benign lipomatous lesions, which were
first defined by Bowen[29] in 1912 and differentiated from
lipomas histopathologically by Howard in 1960[30]. The
lipomatous benign lesions are seen as musculoskeletal
masses especially in soft tissues and bones[1,2]. They are
generally subcutaneous and capsulated, about 50% patients
feel painful on palpation, and seen in young adult males
in their 2nd or 3rd decades of life [1,2,24]. They are also
localized in neck[4,31], maxillofacial region[32-35] and nonsubcutaneous tissues such as epidural[36], spinal[37-39], and
suprasellar tissues[40]. Lipomas are seen more frequently,
but angiolipomas are rare lesions [1,5]. Gastrointestinal
angiolipoma is also a rare pathological condition [1,24].
The other uncommon localizations of angiolipomas are
the renal tissue[41-44], adrenal tissue[45,46], breast[47], thyroid
glands [48] , parotid gland [49] , mediastinum [50] , orbits [51] ,
myocardium[52] and scrotum[53].
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Figure 1 Histopathologic appearance of small rectal pedunculated angiolipoma (macroscopically 7 mm x 5 mm x 4 mm in diameter with normal mucosal appearence). A:
Proliferated blood vessels and adipose cells in mature adipose tissue in submucosa of colon at small magnification (light microscope, HE); B: Proliferated vascular tissues
and mature adipose tissue in submucosa. There was no fibrin trombus in blood vessels (light microscope, HE); C: SMA staining of angiolipoma.

Table 1 Gastrointestinal angiolipomas defined in literature
Literature

Localization

Case
(age/sex)

Jensen EH et al[9]
2006

Esophagus

85 yr/M

DeRidder Ph
et al[10] (1989)

Stomach

59 yr/M

6 mm

McGregor DH
et al[11]
(1993)

Stomach

69 yr/M

Hunt J et al[12]
(1996)

Stomach

27 yr/F

Mohl W et al[14]
(2004)2

D u o d e n u m , The first was
Colon
66 yr/M, the
second was
75 yr/F (2
pts with 1
duodenal
and colonic
A-L other
duodenal
A-Ls)
Duodenum
60 yr/F

Jung IS et al[15]
(2004)
Kaneko T et al[16]
Meckel’s
(1996)1
diverticulum
accompanied
A-L
Ferrozzi F et al[3]
Ileal
(1998)

Polyp size Polyp peduncle

39 mm x 25 Pedunculated
mm
large polyp

Symptom

A 2-mo
dysphagia to
solids foods,
complete
esophageal
obstruction;
had prolapsed
to the level of
the GE junction

Preoperative
diagnostic
imaging
methods
(except
endoscopic
procedure)
CT , EUS

Therapy

Follow-up
(F/U)/
recurrence

Anterior esophagotomy,
transsection of
polyp using an
endoscopic
stapling device
(open surgical excision)

No F/U

Submucosal well Chronic occult
demarcated mass GI bleeding

Laparotomyexcision

12 mo/No
recurrence

50 mm
x 40 mm
x 20 mm

Gastric
Chronic hemorrhage
submucosal
and severe anemia
mass on great
curvature,
without peduncle

Exploratory
laparotomy,
mass resection

30 mo/No
recurrence

80 mm
x 55 mm
x 45 mm

Large polypoid Suggestive of
mass with
intussusception
large peduncle
through the pylorus,
acute GI hemorrhage

Exploratory laparotomy,
distal partial
gastrectomy,
Billroth I gastric
reconstruction,
resection of polyp

not given/
No
recurrence

Endoscopic snare
polypectomy for 2
duodenal and for 1
colonic A-Ls

not given/
No
recurrence

1st-10 mm Both with
located near peduncle
papilla of
Vater, and
colon
2nd-23 mm
at the upper
duodenal
knee
35 mm x 4 With peduncle
mm

1st acute, 2nd chronic
GI bleeding
Upper GI bleeding due
to duodenal
A-L

Dyspepsia for 6 mo

EUS

Endoscopic
polypectomy

No F/U

Intussusception

With tuberous sclerosis

CT

www.wjgnet.com

1462

ISSN 1007-9327

Manner M et
Proximal
al[17]
ileum
(2001)
Kwak HS et al[18] Small bowel/
(2003)
proximal
ileum

CN 14-1219/R

World J Gastroenterol

71 yr/F

38 mm

With peduncle

75 yr/M

30 mm

Intraluminal
lobulated
polypoid mass
with peduncle

Aouad K et al[19] (Bauhin valve)
(2000)
ileocecal
valve

Number 9

No F/U

Gastrointestinal
hemorrhage

Ileocecal
valve

69 yr/M

Saroglia G et
al[21]
(1996)

Ileocecal valve

55 yr/M

Vandamme J
et al[22] (1964)

Descending
colon

43 yr/M

150 mm x 40 With peduncle
mm

Okuyama T
et al[23] (2002)

Sigmoid colon

49 yr/M

65 mm x 23 Pedunculated
mm
polyp with
smooth surface

Transvers
colon

70 yr/M

50 mm

With peduncle

Colonic obstruction

Rectum

70 yr/F

10 mm

With peduncle

Asymptomatic
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Occult bleeding,
US, CT
Small bowel
ileoileal
resection
intussusception
Epigastric discomfort, Enteroclysis, Surgery
loss of appetite, weight
MRI
loss

Kato K et al[20]
(1999)1

Chen YY et al[24]
(2005)
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52 mm x Without peduncle, 3-d right lower
50 mm x 40 a submucosal
quadrant abdominal
mm
smooth surface
pain
mass A-L

55 mm

Submucousal mass Invagination

GI bleeding and
non painful subobstruction by
invagination
Asymptomatic, during
routine exam
positive fecal blood

Contrast
Laparoscopy-assisted
enhanced ileocecostomy,
abdominal CT and a side-toside anastomosis
extracorporeally
(a minimally
invasive laparoscopic
technique)
Barium
Surgery
contrast
graphy
Barium
contrast
graphy
Double
contrast
enema,
enhanced CT
US,
Abdominal
CT, Colonic
barium
enema,
colonoscopic
examination
-

Surgery, colon resection

5 yr/No
recurrence

No F/U

not given/
No
recurrence

Hemostatic clip and
endoscopic electrosurgical polypectomy

No F/U

Surgical segmental
resection

2 yr/No
recurrence

Polypectomy performed
by endoscopic
polypectomy snare

6 mo/No
recurrence
Under F/U

1

Abstract of reference (full text not available); 2Three lesions of angiolipoma in two patients, were defined. GE: Gastroesophageal; A-L: Angiolipoma.

In the musculoskeletal system, angiolipomas are 70%
multiple and 10% familial [5]. It can have an autosomal
dominant penetrance[1,22]. The mode of inheritence in GIS
is still not clear[54].
Histologically, it is comprised of mature adipose
tissue and proliferated vascular tissues. It can be classified
as predominantly lipomatous or angiomatous type,
based on the ratio of adipose tissue and vascular tissue
composition[1,2,5]. Fibrin thrombus due to microtraumas
is generally seen in angiomatous lesions [5,11,20,23,48] .
Angiolipomas localized in muscle and cutaneous tissue
can have two different behavior patterns: infiltrative or
non-infiltrative[5]. But the gastrointestinal cases defined in
the literature have been non-infiltrating and showed no
recurrence during follow-up periods (Table 1).
Eight maxillofacial angiolipomas had been reported
in the literature until 1989 [7] and 17 head and neck
angiolipomas until 1999 [4]. There are also cases in the
literature of oropharyngeal angiolipomas including tongue,
cheek mucosa and palate[4,6-8].
Angiolipomas localized in the GIS or liver. Although
hepatic localization of lipomatous tumors is seen more
frequently than gastrointestinal tract, hepatic angiolipomas
are also rare lesions in this group[27,28,55,56]. Most lipomatous
www.wjgnet.com

lesions of the liver [55,56] and hepatic angiolipomas are
associated with tuberous sclerosis complex[26].
Seven cases of angiolipoma hade been reported in
the gastrointestinal tract in the literature up to 2005[24]. To
the best of our knowledge, 17 cases of gastrointestinal
angiolipoma have been reported to date (1 esophageal[9], 3
gastric[10-12], 2 duodenal[14,15], 4 small bowel[3,16-18], 3 ileocecal
valve[19-21], and 4 colonic)[14,22-24]. Based on these reports, our
case would be the first angiolipoma defined in the rectum.
There are syndromes accompanying angiolipomas,
such as familial angiolipomatosis, which is rare and benign
with mostly autosomal dominant inheritance and multiple
angiolipomas of the extremities and trunk[57]. Birt-HoggDube syndrome is an autosomal-dominant condition
characterized by fibrofolliculomas, trichodiscomas, and
acrochordons [58]. There is only one ileal angiolipomaassociated tuberous sclerosis in the literature[3]. Hunt et al[12]
described a case with solitary gastric Peutz-Jeghers polyp
and angiolipoma presenting as acute hemorrhage.
Angiolipamas are diagnosed generally as single lesions
in the gastrointestinal tract, but Mohl et al[14] described
a case of both colonic and duodenal angiolipoma.
Angiolipomas in the gastrointestinal tract, as shown in
Table 1, can be sessile[10,11,18,20] or pedunculated polypoid

Kacar S et al . Rectal angiolipoma

Table 2 Histopathological findings of cases in literature
Literature
Jensen EH et al[9]

DeRidder et al[10]

McGregor D et al[11]

Hunt J et al[12]

Mohl W et al[14]
Yung IS et al[15]

Manner M et al[17]
Kwak HS et al[18]
Kato K et al[20]

Saroglia G et al[21]
Vandamme J et al[22]
Okuyama T et al[23]

Chen YY et al[24]

Kacar S et al

Histopathological findings under light microscope
A submucosal polypoid mass, consisting of benign
lipomatous tissue mixed with vascular channels,
consistent with benign angiolipoma
Submucosa contained a well demarcated nodule
composed of flat, extending from the under surface of
the muscularis mucosa to the deep margin of biopsy.
There were separate, well developed small arteries
and veins
A circumbscribed, lobular, pinkish-tan soft ovoid
mass showing proliferation of mature adipose tissue
and vascular tissue surrounded by a thin to focally
thick fibrous capsule in the submucosa, no definite
fibrin trombi
A solitary Peutz-Jeghers-type polyp showing typical
glandular epithelium, overriding a 5 cm gastric
angiolipoma
2 submucosal duodenal angiolipomas, one with large
central vessel and one colonic angiolipoma
A submucosal lesion composed of mature adipose
tissue and small vessels with fibrin thrombi within
the vascular channels
An angiolipoma with 20% vascular component and
mucosal ulceration
Mature, higly vascular adipose tissue consistent with
angiolipoma
A circumbscribed proliferation of mature adipose and
vascular tissue surrounded by a thin to focally thick
fibrous capsule in the submucosa, with fibrin thrombi
in small capillaries
Mature adipose and vascular tissue
Angiolipoma with multiple small vessels and adipose
tissue
Encapsulated by a thin layer of connective tissue,
arising in the submucosa and composed of mature
adipose tissue and proliferating capillaries, many
fibrin thrombi in capillary lumen
Encapsulated by a thin layer of connective tissue
arising from the submucosa, histologically was
comprised of mature adipose tissue and proliferative
blood vessels
Proliferated submucosal blood vessels and mature
adipose tissue. There was no fibrin thrombus

lesions [9,12,14,23,24] , and the cases in the literature are
generally diagnosed based on abdominal pain, obstruction,
invagination, intussusception, and acute or chronic
bleeding.
Diagnosis of GIS angiolipomas can be made
radiologically via contrast barium enema, enteroclysis,
abdominal ultrasound, endoscopic ultrasound, abdominal
tomography, or MRI before the polypectomy or resection
if the lesion is large[9,15,17,18,20,23,24]. Large lesion size and
the symptom are the main factors in the radiologic
diagnosis, but final diagnoses are done histologically.
There is filling-defect in gastrointestinal lumen detected
by barium enema[24] and enteroclysis[18], hyperechoic lesion
in transabdominal ultrasonography[17,24], submucosal lesion
in gastrointestinal wall in endosonography[9], hyperechoic
lesion in CT[3,9,14,17,20,23], and central high signal intensity
with peripheral iso-signal intensity on T1-weighted inphase images in MRI[18].
Surgical resection is preferred to endoscopic resection
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in the case of broad-based or pedunculated large polyps
due to risk of perforation and bleeding [9,10,11,12,17,18,20,24].
For pedunculated polyps, injection of epinephrine, or
use nylon loop or metal hemostatic clip are suggested
before polypectomy to decrease the risk of postoperative
bleeding[14,23]. These patients can be treated by standard
polypectomy. The level of urgency is also an important
factor when choosing the most optimal treatment. In
the case of intussusception[16,21], obstruction[9,24] or acute
bleeding[12,19,22], emergent surgery is generally suggested.
In some cases, minimally invasive laparoscopic techniques
can be performed successfully. A cecal lesion was treated
successfully with laparoscopy-assisted ileocecostomy and a
five-year follow-up showed no recurrence in this patient[22].
Our patient was diagnosed by histopathologic
evaluation after snare polypectomy of a single, small
polyp with thin peduncle in the rectum. There was no
complication after polypectomy. The peduncle was
histologically normal. There were proliferated blood
vessels and mature adipose tissue in the submucosa and
no fibrin thrombus was found. Mature adipose tissue and
proliferated blood vessels are the diagnostic components
as defined in the literature. Fibrin thrombus in the
vascular component is a common finding [5,11,20,23]. The
histopathological findings of the cases in the literature are
given in Table 2.
The polyp was not responsible for the dyspeptic
symptoms and constipation in our patient. Although
the polyp could have caused rectal bleeding, no bleeding
occurred in our patient. The lesion was thus considered
as asymptomatic. The sigmoid angiolipoma in literature[23]
was asymptomatic, but 65 mm in diameter. Our case is the
first rectal, small, asymptomatic angiolipoma diagnosed
incidentally in the gastrointestinal tract.
Although angiolipomas are benign lesions among
adipose tissue neoplasms, additional staining techniques
are required to distinguish from malignant lipomatous
forms like angioliposarcoma[27,28]. The resection material
of our patient was stained by HMB45 and anti-smooth
muscle antibody, and found negative for muscle fibers. The
differential diagnosis was made between angiomyolipoma
and angioliposarcoma.
In conclusion, it is important to remember that
submucosal, sessile, or polypoid lesions in the gastrointestinal
tract with or without symptoms can be an angiolipoma, a
lipomatous tumor, although it is quite rare.
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Abstract
Hepatic abscess due to perforation of the gastrointestinal
tract caused by ingested foreign bodies is uncommon.
Pre-operative diagnosis is difficult as patients are often
unaware of the foreign body ingestion and symptoms
and imagiology are usually non-specific. The authors
report a case of 62-year-old woman who was admitted
with fever and abdominal pain. Further investigation
revealed hepatic abscess, without resolution despite
antibiotic therapy. A liver abscess resulting from
perforation and intra-hepatic migration of a bone
coming from the pilorum was diagnosed by surgery. The
literature concerning foreign body-induced perforation of
the gastrointestinal tract complicated by liver abscess is
reviewed.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Perforation of the gastrointestinal tract caused by
ingested foreign bodies is uncommon and formation
of posterior hepatic abscess is even more rare[1-5]. In the
majority of cases an early diagnosis is difficult to make by
laparotomy due to the variability of clinical presentation
and non specificity of complementary examinations. The
authors report a rare case of gastric perforation induced
by a chicken bone with hepatic perforation and abscess
formation. Despite computed tomography scan (CT)
showed possible perforation, laparotomy established the
diagnosis.

CASE REPORT
A 62-year old woman presented in March 2005 to our
emergency room with abdominal pain, fever and asthenia.
She had a history of hypertension, gastro-oesophageal
disease and hemorrhoids and was treated with ramipril and
lansoprazole.
She had a 6-wk history of intermittent epigastric pain
that progressively worsened, asthenia, anorexia and more
recently developed mild fever. There was no history of
chills, nausea, vomiting, thoracic pain, jaundice, respiratory
or urinary complaints.
Physical examination revealed stable vital signs. And
lung examination was unremarkable. Her abdomen was
soft and tender to palpation but the liver was mildly tender
and enlarged.
Laboratory investigations revealed a haemoglobin level
of 10 g/dL, leukocytosis with granulocytosis (16 600/mm3
and 87%), C-reactive protein 24 mg/dL, elevated aspartate
aminotransferase and alanine aminotransferase (43 and 35
IU/mL; normal < 31), γ-glutamil transferase 93 UI/L (N
< 55), with normal bilirrubin and alkaline phosphatase.
Plain radiographs of the chest and abdomen were normal.
Abdomen ultrasound (US) revealed a hypoechoic lesion
in the left lobe containing both gas and fluid. Contrast
enhanced CT scan showed a large collection, measuring
approximately 8.5 cm × 7.0 cm, consistent with left-sided
intra-hepatic abscess extending up to the gastric antrum,
that presented parietal thickening (Figure 1). An abdominal
RM did not rule out a liver tumor, but failed to show
continuity with the gastric antrum (Figure 2).
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Figure 1 Contrast enhanced CT scan showing
a low-density area with
gas and fluid, measuring
approximately 8.5 cm x 7.0
cm, consistent with left-sided
intra-hepatic abscess.
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Figure 2 Abdominal RM
demonstrating a large
collection with gas and
fluid.

Figure 4 Upper GI endoscopy
revealing a thickened gastric
fold (pre-pyloric).

Figure 3 Biopsy of the liver abscess showing fibrosis, fibrin and acute
inflammatory cells, consistent with abscess wall (HE).

abdominal pain and elevated C-reactive protein. Abdominal
ultrasonography and CT scan showed enlargement of
the abscess cavity (8.4 cm × 5.3 cm), which extended to
the gastric antrum. Laparotomy was then performed and
a foreign body (bone) was found embedded in the left
lobe of the liver, resulting in a gastric antrum perforation
(Figure 5). The bone was removed, the abscess drained,
the stomach defect closed and a drain placed. The postoperative course was uneventful.

DISCUSSION

Figure 5 Removed foreign body (chicken bone, with 3.3 cm x 0.5 cm).

Using CT guidance, the hepatic abscess was drained
percutaneously and pus and blood cultures were obtained.
Microbiological examination of the drained fluid was
negative and biopsies taken only revealed inflammatory
process (Figure 3). Upper GI endoscopy revealed a prepyloric thickened fold (Figure 4), with normal histological
evaluation. Entamoeba histolytica serology was negative.
The patient started on antibiotherapy (ampicilin,
gentamicin and metronidazole) with clinical improvement.
Four weeks later abdominal ultrasonography showed
abscess size reduction (3 cm) and the patient was
discharged and maintained antibiotic therapy.
Three weeks later the patient presented with fever,

About 80%-90% of ing ested foreign bodies pass
trough the gut without discovery within 1 wk[1,2,4]. When
symptoms arise they are usually secondary to obstruction[1,2].
Gastrointestinal perforation has been reported in less
than 1% of patients[3-5] and the most commonly affected
areas are the ileocecal and rectosigmoidal regions[4,5] and
duodenum [2]. Development of hepatic abscess due to
penetration induced by a foreign body is even more rare,
the first case was published in 1898[6]. Since then, the world
literature has been increased, with 46 cases reported until
now. The most common sites of perforation of the gut
are stomach and duodenum[5] which can induced by sharp
foreign bodies like fish bones, chicken bones, needles or
toothpicks[2,4,5,6] although pens or dental plates have also
been reported[6,7].
It is difficult to establish the time until the onset
of symptoms as patients rarely recall the episode of
ingestion[1,3,4] and the migrating foreign body may remain
silent until an abscess formation[5].
Most patients have non specific symptoms such as
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Table 1 World literature review of hepatic abscess induced by foreign bodies
Ref Year

Author

Symptoms

Suffering
period

Foreign
body

Size
(cm)

Penetration

Liver

Bacteria

Laparo
tomy

Treatment

Mortality

Abscess drained and
removal of a small part of
the liver
removal of the toothpick
and a small part of the liver
Removal of the chicken
bone and abscess drainage

No

Percutaneous abscess
drainage
Removal of the needle and
abscess drainage

No

No

Removal of the pen and
abscess drainage

No

Yes

No

No

Removal of the chicken
bone and abscess drainage
Removal of the toothpick
and
abscess drainage
Removal of the fish bone
and abscess drainage
Removal of the fish bone
and abscess drainage
Removal of the fish bone

Yes

Removal of the toothpick

No

No

Endoscopic toothpick
removal and percutaneous
abscess drainage

[1]

2003 Kanazana

Epigastralgia

1 mo

Toothpick

5.5

Stomach

Left lobe

Unknown

Yes

[2]

2000 Cheung

3 mo

Toothpick

-

Stomach

Left lobe

Unknown

Yes

[3]

2000 Broome

Chicken bone

4.0

Stomach

Left lobe

Unknown

Yes

[4]

1999 Horii

2 wk

Fish bone

2.8

Unknown

Left lobe

[5]

2003 Chintamani

1 yr

Needle

3.0

Unknown

[6]

2001 La Veja

2.5

Unknown

Streptococcus
No
constellatus
Right lobe Streptococcus
Yes
pyogenes, E. coli
Right lobe
Autopsy

[7]

1999 Perkins

Epigastralgia,
fever
Epigastralgia,
anorexia,
fever
Fever,
vomiting
Fever,
vomiting
Abdominal pain,
vomiting
Fever, anaemia

Pen

-

Duodenum

Right lobe

[8]

1983 Shaw

Fever

Dental plate

-

[9]

1997 Tsui

Clothespin,
Tooth pick
Chicken bone

-

Descending
colon
Duodenum
Stomach
Duodenum Left lobe

[10] 1993 Chen

7d

Unknown Fish bone
2 wk

Streptococcus
malleri (group
C), Sreptococcus
malleri
Unknown

4.0
-

Sigmoid
colon

Right lobe Estreptococcus

Yes

[12] 2004 Tomimori

Epigastralgia

4 wk

Fish bone

1.0

Stomach

Left lobe

Yes

[13] 2001 Kessler

Abdominal pain

4 wk

Fish bone

[14] 2000 Paraskeva

Abdominal pain

4 mo

Fish bone

[15] 1999 Drnovsek

Abdominal pain,
vomiting

1d

Toothpick

Autopsy

[16] 1999 Guglielminet
ti
[17] 2002 Theodoropo
ulou
[18] 1981 Wood

Right upper abdominal
pain, fever, jaundice
Fever, diarrhea

[19] 2005 Starakis

3d

Toothpick

-

Stomach

Left lobe

Fish bone

5.5

Stomach

Left lobe

Unknown

Retrocecal
appendix
Duodenum

Right lobe

3.7

Sigmoid
colon
Unknown Duodenum

9 mo

Needle

-

Right upper abdominal
pain, fever

3 wk

Chicken bone

-

[20] 2003 Houli

Right upper abdominal
pain, fever

2 wk

Chicken bone

3.5

Transverse
colon

[21] 2001 Byard

Abdominal pain, fever

Several
years

Chicken bone

3.8

Duodenum

[22] 1999 Chan

Abdominal pain, fever

Unknown Fish bone

[23] 1999 Tsai

Abdominal pain, fever

[24] 1992 Shuldais
[25] 1991 Masunaga

Unknown

Sreptococcus
constellatus
Eikenella
corrodens
Sreptococcus
malleri
Streptococcus
viridens
Unknown

Unknown Duodenum

-

Stomach

Fish bone

3.7

Stomach

Left lobe
Right lobe
Both

Yes

1wk

Fish bone
Fish bone

4.0

Stomach
Stomach

Left lobe

Unknown
Unknown

Yes

[26] 1990 Allimant

Fever, astenia

3 wk

Toothpick

-

Stomach

Left lobe

Unknown

Yes

[27] 1986 Penderson

Abdominal pain, shock Unknown Toothpick

3.5

Stomach

Left lobe

Unknown

Yes

[28] 1988 Gonzalez

Abdominal pain, fever,
jaundice, nausea
Low-grade fever

Unknown Stomach

Left lobe

Unknown

Yes

Left lobe

Estreptococcus

Yes

[29] 1981 Rafizadeth

www.wjgnet.com

Fish bone

10 d

Toothpick

4.2

Duodenum

No
Yes

No

No
No
No

Yes

Streptococcus
Yes
Removal of the needle and
viridens
abscess drainage
Left lobe
Sreptococcus
Yes
Removal of the chiken bone
viridans,
and abscess drainage
Eikenella
corrodens
Right lobe Streptococcus
Yes
Abscess drainage, removal
angiosus and
of the chicken bone and a
mixed anaerobic
small part of the liver
flora
Both
E. coli, mixed Autopsy
anaerobes
and Candida
albicans
Unknown
Yes
Removal of the fish bone,
abscess drainage and parcial
gastrectomy
Left lobe
Unknown
No
Abscess drainage and
simple closure of the
perforated hole

Abdominal pain, fever,
vomiting

1 mo

No

Unknown

Epigastralgia, fever,
3 mo
weight loss
Right upper abdominal Unknown Toothpick
pain, fever

[11] 2003 Bilimoria

No

Percutaneous abscess
drainage, parcial
gastrectomy
and lateral segmentectomy
Drainage and removal of
the tooth pick and a small
part of the liver
Removal of the toothpick
and abscess drainage
Removal of the fish bone
and abscess drainage
Removal of the toothpick
and abscess drainage

No

No

Yes

No

No

No

No
No
No

Santos S et al . Hepatic abscess by foreign body
[30] 1966 Aron

Astenia, fever, jaundice

3 mo

[31] 1971 Berk

Right upper abdominal
pain

Several
weeks

[32] 1996 Acosta
[33] 1971 Abel
[34] 1981 Tsuboi
[35] 1984 Bloch
[36] 1955 Griffiths
1955 Griffiths
[37] 1990 Dugger
[38] 2005 Lee

None
Epigastralgia, weight
loss
Fever, myalgia
Septic shock
Fever , vomiting
Fever, right upper
abdominal pain
Epigastralgia

1469

Fish bone

2.2

Stomach

Right lobe E. coli, Proteus

Yes

Chicken bone

4.0

Stomach

Left lobe

Unknown

Yes

2.5

Appendix
Stomach

Left lobe

Unknown
Unknown

Yes

Needle
Unknown Needle
1 mo

Fish bone

4.7

Stomach

Left lobe

Unknown

Yes

2 wk

toothpick

4.5

Left lobe

Estreptococcus

Yes

4.0
6.0
3.8

Stomach or
Duodenum
Stomach
Duodenum
Stomach

5.0

Stomach

Left lobe

3.5

Stomach

Left lobe

-

Stomach

Left lobe

Unknown Needle
1 mo
Toothpick
3 wk
Fish bone or
Chicken bone
5d
Body piercing

2005 Lee

Fever, epigastralgia,
nausea, vomiting

1 wk

Fish bone

2005 Lee

Epigastralgia

10 d

-

[39] 2005 Goh

Fever

5d

Fish bone

3.0

Duodenum

[40] 2006 Chiang

Right upper abdominal
pain, fever

3d

Toohpick

6.7

Duodenum

abdominal pain, fever, vomiting, anorexia or weight
loss[4,5,8] which are features of a systemic response against
an infection or abscess formation [4]. Furthermore, the
classical presentation of hepatic abscess (fever, abdominal
pain and jaundice) is only present in a few cases[5].
The results of routine laboratory studies are also non
specific and unless the foreign body is radio-opaque it will
not be identified on plain radiography[3,4].
An abdominal US or CT scan is preferred techniques
for the diagnosis, the latter is excellent in detection of
foreign bodies due to its high resolution and accuracy[1,2,4].
Endoscopy may be helpful when performed early, before
the foreign body migration and mucosal healing[2,9] (which
happened in our patient). In addition, endoscopy does
not allow examination of the mid-gut[2]. Therefore, preoperative diagnosis is difficult and a high degree of
suspicion is required[1,3].
We reviewed the world literature, and summarized
it in Table 1. We found that fish bones were the most
common foreign body and the stomach was the principal
site of perforation. Abscess formation occurs more often
on the left lobe. Microorganisms isolated on abscess
or fluid cultures are usually part of the normal flora of
human oropharynx[4,5,6,10-12]. Prognosis depends on a quick
diagnosis, not only for morbidity but also for mortality[5,6].
Our clinical report is similar to the world literature and
enhances the difficulty of diagnosing such an entity. Our
patient who did not recall the ingestion, had non specific
symptoms and laboratory results as well as US and CT
showed a hepatic abscess on the left lobe and its fistulous
track. The diagnosis was obtained after exploratory
laparotomy. Considering all issues we suppose that the
chicken bone perforated through the pylorus.
Hepatic abscess treatment includes aspiration and
antibiotic therapy[4]. Nevertheless if we suspect perforation
of the gut caused by a foreign body or it is detected by

Removal of the toothpick,
abscess drainage and
piloroplasty
Removal of the chicken
bone, abscess drainage and
parcial gastrectomy

No

Removal of the needle and
segmentectomy
Removal of the fish bone
and abscess drainage
Removal of the toothpick
and abscess drainage

No

Right lobe
Unknown
Autopsy
Right lobe
Unknown
Autopsy
Right lobe E. coli, Proteus Autopsy
Klebsiella spp,
Streptococcus
milleri
Streptococcus
milleri

Yes

Streptococcus
milleri
Left lobe
Streptococcus
milleri
Right lobe Staphylococcus
aureus

Yes

Yes

Yes
No

No

Yes
Yes

Removal of the piercing,
closure of the perforated
hole and abscess drainage
Removal of the fish bone,
closure of the perforated
hole and abscess drainage
Closure of the perforated
hole
Removal of the fish bone
and abscess drainage
Antibiotics (refused
surgery)

No

No

No
No
No

radiography, US or CT, surgery is the option[13], although
there are some descriptions of endoscopic [4,12,15] or
percutaneous[4,14] removal. In our case surgery not only
allowed to make a diagnosis but also treated it.
In conclusion, hepatic abscess diagnosis based on
perforation of the gastrointestinal tract caused by a foreign
body is difficult due to a variety of non specific symptoms
and because patients are often unaware of the ingestion. In
a hepatic abscess that does not respond to aspiration and
antibiotic therapy we should look for an aetiology. Despite
its rarity we should consider a foreign body and surgical
therapy. Surgery still has a major role in the diagnosis and
treatment of hepatic abscess induced by a foreign body
although US and CT may establish it in some cases.
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Abstract
The gastrointestinal tract represents the largest mucosal
membrane surface in the human body. The immune
system in the gut is the first line of host defense against
mucosal microbial pathogens and it plays a crucial role
in maintaining mucosal homeostasis. Membranous or
microfold cells, commonly referred to as microfold cells,
are specialized epithelial cells of the gut-associated
lymphoid tissues (GALT) and they play a sentinel role for
the intestinal immune system by delivering luminal antigens
through the follicle-associated epithelium to the underlying
immune cells. M cells sample and uptake antigens at their
apical membrane, encase them in vesicles to transport
them to the basolateral membrane of M cells, and from
there deliver antigens to the nearby lymphocytes. On the
flip side, some intestinal pathogens exploit M cells as their
portal of entry to invade the host and cause infections. In
this article, we briefly review our current knowledge on the
morphology, development, and function of M cells, with
an emphasis on their dual role in the pathogenesis of gut
infection and in the development of host mucosal immunity.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The gastrointestinal (GI) tract, in addition to its role as an

organ for nutrient absorption, represents a key interface
between the host and its external environment. Since the
GI tract has the highest recorded bacterial cell density
of any microbial ecosystem[1], it is not surprising that the
GI immune system is both extensive and complex. The
GI tract contains more antibody-producing cells than in
the spleen and lymph nodes combined, and it contributes
the majority of the body’s immunoglobulin production
in the form of IgA secreted into the intestinal lumen[2,3].
The GI mucosa, due to its large surface area (200 times
greater than the skin)[4], requires consistent monitoring
for potentially harmful agents (such as pathogens) while
discriminating these from har mless food and nonpathogenic antigens. Gut-associated lymphoid tissue
(GALT), consisting of Peyer’s patches (PP), appendix,
and other lymphoid aggregates in the large intestine, plays
crucial roles in the maintenance of homeostasis in the GI
system. The membranous or microfold cell (M cell) in the
Peyer’s patches is one of the primary cell types responsible
for the capability of the intestinal immune system to
mount both immunological and mucosal tolerogenic
responses to foreign antigens.
This review will briefly summarize the cur rent
knowledge on intestinal M cells, with the emphasis of its
potential role in GI infection and immunity. However,
it is worth noting that M cells are also present in other
mucosa-associated lymphoid tissues (MALT), such as the
bronchus-associated lymphoid tissue (BALT) and nasalassociated lymphoid tissue (NALT)[5].

MORPHOLOGY AND FUNCTIONS OF THE
M CELL
M cells are specialized epithelial cells forming part of the
follicle-associated epithelium (FAE) which overlies the PP
and other lymphoid aggregates. The most striking feature
of the human M cell under light or electron microscopy is
the absence of surface microvilli which are characteristic
of the intestinal epithelial cells. Instead, the apical
membrane of the M cell has a microfold (or membranous)
topography (Figure 1) [6-8], and hence the name M cell.
Like other epithelial cells, M cells form tight junctions to
maintain a barrier function, albeit with different structural
features and adhesion protein expression[9]. The basolateral
membrane of M cells is invaginated, and forms many
“pockets”, which harbor infiltrating lymphocytes [10] .
The formation of these “pockets” greatly reduces the
intracellular distance that antigens have to travel and allows
M cells to rapidly transport (within 10 to 15 min) antigenic
materials to the basolateral membrane[11,12].
www.wjgnet.com
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The morphology of M cells varies greatly amongst
different animal species, and within anatomic sites
of a species. For instance, the microfold structure is
present only in human M cells [7] , and human M cells
lack microvilli. In contrast, the microvilli are present on
the surface of murine M cells, but these are short and
irregular[13] in contrast to the microvilli on the M cells of
rabbit caecal lymphoid patches which are longer than the
neighboring enterocytes[14]. The M cells express a wide
range of carbohydrate markers with diverse glycoconjugate
profiles[15], which perhaps allows M cells to interact with
a broad range of microbes[16,17]. For example, while Ulex
europaeus agglutinin-1 (UEA-1), an α-L-fucose residuespecific lectin which selectively labels fucose, recognizes M
cells and goblet cells overlying the mouse PP[18,19], it fails
to react with M cells on the mouse caecum or colon[15,20].
Conversely, UEA-1 does not bind to M cells of rabbit PP
but reacts with those in the caecal lymphoid patches[21].
As a result, studies of rabbit M cells have frequently used
vimentin, instead of UEA-1, as histochemical markers[22-25].
On the other hand, human M cells are generally negative
for specific lectin binding [26], but are positive for the
sialyl Lewis A antigen[27]. M cells in rats, guinea pigs and
cats share similar lectin-binding patterns to enterocytes,
although the cytokeratins 8 and 18 are over-expressed
in M cells of rats and pigs, respectively, compared to
neighboring enterocytes[28,29]. Because of these variations
and diversity in the morpholog y and lectin-binding
patterns, multiple confirmatory characteristics are usually
required for the positive identification and characterization
of M cells. Although glycosylation patterns and lectinbinding properties remain commonly used identifiers
of M cells due to their relative ease of analyses, electron
microscopy currently remains the most definitive method
for M cell identification[15,20,30,31].
One of the major functions of M cells is believed to be
the uptake and transport of antigens from the gut lumen
to the underlying mucosal immune system (Figure 2)[32].
The apical membrane of M cells is specialized for the
uptake and transport of antigens, featuring a reduced
glycocalyx[33], and a general lack of membrane hydrolytic
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Figure 1 Ultrastructure of the Peyer’s patches and FAE (Adapted by permission
from Macmillan Publishers Ltd: Nature Reviews Immunology[32], copyright 2003).
A: At low magnification, the dome shape of the Peyer’s patch protrudes between
villi into the lumen of the intestine; B: At higher magnification, M cells can be seen
as epithelial cells with surface microfolds rather than the microvilli that are seen
on the surrounding conventional enterocytes; C: Antigen is taken up preferentially
through M cells.
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Figure 2 Antigen uptake and recognition by CD4+ T cells in the intestine. Antigen
may enter through the microfold (M) cells in the follicle-associated epithelium
(FAE) (a), and after transfer to local dendritic cells (DCs), might then be presented
directly to T cells in the Peyer’s patch (b). Alternatively, antigen or antigenloaded DCs from the Peyer’s patch may gain access to draining lymph (c), with
subsequent T-cell recognition in the mesenteric lymph nodes (MLNs) (d). A similar
process of antigen or antigen-presenting cell (APC) dissemination to MLNs may
occur if antigen enters through the epithelium covering the villus lamina propria
(e), but in this case, there is the further possibility that MHC class Ⅱ+ enterocytes
may act as local APCs (f). In all cases, the antigen-responsive CD4 + T cells
acquire expression of the α4β7 integrin and the chemokine receptor CCR9, leave
the MLN in the efferent lymph (g) and after entering the bloodstream through
the thoracic duct, exit into the mucosa through vessels in the lamina propria. T
cells which have recognized antigen first in the MLN may also disseminate from
the bloodstream throughout the peripheral immune system. Antigen may also
gain direct access to the bloodstream from the gut (h) and interact with T cells in
peripheral lymphoid tissues (i). (Adapted by permission from Macmillan Publishers
Ltd: Nature Reviews Immunology[32], copyright 2003).

enzymes [34] . Additionally, the dramatic reduction of
lysosomes may allow M cells to transport microorganisms
into the lymphoid follicles without altering their antigenic
properties [35] . M cells have been shown to be able to
transport proteins [36,37] , bacteria [31,38,39] , viruses [40] and
non-infectious particles[41,42] from the apical membrane
to the basolateral surface. Bacteria and large particle
transport is accomplished by phagocytosis, accompanied
by apical membrane ruffling and actin cytosketeton
rear rang ements [38,43] . Under electron microscopy
observation, M cells appear to reach out and engulf
these large particles. Viral, and small adherent particles
are endocytosed in clathrin-coated vesicles[41], while nonadherent antigens undergo fluid phase pinocytosis [6,11].
However, the role of M cells in antigen processing
and presentation per se remains unclear. Although there
have been several reports of M cells expressing major
histocompatibility complex (MHC) class Ⅱ molecules[44-46],
these findings could not be confirmed by others[32,47,48].
However, M cells do express cathepsin E, which is typically
expressed on antigen-presenting cells[49], and M cells can
also produce the pro-inflammatory cytokine interleukin 1
(IL-1)[50]. In addition, M cells are the main producers of
CC chemokine ligand (CCL) 9 and CCL20 in the FAE[51],
and also produce CXC chemokine ligand (CXCL) 16[52].
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DEVELOPMENT OF M CELLS
During embryonic and postnatal development, each crypt
in the intestine is a clonal unit[53,54] whose cells differentiate
into multiple types as they migrate. Cells on the villous
side of the crypt differentiate into absorptive enterocytes,
goblet cells and enteroendocrine cells. The cells on the
FAE side of the crypt acquire the phenotype of absorptive
enterocytes, M cells and, rarely, goblet cells[12,55,56]. Within
this framework, two hypotheses have been proposed
for the development of M cells. The first hypothesis
suggests that M cells originate from a distinct cell lineage
following an independent differentiation program.
Evidence supporting this hypothesis includes that M cell
development in the PP is restricted to specialized domeassociated crypts, and that both M cell precursors and their
developmental intermediates have been identified within
these dome-associated crypts[34,57] with early commitment
of M cells observed in the mid-crypt area of caecum,
appendix and PP[58,59]. In addition, the arrangement of
some M cells as radial strips on the FAE dome with a
single, predominating glycosylation pattern also implies
M cell commitment occurs in the dome-associated
crypts[14,60,61]. However, even in this example, the M cell
glycosylation pattern is heterogenous.
The second hypothesis postulates that M cells develop
from FAE enterocytes either as a developmental/
transient stage of enterocytes, or in response to local
signal stimulations (such as contact with lymphocytes and
chemokines/cytokines). Indeed, Caco-2 cells, a human
intestinal adenocarcinoma cell line, differentiate into an
M cell-like morphology and phenotype after in vitro coculture with murine PP-derived lymphocytes[39] or human
B lymphoma cell lines. Moreover, intravenous injection of
PP lymphocytes or normal bone marrow transplantation
into severe combined immunodeficient (SCID) mice
correlates with the development of M cells in the FAE[62,63].
The hypothesis that M cells are derived from enterocytes[64]
is also supported by ultrastructural studies of chicken
caecal tonsils[65], and by cell division and apoptosis studies
in mouse PP[66] and in rabbit ileal PP[61]. Furthermore, a
possible intermediate M cell/enterocyte cell type has been
recently identified in upper regions of the dome in pigs[59].
Kerneis and Pringault have merged these diverse
obser vations together into a single postulation that
intestinal cell differentiation is largely determined by the
crypt stem cells [67]. However, with the proper stimuli,
alternate differentiation pathways could be followed (which
they term “intestinal cell plasticity”)[67]. In the case of M
cells, enterocytes (perhaps immature) may convert into an
M cell phenotype[67].
Although it is generally recognized that the mucosal
lymphoid cells induce the development of the overlying
specialized FAE, and that cell-to-cell contact and/
or soluble factors provide important signals for the
development of M cells [12] , the events and signaling
pathways directly involved in M cell differentiation and
development remain poorly understood. The tumor
necrosis factor (TNF) family of cytokines, particularly
lymphotoxin (LT)-α，LT-β, and TNF-α produced by B
cells, appear to play crucial roles in the development of
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Peyer's patches and FAE[68,69]. Their involvement in the
development of M cells per se is, however, less clear. In the
absence of LT-α and LT-β, the specialized areas of PP
anlagen in the embryonic intestine are not formed[70-72].
Also, LT-β receptor-knockout mice lack PP[69]. However,
mice whose B cells do not express LT-β do have normal
FAE and M cells, although with smaller PP. Recombinaseactivating gene (RAG)-1 -/- knockout mice, which lack
mature B and T lymphocytes, have small PP-like aggregates
having a normal M cell density[73]. When the LT-β receptor
signaling is blocked by the antagonist lymphotoxin- β
receptor-immunoglobulin G fusion protein in RAG-/mice, the percentage of M cells in the PP-like aggregates
decreases, suggesting that the LT-β signaling is essential for
the differentiation and development of M cells, but LT-β
signaling molecules could be supplied by other cell types
in the absence of mature B and T lymphocytes[73]. On the
other hand, mice having defective CD40 or IL-4 signaling,
defective B-cell proliferation, or deficient in signal
transducer and activator of transcription 6 (STAT6) have
normal FAE and M cells[18,74]. Furthermore, although Tolllike receptors (TLRs) are expressed by the M cells[75-78], and
exposure to bacteria can trigger TLR signaling resulting
in induction of M cell proliferation[79] and up-regulation
of transcytosis[80], TLR signaling does not appear to be
essential for the development of M cells since MyD88knockout, TLR-2 or TLR-4-knockout mice have normal M
cell populations[18,79,81].
The notch signaling system is a recently characterized,
highly conser ved mechanism which regulates the
differentiation, proliferation and apoptotic events at all
stages of cell development, including the differentiation
and renewal of intestinal epithelial cells and other types
of intestinal cells, such as goblet cells, enteroendocrine
cells, and Paneth cells[18,82,83]. Therefore, notch and notch
ligands may play an important role in M cell developmental
signaling. Indeed, the expression of Jagged-1 mRNA,
a notch ligand, is increased in the in vitro M cell system
compared to the parental epithelial cell line[84]. A subset of
cells of the FAE in mice with a mutated Delta-3 gene, a
notch ligand, showed abnormal apical membranes (dubbed
as ‘C cells’), and it has been suggested that these cells are
precursor M cells[18]. This ‘C cell’ morphology has also
been observed in normal mice[85].

DISTRIBUTION OF M CELLS IN THE GI
TRACT
In the human GI system, M cells are mainly found on the
FAE overlying the dome structure of Peyer’s patches in the
small intestine[85,86]. The FAE, aside from having M cells,
is distinguished by a reduced number of goblet cells and
enterocytes[87,88]. Beneath the FAE lies the sub-epithelial
dome (SED), a diffuse region of dendritic cells (DCs),
naive B cells, CD4+ and CD8+ T cells, and macrophages[55].
Particles transported by the M cells from the lumen can be
captured in SED by immature DCs[89], which then migrate
to B-cell follicles and parafollicular T-cell zones and
become mature DCs[90].
However, M cells are also present over lymphoid
www.wjgnet.com
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follicles in the colon and rectum [91]. These follicles in
the colonic crypts have a specialized epithelium with a
greater proportion of goblet cells than PP, but fewer than
the surrounding colonic regions. Similar to PP M cells,
colonic M cells have transport vesicles, a thin glycocalyx,
and a basolateral invagination containing pockets of
lymphocytes[13].
The percentage of M cells comprising FAE varies
substantially among host species and their anatomical
locations, ranging from 5% to 10% in the human and
murine PP[92] to about 50% in the rabbit and human caecal
lymphoid aggregates[27,93].

M CELLS AS SENTINELS OF THE GI IMMUNE
SYSTEM
M cells and GI microbial infections
The accessibility of M cells on the mucosal surface and
their ability to transcytose particulate material make the M
cells an ideal entry point for potential pathogens. Indeed, it
has been demonstrated that M cells can transport a diverse
array of mucosal microorganisms across the intestinal
epithelial barrier, including bacteria (Vibrio cholerae [94],
Campylobacter jejuni[95], Mycobacterium tuberculosis[13], Shigella
spp.[96,97], Salmonella spp.[98,99], Escherichia coli[100,101], Yersinia
spp. [102] ), viruses (MMTV virus [74,103] , polioviruses [104] ,
reoviruses[105-107], prions[108] and HIV[40,109]) and parasites
(Cryptosporidium[110]). In fact, many pathogens exploit
the M cells as a conduit to invade the host and establish
an infection. In this regard, enteropathogens, such as
Salmonella typhimurium, S. typhi, Shigella sp. and Yersinia spp.,
are capable of directly invading and destroying M cells and
spreading the infection to neighboring enterocytes. For
example, S. typhimurium initially invades the M cells[98,99], and
induces a spotty and diffuse infection pattern with small
groups of infected M cells [111]. Experimental infection
in calves have shown that S. typhimurium is ingested
by M cells within 5 min of contact [99,112] . The process
ends with the exfoliation of majority of the infected M
cells within 30 min, and cell death within an hour. This
disruption of M cells allows the pathogen access to the
neighboring enterocytes, and results in the sloughing off
of the FAE[113,114]. Although these results have not been
directly confirmed in humans, ulcerations are nevertheless
present in regions corresponding to PP in cases of typhoid
infection[115]. Similarly, free HIV particles use both, M cells
and DCs, as conduits to infect local CD4+ T cells[40,109,116].
In addition, it has been shown that the success of host
adaptation of Salmonella in pigs is closely associated
with the increased number of pathogens per M cell, as
compared to the parental strain[117].
Other enteropathogens, such as Shigella species, are
capable of attaching and adhering to M cells, but do
not necessarily induce any cytotoxicity to the infected
cells [97,118,119]. Instead, it induces membrane ruffling [96],
and the afflicted M cells increase in size, rather than
proliferating, to accommodate increased numbers of
mononuclear cells in their basolateral pocket[96].
The interaction between intestinal pathogens and M
cells are likely influenced and controlled by factors deriving
www.wjgnet.com
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from both the pathogen and the host. In this regard, the
long polar fimbria (LPF) produced by the lpf operon and
Salmonella pathogenicity island-1 (SPI-1) encoding the
type Ⅲ secretory system play important roles in selective
adherence of Salmonella to M cells[120,121]. LpfC or SPI-1
mutants of Salmonella show reduced colonization,
decreased virulence, are not cytotoxic to M cells and are
not disruptive to the FAE[99,122]. Transformation of the
lpf operon into non-piliated E coli increased their uptake
in PP[120]. Similarly, the uptake of Yersinia and Shigella by
M cells is mediated by invasin or mechanisms encoded by
a 30-kb virulence plasmid, respectively[102]. The presence
or absence of these M cell-targeting gene products in
pathogens might explain the differences seen amongst
different strains of the pathogen in their attachment to M
cells. For example, the rabbit diarrheagenic E. coli (RDEC)-1
strain is selective for adherence to M cells[100,101], whereas
enterohemorrhagic E. coli (EHEC), such as strain O157:
H7, has been found to attach to the FAE of human PP[123].
On the other hand, enteropathogenic E. coli (EPEC) is not
transcytosed by the M cells and remains in the gut lumen.
It appears that most of the bacterial genes and their
products identified to date for their invasive role represent
the primary, but not the exclusive, mechanism for the entry
of pathogens in M cells[124]. In Salmonella cases, some
Salmonella serotypes, which are M cell selecting, lack the
lpf operon, and others with the lpf operon do not target M
cells[120,125]. Similarly, invasin-deficient Y. pseudotuberculosis
mutants have delayed uptake of 3 to 5 d in vivo, but are
nonetheless found in the spleen and liver at the same
time and produce the same LD50 values, as the wildtype strain[126]. Perhaps, M cells can also recognize other
Yersinia adhesins, such as pH 6 antigen and the plasmid
encoded YadA, but with less affinity than for invasin[127]. In
addition, the expression of the lpf operon has been found
to cycle between ‘off ’ and ‘on’, being referred to as phase
variation[128,129]. It is probably an adaptation to avoid host
defence. In this regard, cultivation in Lauria Bertani (LB)
broth appears to increase the proportion of S. typhimurium
in the lpf operon ‘on’phase[128].
It is now recognized that the entry of M cells by
intestinal pathogens is also mediated by a number of
surface adhesion molecules, particularly those within
the integrin family, of the host cells. In this regard,
enteropathogenic Y. pseudotuberculosis can attach and
invade murine M cells via β1-integrins expressed by the
apical M cell membranes[130-132]. Studies have postulated
that β1-integrins were the receptor for Yersinia invasin
protein[131]. In vitro studies have demonstrated that α2β1
integrins are the exclusive heterodimer form found on
the M cell apical membrane [133], although others have
found that this heterodimer does not normally interact
with invasin[134]. Other studies have shown that inhibition
of α5β1 integrin expression on the apical membranes
of Caco-2 cells and M cells in vitro abolished the abilities
of these cells to transport microbes[77,135]. In addition,
lymphotropic (X4) HIV transport by M cells is CXC4
receptor-mediated and is lactosyl cerebroside-dependent
in vitro [109]. Finally, the variation of M cell glycocalyx
has led to speculation about its role in pathogen tissue
tropism[19,136].
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Target M cells for mucosal immunization
Just as pathogens can exploit M cells as the portal of
entry for infection, biomedical researchers have, for many
years, investigated the potential of using M cell-specific
mechanisms for drug or vaccine delivery to the mucosal
immune system [137-140]. Compared to parenteral routes,
mucosal administration of drugs and vaccines is relatively
simple, safe and inexpensive[141]. An additional benefit of
mucosal immunization is its capability of priming and
inducing both systemic and mucosal immune responses
in the host [142,143]. Mucosal vaccination is necessary for
protection against mucosal pathogens because parenteral
immunization is generally ineffective for the development
of protective mucosal immunity [144] , and optimal
vaccination strategies for many pathogens may require
both mucosal and systemic delivery components[145].
Successful mucosal vaccines must circumvent the
same barriers that mucosal pathogens have, i.e. mucus,
proteases, nucleases, secreted antibodies, and the epithelial
glycocalyx. Mucosal pathogens themselves have so far
been the most effective models exploited for mucosal
vaccination. The advantages of attenuated, live vaccines
include their ability to activate multiple, innate immune
responses. Currently, most effective oral vaccines are live
attenuated poliovirus and live attenuated S. typhi, both of
which exhibit selective binding to M cells and exploit M
cell transport to the mucosal lymphoid tissue[99,104]. For this
reason, other recombinant bacteria, including attenuated
Lactococcus spp., Listeria monocytogenes, and Yersinia spp.,
have been constructed as delivery vectors for heterologous
antigens[146-148].
M cells actively transport microparticles up to 1 µm in
size, and those that are adherent to M cells are effectively
transcytosed[12,33,149]. Thus, formulations that are multimeric
or particulate and adhere to the mucosal surfaces,
especially if there are some M cell specificities, seem most
effective [145] while soluble, non-adherent antigens are
frequently poorly internalized and hence generally induce
weak immune responses or even immune tolerance[150].
The packaging of drugs and antigen microparticles on
polystyrene or latex mircospheres protects them from
degradation within the GI tract as well as allows them to
be transcytosed by M cells[42,151-155]. Chitosan microparticles
have shown promise both for oral vaccines and intranasal
application[156-158]. Others have examined the potential of
using copolymeric microparticles [159], proteosomes [160],
liposomes[161], virus-like particles[162,163], and viral vectors,
such as poliovirus and adenovirus[164,165]. However, these
formulations can also bind to enterocytes [161], and are
readily taken up by mucosal DCs. In addition, small
vesicles derived from outer membrane components of
bacteria[160,166] are interesting because of their uptake by
M cells and DCs and their potential to induce an innate
immune response through the activation of TLR pathways.
Unfortunately, their tendency to become trapped in mucus
necessitates large doses [165]. There are also regulatory
concerns regarding the use of live, attenuated vectors for
vaccine delivery, especially for use in immunocompromised
population and the risk of reversion of the attenuated
strain to full virulence.
Several recent studies have elegantly demonstrated
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the feasibility to specifically exploit M cells for mucosal
vaccine development[167,168]. Manocha et al[167] have shown
that HIV peptide bearing microparticles targeted to M
cells, using UEA-1 lectins, are more immunogenic when
administered mucosally than systemically. Wang et al[169]
have used the adhesin protein sigma-1 from the enteric
pathogen reovirus, which infects PP M cells, to direct
DNA vaccines to the mucosal immune system[168]. Three
expression plasmids encoding the genes for HIV gp160,
cytoplasmic gp140, and secreted gp140 were conjugated to
sigma-1 with poly-L-lysine and individually tested in mice.
Intranasal immunization of mice showed specific, longterm CTL responses to gp160[168]. Upon challenge using a
standard HIV surrogate test, these mice showed significant
antiviral protection.
However, the relative importance of M cells in
the induction of protective immunity by mucosal
immunization remains unknown. For example, the
antigen-specific immune responses as measured by IgG
production is not substantially altered in the absence
of PP[31]. Although M cells are capable of uptaking and
transporting antigens, their role in antigen processing and
presentation is less well characterized. In addition, M cells
consist of only a small percentage of intestinal epithelial
cells, raising the question of their overall efficiency in
antigen uptake in the GI system. Moreover, there are
redundancies at multiple levels of the mucosal immune
system to ensure its continuing functionality. In this regard,
intestinal DCs can migrate between mucosal epithelial
cells, and directly sample the luminal antigens by forming
transepithelial dendrites[170,171]. Other cell types, such as
villous enterocytes, also express MHC class Ⅱ molecules
and are capable of sampling and presenting intestinal
antigens[172,173]. The difficulty in determining the precise
role of M cells in the induction of mucosal immune
responses is further confounded by the lack of availability
of animal models which are completely and specifically
deficient in M cells, making studies of intestinal antigen
sampling by alternate cell types impossible.

INTESTINAL VILLOUS M CELLS
Although M cells were initially believed to be exclusively
located within the FAE region in the GI tract, this
notion has been challenged by the recent identification
and characterization of the intestinal villous M cells [31].
Intestinal villous M cells share all the known features
of traditional M cells, but are independent of PP and
not associated with the FAE. Instead, intestinal villous
M cells lie on the intestinal villi either as small dense
clusters (50 to 60 per animal) or diffusely. Intestinal
villous M cells are more common in the terminal ileum
than in other areas of the small intestine. Although the
role and potential significance of these M cells remain
to be elucidated, evidence to date indicates that they
are functionally analogous to the PP M cells[31] and may
compensate for PP M cell functions. Indeed, GALTdeficient mice produce antigen-specific IgG comparable
with that produced in wild-type animals upon noninvasive bacterial challenge, and the population of
UEA-1+ cells increased, perhaps the result of villous M
www.wjgnet.com
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cells developing from epithelial cells upon exposure to
foreign antigens or pathogens, such as S. typhimurium[31].

5
6

PERSPECTIVES
More than three decades have passed since the first
description of the M cell as the antigen shuttle for the
mucosal immune system [6,7] . Current knowledge has
highlighted the dynamic and complex role that M cells
play in entry/invasion of pathogens, in antigen sampling,
and in facilitating eliciting of immunity to GI infections.
The advent of new technologies, such as confocal laser
scanning microscopy and the intracellular visualization
by use of fluorescence techniques, have supplemented
the initial static electron microscopy studies in the
characterization of M cells. The ability to cultivate M cells
in vitro has complemented the in vivo models, and makes
the molecular analysis of M cell functionality possible.
The host-pathogen interactions have shown the varying
strategies of the pathogen in exploiting M cells as conduits
to initiate an infection, while at the same time evading
or circumventing host immune surveillances. However,
much work remains to be done to clarify the cellular
and molecular mechanisms of the attachment to and
the uptake of pathogens by M cells, and the interaction
between the M cell and the pathogen, particularly the
downstream events are evoked by the M cell antigen
transport. Also, how does this transport lead to both
mucosal and systemic immune responses? The presence
of functional redundancies in the mucosal immune system
and the lack of suitable animal models have further
hindered the clarification of the precise role of M cells
in the induction of mucosal immune responses and the
rationale of targeting M cells for mucosal immunization.
Further understanding and characterization of the
mechanisms involved in the interaction between M cells
and microorganisms, in the development and activation of
M cells, and in the development of novel M cell targeting
approaches will be needed for the development of a new
generation of mucosal vaccines. In this regard, the recent
identification of intestinal villous M cells and the rapid
progress in our understanding of the role of TLR in the
regulation of bacterial antigen uptake by M cells are likely
to accelerate the development of M cell-based mucosal
vaccines.
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Abstract
Accumulation of mutations and alterations in the
expression of various genes result in carcinogenesis, and
the development of microarray technology has enabled
us to identify the comprehensive gene expression
alterations in oncogenesis. Many studies have applied
this technology for hepatocellular carcinoma (HCC),
and identified a number of candidate genes useful as
biomarkers in cancer staging, prediction of recurrence
and prognosis, and treatment selection. Some of these
target molecules have been used to develop new serum
diagnostic markers and therapeutic targets against
HCC to benefit patients. Previously, we compared gene
expression profiling data with classification based on
clinicopathological features, such as hepatitis viral
infection or liver cancer progression. The next era
of gene expression analysis will require systematic
integration of expression profiles with other types of
biological information, such as genomic locus, gene
function, and sequence information. We have reported
integration between expression profiles and locus
information, which is effective in detecting structural
genomic abnormalities, such as chromosomal gains and
losses, in which we showed that gene expression profiles
are subject to chromosomal bias. Furthermore, arraybased comparative genomic hybridization analysis and
allelic dosage analysis using genotyping arrays for HCC
were also reviewed, with comparison of conventional
methods.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cancer is a genetic disease of somatic cells arising from
accumulation of genetic changes, and abnormalities
of suppressor genes, TP53 [1], RB [2], and IGF2R [3], and
oncogenes, c-myc [4], CCND1 [5], CTNNB1 [6], and c-Met [7],
have been reported in hepatocarcinogenesis. On the other
hand, activation of the matrix metalloproteinase (MMP)
family[8], angiopoietin[9], and vascular endothelial growth
factor (VEGF)[10], and inactivation of E-cadherin[11] have
been demonstrated to play pivotal roles in invasion and
metastasis of liver cancer. Considering the complexity of
carcinogenesis, many other genes may be involved in the
initiation and progression of cancer, and comprehensive
expression analysis using microarray technology has great
potential for the discovery of new genes involved in
carcinogenesis.
cDNA microarray analysis for hepatocellular carcinoma
(HCC) was first reported by Lau et al[12], using approximately 4000 known human genes in 10 pairs of HCC
and non-tumorous tissues, which was followed by many
subsequent studies[13-16]. Thereafter, using HCC samples,
clustering analysis based on clinicopathological features,
including viral infection, tumor differentiation grade,
and vessel invasion, were reported[17,18]. Identification of
novel candidate genes for biomarkers and discovery of
therapeutic targets are helpful for improvement of clinical
diagnosis and treatment[19,20]. Tailor-made therapy becomes
possible if predictor genes can anticipate therapeutic
responses and prognosis precisely [21,22]. Furthermore,
bioinformatics technology has enabled the integration of
expression profiles with various types of gene information,
such as gene ontology, function, and locus[23,24].
Comparative genomic hybridization (CGH) is a
molecular cytogenetic analysis of screening neoplasms for
genetic changes, and has been used extensively to localize
regions of oncogenes and tumor suppressor genes in
various types of cancer [25]. Recently, array-based CGH
(aCGH) using genomic DNA or cDNA clones has been
developed with much higher resolution than conventional
www.wjgnet.com
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CGH, and accurate identification of genes with DNA copy
number changes in carcinogenesis is now possible[26,27].
In addition to aCGH, we and others have developed
novel algorithms for global and high-resolution analysis
of copy number chang es using single nucleotide
polymorphism (SNP) arrays[28-31], which were originally
designed for high-throughput SNP analysis [32,33] . In
comparison to aCGH, the newly developed Genome
Imbalance Map (GIM) algorithm has advantages for
detecting not only copy number changes but also allelic
imbalance, including loss of heterozygosity (LOH) and
uniparental disomy (UPD)[28].
In this article, we review the outcomes of microarray
analysis for HCC through a literature search of published
reports, i.e., clustering analysis based on clinicopathological
features, identification of candidate genes for therapy and
diagnosis, selection of predictor genes for tailor-made
therapy, and integration of microarray data with other
types of gene information. Furthermore, we discuss the
chromosomal bias of gene expression and pitfalls of gene
clustering.

IDENTIFICATION OF ALTERED GENE
EXPRESSION IN HEPATOCELLULAR
CARCINOMA
Gene expression profile analysis has made it possible to
identify novel genes with altered expression that have not
been reported in liver cancer. For example, aberrations
of MARKL1 and MARK3 [34], VANGL1 [35], PEG10 [36],
BMAL2 [37], DDEFL1 [38], RhoC [39], GEP [40], HLA-DR [41],
Claudin10 [42], and Ephrin A1 [43] were demonstrated by
microarray analysis.
Through comprehensive expression analysis in HCC,
we also identified up-regulated genes, GPC3[20], ROBO1[19],
and SP-5[44]. GPC3 is a member of the heparan sulfate
proteoglycans and binds to the cell membrane via glycosyl
phosphatidylinositol anchors. We demonstrated that GPC3
works as a co-receptor, modulating signaling pathways of
growth factors, such as FGF2 and BMP-7, and contributes
to hepatocarcinogenesis[20]. Up-regulated genes in HCC,
compared to the background hepatocytes, are candidate
diagnostic markers, and we confirmed that monoclonal
antibodies against GPC3 generated in our laboratory
recognize the GPC3 molecule in HCC, and demonstrated
the feasibility of GPC3 as a marker for HCC in routine
histological examination[45]. Furthermore, this molecule is
secreted due to the signal peptide in its N-terminus, and
we succeeded in measuring serum GPC3 levels by enzymelinked immunosorbent assay in HCC patients[46].
In addition to the availability of the neural cell
adhesion molecule ROBO1 as a diagnostic serum marker
for HCC, this molecule is also a clinical gene therapy target
as a newly generated anti-ROBO1 monoclonal antibody
induced complement-dependent cytotoxicity in the
ROBO1-expressing liver cancer cell line, PLC/PRF/5[19].
Abnormalities in β -catenin are observed in about
40% of liver cancers, and several genes, including c-myc[47],
CCND1 [48], MDR1 [49], WISP1 [50], L1 [51], GPR49 [52], and
DKK1[53], have been identified as downstream targets in
www.wjgnet.com
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the Wnt signaling pathway, which may be important for
understanding the role of Wnt signaling in carcinogenesis
because these genes are involved in cell proliferation,
differentiation, and migration. As new downstream target
genes of the Wnt signaling pathway, we observed upregulation of SP-5[44] in liver cancer with Wnt signaling
abnormality and showed that this molecule is a direct
target for β-catenin/TCF4 complex. Especially, transfer
of SP-5 into MCF-7 cells, in which SP-5 protein is not
detectable, resulted in significant growth promotion, and
we, therefore, concluded that SP-5 plays a pivotal role in
the progression of liver cancer.

FROM GENERAL CLUSTERING TO
PREDICTION OF PROGNOSIS AND
TREATMENT EFFECT BASED ON GENE
EXPRESSION PROFILING
Most cases of HCC originate from chronic liver disease
caused by hepatitis viral infection, including hepatitis B
virus (HBV) and hepatitis C virus (HCV), exposure to
aflatoxin B1 in mold, and alcohol abuse. After a long
period of inflammation of the liver, early-stage HCC,
which is small with indistinct margins and consists of welldifferentiated cancerous tissues, may occur and develop
to less well-differentiated HCC. Through the progression
of liver cancer with dedifferentiation, cancer cells may
metastasize to the lungs, adrenal glands, bone, and other
segments of the liver parenchyma. Many researchers have
attempted to determine the associations between gene
expression profiles and such clinicopathological features.
Viral hepatitis is one of the most important epidemiological factors, and Okabe et al [17] classified 20 HCC
specimens into HB- and HC-based liver cancers by twoway clustering after data mining and selected genes that
were differentially expressed between the two viral-based
HCC, and this was followed by studies by other groups[18].
Takemoto et al[54] reported that sex affects not only the
incidence of HCC, but also the outcome after treatment,
and performed clustering analysis based on gender. After
chronic infection forces hepatocytes to regenerate with
consequently excessive replication, regenerative nodules
appear as precancerous lesions. Genes responsible
for hepatocarcinogenesis may be identified through
comparison of expression profiles between regenerative
nodules and early liver cancer[55-57]. On the other hand, we
and other groups have highlighted HCC with nodule-innodule appearance to investigate gene alterations in the
course of liver cancer progression[58,59].
Intrahepatic recurrence is one of the main causes of
poor prognosis in HCC, and Iizuka et al[21] reported a gene
set consisting of 12 genes that can predict intrahepatic
recurrence within 1 year after curative surgery using a
supervised learning method to construct a predictive
system. On the other hand, Cheung et al[60] identified 90
genes that are correlated with intrahepatic metastasis and
may provide clues to identify patients with increased risk
of developing metastasis.
Patients with advanced HCC with tumor thrombi in the
major portal branches are no longer candidates for surgical
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resection, and combination chemotherapy with intraarterial 5-fluorouracil (5-FU) and subcutaneous interferonalpha (IFN-α) is one of a few effective chemotherapeutic
regimens for such advanced HCC. Kurokawa et al [22]
selected 63 genes capable of predicting chemotherapeutic
responses to 5-FU and IFN-α combination therapy using
PCR-based array, which will lead to tailor-made medicine
for advanced HCC.

KARYOTYPING ANALYSIS OF
HEPATOCELLULAR CARCINOMA USING
ARRAY-BASED COMPARATIVE GENOMIC
HYBRIDIZATION AND SINGLE NUCLEOTIDE
POLYMORPHISM ARRAY
In addition to expression profiling analysis, genome dosage
analysis using aCGH for HCC has been reported [26,27].
Takeo et al[61] analyzed 20 HCC samples by genomic DNA
microarray analysis using an array containing 57 oncogene
spots and emphasized the utility of microarray technology
compared to conventional CGH. Katoh et al[62] investigated
the significance of correlations of frequent chromosomal
aberrations with various clinicopathological features, and
demonstrated that chromosomal loss on 17p13.3 and
gain on 8q11 were independent prognostic indicators by
multivariate analysis. Furthermore, Patil et al[63] correlated
gene expression with aCGH data and identified high-level
expression of JAB1 on 8q, which was shown to have a
potential role in the development of HCC by functional
analysis.
GIM is a novel algorithm for detecting copy number
changes at both gene and allele levels using SNP arrays[28].
We applied GIM to 36 HCC samples, and analyzed copy
number alterations and allelic imbalance accurately in
the liver cancer genome in a single experiment[64]. That
is, in addition to the gains of 1q, 5p, 5q, 6p, 7q, 8q, 17q,
and 20q, and LOH of 1p, 4q, 6q, 8p, 10q, 13q, 16p, 16q,
and 17p, which were significantly associated with HCC,
we identified UPD and UPT on 13 regions, suggesting
that genome dosage analysis misses many LOH regions
with normal copy number. For example, on 6q24-25,
which contains imprinting gene clusters and UPD regions
in our data, we observed reduced levels of PLAGL1
expression due to loss of the unmethylated allele. Thus,
high-resolution GIM analysis can accurately determine the
localizations of genomic regions with allelic imbalance,
and when integrated with epigenetic information, a
mechanistic basis for inactivation of a tumor suppressor
gene in HCC was elucidated.

SYSTEMATIC INTEGRATION OF EXPRESSION
PROFILES WITH OTHER TYPES OF GENE
INFORMATION
As described above, strong cor relations between
expression profiles and various HCC classifications,
including hepatitis viral infection, tumor differentiation
grade, and prognosis, have been reported. The next
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era of gene expression analysis will involve systematic
integration of expression profiles and other types of gene
information. Patil et al[24] analyzed gene ontology categories
for the 703 over-expressed genes selected by microarray
analysis and concluded that metabolism, cell cycle, growth,
and proliferation may be involved in HCC development.
We have integrated gene expression data and gene locus
information, and the regions in which the numbers of
up-regulated and down-regulated genes were significantly
concentrated were mapped on the chromosomal region[65].
T his method for detection of regions of mRNA
expression imbalance is called Expression Imbalance
Map (EIM), and we applied EIM analysis to gene
expression data from 31 HCC tissues[23]. Our data revealed
that expression gains of 1q21-23, 8q13-21, 12q23-24,
17q12-21, 17q25, and 20q11 and losses of 4q13, 8p12-21,
13q14, and 17p13 were significantly associated with HCC,
which is consistent with previous reports using CGH in
liver cancer. Furthermore, more poorly differentiated liver
cancer contains more chromosomal alterations, which are
accumulated in a stepwise manner in the course of HCC
progression. Taken together, we demonstrated that gene
expression profiles are subject to chromosomal bias in
EIM analysis[23].
If not only gene expression but also cytogenetic data
can be obtained from the same sample, integration of
expression profile with chromosomal loci will enable
comparison of gene expression with gene dosage. Furge
et al[66] obtained regional expression biases (REBs) from
a multiple span moving binomial test and demonstrated
that REBs overlapped genetic abnormalities identified
using aCGH in HCC. Comparing the expression intensity
with the genome dosage obtained from GIM directly,
we also confirmed that alterations in mRNA expression
level reflect gain or loss of genomic copy number, and
substantiated our assertion in the previous report using
EIM[23,64].

CONCLUSIONS
Candidate genes for gene therapy and diagnostic markers
are selected through microarray analysis and shown to be
available for clinical application. In addition, clustering
analysis based on clinicopathological features is performed.
However, bioinformatics technology indicates that gene
expression profile is subject to chromosomal bias, i.e.,
clustering analysis involves the risk of being affected by
gene structural abnormalities, such as genomic gains and
losses.
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Abstract
Preservation of the spleen at distal pancreatectomy has
recently attracted considerable attention. Since our first
successful trial, spleen-preserving distal pancreatectomy
with conservation of the splenic artery and vein for
tumors of the pancreas and chronic pancreatitis has been
performed more frequently. The technique for spleenpreserving distal pancreatectomy with conservation of
the splenic artery and vein are outlined. The splenic
vein is identified behind the pancreas and within the
thin connective tissue membrane. The connective tissue
membrane is cut longitudinally above the splenic vein.
An important issue is to remove the splenic vein from
the body of the pancreas toward the spleen, since a
different approach may be very difficult. The pancreas
is preferably removed from the splenic artery toward
the head of the pancreas itself. This procedure is
much easier than removing the pancreas from the vein
side. One patient had undergone distal gastrectomy
for duodenal ulcer, with reconstruction by Billroth Ⅱ
tehcnique. If distal pancreatectomy with splenectomy
had been performed for the lesion of the distal pancreas
at the time, the residual stomach would also have to be
resected. The potential damage done to the patient by
reconstruction of the gastrointestinal tract in combination
with distal pancreatectomy and splenectomy would have
been much greater than with distal pancreatectomy only
with preservation of the spleen and residual stomach.
Benign lesions as well as low-grade malignancy of
the body and tail of the pancreas may be a possible
indication for this procedure.

INTRODUCTION
For tumors or low-grade malignancies of the body and
tail of the pancreas, or for chronic pancreatitis, spleenpreserving distal pancreatectomy with conservation of
the splenic artery and vein is performed[1]. This method is
already being used worldwide for the treatment of chronic
pancreatitis[2,3]. We were the first in the world to perform
this procedure for chronic pancreatitis (Figure 1) [1,4].
The patient was a 22-year-old man with familial chronic
pancreatitis. Because the patient was very young and had
many protein plugs in the dilated ductule of the tail of the
pancreas, we decided to perform a Puestow’s procedure
with removal of the tail of the pancreas. The postoperative
course was uneventful. The splenic function of this young
man has been preserved in the all of his life.
The relevance of preserving the spleen has been shown
in Europe, the United States and Japan. Splenic loss causes
either changes in the peripheral blood count, infection or
sepsis[5-7]. Some authors have also stressed the potential
immuno suppression related to splenectomy[8].

SURGICAL ANATOMY
In order to perform the procedure, adequate anatomical
knowledge of the pancreas and supplying vessels,
especially the fusion fascia of Toldt and fusion fascia of
Treitz, is necessary[9].
Figure 2 displays the fusion fascia of the head of the
pancreas in an autopsy case[9]. The fascia is composed of
www.wjgnet.com

1494

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

March 14, 2007

Volume 13

Number 10

Spleen
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Figure 1 Spleen-preserving distal pancreatectomy with conservation of the splenic artery and
vein for chronic pancreatitis. A Puestow’s procedure with removal of the tail of the pancreas.

Figure 2 The fusion fascia of the head of the pancreas in an
autopsy case.

Fusion fascia of Treitz

Duodenum

Fusion fascia
of Toldt

Ventral
mesentery

Ventral
pancreas

Duodenum

Dorsal
pancreas
Dorsal
mesentery

Inf. vena cava

Aorta

Inf. vena cava

Inf. vena cava

Aorta

Aorta

Figure 4 The membrane of the ventral bud and that of the inferior vena cava and
abdominal aorta become fused. The fusion fascia of the head of the pancreas is
known as the "fusion fascia of Treitz" and that of the body and tail of the pancreas
is called the "fusion fascia of Toldt".

Figure 3 During development, the pancreas is divided into two buds representing
the ventral and dorsal anlagen. The ventral anlage of the pancreas then moves
around the duodenum until it comes in contact with the dorsal bud.

CBD

PV

DU

PL
Pancreatic parenchyma

RP

SMA

Vessels & neves
Fusion fascia

Figure 6 A posterior view of the head of the pancreas in an autopsy case. The
posterior surface of the pancreas is covered with fusion fascia of Treitz.

Figure 5 Histological findings of the "fusion fascia" of the pancreas.

loose connective tissue. By Kocher's maneuver, the fascia
adheres to the pancreatic parenchymal side, but not to
the vena cava side. All the relevant pancreatico-duodenal
arcades of arteries, veins, and nerves are situated on this
membrane.
T he composition of this membrane has been
previously described. During early development, the
pancreas is divided into two buds representing the ventral
and dorsal anlagen. The ventral anlage of the pancreas
then moves around the duodenum until it comes in contact
www.wjgnet.com

with the dorsal bud (Figure 3).
The membrane of the ventral bud and that of the
inferior vena cava and abdominal aorta become fused, and
this is reflected by the term "fusion fascia" (Figure 4). The
fusion fascia of the head of the pancreas is known as the
"fusion fascia of Treitz", while the one of the body and
tail of the pancreas is called the "fusion fascia of Toldt".
Histological findings of the "fusion fascia" of the
pancreas are shown in the Figure 5. The fusion fascia is
composed of loose connective tissue. While it appears
to be fragile to the naked eye during an operation, it
is actually quite resistant. A large number of arteries,
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Figure 7 When the fusion
fascia of Treitz is ablated
from the parenchyma of
the pancreas, an important
pancreatoduodenal vessel,
for example the PSPDV, is
revealed. A posterior view of
the head of the pancreas after
ablation of the fusion fascia of
Treitz.
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Figure 8 Sagittal section through the neck of the pancreas. The fusion fascia is
indicated by the dotted line.

Figure 9 When the pancreas was ablated from the retroperitoneum, the pancreas
and splenic vein are covered with the fusion fascia of Toldt.

A similar anatomical configuration is displayed in the
body and tail of the pancreas. The splenic vein and artery
and parenchyma of the pancreas are situated in the same
area, and are surrounded by the fusion fascia of Toldt.
When the fusion fascia of Treitz is ablated from the
parenchyma of the pancreas, an important pancreatoduodenal
vessel, the PSPDV, is revealed as it is shown in Figure 7.
A Sagittal section as it can be seen through the neck
of the pancreas is shown in Figure 8. The fusion fascia is
indicated by the dotted line. The superior mesenteric artery
(SMA) penetrates the fusion fascia, just after its origin
from the abdominal aorta.
Figure 10 The fusion fascia of Toldt is longitudinally cut above the splenic vein.

arterioles, veins and nerves exist between the fascia and
pancreatic parenchyma.
Figure 6 displays shows a posterior view of the head
of the pancreas in an autopsy case. This is the surface that
is ablated by Kocher mobilization. The posterior surface
of the pancreas is covered with fusion fascia of Treitz.
The cut end of the portal vein and the superior
mesenteric artery shown at the top of the figure are also
covered with fusion fascia and exist on the abdominal side.
Thus, the extrapancreatic nerve plexuses and the portal
vein, superior mesenteric artery and parenchyma of the
pancreatic head are situated in the same area, and are
surrounded by the fusion fascia of Treitz[10].

SURGICAL TECHNIQUES BASED ON THE
ANATOMY
When the pancreas is ablated from the retro-peritoneum,
the pancreas and splenic vein are covered with the fusion
fascia of Toldt (Figure 9). In the first step of this operation, the fascia of Toldt is cut to reveal the splenic vein
(Fig���������
ure 10).
����� X-ray
�������������������������������������������
ductography of the resected specimen
of IPMN in the body of the pancreas is shown in the
lower part of the ����������
F���������
igure 10.
The branches of the splenic vein should be gently ligated and divided (Fig�����������������������������������
ure��������������������������������
11). An important technique is
to remove the splenic vein from the body of the pancreas
toward the spleen. It is very difficult to remove the splenic
vein in the other direction because (1) it is difficult to
discriminate the distal end of the pancreas from the fatty
www.wjgnet.com

1496

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

March 14, 2007

Volume 13

Number 10

1, The spleen preserving procedure for benign lesions and IPMN in eighteen cases
cases.
Table 1
Case No.

Age, Gendar

Diagnosis

Location

Size (cm)

Pathological findings

1

54, F

Endocrine tumor

Body

1.0

Glucagonoma

2

51, F

Cystic tumor

Body

1.2

Mucinous cystadenoma

3

54, F

Insulinoma

Tail

1.5

Insulinoma

4

54, F

Cystic tumor

Tail

2.0

Serous cystadenoma

5

22, M

Chr. pancreatitis

Total

—

Chronic pancreatitis

6

26, M

Cystic tumor

Tail

2.0

Edidermoid cyst

7

42, M

Cystic tumor

Tail

3.0

Edidermoid cyst

8

66, M

IPMN

Body

3.0

Pseudocyst, dysplasia

9

73, M

IPMN

Body & tail

3.0

In situ carcinoma

10

54, M

IPMN

Tail

3.0

Hyperplasia and adenoma

11

78, M

IPMN

Body & tail

7.5 × 5.5

Benign-Borderline

12

79, M

IPMN

Body & tail

2.7

Adenoma

13

70, M

IPMN

Body

2.5 × 1.8

In situ carcinoma

14

46, F

IPMN

Body

2.5

In situ carcinoma

15

60, F

IPMN

Body & tail

2.5

In situ carcinoma

16

57, M

IPMN

Body

3.5

Adenoma

17

61, M

IPMN

Body

4.0

Adenoma

18

70, M

Endocrine tumor

Tail

0.5

Endocrine tumor

Mean age 56.5; M:F = 12:6; IPMN 9; Cystic tumor 4, Endocrine tumor 3, Chr. pancreatitis 2.

Splenic vein
Pancreas
Spleen
Splenic artery

Figure 11 The branches from the splenic vein on both sides should be carefully
ligated and divided.

Spleen

Pancreas

Figure 13 The splenic artery is removed from the spleen toward the head of the
pancreas. Then, the distal pancreas can be removed.

tissue in the hilum of the spleen, and (2) in this area the
splenic artery and vein are already divided into small vessels that can be easily injured.
The splenic vein in the body of the pancreas is removed from the pancreatic body (Fig��������
ure�����
12).

www.wjgnet.com

Figure 12 The splenic vein in the body of the pancreas is removed from the
pancreatic body.

The splenic artery is removed from the spleen toward
the head of the pancreas (Figure 13). Then, the distal pancreas can be confidently removed.
Wesafely performed this procedure for benign lesions
and Intraductal papillary-mucinous neoplasm (IPMN)
in eighteen cases (Table 1). This procedure was also per11,12�]
formed for IPMN in 10 cases in the last five years[������
. All
of the operation were successfully performed. No procedure related or disease recurrence casualties were reported.
The mostly feared potential complication was postoperative bleeding from the splenic vein caused by digestion
of the ablated wall of the vein by pancreatic juice originating from the end of the pancreas[��1�]. Another feared complication was tortion of the splenic vessels. However, these
complications did not arise in any case.

IMPORTANT AND INTERESTING CASES
Case No. 1
A 79 year-old patient with simultaneous gastric carcinoma
and IPMN in the body and tail of the pancreas:

Kimura W� et al . Spleen-preserving distal pancreatectomy
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Splenic vein

Figure 14 Case No.1: A 79 yr-old patient with simultaneous gastric carcinoma and
IPMN in the body and tail of the pancreas. Endoscopic examination and MRCP. A:
Stomach: Early carcinoma; B: Pylorus-preservingdistal gastrectomy; C: Spleenpreserving distal pancreatectomy.

Figure 15 Case No.1 The operative and histological findings, and egg like
appearance by intraoperative pancreatoscopy. A: IPMN of the pancreas; B:
Body: Carcinoma, noninvasive; C: Body: Egg like appearance; D: After
stomach resection and spleen-preserving DP.

Figure 16 Case No. 2: A 54-yr-old patient with a diagnosis of IPMN in the body
of the pancreas. CT scan. The cystic dilatation of the branch duct with protrusive
lesions in the body of the pancreas. The main pancreatic duct is not dilated.

Endoscopic examination showed early gastric carcinoma
of the body of the stomach (Figure 14). MRCP revealed
the extremely dilated main pancreatic duct, as well as cystic
dilatation of the branch duct in the body of the pancreas.
In combination with other findings, we made a diagnosis
of main and branch duct IPMN .
At surgery , the pancreas was not hard and tumor
did not seem to invade the parenchyma of the pancreas
by both inspection and (Figure 15) intraoperative
ultrasonography. No apparent lymphnode metastasis
around the pancreas was detected. MRI did not show any
malignant findings preoperatively. Therefore, we decided
to do pylorus-preserving distal gastrectomy and spleen
preserving distal pancreatectomy. Re-construction of
stomach was done by end-to-end gastro-gastrostomy.
Figure 15 show the intra-operative view of the
pancreas, and egg-like appearance of the main pancreatic
duct in the tail of the pancreas by intra-operative
pancreatoscope in this case. Histological investigation
revealed carcinoma in situ in the main pancreatic duct in
the body, and adenoma in the branch duct of the body of
the pancreas.
The middle part of the stomach was segmentaly
resected and distal pancreas was also resected with
conservation of the splenic artery and vein and the
spleen. The gastro-gastro-anastomosis was done after this

operation. This patient is still alive with no recurrence of
carcinoma in the last three years.
If distal pancreatectomy with splenectomy had been
performed for the lesions of the distal pancreas at this
operation, the residual stomach should also have been
resected because of no blood supply from the short gastric
arteries originated from the splenic artery. That is, total
gastrectomy with esophago-jejunostomy should have been
performed.
However, total gastrectomy would have been excess
surgery for early gastric carcinoma of this patient. In
addition, the damage done to the patient by reconstruction
of the gastrointestinal tract in combination with distal
pancreatectomy and splenectomy would have been
much greater than with only distal pancreatectomy with
preservation of the spleen and residual stomach with end
to end anastomosis.
Case No. 2
A 54-year-old patient with a diagnosis of IPMN in
the body of the pancreas (13): CT scan revealed two
cystic lesions in the body of the pancreas (Figure 16).
Endoscopic examination revealed the slight dilatation of
the papilla of Vater. Endoscopic ultrasound revealed the
cystic dilatation of the branch duct with protrusive lesions
in the body of the pancreas (Figure 17). In combination
with other findings, we made a diagnosis of branch type
of IPMN in this case.
Thirty-two years before the operation, the patient
had undergone distal gastrectomy for duodenal ulcer,
with reconstruction by the Billroth Ⅱ method. If distal
pancreatectomy with splenectomy had been performed
for the lesion of the distal pancreas at this operation,
the residual stomach should also have been resected
because of no blood supply from the short gastric arteries
originated from the splenic artery. Furthermore, the
adhesion on the left side of the intraabdominal cavity
should have been ablated for use of the jejunum for
www.wjgnet.com
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Figure 17 Endoscopic examination revealed the slight dilatation
of the papilla of Vater. Endoscopic ultrasound revealed the cystic
dilatation of the branch duct with protrusive lesions in the body of the
pancreas. A: Slight dilatation of the orifice of the papilla of Vater; B:
The cystic dilatation of the branch duct with protrusive lesions in the
body of the pancreas. The main pancreatic duct is not dilated.

B

MRCP

Tumor

Spleen
SPV & SPA

EUS

Figure 18 Case No. 3. A 25 yr old male. The imaging procedures such as
abdominal CT scan, EUS and MRCP suggested a branch type of IPMN.

esophago-jejunostomy. The damage done to the patient by
reconstruction of the gastrointestinal tract in combination
with distal pancreatectomy and splenectomy would have
been much greater than with only distal pancreatectomy
with preservation of the spleen and residual stomach.
In this case, although the preoperative diagnosis of the
cystic lesion was a branch-type IPMN, this was histologically
revealed to be a pseudocyst. Dysplasia was found in the
branch duct epithelium of the tail of the pancreas.
Even with advances in imaging techniques, diagnosis
of a cystic lesion of the pancreas is still very difficult.
Ordinary distal pancreatectomy with splenectomy would
have been over surgery in this case, and this should be
avoided and could be avoided by the spleen preserving
method.
Case No. 3
A 25 year old male�: The imaging procedures such as abdominal CT scan, EUS and MRCP suggested a branch
type of IPMN (Fig����������������������������������
ure�������������������������������
18). The presence of invasion
was unclear both preoperatively and intraoperatively. The
patient was young that we decided to perform spleen preserving distal pancreatectomy.
Figure 19 top-left shows the distal part of the pancreas
with tumors. The spleen, splenic artery and vein were
preserved. However, intraoperative histologic examination
revealed that the tumor was malignant with invasive
parts. Therefore, we converted the procedure to the distal
www.wjgnet.com

Figure 19 The operative and histological findings, and cut surfice of the tumor.

pancreatectomy with splenectomy in combination with
radical lymphnode dissection. This is a very rare case of
carcinoma derived from IPMN, developed in a very young
man.
In conclusion, spleen-preserving distal pancreastectomy with preservation of the splenic vessels can be
performed easily and safely. Our experience suggests that
this procedure should be conducted for IPMN of the
distal pancreas as well as chronic pancreatitis.
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Abstract
Cholangiocarcinoma (CC) is rare malignant tumors
composed of cells that resemble those of the biliary
tract. It is notoriously difficult to diagnose, and is
associated with a high mortality. Traditionally, CC is
divided into intrahepatic and extraheaptic disease
according to its location within the biliary tree.
Intrahepatic cholangiocellular carcinoma (IH-CCC) or
peripheral cholangiocellular carcinoma (CCC) appears
within the second bifurcation of hepatic bile duct, and is
the second most common primary liver cancer following
hepatocellular carcinoma (HCC), IH-CCC or peripheral
CCC often presents with advanced clinical features, and
the cause for this cancer rise is still unclear. MRI, CT
and PET provide useful diagnostic information in those
patients. Surgical resection is the only chance for cure,
with results depending on selected patients and careful
surgical technique. Liver transplantation could offer
long-term survival in selected patients when combined
with chemotherapy. Chemotherapy, radiation therapy
or combination therapies remain as the only treatment
for inoperable patients. However, these are uniformly
ineffective in patients’ survival.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cholangiocellular carcinoma (CCC) is the primary cancer
www.wjgnet.com

of the bile duct and is a frequent tumor of the biliary tree
with estimated incidence of 0.01%-0.8 %[1,2]. Histologically,
most CCCs are well differentiated adenocarcinomas,
and classification based on location classically has been
applied[3,4]. Intrahepatic CCC (IH-CCC) or peripheral CCC
appears within the second bifurcation of hepatic bile duct,
and is the second most common primary liver cancer
following hepatocellular carcinoma (HCC). IH-CCC or
peripheral CCC often presents with advanced clinical
features, and the cause for this cancer is still unclear.
The Liver Cancer Study Group of Japan has proposed
a classification based on macroscopic features; CCC can
be described as mass-forming, periductal infiltrating,
intraductal growth, or as a mixed mass-forming, and
periductal[5,6]. Tumors located in the left and right hepatic
ducts and hilar cholangiocarcinoma were sometime
classified as intrahepatic cholangiocarcinoma because these
tumors can be very similar in condition to the periductal
infiltrating type of CCC. However, hilar chlangiocarcinoma
was eliminated from IH-CCC categ or y. Periductal
infiltrating type of IH-CCC and hilar cholangiocarcinoma
demonstrate similar condition clinically. However, each
substance has different epidemiological and pathological
findings. Preoperative imagings, such as MRI, MRCP, CT,
and FDG-PET, provide useful diagnostic informations in
those patients.
Although surgical resection is the only chance for cure
with result depending on exceptional surgical technique
and patient selection, many patients, at the time of
diagnosis, have IH-CCCs that are unresectable because
of associated advanced liver disease or lesion involving
the portal structure or main hepatic artery[7-9]. For these
patients, liver transplantation provides the opportunity
for better survival [10-14]. In case of inoperable patients,
chemotherapy, radiation therapy or combination therapies
remain as the only effective treatment[15,16].

EPIDEMIOLOGY
Worldwide, cholangiocarcinoma (IH-CCC and extrahepatic cholangiocarcinoma) accounts for 3% of all
gastrointestinal cancer and is the second most common
primary malignancy[17]. Especially, IH-CCC accounts for
approximately 10% to 20% of all primary liver cancer[18].
The incidence rates of IH-CCC are extensive, varying
among different parts of the world. The incidence of IHCCC appears to be higher among men in different areas
of the world. The incidence ratios of male to female vary
between 1.3 among white Americans to 3.3 among the
French. In general, male preponderance is less pronounced
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in IH-CCC than in HCC. In Japan, IH-CCC accounts for
about 5%-10% of all primary liver cancer[5], prevalence
is slightly higher compared to that of Western countries
and the United States. Furthermore, in most countries, the
percentage of increase in IH-CCC mortality is higher than
that of HCC. The 5-year patient survival of IH-CCC is
still very low, and nearly unchanged over past 20 years.

RISK FACTORS
Several risk factors have been associated with the
development of IH-CCC; however, the cause is still
unknown for most IH-CCC cases. The association
between IH-CCC and chronic biliary tract inflammation,
such as primary sclerosing cholangitis (PSC), liver fluke
infestation, or hepatolithiasis, is well recognized. Especially,
PSC is a definite risk factor for IH-CCC[19,20], and the risk
for developing IH-CCC after the diagnosis of cholestatic
liver disease is 1.5% per year[21]. Approximately 30% of
the patients with PSC who are likely to develop IH-CCC
will be diagnosed with malignancy of the bile duct within
two years after diagnosis of the PSC[20,21]. Bile stenosis
and recurrence of biliary inflammation might predispose
individuals with these conditions to cancer.

TREATMENT
Treatment options for IH-CCC are determined by the
local extent of the cancer, vascular invasion, presence or
absence of metastasis, basic liver function, and available
local expertise.
Surgical resection
Careful preoperative staging is required to determine
the applicability of surgery with curative margin. Several
factors influence the potency of surgery, and need to be
carefully considered. These include the location and the
extent of the tumor, and the patient’s conditions, such as
liver cirrhosis, viral infection of the liver, cardiopulmonary
diseases, jaundice, biliary tract infection, and ascites. Other
factors, such as the patient’s performance status and
nutritional condition, also require careful consideration.
Routine imagings, such as ultrasonography, abdominal and
chest computed tomography, and cholangiography [either
magnetic resonance cholangio-pancreatogram (MRCP),
percutaneous transhepatic cholangiography (PTC) or
endoscopic retrograde cholangiogram (ERC)], are useful
for evaluating metastasis, tumor location, and extent of
tumor. Angiography or 3-dimensional vascular imagings
are helpful for evaluating vascular invasion.
Although surgical complete resection remains the only
curative treatment strategy for IH-CCC, most patients
present with advanced disease and cannot be applicable
for surgical management. The selection of performable
curative surgical resection depends on location of the
tumors. Surgery for IH-CCC is similar to that of other
liver malignancies, and includes hepatic lobectomy,
segementectomy or subsegmentectomy with or without
resection of the common bile duct. For hilar lesions,
preoperative evaluation of tumor location and involvement
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Figure 1 Makuuchi craiteria.

of intra- or extra-hepatic biliary tree are extremely
important for obtaining tumor-free margin. If the patient
requires extended hepatic resection, preoperative portal
vein embolization (PE) is effective for inducing lobar
hypertrophy, and decreasing risk of operative modality
and mortality, such as remnant liver failure [22]. In case
with involvement of distal common bile duct, pancreatoduodenectomy is performed additionally to obtain negative
margin.
Some centers deter mined surgical resection and
procedure according to Makuuchi criteria (Figure 1)[23]. If
patients need extended hepatic resection, surgical strategy
is indicated for patients with the total bilirubin level < 2
mg/dL prior to surgery. Indocyanine green (ICG) retention
rate at 15 min is useful for evaluating liver function and
determining surgical intervention. PE is employed for
patients with normal liver function (ICG 15 ≤ 10%) when
the future remnant liver volume is estimated to be less
than 40% of the calculated total liver volume. For patients
with mild liver dysfunction (10% < ICG 15 < 20%), PE
is indicated when the remnant liver volume is estimated
to be 40%-60% of the total liver volume (Figure 2A). In
jaundiced patients, the intervention was performed after
the serum total bilirubin level had decreased to less than
5 mg/dL. After total bilirubin level was decreased to less
than 2 mg/dL, we calculated the patient’s ICG level, and
surgery was performed (Figure 2B)[24-26].
In recent years, the outcomes after surgical resection
have improved compared with the past results, though
further advancements are necessary. Curative resection is
associated with 5-year survival rate of up to 22%-36% for
IH-CCC[27]. These low survival rates are considered to be
due to the difficulty in identifying the extent of disease
intra-operatively. Tumor-free surgical margin is the best
predictor of patient survival. Bilobar distribution, lymph
node involvement, vascular invasion and distant metastases
were found to be poor predictors of survival rate of
IH-CCC patients. In periductal infiltration type of IH-CCC,
curative resection with lymph node dissection improved
survival in patients with no more than two positive lymph
nodes [28] . Shimada et al [29] reported that lymph node
dissection did not appear to improve patient survival.
www.wjgnet.com
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Aggressive surgical approach with adjuvant chemotherapy
may be effective in obtaining better patient survival
rate. However, neoadjuvant chemotherapy with several
modalities, including radiation, failed to demonstrate clear
benefit[30].
Transplantation
The initial experience with liver transplantation (LT) for
IH-CCC was unsatisfactory. Recurrence of IH-CCC
was common and 5-year patient survival rate was only
5%-15% [12-14] . Most liver transplant centers consider
IH-CCC as a contra-indication for LT[11-14]. Therefore, it
is interesting to report that a selected group of patients
who underwent LT and had negative surgical margin and
no lymph nodes metastasis had long-term survival [14].
Prolonged disease-free survival was reported following LT
for IH-CCC that combined preoperative radiation therapy
and chemotherapy, and pre-transplantation exploratory
laparotomy. These data support liver transplantation as
an option for carefully selected patients with unresectable
IH-CCC, but this should be offered only in the context
of the clinical trial. It is also worth noting that these data
have been originated from a single center with specialized
interest in this disease; thus, general application of this
experience remains to be validated.

Surgical resection

combination therapy has achieved significant response
rates, most promising approaches involve the use
of single agent gemcitabine (GEM). Combination
regimens of GEM with agents, such as 5-FU, docetaxel,
oxaliplatin, cisplatin, and capecitabine, have been limited
by toxicity without good effective response for unresectable
IH-CCC patients[33]. The median survivals of 9.30 (range:
6.43-12.17) mo, 14 mo, and 11 mo were obtained by
using the combination chemotherapy of gemcitabine
with cisplatin [34], gemcitabine with capecitabine [35], and
gemcitabine with docetaxel[36], respectively.
Radiation therapy
External beam radiation therapy and chemotherapy have
been administrated as adjuvant treatment to surgical
resection. In the cases of complete resection, radiation
did not improve survival[16]. Palliative radiation therapy
might be suitable for patients with unresectable periductal
infiltrating or intraductal growing types of CCC, with
locally advanced lesion without distant metastasis. Palliative
radiation therapy contributes to biliary decompression,
and is pain-free. However, outcome of radiation therapy
was also poor, with the patients’ survival of 3-6 mo, and
without proven survival benefit over surgical resection[37].

Adjuvant therapy
Adjuvant chemotherapy or radiation therapy has been
discouraging, and has not been convincingly shown to
prolong survival and reduce tumor recurrence. It is worth
noting that most studies of adjuvant therapy for IH-CCC
patients have been small retrospective studies, and these
are insufficient to reach statistically significant conclusions.
Furthermore, the efficacy of adjuvant chemotherapy
alone remains controversial, as it has been associated with
improved survival in some studies, whereas no benefit in
others[13,31,32].

OUR EXPERIENCE

Chemotherapy
The role of systemic chemotherapy in the unresectable
IH-CCC is undefined. While no single agent or

Statistical analysis
Overall survival rate was calculated using Kaplan-Meier
method. The log-rank test was used to compare survival. P

www.wjgnet.com

From April 2000 to April 2006, a total of 756 cases with
primary liver malignancies were treated at our department,
among them 23 cases had IH-CCC. Data were collected
retrospectively from all patient records and our database.
When patients were not considered as candidates for
surgical resection, chemotherapy or chemo-radiation
therapies were indicated. The protocol administered
consisted of GEM 400 mg/m2 with radiation therapy dose
of 50 Gy, or GEM 800 mg/m2 alone. Patient follow-up
was until the end of June 2006.
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Figure 3 Actuarial patients survival calculated by using Kaplan-Meier methods at 1,
3 and 5 years after surgery for IH-CCC.

Figure 4 Actuarial patients survival calculated by using Kaplan-Meier methods at 1,
3 and 5 years after R0 versus R1 resection for IH-CCC.

value less than 0.05 was considered statistically significant.

curative, but many patients present at an advanced stage
when resection might not be feasible. Chemotherapy and
radiation are uniformly ineffective in prolonging survival.

Result
A total of 23 cases were found to have IH-CCC; of them,
19 cases (12 men and 7 women) were resectable, while 4
cases (2 men and 2 women) were unresectable. The mean
age of patients was 62.1 ± 10.9 years. Out of 19 resectable
cases, 14 had periductal infiltrating or intraductal growthtype tumor. Six cases underwent extended right lobectomy
with the common bile duct resection (CBD-R) after PE.
Three cases underwent extended left lobectomy with
CBD-R, 2 cases underwent left lobectomy and posterior
segmentectomy, respectively, and one underwent left
trisegmentectomy with CBD-R following PE, and partial
resection and extended lateral segementectomy. Eight of
19 patients were still alive at the end of the study. The
actuarial patient survival at 1 and 3 years after resection
was 55.7% and 41.8%, respectively (Figure 3). Fourteen
of 19 patients had recurrence of CCC, most common
recurrence site was remnant liver (10 of the 14 patients).
Five patients had GEM treatment after recurrence;
however, GEM did not have a significant effect on patient
survival after recurrence (GEM: 11.4 ± 4.1 mo vs nonGEM: 15.3 ± 13.7 mo, P = 0.56). Thirteen of 19 (64.2%)
cases received R0 resection by histological findings. Patient
survival at 1 and 3 years for R0 cases were 76.9% and
57.7%, respectively. R0 resection had significant benefit
on patients’ survival rate compared to R1 (Figure 4, P =
0.0007). GEM was administered to all four unresecteable
cases for palliative treatment; however, mean survival time
was 3.1 mo after treatment.
In our study, the survival rate for the resected IH-CCC
patients was still poor, which is similar with the previous
reports. Thus, based on our data, it is considered that the
effectiveness of neo-adjuvant chemotherapy and palliative
GEM treatment is still unclear.

SUMMARY
In view of increasing incidence of CCC, we need better
methods of early detection, as well as new, effective
treatment to improve the survival of the patients with
this difficult disease. Surgical resection can be potentially
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Abstract
Since extrahepatic bile duct cancer is difficult to diagnose
and to cure, a safe and radical surgical strategy is
needed. In this review, the modes of infiltration and
spread of extrahepatic bile duct cancer and surgical
strategy are discussed. Extended hemihepatectomy, with
or without pancreatoduodenectomy (PD), plus extrahepatic
bile duct resection and regional lymphadenectomy has
recently been recognized as the standard curative
treatment for hilar bile duct cancer. On the other hand,
PD is the choice of treatment for middle and distal bile
duct cancer. Major hepatectomy concomitant with PD
(hepatopancreatoduodenectomy) has been applied to
selected patients with widespread tumors. Preoperative
biliary drainage (BD) followed by portal vein embolization
(PVE) enables major hepatectomy in patients with
hilar bile duct cancer without mortality. BD should
be performed considering the surgical procedure,
especially, in patients with separated intrahepatic bile
ducts caused by hilar bile duct cancer. Right or left
trisectoriectomy are indicated according to the tumor
spread and biliary anatomy. As a result, extended
radical resection offers a chance for cure of hilar bile
duct cancer with improved resectability, curability, and
a 5-year survival rate of 40%. A 5-year survival rate has
ranged from 24% to 39% after PD for middle and distal
bile duct cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Extrahepatic bile duct cancer is difficult to diagnose in
the early stage. Most patients with bile duct cancer have
developed jaundice at presentation, and the tumor stage is
already advanced. The anatomical relationships between
hepatic hilar structures and modes of tumor extension are
complicated, and this has resulted in low resectability and
curability, high morbidity and mortality, and poor longterm survival rate[1-9]. Because of the advances of clinical
imaging, such as magnetic resonance cholangiography
(MRC) and helical computed tomography (CT)[10,11], the
results of bile duct cancer diagnosis have improved,
and the number of candidates for surgical resection has
increased.
Radical resection is still the only a chance for cure,
and various types of surgical procedure have been
applied[1-3,6,12-14]. Extended hemihepatectomy has recently
been recognized as the standard curative treatment for
hilar bile duct cancer and has acceptable mortality[15-19].
Pancreatoduodenectomy (PD), on the other hand, is
the choice of treatment for middle and distal bile duct
cancer [20-24], and major hepatectomy concomitant with
PD (HPD) has been applied to selected patients with
widespread tumors [17,18,25-27]. However, these extensive
radical procedures are not always safe, because there are
risks of postoperative liver failure and pancreatic leakage.
Radical resection with a safe and beneficial strategy is
needed in the treatment of bile duct cancer. Proper choice
of surgical procedure according to the modes and patterns
of tumor infiltration is important for curative resection.
Preoperative treatments, including biliary drainage (BD)
and portal vein embolization (PVE), are necessary before
major hepatectomy. In this article we review the current
treatment of extrahepatic bile duct cancer and elucidate
safe and beneficial surgical treatments and the surgeon’s
role in treatment.

CLASSIFICATION OF BILE DUCT CANCER
Cholangiocarcinoma is defined as any tumor arising from
the ductal epithelium of the biliary tree and is classified as
intrahepatic or extrahepatic according to its location[28,29].
Intrahepatic cholangiocarcinoma is usually treated as a
hepatic tumor, because it requires hepatic resection alone.
www.wjgnet.com
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Figure 2 Bismuth-Corlette classification of hilar bile duct cancer[9].

In this article we have focused on the surgical treatment of
extrahepatic bile duct cancer, which is classified according
to the primary site into hilar, middle, and distal bile duct
cancer[30] (Figure 1). The longitudinal extent of bile duct
cancers that involve the bifurcation of the hepatic duct
is classified according to a modified Bismuth-Corlette
classification[2,9] (Figure 2).

MODE OF INFILTRATION AND SPREAD OF
BILE DUCT CANCER
Longitudinal tumor spread along the biliary tree
Infiltration by bile duct cancer includes both longitudinal
extension and vertical invasion. Microscopic extension
of bile duct cancer beyond the border visualized by
cholangiography or the margin observed macroscopically
is often detected, and is diagnosed as a microscopically
positive margin (R1). Longitudinal extension consists
of superficial and submucosal infiltration and includes
sometimes direct, lymphatic, or perineural invasion[31-36].
Sakamoto et al[35] pointed out a correlation between the
gross type of the tumor and the pattern of infiltration
beyond the macroscopic margin at the proximal border.
The submucosal spread was predominant in infiltrating
type, and the mean length was 6 mm. The superficial
extension was predominant in papillary and nodular types,
and the mean length was 20 mm. Ebata et al[36] investigated
80 resected specimens with microscopically positive margin
and observed invasive (submucosal) extent within 10 mm
in all the cases, and non-invasive (superficial) spread within
20 mm in 90% of the cases. Considering these reports,
a macroscopic surgical margin over 10 mm is preferable
in the invasive type and over 20 mm in the papillary and
nodular types. Intraoperative pathologic examination of
frozen sections is also advocated to confirm the margin of
the cut end of the bile duct. When the margin is positive
for cancer, additional resection is necessary to obtain R0
resection whenever possible.
Vertical invasion of the bile duct
Hilar bile duct cancer vertically infiltrates into the
hepatoduodenal ligament, in which the hepatic artery
and the portal vein are located adjacent to the bile duct.
Skeltonization of vessels in the hepatoduodenal ligament
www.wjgnet.com

and clearance of all perivascular connective tissue is
standard surgical procedure[15,37,38]. Hilar bile duct cancer
easily invades the right hepatic artery, which usually lies
behind the common bile duct, and involves the portal
vein. If the tumor shows the signs of invasion of the
perivascular connective tissue, en bloc resection of the
right hepatic artery is advocated to obtain a negative
surgical margin; therefore, right hemihepatectomy is
recommended. If tumor invasion of the portal vein
is suspected based on the preoperative imaging or the
intraoperative findings, combined resection of the portal
vein and reconstruction are the treatment of choice to
obtain a negative radical margin[39-41].
Need for hepatectomy and caudate lobectomy
When the hilar bile duct cancer has infiltrated the hepatic
duct confluence, 3-dimensional knowledge of the hepatic
hilum is required to determine the extent of the tumor
because of the complicated anatomical relationships.
Hilar bile duct cancer spreads not only to the right and
left bile ducts but in a craniad and dorsal direction along
the thin bile ducts. There are two key points to achieving
radical resection of hilar bile duct carcinoma. The first is
removal of the liver parenchyma adjacent to the hepatic
hilum together with the hilar plate, and extended right or
left hepatectomy is preferable for this purpose to remove
the infiltration of cancer to the right and left bile ducts.
The second key point is caudate lobectomy and resection
of the inferior area of segment Ⅳ to extirpate cancer
infiltration to the thinner bile ducts near the hilum.
The necessity of resecting the caudate lobe has been
described by Japanese authors [12,13,42-44]. Nimura et al [43]
firstly described caudate lobectomy for hilar bile duct
cancer. The clinical efficacy of caudate lobe resection was
first described by Sugiura et al[13]. The 5-year survival rate in
their retrospective study was 46% with caudate lobectomy
and 12% without caudate lobectomy.
Cholangiography of a resected specimen obtained by
extended left hemihepatectomy with caudate resection
showed that the caudate branches of the bile originated
from the confluence of the hepatic ducts and that hilar
bile duct cancer invaded these branches (Figure 3).
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DIAGNOSIS
Resectability was assessed and the type of surgical
treatment was selected according to the location and
extent of the tumor as determined by ultrasonography,
helical-CT, direct cholangiography, and MRCP[10]. Patients
with para-aortic lymph node metastasis or other distant
metastases were not included as candidates for resectional
surgery. Direct cholangiography via the percutaneous or
endoscopic route provides useful findings, but cholangitis
may occur after repeated cholangiography in patients
whose right and left hepatic ducts are separated by hilar
bile duct cancer because the bile is contaminated with
bacteria three days after biliary drainage and undrained bile
ducts are infected as a result of reflux of the contaminated
bile. Direct cholangiography should be restricted to the
time of the first puncture and the evening of the day
before surgery if the bile ducts are separated[18]. MRCP
provides information regarding the entire biliary tree and
eliminates the need for direct cholangiography of the
whole biliary tree.
Helical contrast CT angiography as well as conventional
angiography reveals not only tumor invasion of the
vessels in the hepatoduodenal ligament but also vascular
anomalies, especially of the hepatic arteries, which are
sometimes a determinant of the operative procedure.
Aberrant right hepatic arteries originating from the root
of the superior mesenteric artery and aberrant left hepatic
arteries originating from the left gastric artery are invaded
late by bile duct cancer. Preserving the aberrant arteries
increases the probability of curative resection by extended
right or left hemihepatectomy.
It is sometimes difficult to make a definite diagnosis
of bile duct cancer. Bile cytology or brushing biopsy is the
choice of diagnosis, but benign lesions such as primary
sclerosing cholangitis, cannot be denied in the treatment
of bile duct cancer. The incidence of benign lesion in
patients with hilar obstruction ranges from 8% to 15%[45,46].
Surgeons should consider the possibility of benign lesions
when treating bile duct cancer. Radical surgery of a lesion
suspected of being a malignant neoplasm is justified under
the condition of low mortality rate even at the risk of
benign diseases.

PREOPERATIVE TREATMENT
Biliary drainage
The aim of preoperative BD is to improve liver function
and reduce morbidity and mortality after radical surgery
with major hepatectomy, i.e. resection of more than three
segment of the liver[47-51]. However, instead of elucidating
the benefits of preoperative BD previous reports have
emphasized the adverse effects of BD, i.e. infectious
complications due to bile contamination and tract
seeding[47-58]. Sewnath et al[56] reviewed and summarized
randomized controlled and comparative cohort studies,
comparing surgery plus preoperative BD with surgery
without preoperative BD, and they performed a metaanalysis of the efficacy of preoperative BD. The results
however, failed to show an effect of preoperative BD on
the surgery. However, the following problems determine
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Figure 3 Tumor infiltration of the roots of the caudate branches; A:
Cholangiography of a resected specimen. Hilar bile duct cancer has infiltrated the
root of the caudate branches (B1) arising from the confluence of the hepatic duct
(arrows); B: Gross appearance of the resected tumor. The caudate branch opens
into the hilar neoplasm.

the pros and cons of preoperative BD based on the
previous reports[18,59]. First, the rate of radical resection
or major hepatectomy was too low to examine the effect
of BD on surgery in those studies. The rate of resection
in randomized controlled studies is only 15% on average
and the other procedures were palliative treatments. The
average resectability rate was 90% in the comparative
cohort studies, but pancreatoduodenectomy composed
nearly 90% of resected cases and hemihepatectomy
only 2%. To perform major hepatectomy in patients
with jaundice for hilar bile duct cancer is most likely to
develop postoperative liver failure. Second, in the previous
studies, recovery of hepatic function was insufficient,
since BD was only performed for 10-14 d and the surgical
interventions were carried out at a total bilirubin value of
about 10 mg/dL[48,50]. By contrast, the studies from Japan
insisted that radical surgery be performed after complete
recovery from jaundice, i.e., a total bilirubin decrease to
under 2.0 mg/dL[15,16,18]. It takes 4-6 wk for liver function
to recover after BD for jaundice[47,60,61]. Finally, most tuberelated trouble is due to poor technical skill, such as
drainage tube failure and cholangitis caused by unnecessary
cholangiography. Slipping of the drainage tube out of
the bile duct can be prevented by careful management
of the BD tube and by using balloon catheters or pig-tail
catheters.
Since suppurative cholangitis is not a rare complication
after BD, many reports have pointed out that bile
contamination increases postoperative infectious complications
and mortality, and that preoperative BD should be avoided.
Cholangitis is caused by pushing the contaminated bile into
the undrained area during cholangiography or by occlusion
of the drainage tube. The most important means of
preventing cholangitis is not to perform cholangiography
after PTBD in patients whose right and left bile ducts are
separated by tumor infiltration. Cholangiography should
be limited to the time of PTBD and the afternoon of
the day before the operation, because bile juice becomes
contaminated by bacteria within 3 d after PTBD.
Once cholangitis has developed regardless of the cause,
the treatment of choice is BD by either the percutaneous
transhepatic or endoscopic retrograde route. Criticism of
preoperative BD due to the risk of cholangitis is nonsense,
because doctors claim such opinion indicate that they
cannot treat the patients who have cholangitis not by
www.wjgnet.com
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Jaundice
or
Dilated bile duct in the future remnant liver
Present

Absent

BD
ICG R15 > 10% ICG R15 ≤ 10%
T.Bil ≤ 5.0 mg/dL

Hemiliver volume

> 50% ≤ 50%

> 50% ≤ 50%

> 40% ≤ 40%

to be remnant

PVE

PVE

PVE

T.Bil ≤ 2.0 mg/dL

Major hepatectomy

Figure 4 Flowchart of preoperative treatment. If a patient had jaundice or
there were dilated bile ducts in the future remnant liver, biliary drainage (BD)
was performed. Surgical interventions were scheduled after sufficient recovery
of hepatic function. Portal vein embolization (PVE) was carried out to avoid
postoperative liver failure, depending on the liver function and the liver volume to
be resected.

BD. Bile from the BD tube should be cultured, and the
sensitivity of isolates to antibiotics should be checked
routinely. During the operation, a solution of antibiotic to
which the culture are sensitive should be scattered into the
abdominal cavity before closing the wound.
The route of BD is either percutaneous transhepatic
or endoscopic retrograde. The only drawback of the
percutaneous transhepatic route is catheter tract seeding
(described below in detail). The endoscopic route, on the
other hand, is closely associated with retrograde infection,
and thus it is not advocated for hilar obstruction. The biliary
stent tube should be replaced every two weeks to avoid
tube occlusion by debris in patients in whom an endoscopic
retrograde BD (ERBD) tube has been inserted[62].
Points of preoperative BD procedure are listed below.
The following should be taken into consideration: (1)
Externally drained bile juice should be taken orally[63], (2)
Radical operation should be performed after sufficient
recovery of liver function [15,16,18] , (3) BD should be
performed if hepatectomy is scheduled[64], (4) ERBD stent
tube should be replaced every two weeks, (5) Bile culture
should be performed routinely, and isolates should be
tested for the antibiotic sensitivity[58].
For hilar obstruction with interruption of communication
between the right and the left hepatic duct, the following
should be taken into consideration (1) PTBD of the
future remnant liver alone is the first choice[17,18,65,66], (2)
The endoscopic route is not advocated [53,57,67,68], (3) To
avoid cholangitis, preoperative cholangiography should
be performed only when the tube is inserted and on the
evening before the operation[18].
Catheter tract seeding is a problem related to PTBD,
and its incidence has been reported to be 5%-10%[18,69].
Multiple BD and PTCS may increase the risk of seeding,
but the risk can be decreased by the draining only the
future remnant liver and using the minimum number of
BD tubes. Tract seeding did not affect outcome because
www.wjgnet.com
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the primary tumors were already far-advanced and most
patients had multiple recurrences. Sakata et al[69] reported
that resection of an isolated metastasis along the catheter
tract may prolong survival. Catheter tract seeding is not a
rare complication in the treatment of the malignant biliary
obstruction, but its incidence is acceptable.
Portal vein embolization
In 1982, Makuuchi et al[70,71] were the first to apply PVE
to prevent liver failure after extended hemihepatectomy
in patients with hilar cholangiocarcinoma. Major
hepatectomy results in massive reduction of the liver
volume and a increase in portal pressure. If PVE is
performed preoperatively, the portal hypertension can be
tolerated, and the rate of liver volume loss decreases due
to the atrophy-hypertrophy complex theory. Kubota et al[72]
showed indication criteria of PVE according to the volume
of liver to be resected, which was calculated from CT, and
ICG R15 value. Several recent reports have confirmed the
safety of major hepatectomy following PVE for patients
with hilar bile duct cancer and obstructive jaundice[16-18,38,73].
The rate of liver volume to be preserved increased by
8%-12% two weeks after PVE[18,74,75]. In Western countries,
evaluations of liver volume after PVE have been made
after 4-6 wk. The wait between PVE and operation is
shorter in the reports from Japan, but was adequate to
perform hepatic resection safely.
Safe strategy for major hepatectomy in patients with hilar
bile duct cancer
Seyama et al[18] described the safe strategy for hilar bile
duct cancer that includes BD and PVE. A flow chart for
preoperative treatment is shown in Figure 4. If a patient
showed evidence of jaundice or there were dilated bile
ducts in the future remnant liver, BD was performed, in
principle only in the future remnant liver. Whether PVE
was indicated depended on liver function and the volume
of the future remnant liver, which was calculated by CT
volumetry. In patients with normal liver function, i.e. an
ICG R15 value under 10%, PVE was indicated when the
remnant hemiliver volume was less than 40%. In patients
with jaundice or with an ICG R15 value over 10%, PVE
was indicated if the remnant hemiliver volume was less
than 50%. Since the standard operative procedure for
hilar bile duct cancer is an extended hemihepatectomy,
including the whole S1, the remaining hemiliver volume
should have a margin from the safety zone. After reevaluation of the liver volume to be resected, hepatectomy
was performed if the patient fulfilled the criteria. Figure 5
showed the intraoperative findings after BD of the future
remnant liver followed by PVE of the right portal vein.
The right liver was markedly atrophic, and the BD tube
was inserted into the bile duct in segment 3, which drained
only the future remnant left liver. In this patient, extended
right hemihepatectomy was carried out.

SURGICAL TREATMENT FOR BILE DUCT
CANCER
In view of their modes and patterns of infiltration, the best
treatment for hilar bile duct cancer is extrahepatic bile duct
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Figure 5 Intraoperative view at laparotomy after biliary drainage and portal vein
embolization. A percutaneous transhepatic biliary drainage tube (arrow) has been
inserted into the bile duct of segment 3. The right liver is markedly atrophic, and
there is a clear line of demarcation between the right and left liver.

resection plus hepatectomy and regional lymphadenectomy,
and the best treatment for middle and distal bile duct cancer
is pancreatoduodenectomy. Lymph node dissection includes
the nodes within the hepatoduodenal ligament, behind the
pancreatic head, and along the common hepatic artery.
Some authors have reported extended lymphadenectomy
including para-aortic lymph nodes, but the incidence of
para-aortic lymph node metastasis by bile duct cancer is
lower than by pancreatic cancer. Since there is no evidence
of a survival benefit[76,77], extended lymph node dissection
is not justified.
Extended hemihepatectomy for hilar bile duct carcinoma
Because of its radicality and simplicity, extended
hemihepatectomy is recognized as the standard surgical
procedure for hilar bile duct cancer[15,17,18,27,38,73]. Extended
right hemihepatectomy consists of resection of the right
liver, the inferior part of Couinaud’s segment Ⅳ, and
the entire caudate lobe. Extended left hemihepatectomy
consists of resection of the left liver, the hilar part of the
anterior segment, and most of the caudate lobe. Even
in patients with Bismuth typeⅠor type Ⅱ, extended
hemihepatectomy is needed to achieve curative resection
according to the mode of tumor extension[17,18,73]. If the
tumor is predominantly on the right side or centrally
located, extended right hepatectomy is selected. Kawasaki
et al[17] explained why right hepatectomy is more likely to
be associated with a negative margin than left hepatectomy
based on the anatomic considerations, i.e. length of the
extrahepatic part of each hepatic duct, location of the
common hepatic duct in the hepatoduodenal ligament,
facility for systematic caudate lobectomy, and ease of
portal vein reconstruction. Extended left hemihepatectomy
is indicated for left-side-dominant tumor. If the tumor
has spread diffusely into the intrapancreatic bile duct,
pancreatoduodenectomy is performed simultaneously[27]
(HPD, described later).
Right or left trisectoriectomy for hilar bile duct carcinoma
Right or left trisectoriectomy is one of the most extensive
resections because of the massive loss of volume of the
hepatic parenchyma [78-80]. Hilar bile duct cancer widely

Right lateral
branch

Type B2
Right paramedian
branch

Right paramedian Left hepatic duct
branch

Type B3
Left hepatic duct

Right lateral
branch

Type C

Figure 6 Indications for left trisectoriectomy according to tumor location and
the bile duct variations in the anatomy of the right lateral branch of the bile duct.
Double lines indicate the scheduled cut end of the bile duct. Type A, ordinary
bifurcation; extended right hepatectomy is the choice of treatment. Type B, the
right lateral branch originates from the common hepatic duct; left trisectoriectomy,
preserving the right lateral branch, is a useful alternative in Types B1 and B2. Type
C, the right lateral branch originates from the left hepatic duct; left trisectoriectomy
may provide a longer bile duct margin.

invades the hepatic hilum (Bismuth type Ⅳ), resulting
in jaundice, and sometimes requires trisectoriectomy
for curative resection. Right or left trisectoriectomy is
advantageous in terms of obtaining a cancer-free margin
in the hepatic ducts. A negative hepatic margin was
obtained in 75% of cases treated by left trisectoriectomy
and 87.5% of cases treated by right trisectoriectomy,
both rates are higher than obtained by extended
hemihepatectomy[79,80]. Variation in the anatomy of the
right lateral branch should be taken into consideration
to obtain adequate surgical margin (Figure 6). Type A is
an ordinary bifurcation, and extended right hepatectomy
is the choice of treatment. If the right lateral branch
originates directly from the common hepatic duct (Figure
6 Type B1-2), left trisectoriectomy, which preserves the
right lateral branch, is a useful alternative. When the right
lateral branch originates from the left hepatic duct, left
trisectoriectomy may provide a longer bile duct margin
than other hepatic resection (Figure 6 Type C). Since the
aberrant right hepatic artery originates from the SMA,
which runs behind the portal vein and the right-dorsal
aspect of the hepatoduodenal ligament, is hardly invaded
by bile duct cancer; left trisectoriectomy, which preserves
the right lateral branch of the right hepatic artery, is a
useful alternative for advanced hilar cholangiocarcinoma.
However, the operative risk of trisectoriectomy is greater
than that of extended hemihepatectomy, and preoperative
BD of the future remnant liver and PVE are indispensable.
Nagino et al[80] reported a mortality rate of 7.1% after right
www.wjgnet.com
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Figure 7 Cholangiography
of the resected specimen by
HPD. The tumor is located
in the common hepatic duct
(Bismuth-Corllete type 2),
and microscopic examination
showed superficial spread
to the right and left hepatic
duct and the intrapancreatic
part of the common bile duct
(arrows).

trisectoriectomy despite preoperative PVE. Shimada et al[79]
reported 12 consecutive cases of left trisectoriectomy for hilar
cholangiocarcinoma with no mortality after BD followed by
PVE. Proper patient selection and adequate preoperative
treatment are required when radical high-risk operations,
such as trisectoriectomy, are preformed for hilar bile duct
cancer.
Limited resections for hilar bile duct cancer
Parenchyma preserving hepatectomy is a less invasive
procedure for hilar bile duct cancer than major
hepatectomy. The drawback of the procedure is high
incidence of positive margins because of tumor spread
along the bile duct, although various type of hepatic
resection have been used; segmental, S4 + S1, S4a + S5 +
S1, S1, and extended hilar resection[14,81,82]. Other problems
include the complexity of the surgical procedure, which
takes a great deal of time, intraoperative bleeding, and
the difficulty of biliary reconstruction. Consequently,
parenchyma preserving hepatectomy for hilar bile duct
cancer is the useful alternative in patients in poor general
condition or with high-risk factors.
Bile duct resection without hepatectomy is the most
minimally invasive, least radical surgical treatment. It
is indicated only when the primary tumor is located in
the middle of the common hepatic duct and there is
no invasion or spread. It is also an option for high-risk
patients.
Surgery for middle and distal bile duct cancer
Pancreatoduodenectomy is the treatment of choice for
middle and lower bile duct cancer. The pylorus preserving
Whipple procedure (PpPD) is commonly performed, and
the short- and long-term results of PpPD are comparable
to those of standard PD[83-85]. When a middle bile duct
cancer arises midway along the extrahepatic duct, the
decision has to be made as to whether PD or extended
hemihepatectomy is more appropriate according to the
tumor location and extension.
Indications for hepatopancreatoduodenectomy
Hepatopancreatoduodenectomy (HPD) has been used to
treat biliary malignancies and is a useful alternative for the
treatment of bile duct cancer. The clinical indications are
longitudinal tumor spread from the hepatic duct to the
intrapancreatic bile duct or massive lymph node metastases
www.wjgnet.com
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along the bile duct and behind the pancreatic head.
Massive lymph node metastases are not a good indication
because the presence of lymph node metastases is itself
a negative prognostic factor. However, postoperative
hospital mortality has been very high. Nimura et al[26]firstly
presented a considerable number of patients who had
undergone HPD, hospital mortality was as high as
35% and 5-year survival was only 6%. The causes of
postoperative mortality after HPD are postoperative liver
failure and leakage of pancreatojejunostomy resulting in
bleeding from the major arteries. BD followed by PVE is
indispensable to prevent postoperative liver failure[17,18,27].
A two-stage operation, in which reconstruction of the
pancreatic duct is the second step, has been reported to
reduce the risk of leakage of the pancreatic juice [86-88].
Miyagawa et al[27] firstly reported twelve consecutive cases
of HPD without mortality, applying BD followed by PVE
and staged reconstruction of the pancreatic duct.
Figure 7 is a cholangiography of a resected specimen
obtained by HPD. The common hepatic duct was
obstr ucted (Bismuth type 2), and the tumor had
superficially spread to the right and left hepatic duct and
the intrapancreatic part of the common bile duct. This
case was considered to be a good candidate for HPD, and
all the margins were negative in spite of the wide tumor
spread. Pathological examination revealed that the depth
of invasion was to the subserosa and that there were five
lymph node metastases, all close to the bile duct. The
postoperative course after HPD was uneventful, and there
was no liver failure. The patient is alive without tumor
recurrence as of 10 mo after surgery.
Combined vascular resection and reconstruction
The value of portal vein resection and reconstruction
in the treatment of bile duct cancer is still controversial.
Previously, invasion of a major vessel meant an
unresectable tumor. Recent reports have shown improved
results when portal vein resection and reconstruction
are performed together with major hepatectomy[39-41,89].
Neuhaus et al[66] reported a 5-year survival rate of 65%
after curative resection of hilar bile duct cancer with
portal vein resection and reconstruction. Although
their case series excluded the 60-d deaths (mortality
rate of 17%) and non-curative resections, the results
indicated that portal vein reconstruction concomitant
with hepatectomy improves the probability of long-term
survival. Interestingly, macroscopic portal vein invasion
was a significant prognostic factor, but microscopic
invasion was not [40,66]. When there is severe adhesion
between the tumor and portal vein, combined resection
and reconstruction is needed to obtain a negative surgical
margin. Kondo et al[89] advocated portal vein resection and
reconstruction prior to hepatic dissection during extended
right hepatectomy, and the procedure enables no-touch
resection. On the other hand, portal vein reconstruction
increases the risk of major hepatectomy. The reported
mortality of portal vein reconstruction for hilar bile duct
cancer is 10%-20%, but recent studies have shown that
PVE improves mortality[17,18,73]. PVE is recommended to
increase the safety of major hepatectomy with portal vein
reconstruction.
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Table 1 Review of the literature on major hepatectomy for hilar bile duct carcinoma
Author

Year

Miyagawa[16]
Pichlmayr[92]
Klempnauer[93]
Nagino[82]
Burke[94]
Ogura[95]
Kosuge[38]
Neuhaus[66]
Launois[96]
Miyazaki[97]
Gerhards[98]
Todoroki[99]
Jarnagin[100]
Seyama[18]
Kawasaki[17]
Kondo[73]
Rea[101]
Hemming[19]

1995
1996
1997
1998
1998
1998
1999
1999
1999
1999
2000
2000
2001
2003
2003
2004
2004
2005

Period

Total Rate of Major
MH/
resection R0 (%)
Hx resection (%)

1989-1994
1975-1993
1971-1995
1977-1996
1991-1997
1976-1995
1980-1997
1988-1998
1968-1993
1981-1998
1983-1998
1976-1998
1991-2000
1989-2001
1991-2000
1999-2002
1979-1997
1997-2004

37
125
151
138
30
66
65
95
40
93
112
98
80
67
79
40
NA
53

73
78
78
83
55
52
61
80
70
14
14
78
64
68
95
80
80

33
92
111
109
22
31
52
66
22
66
32
32
62
58
69
26
46
52

89
74
74
79
73
47
80
69
55
71
29
33
78
87
87
65
NA
98

BD

PVE

Done
Done
No
No
No
No
Done
Done4
No
No
Done
No
Done
Done4
Done
(TAE)
No
No
Done
Partially
Done
No
Done
No
Not routine
No
Done
Done
Done
Done
Done
Done
Done
No
Done
Done

Liver
failure (%)

0.0
10.5
3.4
8.0
NA
15.9
10.8
NA
NA (9)
29.0
12.0
8.4
3.2
0.0
0.0
0.0
11.0
3.7

Mortality

5-yr survival
rate (%)

0.0
12.7
11.7
9.7
6.6
2.2
9.2
9.0
12.5
12.0
25.0
5.0
11.0
0.0
1.3
0.0
9.0
9.0

NA
26.31
32.01
25.82
45.0
NA
34.8
22.03
12.5
36.0
NA
28.0
39.0
40.0
40.0
40 (3-yr)
26.0
35.0

Hx: hepatectomy; NA: not available; R0: microscopic negative margin; BD: biliary drainage; PVE: portal vein embolization. 1, these two reports were from the
same center; 2, curative Hx 97 cases; 3, total 95 cases; 4, PVE was started in the middle of the study periods.

1.0
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Rate of Liver Failure
after Major Hepatectomy

Rate of curative resection
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0.2
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0
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0.8

1.0

Rate of major hepatectomy/total resection

Figure 8 Graph of data from a literature review of the relationship between
curative resection and major hepatectomy rate. The studies are listed shown
in Table 1. Curative resection is defined as a microscopic ally negative margin.
Linear approximation showed a significant correlation between the rate of major
hepatectomy and curative resection (P = 0.0027, R = 0.7).

The clinical significance of combined resection and
reconstruction of the hepatic artery of the remnant liver
has not been resolved[17,18,39-41,90,91]. Reconstruction of the
hepatic artery has been performed less frequently than
reconstruction of the portal vein, because the conditions
that require combined resection of the hepatic artery
of the remnant liver often mean a locally far advanced
tumor. Although there have been recent reports of
major hepatectomy with reconstruction of the hepatic
artery being performed safely with acceptable mortality
rates (0-8%)[90,91], since it is more dangerous than major
hepatectomy without reconstr uction [41] , at present
reconstruction of the hepatic artery together with major
hepatectomy is advocated if the tumor can be resected
without residual tumor at any surgical margin.

Done

No
Preoperative PVE

Figure 9 Graph of data from a literature review of the relationship between the
preoperative portal vein embolization (PVE) and the rate of postoperative liver
failure after major hepatectomy for hilar bile duct cancer. PVE significantly reduced
the incidence of postoperative liver failure (P = 0.0113).

SHORT-AND LONG-TERM OUTCOME
As mentioned above, major hepatectomy is the most
suitable surgical procedure for removing hilar bile
duct cancer with curative intent, and it is the standard
p r o c e d u r e. Ta b l e 1 s h o w s t h e r e s u l t s o f m a j o r
hepatectomy for hilar bile duct cancer over the last 10
years based on the review of the literature[16-19,38,66,73,82,92-101].
Hepatectomy improved the resectability and curability of
the surgical resection for hilar bile duct cancer. Launois et
al[96] reviewed selected studies and pointed out the positive
correlation between the resectability rate and hepatectomy.
The rate of major hepatectomy and curability are plotted
in Figure 8 and show a significant positive correlation (P
= 0.0027, R = 0.7). Recent reports have shown that the
5-year survival rate for hilar bile duct cancer treated by
major hepatectomy has improved to 40%.
www.wjgnet.com
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A high rate of postoperative liver failure and high
mortality rate have been mentioned as the drawbacks of
major hepatectomy for hilar bile duct cancer despite its
radicality. Table 1 shows that BD alone does not reduce
the rate of postoperative liver failure, and that major
hepatectomy can be carried out without liver failure or
mortality by using preoperative PVE together with BD.
Rates of postoperative liver failure of 10%-20% had have
been reported without PVE, and PVE has significantly
reduced the rate of postoperative liver failure to nearly
zero percent (Figure 9, P = 0.0113). The low mortality rate
shows that PVE not only decreased the occurrence of
postoperative liver failure but provided a hepatic functional
reserve.
Curative resection (R0), lymph node metastasis
negative, tumor size smaller than 2 cm, well differentiated
histology, and earlier tumor stage have been reported as
favorable prognostic factors after resection for hilar bile
duct cancer[17-19,38,66,98,100,102]. Combined vascular resection
was not a prognostic factor, if curative resection was
achieved[39-41,89]. Concomitant PD with hepatectomy did
not significantly influence patient survival[17,18]. Therefore,
extended radical resection for local advanced bile duct
cancer has been justified only under the acceptable low
mortality rate. On the other hand, patients with lymph
node metastasis have had significantly poorer longterm results, and long-term survival has rarely been
expected even when extended lymph node dissection was
performed[34].
The reported five-year survival rates after PD for
middle and distal bile duct cancer have ranged from 24%
to 39% [20-22,24,37,103,104]. Curative resection, lymph node
metastasis negative, intraoperative transfusion negative,
well differentiated histology, and location (middle or distal)
have been pointed out as a favorable prognostic factors
for the treatment of middle and distal bile duct cancer.
Sakamoto et al[24] emphasized the prognostic significance
of the radical margin rather than hepatic margin in the
treatment of middle and distal bile duct cancer. They
insisted that significance of purchase to the negative
hepatic margin is dependent on whether radical margin is
negative for the tumor. Survival of patients with middle
and distal bile duct cancer and lymph node metastasis is
also poor, and Yeo et al[77] showed that radical extended
lymph adenectomy provided no survival benefit in a
randomized controlled trial. Nor have any studies shown a
difference in survival between standard PD and PpPD[83-85].

CONCLUSION
Hemihepatectomy with or without pancreatoduodenectomy, plus extrahepatic bile duct resection and regional
lymphadenectomy can be performed safely and offer a
chance for cure of hilar bile duct cancer if preoperative
BD followed by PVE is properly indicated. Major
hepatectomy with PD and/or vascular reconstruction can
be performed without mortality and results in improved
resectability, curability, and a 5-year survival rate of 40%.
PD is a standard procedure for middle and lower bile duct
cancer, and the 5-year survival rate is nearly 30% with
acceptable mortality rate. Radical resection with negative
www.wjgnet.com
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margins and no mortality is the goal of surgeons. Survival
of patients with lymph node metastasis is still poor despite
extended lymph node dissection, and to improve it is a
future issue.
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Abstract
Liver transplantation and blood purification therapy,
including plasmapheresis, hemodiafiltration, and
bioartificial liver support, are the available treatments
for patients with severe hepatic failure. Bioartificial
liver support, in which living liver tissue is used to
support hepatic function, has been anticipated as
an effective treatment for hepatic failure. The two
mainstream systems developed for bioartificial liver
support are extracorporeal whole liver perfusion
(ECLP) and bioreactor systems. Comparing various
types of bioartificial liver in view of function, safety,
and operability, we concluded that the best efficacy
can be provided by the ECLP system. Moreover, in our
subsequent experiments comparing ECLP and apheresis
therapy, ECLP offers more ammonia metabolism than
HD and HF. In addition, ECLP can compensate amino
acid imbalance and can secret bile. A controversial point
with ECLP is the procedure is labor intensive, resulting
in high costs. However, ECLP has the potential to reduce
elevated serum ammonia levels of hepatic coma patients
in a short duration. When these problems are solved,
bioartificial liver support, especially ECLP, can be adopted
as an option in ordinary clinical therapy to treat patients
with hepatic failure.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Organ replacement by artificial organ technologies has
progressed remarkably in the past decades. The temporary
replacement of heart and lung functions has permitted
major improvements in cardiac surgery, and renal dialysis
has revolutionized the prognosis in acute and chronic renal
failure. However, the clinical treatment of fatal hepatic
failure with living liver support systems has been far from
satisfactory.
The liver is the chief metabolic and synthetic organ and
it carries out more than 500 different functions that are
difficult to replace by substitute methods. The destruction
of homeostasis that is caused by hepatic failure results in
a life crisis. This has promoted much research into living
liver tissue support to perform various hepatic functions,
however, the development of bioartificial liver support
is remarkably delayed compared to the development of
artificial kidney and artificial heart.
Liver transplantation and blood purification therapy,
including plasmapheresis, hemodiafiltration, and
bioartificial liver support, are the available treatments
for patients with severe hepatic failure. Plasmapheresis
involves separating and replacing the plasma of patients in
hepatic failure and this treatment has confirmed beneficial
effects for patients. Its major drawback lies in the cost of
economic and medical resources because it requires a large
volume of fresh frozen plasma. Bioartificial liver support,
in which living liver tissue supports hepatic function, is
anticipated to be an effective treatment for hepatic failure.
This review focuses on the development of artificial and
bioartificial liver support and evaluates the most desirable
strategy for blood purification therapy for hepatic failure
patients.

ARTIFICIAL LIVER SUPPORT
Table 1 shows the development of blood purification
therapy for hepatic failure. The first extracorporeal
perfusion treatments for hepatic failure were applications
of artificial hepatic function devices. During the 1950s,
hemodialysis was introduced as an optimal treatment for
renal failure by removing uremic substances based on the
theory of diffusion; that is, the solute substances move
according to a concentration incline, and this treatment has
prevailed in daily clinical medicine as a reliable therapy for
renal failure patients. In 1958, hemodialysis was carried out
on patients with hepatic failure in an attempt to remove
the toxins thought to cause hepatic encephalopathy. Killey
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et al [1] reported an uncontrolled study of five patients
with chronic hepatic failure, four of whom showed
improvement in their metabolic encephalopathy, although
long term survival was not achieved.
For more ag gressive removal of protein bound
molecules, two forms of mechanical liver support were
developed: hemoperfusion and plasmaperfusion. One
method involved an adsorbent device able to substitute
some hepatic functions by removing toxic substances
from the blood. In 1958, Schechter et al [2] introduced
direct extracorporeal hemoperfusion over an ion-exchange
resin matrices column (Dowex 50-X8), which achieved
removal of blood ammonia and reversal of coma in 20%
of patients. Also in 1958, Lee and Tink et al[3] reported
the successful treatment of a patient in hepatic coma by
exchange transfusions with fresh blood. This trial was
based on the concept that the detoxification, regulation,
and synthetic functions of the liver can be realized by
exchanging the blood volume of a patient in hepatic
failure. Neurologic improvements and survival were
repeatedly suggested, but this conception was replaced
later by the effective method of plasma exchange.
Considerable experience has been gained using
activated charcoal as an adsorbent of possible toxins in the
range of 500 to 5000 daltons in whole blood or plasma
in patients in hepatic failure[4,5]. In 1965, Yatzidis et al[4]
developed an activated charcoal column for removing
serum bilirubin, which is still used for patients suffering
from hyperbilirubinemia. Its initial primary side effects
were platelet loss and anaphylaxy shock, which have
been controlled by plasma separation or prostaglandin
administration.
One of the most straightforward approaches to
biological liver support is cross-circulation, which was
reported in 1967 by Burnell et al[6]. In this technique, which
is performed under general anesthesia, the circulation of
patients with hepatic failure is directly connected to that
of healthy human donors. One of three patients were
reported to be fully recovered, but the donors suffered
from severe adverse reactions during the procedure. It
was demonstrated that liver support could[12]be provided
with an external liver, but the donor suffered serious toxic
side effects from the hepatic failure blood, resulting in
cessation of further trials.
Plasma exchange, or plasmapheresis, was introduced
by Sabin et al[7] in 1968. This plasma separation technique,
using either a centrifuge or a membrane, separated
plasma that was then discarded and replaced by an
equivalent volume of fresh plasma. Yamazaki et al [8]
developed a combination technique of plasmapheresis and
hemodialysis that proved effective for reversing hepatic
coma and improving coagulation. A major problem with
this method was the need for a large volume of normal
plasma as a substitute.
The kidney produces urine mainly by filtration in
glomeruli. A high quality membrane was needed to modify
the dialyser to be equivalent to glomeruli. During the latter
1960s, Henderson et al[9] created a novel approach to the
hemofiltration method by using a polysulfone membrane.
Considering cellulosic membranes that are permeable
to small water-soluble molecules, in 1976, Opolon et al[10]
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Table 1 Development of blood purification therapyin the
treatment of liver failure
1958
1958
1958
1958
1965
1965
1967
1968
1970
1976

1976
1978
1980
1982
1985
1987
1988
1992
1993
1994
2000

Killey

Treatment of a hepatic coma patient using
hemodialysis
Schechter
Treatment of a hyperammonemia patient using
an ion-exchange column
Lee, Tink
Exchange transfusion
Hori
Cross-hemodialysis using living dogs
Yatzidis
Bilirubin adsorbent using activated charcoal
Eisemann
Initial clinical use of ECLP using a resected
porcine liver
Burnell
Cross-hemodialysis between a patient in
hepatic coma and a healthy donor
Sabin
Plasma exchange (Plasmapheresis)
Abouna
Clinical use of ECLP using a xenogeneic liver
Opolon
Treatment of a patient with fulminant hepatitis
using a dialyzer made of a polyacrilonitril
membrane
Knell, Dukes Control of amino acid imbalance using BCAA
solution
Yamazaki
Incorporated system of plasmapheresis and
hemodialysis
Brunner
Bioreactor immobilized with hepatic enzymes
Ozawa
Cross-hemodialysis using porcine and baboon
livers
Teraoka
XDHP and CPP using porcine liver
Matsumura Perfusion system of suspended rabbit hepatocytes
Marguilis
Perfusion system of suspended porcine
hepatocytes
Yoshiba
Incorporated system of plasmapheresis and
hemodiafiltration
Demetriou Bioreactor system of immobilized porcine
hepatocytes
Gerlach
Bioreactor system of immobilized hepatocytes
Stange
Molecular adsorbent recirculating system (MARS)

used a polyacrylonitril membrane to improve the diffusive
transfer of substances up to 15 000 daltons by removing
medium-weight solutes and small peptides. In a clinical
study of 24 patients with acute fulminant viral hepatitis,
hemodialysis with this membrane achieved a coma reversal
rate of 54%, but the survival times were not improved.
An important conclusion from these experiments was that
substances of less than 15 000 daltons in molecular weight
were associated with metabolic encephalopathy. Also in
1976, Knell and Dukes et al[11] introduced reciprocal dialysis
in which a dialysis fluid with an amino acid concentration
identical to that of normal plasma was used to correct
increased aromatic amino acids and decreased branchedchain amino acids.
Hemodialysis is effective in removing small sized
molecules that are under 5000 in molecular weight, and
hemofiltration is especially effective in removing larger
sized molecules of 5000 to 10 000 in molecular weight.
Thus, a combination therapy of hemodialysis and
hemofiltration has the potential to be an ideal therapy for
severe renal failure and hepatic failure. In 1977, Ota et al[12]
developed the hemodiafiltration (HDF) method, in which
a great deal of water, as much as 101, is removed and a
physiological solution is supplied to adjust for the quantity
of water removal. In this method, a dialyser consisting
of a hollow fiber membrane with a larger pore size than
is used in ordinary hemodialysis, enables removing larger
molecules.
www.wjgnet.com
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Figure 1 Cross dialysis treatment using four living dogs (Hori et al 1958).

In an attempt to provide more specific detoxification
therapy, immobilized enzyme systems were developed
during the 1980s. In these systems, blood is perfused
over liver enzymes that are either linked to an insoluble
substrate or encapsulated in artificial cells [13,14] . It is
desirable to control hyperammoniemia with a single
column containing an immobilized enzyme, but these
columns are costly and it is difficult to activate enzymes
and keep them activated on request.
During the early 1990s, Yoshiba et al[15] consecutively
treated 27 patients who had fulminant hepatitis by
using plasma exchange in combination with continuous
hemodiafiltration, using a high performance membrane
(polymethylmetacrylate). Treatment was considered
successful for 15 of 27 treated patients, who survived after
a mean 16.1 sessions over a mean 19.3 d. The effectiveness
of this method (55.6% survival) was attributed to its early
application.
Stange and Mitzner et al[16] introduced a new dialysis
method using their originally developed molecular
adsorbent re-circulating system, and applied it to 26
patients with hepatorenal syndrome. They reported a
significant decrease in serum bilirubin and creatinine levels
in the treated groups, which enabled this procedure to be
one of the most important options for treating hepatic
failure.

BIOARTIFICIAL LIVER SUPPORT
The liver has more than 500 different functions, which
are difficult to replace by one or a few substitute methods,
and this has provoked much research into living liver
tissue supporting hepatic functions. In 1958, Hori et
al [17] conducted a primary trial of perfusion treatment
using xenogeneic livers and a cross-hemodialysis method
consisting of the blood circuits of a patient with cirrhosis
and four living dogs. The circuits were separated by a
semipermiable membrane, through which low and middle
molecular weight waste products from the patient passed
into the animals’ circuit to be metabolized by canine livers
and absorbed into an ion-exchange resin matrix column
(Figure 1). This treatment was applied to four patients
with cirrhosis, one of whom recovered temporarily
from hepatic coma after a remarkable decrease in serum
ammonia levels.
www.wjgnet.com

Figure 2 ECLP applied for acute phosphorus intoxication patient (Kawamura et al
1974).
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Figure 3 ECLP using baboon or porcine livers (Ozawa et al 1982).

After an initial clinical study by Eisemann et al[18] in
1965 using whole porcine liver for direct hemoperfusion,
many research g roups conducted clinical trials of
extracorporeal liver perfusion (ECLP). Abouna et al [19]
clarified that humans have immune responses to pig
proteins and that anaphylactic reactions to liver from
another species sometimes occurred.
In 1974 in Japan, aggressive clinical trials of ECLP
were also performed. Kawamura et al[20] clinically applied
ECLP using porcine liver for a hepatic coma patient
suffering from acute phosphorus intoxication (Figure
2). Direct hemoperfusion was performed, however, the
clinical status was so severe that the patient could not be
saved. During the early 1980s, Ozawa et al[21] developed
a cross hemodialysis method using resected porcine or
baboon livers, which achieved an overall survival rate of
27% in 13 patients with severe hepatic failure (Figure 3).
In 1985, Teraoka et al[22] used resected whole porcine liver
to treat hepatic failure, with direct hemoperfusion for
one patient and cross plasma perfusion for two patients
(Figure 4).
In the 1990s, a renewed interest, based on experimental
studies, led Fox et al [23] to use allogenic ECLP in the
management of three patients with fulminant hepatic
failure. They used human cadaveric livers, which improved
the perfusion time to 72 h, resulting in two patients being
successfully bridged to liver transplantation. Other trials were
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performed by Chiari[24], and Neuhaus[25] using porcine livers.
New trials of ECLP are being carried out using
transgenic porcine livers. Levi et al[26] reported the first two
cases of ECLP using transgenic porcine livers to overcome
a potential immunologic barrier (hCD55/hCD59) and
both were successfully bridged to liver transplantation.
Xu performed a clinical trial of extracorporeal perfusion
treatment using transgenic whole porcine liver in
two patients, and reported no symptoms of porcine
endogenous retrovirus (PERV) infection[27].
Another bioartificial liver support approach is the
hybrid bioartificial liver system in which hepatocytes
isolated with chelating solution and collagenase solution
are cultured in artificial devices. In 1987, Matsumura et al[28]
reported the first clinical use of a suspension-cultured
hepatocyte system using a hemodialysis chamber in which
about 100 g of cryopreserved rabbit hepatocytes (about
1 × 1010 cells) were seeded. A patient in hepatic failure
underwent repetitive dialysis using these hepatocyte
suspensions, which resulted in a 68% decrease in total
serum bilirubin and improved mental status. However,
no further clinical use of this system has been reported
subsequently.
Hepatocytes are anchorage-dependent cells that
must adhere to survive. Thus, hybrid bioartificial liver
systems, incorporated with bioreactors immobilized with
hepatocytes or a bioreactor system, have been developed
and tested in primary clinical trials during the past 10 years.
Demetriou et al [29] developed a hollow-fiber bioreactor
system within which porcine hepatocytes are seeded in
the extrafiber space. This system has been used in the
treatment of about 200 patients with hepatic failure but
there seems to be equivalent hepatocyte suspension as with
other treatments with a doubtful number of intact cells.
Gerlach et al[30] introduced another interesting bioreactor
design, which is a three-dimensional woven capillary
network bioreactor containing hepatocytes immobilized
in the extrafiber spaces. This system was applied in nine
patients using porcine hepatocytes, and in eight patients
using human hepatocytes obtained from a cadaveric donor
liver that was unsuitable for transplantation because of
severe injury. In Italy, Flendrig and Van de Kerkhove et
al[31] developed a bioreactor using polyester non-woven
fabric. They reported promising results for its clinical
use to treat hepatic coma in seven patients using porcine
hepatocytes with perfusion periods of 8 to 35 h. Patzer et
al[32] investigated the efficacy of hemoperfusion compared
with plasma perfusion by using a hollow-fiber bioreactor,
which is currently utilized for clinical use with porcine
hepatocytes.
In Japan, many research g roups are engaged in
developing bioreactor systems. Uchino et al[33] developed
a pioneering system, composed of 200 collagen-coated
glass plates bearing monolayer cultured canine hepatocytes
stacked in an acrylic resin box. The bioreactor design
appeared to be efficient, but its labor-intensive assembly
prevented its widespread use.
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Figure 4 ECLP using porcine livers (Teraoka et al 1985).

Our group has developed various types of the hepatic
functioning units; i.e., ECLP or bioreactor systems, for
bioartificial liver systems. We devised a bioreactor filled
with hepatocytes that were immobilized on a collagencoated non-woven polyester fabric that can accommodate
2-3 × 1010 viable hepatocytes per unit and allows direct
contact between hepatocytes and perfused blood[34]. We
also developed an original accommodation device of
whole liver for extracorporeal perfusion in which the
liver is placed in a physiological state that is supported
by a special tube inserted into the inferior vena cava with
pulsatory blood flow perfused by an artificial heart pump
to dilate peripheral vessels and supply oxygenated whole
blood to the peripheral liver tissue[35].
In bioartificial liver support in which xenogeneic
liver tissue is used, it is necessary to establish a method
for perfusing xenogeneic whole blood through a hepatic
functioning unit without hyperacute rejection occurring.
Therefore, we devised a method of xenogeneic direct
hemoperfusion consisting of a leukocyte adsorbent
column, an immunoglobulin adsorbent column, and a
hepatic functioning unit[36]. Furthermore, we developed
a method of cross plasma perfusion in which plasma
exchange is carried out between the blood circuit of the
patient’s side and that of the hepatic functioning unit
through which immunologically free whole human blood
is perfused in order to achieve epidemic safety for the
patient. Comparing various types of bioartificial liver in
our ex vivo perfusion experiments, we concluded that the
best efficacy can be performed by the ECLP system in
view of function, safety, and operability[37].
Furthermore, we performed perfusion experiments to
compare efficacy between ECLP and apheresis therapy
as hemodialysis (HD) and hemofiltration (HF). A Sangen
strain pig was surgically induced to hepatic failure by sideto-side portocaval shunting and ligation of the entire
hepatoduodenal ligament in the porta hepatis. HD was
performed with a dialysate pump at 300-350 mL/min.
HF was performed by a post-dilution method with a
filtration pump at 2 L/h, a supplement pump at 0.5-1 L/h,
and a dialysate pump at 1-1.5 L/h. A renal preservation
device (RM3: Waters medical systems; Rochester, USA)
was employed for ECLP in direct hemoperfusion
(Figure 5). Perfusion treatment was initiated at 3 h after
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resulting in elevated human medicine and welfare.
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Abstract
AIM: To determine, for hepatocellular carcinoma (HCC),
the patient demographic profile and costs of their
admissions to the hospitals of the Portuguese National
Health System from 1993 to 2005.
METHODS: The National Registry (ICD-9CM, International Classification of Diseases, 155.0) provided data
from the 97 Hospitals in Portugal.
RESULTS: We studied 7932 admissions that progressively rose from 292 in 1993 to 834 in 2005, having a
male predominance of 78% (6130/7932). The global rate
5
of hospital admissions for HCC rose from 3.1/10 in 1993
5
to 8.3/10 in 2005. The average length of stay decreased
from 17.5 ± 17.9 d in 1993 to 9.3 ± 10.4 d in 2005, P <
0.001. The average hospital mortality for HCC remained
high over these years, 22.3% in 1993 and 26.7% in
2005. Nationally, hospital costs (in Euros - €) rose in all
variables studied: overall costs from €533 000 in 1993,
to €4 629 000 in 2005, cost per day of stay from €105 in
1993, to €597 in 2005, average cost of each admission
from €1828 in 1993, to €5550 in 2005. In 2005, 1.8%
(15/834) of hospital admissions for HCC were related to
liver transplant, and responsible for a cost of about €1.5
million, corresponding to one third of the overall costs
for HCC admissions in that same year.
CONCLUSION: From 1993 to 2005 hospital admissions
in Portugal for HCC tripled. Overall costs for these
admissions increased 9 times, with all variables related
to cost analysis rising accordingly. Liver transplant,
indicated in a small group of patients, showed a
disproportionate increase in costs.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is now a major public
health problem. It is one of the most frequently occurring
malignant tumors throughout the world, being the third
cause of death from cancer in men.
The mortality of HCC is particularly elevated in Africa
and Asia[1,2]. In the last years there has been an increasing
mortality due to HCC in Western Europe,[3,4] the United
States of America[5] and Japan[6,7].
In the great majority of cases, HCC appears in patients
who have liver cirrhosis, especially in those regions of
relatively low incidence as Western Europe. Liver cirrhosis
is a chronic disease carrying a high oncogenic risk, with
a rate of evolution to HCC at an annual incidence of
1%-4%[8]. HCC has a poor prognosis but the three main
situations that cause it are amenable to prevention, i.e.
hepatitis B[9,10] and C[11,12] infections, and excessive alcohol
consumption[13]. Increasing rates of hepatitis C virus (HCV)
infection could explain a proportion of the reported
increase in HCC incidence during the last decade [14] .
Liver transplant in selected cases is an effective option
for patients with HCC. The percentage of HCC cases
considered for liver transplant, for both on the waiting list
and those already transplanted, has also been increasing,
resulting in mounting costs to the health system for the
management of these patients[15].
Databases of hospital admissions, obtained from
patient classification systems that are based on principal
diagnosis of discharge episode, may be used to measure
the morbidity of the inpatient population and the demand
that certain diseases make on health systems [16] . We
used the Diagnosis-Related Groups (DRG)[17] database
to classify inpatients according to epidemiological
variables of sex, age, principal and associated diagnoses,
technical procedures carried out for diagnosis, mortality,
and location of hospital admission[18]. In addition, this
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consumption of hospital admissions for HCC to the 97
hospitals of the National Health System in Portugal during
the period of 1993 to 2005.
The study is descriptive, based on the DRG database.
We used the International Classification of Diseases, Ninth
Revision, Clinical Modification, (ICD-9-CM), primary
liver tumor (155.0), and evaluated the following variables:
gender, age, mortality, length of stay, overall costs, costs
per day and per episode of hospital admission, and costs
related to liver transplant in HCC.
The population of Portugal and number of deaths
for HCC were obtained from the “Instituto Nacional de
Estatística (INE)”.
Specific rates for 100 000 were calculated by age group
and gender.

RESULTS
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Figure 2 A: Distribution of the hospital admissions according to gender; B:
Distribution of the hospital admissions according to age.

database allows for the tracking of variables of resource
consumption i.e. length of stay, costs per day according
to the type of episode, and costs of episode of hospital
admission. Economic analysis of chronic diseases is a
prerequisite for planning a proper distribution of health
care resources.
Using such data, the aim of this work was to determine
the profile of patients with HCC, and the costs of their
hospital admissions during the period between 1993 and
2005 to the 97 public hospitals of the National Health
System of Portugal, serving now a population of about 10
million inhabitants.

MATERIALS AND METHODS
We s t u d i e d t h e d e m o g r a p h i c d a t a a n d r e s o u r c e

In the period 1993-2005, 7932 hospital admissions for
HCC were registered in Portugal. A progressive 2.9 fold
increase was verified in the period studied: 292 hospital
admissions in 1993, 635 in 1999 and 834 in 2005 (Figure 1).
Gender distribution data showed a 77.6% (6155/7932)
predominance of male patients, at a ratio of 3.4:1 in
1993, and 3.6:1 in 2005 (Figure 2A). This percentage has
remained stable over the years: 77.1% in 1993, and 78.2%
in 2005. The evolution of episodes of hospital admission
per 100 000 inhabitants similarly showed a progressive
increase from 3.1 × 105 (men 4.9, women 1.4) in 1993, to 8.6 × 105
in 2005 (13.4 in men and 3.5 in women) (Figure 3).
The average age for hospital admission was 62.0 ± 16.4
years in 1993, and 63.9 ± 13.3 in 2005. Most hospital
admissions occurred in patients older than 64 years,
increasing from 49.3% (144/292) in 1993 to 55.8%
(466/834) in 2005, P = NS. Findings for all age groups
showed that 54.5% (4319/7932) were older than 64 years,
36.0% (2853/7932) were between 45-64 years and only
9.6% (760/7932) were between 0-44 years. The rate of
hospital admission per 100 000 in the age groups of 0-44,
45-64 and over 64-years was respectively 0.5, 5.5 and 10.4
in 1993 and 0.9, 12.5 and 26.7 in 2005 (Figure 2B).
The average length of stay for HCC was higher than
the national average (9.0 d in 1993 and 7.7 d in 2005) but
it has shown a decrease from 17.5 d in 1993 to 9.3 d in
2005, P < 0.05 (Figure 4A). Hospital mortality for HCC
www.wjgnet.com
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64 years. In addition, the figures given by the National
Institute of Statistics for inpatient and outpatient mortality
for HCC in Portugal showed an increase, from 149 deaths
in 1990, to 280 in 2004 (Figure 5A). In determining the
costs for hospital admissions for HCC in the Portuguese
Health System, we found a significant increase for all
economic variables studied. The overall costs of hospital
admissions increased 8.7 times, from €533 000 in 1993,
to €4 629 000 in 2005 (Figure 5B). In the same period the
average cost of each day of hospital admission 5.7 times
from €105 in 1993, to €597 in 2005 (Figure 6A). The
average cost of each stay in hospital for HCC increased 3
times from €1828 in 1993, to €5550 in 2005 (Figure 6B)
Liver transplants in Portugal began in 1992. Of all
liver transplants performed between 1992 and 2005, 7.2%
(117/1619) were liver transplants for HCC. But, this
percentage almost tripled from 3.3% in 1993 (1/30) to
9.0% in 2005 (15/166), P = NS. Today, costs for hospital
admissions for patients transplanted with the indication
of HCC are 32.5% of the total costs for all hospital
admissions for HCC (Figure 5A).
These means, in effect, that the costs for 15 patients
with HCC transplanted in Portugal in 2005 represent one
third of the costs for all 834 hospital admissions for HCC
in that same year.

DISCUSSION
remained very high, 22.6% in 1993 and 26.7% in 2005
(Figure 4B). As would be expected, the mortality was
higher in older patients, 12.5% in the group 0-44 yearsold, 27.3% in 45-64 years, and 28.3% in patients older than
www.wjgnet.com

The number of patients diagnosed with HCC has been
increasing in Japan[19], the United States[20,21], and Europe[22].
HCC particularly affects patients who have liver cirrhosis.
The characteristics of liver cirrhosis that lead to HCC,

Marinho RT et al . Rising hospital admissions for HCC in Portugal

namely its frequent complications and instability, are
associated with multiple episodes of hospital admissions[23],
mainly in the phase of decompensation (ascites, jaundice,
spontaneous peritonitis and encephalopathy).
Our work revealed a 2.9 fold increase in hospital
admissions for HCC in Portugal over the twelve years
studied (1993-2005), reaching 834 hospital admissions in
2005 (8.6/105). As some patients are admitted to hospital
several times each year, these figures do not correspond
to the real incidence of HCC. A recent study in United
States has documented a similar increase in the hospital
admissions for HCC[24].
Male gender has also been documented as a risk factor
for HCC, and the male/female ratio is usually 2 to 3:1[25].
Our data is in accord with this ratio: 78% of hospital
admissions were for male patients, and in spite of the
increase in numbers for both genders, the male/female
ratio was 3.5:1 in the period studied.
HCC has been found to be more frequent in individuals in their sixties [26] . The average age of patients
admitted to hospitals in Portugal for HCC was 61.2 ± 16.7
years in 1993, and 63.9 ± 13.5 years-old in 2005. More
than half of hospital admissions now occur in patients
older than 64, increasing from 49.3% (144/292) in 1993,
to 55.8% (466/834) in 2005, P = NS. When we analyzed
the rate of hospital admissions per 100.000 inhabitants,
the higher rates were found to be more elevated in
patients older than 64 (26.7/10 5 in 2005). This rate is
higher than the group 45 to 64-years-old (12.5/105). The
rarity in younger ages is evident: in the group 0-44 yearsold was 0.9/105 in 2005. The rate of hospital admissions
increased in all groups of patients, but more in the older
ones: 1.8 times more (0.5/105 in 1999 to 0.9/105 in 2005),
2.3 times more (5.5/105 to 12.5/105) and 2.6 times more
(10.4/105 to 26.7/105) respectively, in patient groups 0-44,
45-64 and over 64-year-old in 1993 and in 2005. Several
studies, notably in Scotland, Denmark, France, and Japan
have found the same tendency, corroborating our findings
that HCC occurs mainly in patients older than 65 yearsold[27,28].
The demographic data and rate of mortality (Ministry
of Health 2003) by Chronic Liver Disease and Cirrhosis
(ICD-9-CM:347) are similar to that for HCC admissions.
In effect, of the 1599 deaths registered in Portugal for
cirrhosis, 73.2% (1172/1599) were male, and the age group
with the most number of deaths was that over 65 yearsold, having 40% of the total (638/1599). A higher rate of
mortality was verified in persons between 65 and 74 years
old with 39.5/105 (men 66.9/105 and women 17.4/105),
compared to the national rate of 15.3/105[29].
In addition, the data provided by the National Registry
of Deaths, which included mortality both for inpatients
and outpatients, showed that deaths due to HCC (ICD
9:155.0 ICD 10:C220) almost doubled, from 149 in 1990
to 280 in 2004.
One of the most important indexes of health resource
consumption, the average length of stay[30], was found to
be higher in HCC patients when compared to the national
average of 7.7 d; albeit, there was a tendency towards
decrease from 17.5 d in 1993 to 9.3 d in 2005, P < 0.05,
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a trend that can be explained by the improvement of
medical management for these groups of patients.
HCC is now the third cause of death by malignant
tumors in males throughout the world[31]. Hepatocellular
carcinoma is a disease with high mortality; one quarter of
patients admitted to hospitals in Portugal for HCC died.
The overall mortality during hospitalization did not
change over time, 26.7% in 2005 closely following the
percentage of twelve years ago of 22.6% (1993). In
addition, considering the figures of national mortality
for HCC, the increase is more pronounced in the male
sex, representing a 2.2 fold increase between 1990-2004,
compared to females at 1.2 times. The same has been
found by other authors[32]. The rate of mortality adjusted
for age, 3.7/105 in men and 0.7/105 in women, being less
than that generally found in other Mediterranean countries
(5-12/105 in Spain, France, Italy)[3], suggests that the real
number, in Portugal because of insufficient diagnosis,
might be higher.
The reasons for the increase in these figures are
not well understood, but several hypotheses can be put
forth:[33] the increase in diagnostic yield, the increase of
liver cirrhosis associated with hepatitis C infection resulting
from intravenous drug addiction and blood transfusions
in the sixties[34], the improvement of average survival in
patients with liver cirrhosis due to better management[35].
A significant increase in the costs of hospital
admissions for HCC was verified for all variables: overall costs, cost per episode, and costs per day of hospital
admission. The over-all costs increased 8.7 times since
1993 (€533 000), reaching the figure of €4 629 000 for the
year 2005. In the twelve years studied, the average cost
per day increased 5.7 times, from €105 to €597, and the
average cost per episode increased 3.0 times, from €1828
to €5551.
It is important to emphasize that liver transplantation
in HCC, indicated in around 7% of cases only, is the
kind of therapy most effective in the long term[36,37], but
carries a very high cost. The relative percentage of costs
for transplantation in HCC in relation to the overall
costs of hospital admission for HCC in Portugal has
been increasing significantly, from 14.3% in 1993 for
one transplant, to 32.5% (€1 505 669) in 2005 for 15 liver
transplants. Put in another way, in 2005, 1.8% (15/834)
of hospital admissions for HCC, i.e. related with liver
transplant, were responsible for a cost of about €1.5
million, corresponding to one third of the over-all costs all
hospital admissions for HCC in that same year.
These data suggest that patients with HCC must be
strictly selected for liver transplant[38] because the cost of
a liver transplant for HCC appears to exceed in effect the
lower long-term survival rate when compared with other
indications[39] deemed significant to a health system.
In conclusion, HCC, from the point of view of
hospital admissions, promises to significantly impact the
Portuguese Public Health System Hospitals, due to the
steady increase in the number of hospital admissions,
2.9 times over the period 1993 to 2005. The mortality
for HCC in hospitals has been steadily rising, affecting
a quarter of hospital admissions; thus HCC is a disease
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that is consuming a growing share of resources. The overall costs for HCC increased dramatically, 8.7 times in
the 12 years studied, 5.7 times for the average length of
hospital stay, and 3 times for the cost of each day. HCC is
indicated for liver transplant in a small number of cases
only, remains a therapeutic option with high relative costs
for the health care system. So, liver transplant for HCC,
albeit potentially curative in selective cases, must be strictly
indicated.
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a sensitivity of 64% and 20% and a specificity of 95%
and 100% for Long DNA and p 16 respectively. A noninvasive molecular stool-based DNA testing can provide
a screening strategy in high-risk individuals. However,
additional testing on more samples is necessary from
Iranian subjects to determine the exact specificity and
sensitivity of these markers.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To detect tumor-associated DNA changes in stool
samples among Iranian patients with colorectal cancer
(CRC) compared to healthy individuals using BAT-26, p 16
hypermethylation and long DNA markers.
METHODS: Stool DNA was isolated from 45 subjects
including 25 CRC patients and 20 healthy individuals
using a new, fast and easy extraction method. Long DNA
associated with tumor was detected using polymerase
chain reaction method. Microsatellite studies were
performed utilizing denaturating polyacrylamide gel to
determine the instability of BAT-26. Methylation status
of p 16 promoter was analyzed using methylation-specific
PCR (MSP).
RESULTS: The results showed a significant difference
in existence of long DNA (16 in patients vs 1 in controls,
P < 0.001) and p 16 (5 in patients vs none in controls, P
= 0.043) in the stool samples of two groups. Long DNA
was detected in 64% of CRC patients; whereas just one
of the healthy individuals was positive for Long DNA.
p 16 methylation was found in 20% of patients and in
none of healthy individuals. Instability of BAT-26 was not
detected in any of stool samples.
CONCLUSION: We could detect colorectal cancer
related genetic alterations by analyzing stool DNA with
www.wjgnet.com

INTRODUCTION
Colorectal cancer is one of the most common forms of
cancer in the world and is curable if diagnosed at an early
stage [1]. Extensive research over the past 15 years has
shown that a specific series of genetic changes drives the
neoplastic transformation of normal colonic epithelium
to benign adenomas and subsequently to malignant
adenocarcinomas [2]. Colon cancers arise from at least
three different genetic pathways: chromosomal instability,
microsatellite instability, and CpG island methylation.
Chromosomal instability accounts for about 85% of
sporadic colorectal cancers. Microsatellite instabilities
that are replication errors (RERs) caused by germline
or somatic mutations of mismatch gene, are involved
in the development of some colorectal cancers[3]. Loss
of function of any of mismatch repair genes may lead
to a failure in repair mutations and development of
cancers[4,5]. One microsatellite, BAT-26, a single locus of
26 consecutive adenine nucleotides is strongly associated
with failure of a mismatch gene. Thus, testing for
mutations in BAT-26 is almost as effective as screening
most microsatellite loci [6,7]. Several studies showed the
relationship of this marker and colorectal cancers[8,9]. It is
implicated in about 20% of right-sided colorectal cancers
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while in only 1% to 2% of left-sided colon cancers.
One other pathway known to be involved in the
pathogenesis of colorectal cancer is the methylation of the
CpG islands located within the promoter regions of genes
regulating cell proliferation, apoptosis, and DNA repair.
The detection of hypermethylated fecal DNA has been
reported by others in a few studies[10,11]. Methylation often
affects multiple genes. It also occurs as an age-related
phenomenon in morphologically normal mucosa. p16, a
tumor suppressor gene silenced by hypermethylation of
its promoter in early stages of cancer, provide a valuable
approach to screening for early lesions[12].
The discover y of these genetic and epigenetic
alterations has raised the possibility of detecting colorectal
cancer through examination of the stool DNA as a
healthy adult excretes approximately 1010 epithelial cells
every day[13]. A large number of tumor cells will renew
and exfoliate into the intestinal cavity of colonic cancer
patients daily. A certain amount of DNA can maintain its
stability due to the resistance of intestinal tumor cells to
various degradation enzymes or due to the impairment of
apoptotic mechanism of tumor cells. Therefore, molecular
examination of the genetic composition of the colonic
mucosal cells, which are exfoliated into the stool, brought
new options for colorectal cancer screening. Sidransky
et al[14], for the first time, detected the K-ras gene mutations
in the fecal samples from early intestinal cancer patients.
Since then, several studies have shown that it is possible
to detect mutations of these genes in stool samples from
patients with colorectal cancer. Stool-based DNA testing
has gradually become a screening method for colorectal
cancer[15-17].
The amount of human DNA in feces may be increased
in individuals with colorectal cancer. Kelaassen et al [18]
demonstrated increased amounts of human DNA in
the feces of patients with colorectal tumors compared
with healthy persons. Boynton et al [19] showed that the
majority of DNAs isolated from the stool of patients
with colorectal tumors were of high molecular weight,
in contrast to the fragmented apoptotic DNAs found in
stools from colonoscopy-negative patients. They proposed
that the increased concentrations of human DNA could
be explained by decreased apoptosis of bowel cells and/or
increased shedding of cancer cells into the colonic lumen.
There is evidence that transformed colonic mucosa cells
have dysfunctional apoptotic mechanisms[20] and thus may
shed cells that have not undergone apoptosis. Because
one of the characteristics of apoptosis can be the cleavage
of DNA into 180 to 210 bp fragments[21], dysfunction
of apoptotic mechanisms will lead to presence of highmolecular-weight fragments (more than 1 Kb) of DNAs,
which are named as Long DNA. Therefore, long DNA
becomes a valuable marker in stool based DNA testing.
Newer assays examining more than one mutation are
significantly more sensitive. They include more than 20
mutations on APC, p53 and k-ras, microsatellite analysis
for BAT-26 and Long DNA and methylation markers[22,23].
In this study, we have established a stool-based DNA
assay to detect Long DNA and BAT-26 markers and p16
methylation in patients with colorectal cancer in Iran.
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MATERIALS AND METHODS
Sample collection
Human stool samples were collected from 45 individuals
including 20 healthy colonoscopic volunteers and 25
patients with colorectal cancer without any dietary
restrictions or antibiotic treatment. About 5 g stool
was collected from each individual. All the samples
were collected in dry clean plastic containers. Informed
consent was obtained from every subject prior to the
study. Stools were collected prior to any preparation for
colonoscopy or 4-5 d following this procedure. Tumor
characteristics such as location, size, histological features,
stage and, in addition, age, sex and fecal occult blood test
(FOBT) results were considered. The stool specimens
were stored at -20℃ immediately after collection, to avoid
potential enzymatic degradation of nucleic acids, and then
transferred to a -70℃ refrigerator within 24 h until use.
The information of 21 patients is shown in Table 1.
DNA extraction
For DNA extraction, 1 g of stool, frozen at -70℃, was
diluted in 10 mL of lysis buffer (0.5 mol/L Tris-HCl,
20 mmol/L EDTA, 10 mmol/L NaCl, 0.1% SDS, pH
= 9.0) (TEN-9) in a 50 mL tube. After vortexing for 5
min, samples were homogenized by shaking for 10 min.
A second dilution (1/2) step was performed with 10
mL lysis buffer and homogenized for 5 min. Particulate
materials were removed by centrifugation at 4500 r/min
for 10 min. The supernatant was transferred to a new
tube, approximately 15 mL DNA was precipitated by
addition of 7.5 mL ammonium acetate 7.5 mol/L (half the
sample volume) and 30 mL of ice-cold ethanol 95%-100%
(twice the sample volume). Incubation at -20℃ for 30-45
min rendered a better precipitation. DNA was collected
following centrifugation at 4500 r/min for 15 min at
RT. In this step, precipitated DNA was not colorless and
contained the bile salts. The DNA pellet was re-suspended
in 750 μL of TE (pH = 8) and incubated at 65℃ for 15
min. Then DNA was purified using the conventional single
step phenol/chloroform protocol. Phenol would eliminate
the colored impurities. After isopropanol precipitation,
colorless DNA pellet was collected and dissolved in
300 μL of TE buffer following an overnight incubation at
37℃.
Long DNA analysis
A 1476 bp fragment including exons 6 to 9 of p53
gene was used for long DNA analysis. Primers were
previously described by Beroud et al [24] (Forward: 5’
GCCTCTGATTCCTCACTGAT 3’ and reverse: 5’
A AG AC T TAG TAC C T G A AG G G T 3 ’ ) . T h e P C R
reaction mixture consisted of 1 × CinnaGen PCR buffer,
500 nmol/L of each PCR primer, 1.5 mmol/L MgCl2,
200 μmol/L dNTPs and 1 U of Taq DNA polymerase
(CinnaGen, Tehran, Iran). Five hundred ng DNA diluted
in 200 μL TE (pH = 8.0) was used in a reaction volume
of 20 μL. PCR conditions were as follows: 3 min at 95℃
followed by 35 cycles of 40 s at 95℃, 120 s at 58℃ and
120 s at 72℃, and 5 min at 72℃ as final extension, with
maximum heating and cooling settings in the Techne
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Table 1 Demographic and clinicopathological characteristics of patients
Patients
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Sex

Age (yr)

Tumor type

M
M
F
M
F
M
M
M
M
F
M
M
M
M
F
M
F
F
M
F
M

37
52
64
62
34
50
52
70
83
50
64
83
72
64
73
43
67
53
49
70
51

A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C
A.C

Tumor size (cm)

Tumor location

10
5
15
2
10
7
3
1
1.5
3
4.5
8
3
6
7
3.5
8
3
5
6

AC
C
C
R
Sp
Hp
R
AC
R
Sp
R
R
C
R
AC
AC
Sp
C
R
R

Stage

FOBT

Long DNA

Instability BAT-26

p 16

B2
B2
C2
B1
B2
B2
C2
B2
B2
C2
B2
C2
B1
B1
B2
C2
B2
B2
B2

+4
+4
+4
+1
+4
+2
+2
+4
+3
+4
+4
+2
+4
+4
+4
+4
+3
+4

+
+
+
+
+
+
+
+
+
+
+
+
+
+
-

-

M
U
U
U
U
U
U
U
U
U
M
M
U
M
U
U
U
M
U
U
U

R: Rectum; C: Cecum; AC: Ascending colon; Sp: Splenic flexure; Hp: Hepatic flexure; A.C: Adenocarcinoma; FOBT: Fecal occult blood test. M: Methylated; U:
Unmethylated.

Thermal Cycler (Techgene, Techne, UK).
Five microliters of amplified products were electrophoresed on 1.7% ag arose g el, and stained with
ethidium bromide. The presence of the 1500 bp band was
considered as Long DNA. DNA extracted from blood was
used as the positive control. We also used amplification of
a short fragment (138 bp), including exon 9 of p53 gene,
to evaluate the extraction method.
Microsatellite studies
For microsatellite analysis, BAT-26 was used as the
microsatellite target. The purified stool DNA samples
were subjected to PCR amplification of the BAT-26
sequence in 20 μ L reaction mixture containing 1 μ L
(about 200 ng) of purified DNA (or diluted DNA), 1 ×
PCR buffer (Cinnagen), 1.5 mmol/L MgCl2, 0.2 mmol/L
dNTPs, 10 pmol BAT-26 sequence-specific primers, and
1 U of Taq DNA polymerase (Cinnagen). The primers
have been described by Devouassoux-Shisheboran
et al [25] (Forward: 5’ TGACTACTTTTGACTTCAGCC
3’and reverse: 5’ AACCATTCAACATTTTTAACCC
3’). Amplifications were conducted in a Techgene
thermocycler. After an initial denaturation at 94℃ for
5 min, PCR amplification was performed for 35 cycles,
each consisting of 45 s at 94℃, 2 min at 54℃, and 2 min
at 72℃, followed by a final extension of 30 min at 72℃.
Appropriate amount of PCR-products was mixed with
a formamide loading buffer and denaturated by boiling
for 5 min at 95℃. The mixture was then loaded onto 6%
polyacrylamide gel containing 7 mol/L urea.
Following the denaturating gel electrophoresis at 60 W
(50 mA; 1200 V) for 60 min in 1 × TBE (89 mmol/L Tris;
2 mmol/L EDTA; 89 mmol/L Boric acid), the gels were
stained with silver nitrate as described by Creste et al[26].
BAT26-associated instability was identified on the basis
of comparison between electrophoretic patterns of tumor
and their corresponding blood samples. Increased number
www.wjgnet.com

of bands in tumor BAT-26 PCR products as compared to
blood samples indicated microsatellite instability.
p16 methylation analysis
Stool DNA (2 μg) was treated with sodium bisulfite as
previously described [12,27]. Modified DNA was purified
using a Promeg a Wizard DNA Clean-Up System,
according to the manufacturer’s instructions and then was
stored at -20℃ until it was used for PCR. Modified DNA
was amplified using primers specific for methylated and
unmethylated p16 sequences as previously described[12].
DyNAzyme Ⅱ Hot start Taq (Finnzymes, Finland) was
used as DNA polymerase. PCR conditions were as follows:
10 min at 95℃ followed by 45 cycles of 45 s at 95℃,
45 s at 60℃ and 60 s at 72℃; and 5 min at 72℃ as final
extension, with maximum heating and cooling settings in
the Techne Thermal Cycler (Techgene, Techne, UK). Five
microliters of amplified products were electrophoresed on
3% agarose gel, and stained with ethidium bromide. The
presence of a 150 bp band was considered for methylated
and a 151 bp band for unmethylated product. DNA extracted
from blood and treated with CpG methylase (M.Sss1,
Newengland BioLabs) was used as the positive methylated
control.
Statistical analysis
The relationship between Long DNA, p16 methylation
and BAT-26 instability and clinicopathological parameters,
as listed in Table 1, was analyzed using SPSS version 11.5
and the P value was calculated using Chi-square and Fisher
exact tests to find the significant relationships.

RESULTS
p53 exon 9, representing the short fragment (138 bp), was
amplifiable in 24 out of 25 patient samples and 18 out
of 20 control samples. It was revealed that the extraction
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Figure 1 Long DNA analysis in patients with colon cancer in comparison with
healthy individuals. 1, 2, 3, 4: Stool DNA of patients with colorectal cancer; MW:
Ladder 100 bp; 5, 6: Stool DNA of healthy individuals; 7: Blood DNA as control; 8:
Negative control. The arrow indicates Long DNA. Long DNA detected in 3 out of 4
patients in the picture. The 1.7% agarose gel plus ethidium bromide was used for
electrophoresis at 120 volt.

P1
T

N

Stable

T

P2
N

Figure 3 Microsatellite analysis
of BAT-26 in two patients with
colon cancer. BAT-26 instability
detected in patient 2. P1: patient
with stable BAT-26, P2: Patient with
instable BAT-26, T: Tumor tissue,
N: Normal margin. The gel was
electrophoresed at 60 W (50 mA;
1200 V) for 60 min using 1 × TBE.

Unstable

protocol produced enough amplifiable DNAs in most
cases suitable for standard PCR amplifications. Long DNA
(a nearly 1476 bp band) was detectable in 16 out of 25
colorectal cancer patients and only in 1 out of 20 healthy
individuals. There was a significant difference of this
marker in the stool samples of two groups (P < 0.001).
The sensitivity for this marker was 64% and the specificity
was 95%. Results of representative CRC patients and
healthy individuals are shown in Figure 1. Methylation
of p16 promoter was detected in 5 out of 25 patients
compared to none in healthy controls (P = 0.043). The
sensitivity for this marker was 20% and the specificity was
100%. Methylation analysis results are shown in Figure 2.
Interestingly, all the hypermethylated p16 samples were
also positive for Long DNA. Instability of BAT-26 was
not found in any of colorectal cancer patients using stool
DNA; whereas we could detect instability for BAT-26
using tumor tissue samples of the patients after surgery.
The instability of BAT-26 was detected in two out of 25
patients (8%) using the tumor tissue. The results are shown
in Figure 3.
Four samples were removed from statistical studies,
one sample due to not producing the small fragment
band (138 bp). It means the extraction protocol has not
produced sufficient DNA for amplification. Three other
samples were removed due to incomplete profile and
lack of clinicopathological parameters. The data for the

Figure 2 Methylation analysis of p16 among four patients. P15: patient 15; P5:
patient 5; P11: patient 11; P12: patient 12; MW: Ladder 50 bp; PM: Methylated
control; PU: Unmethylated control; M: Methylated PCR; U: unmethylated PCR.
Methylated p16 detected in patients 11 and 12.

remaining 21 cases are presented in Table 1. The mean age
of the patients was 59.2 years. Sixty six percent of patients
were male and 34% were female. The most common
tumor site was rectum (40%); other sites were cecum (20%),
splenic flexture of colon (15%), ascending colon (20%)
and hepatic flexture (5%), respectively. All the tumors were
invasive adenocarcinoma. The tumor stages were reported
as 15.8% B1, 57.8% B2, and 26.4% C2 in patients with
available clinicopathological data. Tumor sizes were less
than 3 cm in 35%, 3-6 cm in 30% and more than 6 cm
in 35%. Although it seemed that there might be some
relationship between the presence of Long DNA and
p16 methylation in stool samples and clinicopathological
parameters while reviewing Table 1, comprehensive
statistical studies, using Chi-square and Fisher exact
tests revealed that there was no statistically significant
relationship.

DISCUSSION
Many investigators studied different genetic alternations
in stool-DNA of CRC patients and determined their
sensitivities and specificities as a diagnostic tool. Ahlquist
et al[15] analyzed stool samples in a blinded fashion from 22
patients with colorectal cancer, 11 patients with adenomas
at least 1 cm in size, and 28 patients with endoscopically
healthy colons. The assay targeted point mutations at any
of 15 sites on K-ras, p53, APC, and the microsatellite
instability marker BAT-26 and Long DNA. The sensitivity
was 91% for cancer and 82% for adenomas 1 cm or
larger; the specificity was 93%. They could detect Long
DNA in 14 out of 20 cancers (70%) and 6 out of 11
adenomas (54.5%). However, Long DNA and BAT-26
were not detected in any of normal patients. Syngal et al[17]
used a fecal-based assay to detect 23 DNA markers,
including 21 point mutations in K-ras, APC, and p53; the
microsatellite instability marker BAT-26; and Long DNA.
The sensitivity was 68% for invasive colorectal carcinoma,
40% for adenomas with high-grade dysplasia, and 20% for
adenomas with low-grade dysplasia. Overall, the sensitivity
of multitarget DNA stool assays ranged from 68% to 91%
for colorectal cancer and from 40% to 82% for advanced
adenomas. The specificity of the assays was approximately
95%[28,29]. Methylation of p16 in stool samples of CRC
patients has been reported[10]. Although it was detected in
smaller percentages of patients compared to our study, it
www.wjgnet.com
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still remains unconclusive for its sensitivity and specificity
in a stool-based DNA testing.
We could detect 64% of colon cancer cases using three
genetic markers, 64% were positive for Long DNA, 20%
for methylation of p16 and none for instable BAT-26.
However, additional testing of more samples is necessary
from Iranian subjects to determine the exact specificity and
sensitivity of these markers. We could detect the instability
for BAT-26 in 2 out of 25 patients (8%) using tumor
tissues after surgery, whereas we detected no instability
when DNAs extracted from stool were applied for
microsatellite studies. This may suggest that the proportion
of unstable DNA to total extracted DNA was very low.
It seems further procedures are required to increase the
unstable DNA following our extraction protocol. Oligo
capture was recommended by previous researchers to solve
this problem[15].
There are still many obstacles for stool-based DNA
testing to become a worldwide screening method. Stoolbased DNA testing is noninvasive, and it is more sensitive
than fecal occult blood testing. Only a single stool sample
is needed, and the patient and physician do not need
to handle it as much. The test does not require diet or
medication restrictions, it evaluates the whole colon and
rectum, and it is now generally available. However, it is
expensive, it is less sensitive than colonoscopy, and if the
stool-based test is positive, colonoscopy is still necessary.
The positive predictive value is low, and there is uncertainty
regarding how to manage patients with a positive test and
a healthy colonoscopic test. It is unclear whether screening
for extracolonic malignancies will prove to be an advantage
of stool-based DNA testing.
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Abstract

INTRODUCTION

AIM: To examine whether and how rosiglitazone
enhances apoptosis induced by fluorouracil in human
colon cancer (HT-29) cells.

Colon cancer is a leading cause of cancer-related death
in developed countries[1]. Fluorouracil (5-Fu) is one of
the most widely used chemotherapeutic drugs in the
treatment of advanced colorectal cancer patients [2] .
However, the patient response to this single anticancer
agent is 10%-30%[2]. Several mechanisms are responsible
for resistance of tumor cells to fluorouracil. On the other
hand, the dose increments of systemic administration of
5-Fu would generate unacceptable levels of toxicity to the
normal cells of bone marrow and gastrointestinal tract[3].
Therefore, many attempts have been made to enhance its
therapeutic effectiveness and reduce its toxicity[4,5]. As we
known, the common strategies are to develop and validate
new chemopreventive and therapeutic approaches to colon
cancer by making use of chemosensitizers or combination
of drugs.
It was recently reported that rosiglitazone (Ros), a wellestablished oral antidiabetic agent, can protect against
myelotoxicity produced by fluorouracil [6]. Sik Lee also
reported that rosiglitazone attenuates cisplatin-induced
renal damage[7].
Rosiglitazone is a member of the thiaolidinediones
(TZDs) and a synthetic lig and of the peroxisome
proliferator-activated receptor γ (PPARγ)[8]. Members of
thiazolidenediones such as troglitazone and ciglitazone
exhibit anti-tumor effects on various types of cancer cells,
including colon cancer cells expressing high levels of
PPARγ[9]. However, low bioavailability of rosiglitazone[10]
limits its application in clinical cancer therapy. We thus
investigated the effect of rosiglitazone in combination
with fluorouracil on human colon cancer cells.
PPARγ has been implicated in metabolic diseases[11,12]

METHODS: Human colon cancer HT-29 cells were
cultured in vitro and treated with fluorouracil and/or
rosiglitazone. Proliferation and growth of HT-29 cells
were evaluated by MTT assay and trypan blue exclusion
methods, respectively. The apoptosis of HT-29 cells was
determined by acridine orange/ethidium bromide staining
and flow cytometry using PI fluorescence staining. The
expressions of peroxisome proliferator-activated receptor
γ (PPARγ), Bcl-2 and Bax in HT-29 cells were analyzed by
Western blot.
RESULTS: Although rosiglitazone at the concentration
below 30 μmol/L for 72 h exerted almost no inhibitory
effect on proliferation and growth of HT-29 cells, it
could significantly enhance fluorouracil-induced HT-29
cell proliferation and growth inhibition. Furthermore,
10 μmol/L rosilitazone did not induce apoptosis of HT-29
cells but dramatically enhanced fluorouracil-induced
apoptosis of HT-29 cells. However, rosiglitazone did
not improve apoptosis induced by fluorouracil in HT-29
cells pretreated with GW9662, a PPARγ antagonist.
Meanwhile, the expression of Bax and PPARγ was upregulated, while the expression of Bcl-2 was down
regulated in HT-29 cells treated with rosiglitazone
in a time-dependent manner. However, the effect of
rosiglitazone on Bcl-2 and Bax was blocked or diminished
in the presence of GW9662.
CONCLUSION: Rosiglitazone enhances fluorouracilinduced apoptosis of HT-29 cells by activating PPARγ.
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and is associated with cell proliferation, differentiation and
apoptosis[13]. However, the role of PPARγ in fluorouracilinduced apoptosis of HT-29 cells is unknown.
It was reported that ciglitizone induces significant
apoptosis of HT-29 cells and reduces Bcl-2 expression
by activating PPARγ[14]. On the other hand, Bcl-2 exerts
its functions by heterodimerizing with Bax, a protein that
accelerates apoptosis. Deficient expression of Bax is also
associated with apoptosis resistance. We thus analyzed the
effect of rosiglitazone on the expression of Bax and Bcl-2
in HT-29 cells to understand the underlying mechanisms
of 5-Fu-induced apoptosis.
In the present study, we investigated whether and how
rosiglitazone enhances fluorouracil-induced apoptosis of
HT-29 cells. The results demonstrate that rosiglitazone
at low concentration has no inhibitory effect on HT-29
cell growth and proliferation, but enhances apoptosis of
HT-29 cells induced by fluorouracil. The mechanism of
rosiglitazone underlying the improvement of fluorouracilinduced apoptosis may be associated with Bax and Bcl-2
depending on PPARγ.

MATERIALS AND METHODS
Reagents
Propidium iodide (PI), acridine orange (AO), ethidium
bromide (EB) were purchased from Sigma Chemical
Company (St. Louis, MO, USA). RPMI-1640 medium
and newborn calf serum were supplied by Giboco BRL
(Grand Island, NY, USA). Methyl thiazolyl tetrazolium
(MTT) and dimethyl sulfoxide (DMSO) were bought
from Sigma. Polyclonal antibodies against PPARγ, Bcl-2
and Bax were purchased from Santa Cruz Biotech Co.
Horseradish peroxidase-conjugated goat antimouse IgG
and goat antirabbit IgG were purchased from Santa Cruz
biotechnology, Inc.
Cell lines and cell culture
Human colon cancer HT-29 cells were obtained from
the China Center for Type Culture Collection (Wuhan,
China). HT-29 cells were cultured in RPMI-1640 medium
supplemented with 10% newborn calf serum, 80 U/mL
penicillin and 100 U/mL streptomycin in humidified
atmosphere (90% relative humidity) with 5% CO2 at 37℃.
The culture media were changed every two days.
MTT assay for proliferation
HT-29 cells were plated onto 96-well plates at approximately 1.0 × 104 cells per well and incubated for 12 h. The
cells were treated with rosiglitazone or fluorouracil or both
at various concentrations for 72 h. Then 20 μL of 5 g/mL
MTT in phosphate-buffered saline (PBS) was added. The
plates were incubated for 4 h and formosan was dissolved
in 100 μL DMSO. The absorbance at 570 nm was recorded
using an enzyme-linked immunosorbent assay reader. The
proliferation inhibition rate (IR) was calculated according
to the following formula: IR% = [1-absorbance of drug
treatment group/absorbance of vehicle control group] ×
100%[15]. The IR was analyzed using Calcusyn program to
determine the IC50 of each drug. The combination index
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(CI)-isobologram by Chou and Talalay [16] was used to
analyze the drug combination: CI = IC50(AB)/(IC50(A) + IC50(B))
(A, B represent different drugs).
CI > 1, CI = 1 and CI < 1 indicate antagonism,
additive effect, or synergism, respectively.
Cell growth assessment by trypan blue exclusion method
HT-29 cells were plated onto 24-well plates at approximately 1.0 × 104 cells per well and incubated for 12 h.
The cells were treated with rosiglitazone or fluorouracil
or both at various concentrations. On d 1, 2, 3, 4 and 5,
the cells were harvested by trypsinization and counted
under microscope after trypan blue staining. Three
independent experiments were carried out based on the
following formula: cell viability% = number of cells in
drug treatment group/ number of cells in control group
× 100% [17] . Population doubling time was calculated
as follows: TD = t㏒2/㏒Nt-㏒N0, where TD is population
doubling time, t is cell culture time, N0 and Nt are the
number of cells at initiation and t time, respectively).
Cell morphological observation by AO/EB staining
Cells were treated with rosiglitazone or fluorouracil or
both for 72 h, then harvested with 0.25% trypsin and
resuspended in PBS. After staining for 10 min with 10 μL
of 100 mg/mL acridine orange/ethidium bromide (AO/
EB) mixture, cells were visualized immediately under a
fluorescence microscope (TE2000-S, Nikon, USA)[18].
Apoptosis assay by FCM using PI staining
Cells were treated with rosiglitazone or fluorouracil or
both for 72 h, then harvested with 0.25% trypsin and
washed with PBS. Cells at a density of 1 × 106 were fixed
in 70% ice-cold ethos/PBS and stored at 4℃ overnight,
then washed with PBS and incubated in PI solution (69
mom PI, 388 mom sodium citrate, 100 go/mL Raze A)
for 15 min at 37℃. Cells were immediately analyzed with
a FAC scan flow cytometer (Becton Dichinson, San Jose,
USA)[17].
Western blot analysis of PPARγ, NF-ΚB, Bcl-2 and Bax
expression
Cells were lysed in a lysis buffer containing 0.1 mol/L
Nacl, 0.01 mol/L Tris-Cl, 0.001 mol/L EDTA, 1 μmol/L
aprotinin, and 100 μ mol/L phenylmethylsulfonyl
fluoride (PMSF) at 4℃ with sonication. The lysates were
centrifuged at 15 000 × g for 15 min and the concentration
of protein was determined with a bicinchoninic acid
protein assay kit (Pierce Chemicals), using bovine serum
albumin as a standard. Loading buffer (42 mmol/L Tris-Cl,
10% glycerol, 2.3% SDS, 5% 2-mercaptoethanol and 0.02%
bromophenol blue) was then added to each lysate, which
was subsequently boiled for 5 min and electrophoresed
on a SDS-polyacrylamide gel. Proteins were transferred
onto a polyvinylidene difluoride membrane (PVDF),
and incubated separately with antibodies against PPARγ,
Bcl-2, Bax and β-actin, and then labled with horseradish
peroxidase-conjugated secondary antibodies. The reactions
were visualized using an enhanced chemiluminescence
reagent (Santa Cruz). The results were approved by
www.wjgnet.com
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Figure 1 Effect of rosiglitazone and/or 5-Fu on proliferation and growth of
HT-29 cells exposed to rosiglitazone or 5-Fu (A), 5-Fu with or without 10 μmol/L
rosiglitazone (B), and treated with rosiglitazone and 5-Fu (C) at the indicated
concentration for 72 h. aP < 0.05 vs control group, bP < 0.01 vs rosiglitazone group.

repeating the reaction 3 times using different samples[19].
Statistical analysis
Data were expressed as mean ± SD. ANOVA was used to
assess the statistical significance of differences. P < 0.05
was considered statistically significant.

RESULTS
Effect of rosiglitazone on fluorouracil-induced proliferation
and growth inhibition of HT-29 cells
To examine the effect of rosiglitazone on fluorouracilinduced proliferation inhibition of HT-29 cells, the
proliferation inhibition rate of HT-29 cells treated with
fluorouracil in the presence or absence of rosiglitazone
was calculated by MTT method. Rosiglitazone exerted
almost no inhibitory effect at the concentration below
30 μmol/L (IR < 20%) for 72 h on HT-29 cells. The IR
value for fluorouracil at 30 μmol/L and 100 μmol/L was
www.wjgnet.com
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30.20% and 64.9%, respectively (Figure 1A). Since the IR
value for rosiglitazone at 10 μmol/L was 12.01%, we coadministered 10 μ mol/L rosiglitazone with 3, 10, 30,
100 μmol/L of fluorouracil respectively to HT-29 cells. As
shown in Figure 1B, fluorouracil inhibited proliferation of
HT-29 cells in a dose-dependent manner and rosiglitazone
significantly enhanced the proliferation inhibition of
HT-29 cells induced by fluorouracil (P < 0.05).
The IC 50 of rosiglitazone, fluorouracil or both was
140.4 ± 21.23 μmol/L, 56.9 ± 6.21 μmol/L, 10.5 ± 0.14
μmol/L respectively and the CI value for rosiglitazone and
fluorouracil was 0.257, indicating the synergistic effect of
combined drugs.
Trypan blue exclusion assay showed that rosiglitazone
potently enhanced the susceptibility of HT-29 cells to
fluorouracil. Although 10 μmol/L rosiglitazone was not
cytotoxic to HT-29 cells, it could dramatically enhance
growth inhibition of HT-29 cells stimulated by 100 μmol/L
fluorouracil (Figure 1C). When treated with 100 μmol/L
5-Fu, the doubling time of HT-29 cells was 2.5 d, whereas
it was 3.4 d in the presence of 10 μmol/L rosiglitazone.
Effect of rosiglitazone on fluorouracil-induced apoptosis
of HT-29 cells by AO/EB staining
Apoptotic cells were detected by mor phological
obser vation using AO/EB staining. As shown in
Figure 2A, the normal cells (Figure 2A.a) and cells
treated with 10 μ mol/L rosiglitazone (Figure 2A.b)
exhibited uniformly dispersed chromatin and intact cell
membrane. Typical morphological changes were found in
apoptotic HT-29 cells exposed to 100 μmol/L fluorouracil
for 72 h, including apoptotic nuclear condensation
(Figure 2A.c). However, the number of cells with nuclear
condensation was significantly increased in cells
cotreated with 100 μmol/L fluorouracil and 10 μmol/L
rosiglitazone for 72 h (Figure 2A.d), revealing that rosiglitazone could enhance fluorouracil-induced apoptosis.
Effect of rosiglitazone on fluorouracil–induced apoptosis
of HT-29 cells by FCM using PI staining
To quantify and assess the apoptotic rate of HT-29 cells
induced by rosiglitazone in combination with fluorouracil,
the proportion of cells that had a DNA content of less than
2N was analyzed by FCM using PI staining (Figure 2B).
The apoptosis rate for HT-29 cells treated with 10 μmol/L
rosiglitazone for 72 h was 2.1% ± 0.26, which was similar to
that for the untreated control group (1.8% ± 0.21). In the
presence of 10 μmol/L rosiglitazone, the apoptotic rate for
HT-29 cells induced by 10, 30, 100 μmol/L fluorouracil for
72 h was increased from 20.7% ± 0.46%, 23.7% ± 0.43%,
and 30.3% ± 0.97 to 28.1% ± 0.70%, 32.7% ± 0.45%, and
40.3% ± 0.73% respectively, indicating that rosiglitazone
dramatically promoted apoptosis of HT-29 cells induced by
fluorouracil.
Effect of PPARγ antagonist on fluorouracil–induced
apoptosis of HT-29 cells induced by rosigliatzone
To confirm that rosiglitazone enhances fluorouracilinduced apoptosis of HT-29 cells depending on PPARγ,
the effect of GW9662 on fluorouracil–induced apoptosis
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concentration for 72 h, then harvested and stained with AO/EB. Results are representative of three experiments.

induced by rosigliatzone was investigated. As shown in
Figure 3A , the apoptosis rate of HT-29 cells pretreated
with GW9662 30 min before exposed to rosiglitazone and
5-Fu was 33.1% ± 0.81%, lower than that of HT-29 cells
not pretreated with GW9662 (40.3% ± 0.73%).
Effect of rosiglitazone on expression of PPARγ, Bax, Bcl-2
in HT-29 cells
As shown in Figure 3B, the expression of PPARγ and
Bax increased in a time-dependent manner, while the
expression of Bcl-2 decreased in a time-dependent manner
in HT-29 cells treated with 10 μmol/L rosiglitazone for 0, 4,
8, 12 h, respectively.
Effect of PPARγ antagonist on Bax and Bcl-2 expression
induced by rosigliatzone
To confirm the relationship between the expressions
of Bcl-2/Bax and PPAR γ in HT-29 cells induced by
rosiglitazone, HT-29 cells were pretreated with GW9662, a
PPARγ antagonist, 30 min before treatment with 10 μmol/L
or 30 μmol/L rosiglitazone for 12 h. We found that the
expression of Bcl-2 and Bax in HT-29 cells induced by
rosiglitazone was blocked by GW9662 (Figure 3C).

DISCUSSION
A previous study suggested that rosiglitazone inhibits
proliferation of the human adrenocortical cancer cell line
H295R in a dose-dependent manner with the maximal
effect (about 50% inhibition) obtained at 20 μmol/L[20].
Another study also demonstrated that rosiglitazone only
at high concentration (> 10 μ mol/L) inhibits growth
and viability of cancer cells [21] . However, the plasma
concentration of rosiglitazone in typical diabetes patients
is 1.67 μmol/L[14]. Thus rosiglitazone should not be used
as a single anticancer agent.
In this study, rosiglitazone at a low concentration
(< 30 μ mol/L) did not inhibit HT-29 cell growth
in vitro. Importantly 10 μmol/L rosiglitazone promoted
fluorouracil-induced proliferation and growth suppression
of HT-29 cells. The mechanism may be associated
with the low concentration of rosiglitazone promoting
fluorouracil-induced apoptosis. When a combination of
10 μmol/L rosiglitazone with various concentrations of
5-Fu was used, the apoptotic rate of HT-29 cells improved
compared with 5-Fu alone.
Although rosiglitazone is the most potent and selective
synthetic ligand of PPAR γ , it suppresses cancer cell
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growth through PPAR γ-dependent and independent [22]
signal path ways, because different cellular models may be,
at least in part, responsible for the discrepancies. In the
present study, rosiglitazone increased PPARγ expression
in a time-dependent manner. More importantly, the effect
of fluorouracil-induced apoptosis induced by rosiglitazone
was blocked by GW9662, suggesting that fluorouracilinduced apoptosis induced by rosiglitazone depends on
PPARγ.
Fluorouracil has been known to cause cell injury by
inhibiting thymidylate synthesis or by incorporating itself
into DNA or RNA[23]. High level expression of thymidylate
increases the activity of deoxyuridine triphosphatase[23],
methylation of the MLH1 gene, and over expression of
Bcl-2, Bcl-XL[24,25]. It was reported that Mcl-1 proteins lead
www.wjgnet.com

to resistance to 5-Fu[26], suggesting that multiple factors
contribute to 5-Fu resistance. It was reported that that
ovarian tumors over-expressing Bcl-2 may not respond well
to E1A gene therapy, but treatment with a combination of
E1A and Bcl-2-ASO may overcome it[27]. Zhu et al[28] found
that colon cancer cells resistant to tumor necrosis factorrelated apoptosis-inducing ligand (TRAIL) can be resensitized by a combination therapy of TRAIL and 5-Fu.
In our study, rosiglitazone decreased Bcl-2 expression in
HT-29 cells, suggesting that fluorouracil-induced apoptosis
may reduce HT-29 cell resistance by down regulating Bcl-2
in a time- and dose- dependent manner.
Bcl-2 family can positively and negatively regulate
apoptosis [29] . Bcl-2 and Bax are two members of the
Bcl-2 family, and play a different role in programmed cell

Zhang YQ et al . Rosiglitazone sensitizes HT-29 cells to fluorouracil

death[30]. When Bax is over-expressed in cells, apoptosis
in response to death signals is accelerated, leading to its
designation as a death agonist [31]. When Bcl-2 is overexpressed it heterodimerized with Bax and death is
repressed [31] . Therefore, the ratio of Bcl-2 to Bax is
important in determining susceptibility to apoptosis[30]. In
our study, rosiglitazone increased Bax expression in HT-29
cells in a time- and dose- dependent manner, suggesting
that rosiglitazone-induced apoptosis may also reduce
HT-29 cell resistance by up-regulating Bax expression.
On the other hand, the effect of rosiglitazone on
decreasing Bcl-2 level and increasing Bax level in HT-29
cells was blocked by GW9662, sug gesting that the
enhancing effect of rosiglitazone on apoptosis of HT-29
cells is associated with decreasing Bcl-2/Bax expression by
activating PPARγ.
In conclusion, a combination of rosiglitazone and
fluorouracil induces strong inhibition of HT-29 cell
proliferation and growth. However, the in vivo effect needs
further study.
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Abstract
AIM: To investigate the mutation of p 53 immunohistochemically in non-tumorous gastric mucosa with
H pylori infection before and after H pylori eradication
therapy.
METHODS: 53 subjects (36 male, 17 female, mean
age ± SEM, 57.1 ± 12.1) undergoing endoscopic
examination were included in this study. 42 of 53
patients were H pylori -positive, and 11 were H pylori negative. All H pylori -positive patients had successful
eradication therapy. Biopsy specimens were taken from
five points of the stomach, as recommended by the
updated Sydney system. Immunohistochemical studies
were performed by using primary antibodies against p 53
(DO-7 and PAb240).
RESULTS: p 53 (DO-7 and PAb240) immunoreactivity
was shown in the neck region of the gastric
pits, however, quite a few cells were found to be
immunopositive for p 53 (PAb240) in the H pylori infected gastric mucosa. The proportion of patients
immunopositive for p 53 (PAb240) was significantly
reduced 6 mo after eradication [28/42 (66.7%) to 6/42
(14.3%)] (P < 0.05), while the biopsies taken from
H pylori -negative patients showed no immunoreactivity
for p 53 (PAb240). p 53 (PAb240)-positive patients were
divided into two groups by the number of positive cells
detected: one with more than six positive cells per 10
gastric pits (group A, n = 12), and the other with less
than five positive cells per 10 gastric pits (group B, n =
30). Atrophy scores in group A were significant higher
than those in group B at the greater curvature of the
antrum (group A: 2.00 ± 0.14 vs group B: 1.40 ± 0.15,
P = 0.012), the lesser curvature of the corpus (group A:
2.00 ± 0.21 vs group B: 1.07 ± 0.23, P = 0.017), and
the greater curvature of the corpus (group A: 1.20 ± 0.30

vs group B: 0.47 ± 0.21, P = 0.031). Group A showed

significant higher intestinal metaplasia scores than group
B only at the lesser curvature of the antrum (group A: 2.10
± 0.41 vs group B: 1.12 ± 0.29, P = 0.035).

CONCLUSION: H pylori -associated chronic gastritis
expressed the mutant-type p 53, which was significantly
associated with more severe atrophic and metaplastic
changes. H pylori eradication led to a significant
reduction in the expression of the mutant-type p 53. It
is considered that H pylori -infected chronic gastritis is
associated with a genetic instability that leads to gastric
carcinogenesis, and H pylori eradication may prevent
gastric cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Helicobacter pylori is one of the main pathogens that
cause many kinds of gastroduodenal diseases. These
include acute gastritis [1-3], chronic atrophic gastritis [3,4],
intestinal metaplasia[5], peptic ulcer[6,7], mucosal associated
lymphoid tissue (MALT) lymphoma [8] , and other
disorders [9,10]. Although many epidemiological studies
and animal models revealed close association between
gastric cancer and H pylori infection[11-13], there have been
few studies that report on genetic alterations suggestive
of gastric carcinogenesis associated with chronic H pylori
infection [14-17]. Previously, we reported the expression
of p53, a product of oncosupressor-gene and cell
cycle regulator, in the H pylori-infected human gastric
mucosa [18] as well as in a Japanese monkey model [19] .
p53 expression was observed in the neck region of the
gastric pit, and was reported to be reduced after H pylori
eradication[18]. p53 mutation is among the major episodes
in the multi-step process of gastric carcinogenesis, while
www.wjgnet.com

1542

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

March 14, 2007

Volume 13

Number 10

Figure 1 Immunohistochemistry for p53
(DO-7) in H pylori-infected gastric mucosa.
Positive staining for p53 (DO-7) was
observed in the gastric pit, especially in the
neck region before eradication (× 200).

it has also been reported in pre-malignant lesions of the
stomach, such as chronic gastritis, intestinal metaplasia,
and dysplasia[20-22]. However, it remains unclear whether
p53 expression in the gastric pit is mutant-type or wildtype. In this study, we used the primary antibodies
reacting with both wild and mutant type-p53, and
those reacting only with the mutant-type p53 in our
immunohistochemical studies to clarify the p53 alterations
in the H pylori-infected gastric mucosa.

MATERIALS AND METHODS
Subjects
A total of 53 subjects (36 male, 17 female, mean age SEM,
57.1 ± 12.1) who underwent endoscopic examination
were included in this study. 42 out of 53 patients were
H pylori-positive and 11 were H pylori-negative. In 42
H pylori-positive patients, 14 patients had gastric ulcers,
5 had duodenal ulcers, 5 had gastro-duodenal ulcers, and
15 had chronic gastritis. All H pylori-positive patients had
successful eradication therapy, and underwent biopsies
before and six months after eradication. Biopsies for
examination were taken at the same biopsy sites in H pylorinegative subjects as in the H pylori positive patients.
Detection of H pylori in gastric biopsy specimens
H pylori in the stomach was detected by the rapid urease
test, culture, and histological examination. For the urease
test, biopsy specimens were immediately inserted into the
rapid urease test solution. For culture detection, biopsy
material was cultured on 7% sheep’s blood agar plates
under micro-aerobic conditions and at high humidity and
at 37℃ for four days. H pylori was histologically detected
by May-Giemsa stain. H pylori eradication was considered
successful when the results of all three tests were found
negative.
Histological evaluation
Biopsy specimens were taken from five points of the
stomach, as recommended by the updated Sydney
system[23], i.e. the lesser curvature of the antrum (A1),
and the greater curvature of the antrum (A2), the smaller
curvature of the angle (IA), and the lesser curvature of
the middle corpus (B1), and the greater curvature of
the upper corpus (B2). All biopsy materials were fixed
in buffered formalin for 24 h and embedded in paraffin.
Serial sections were stained with haematoxylin-eosin and
with May-Giemsa stain. The status of the gastric mucosa
was evaluated according to the updated Sydney system.
The degree of inflammation, neutrophil activity, atrophy,
and intestinal metaplasia were classed by four grades, with
0 being for ‘normal’, 1 for ‘mild’, 2 for ‘moderate’, and 3
for ‘marked’, respectively.
Immunohistochemical detection of p53
Serial paraffin sections were washed in 1/15 mol/L
phosphate buffered saline (PBS, pH 7.4) three times for
five minutes, and pre-incubated in normal rabbit serum
(1:10 in PBS) for 20 min. Next, these sections were
incubated with primary antibodies for 16 h at 4℃, followed
www.wjgnet.com

by the avidin-biotin complex method. The sections were
immersed in 0.05 mol/L Tris-HCl buffer containing
0.02% 3, 3’-diaminobenzidine tetrahydrochloride and
0.005% H2O2, and the nuclei were counterstained with
hematoxylin. Control sections incubated with normal
mouse IgG instead of the primary antibody showed no
non-specific staining. The primary antibodies used in this
study were mouse monoclonal anti-p53 protein (clone
DO-7 and PAb240, Dako, Carpinteria, CA, USA), and
were diluted to 1:50. Control sections incubated with
normal mouse IgG instead of the primary antibody
showed no non-specific staining.
Evaluation of p53 (DO-7 and PAb240)
Cells immunopositive for p53 (DO-7) were counted in
longitudinal sectioned foveolar pits and were found visible
along their whole length. Labeling indices for p53 (DO-7)
are indicated as the proportion of positive cells among the
cell total of the gastric mucosa. At least 500 cells in the
gastric epithelial cells were calculated in each specimen.
Cells immunopositive for p53 (PAb240) were counted in
per 10 longitudinal gastric pits.
Statistical analysis
Statistical analysis (Wilcoxon signed-rank test and MannWhitney’s U test) was performed to analyze the updated
Sydney system score and labeling indices.

RESULTS
Immunohistochemical detection of p53 (DO-7)
Immunoexpression of p53 (DO-7) was observed in the
neck region of the H pylori-infected gastric pits from
all biopsy sites (Figure 1). These p53-positive cells were
significantly reduced 6 mo after H pylori eradication. In
contrast, the gastric mucosa without H pylori infection
showed very few positive cells in the gastric pits. The
labeling index for p53 (DO-7) in the H pylori-infected
group before eradication was significantly higher than
that in the non-H pylori-infected group (P < 0.001)
(Figure 2). After eradication, the labeling index for p53
was significantly reduced at all biopsy sites (A2; from
14.98% to 6.80%; P < 0.001, A1; from 12.63% to 4.96%;
P < 0.001, IA; from 14.24% to 4.26%; P < 0.001, B1;
from 17.49% to 6.41%; P < 0.001, B2; from 14.45% to
4.48%; P < 0.001) (Figure 2).
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Figure 2 Labeling indices for p53 (DO-7) in 42 patients with H pylori infection,
6 mo after eradication, and 11 patients without H pylori infection. Results were
shown as mean ± SEM. p53 (DO-7) indices were significantly reduced 6 mo after
eradication at all biopsy sites. p53 indices for the H pylori-infected mucosa were
significantly higher than those for the gastric mucosa without H pylori infection at
all biopsy sites. bP < 0.001, vs H pylori non infected group.

Figure 3 Immunohistochemistry for p53 (PAb240) in the H pylori-infected gastric
mucosa. A small number of cells clearly showing the expression of p53 (PAb240)
were detected in the neck region before eradication. A: a 53-yr-old male with
gastric ulcer; B: a 51-yr-old male with chronic gastritis; × 400).

DISCUSSION
Immunohistochemical detection of p53 (PAb240)
Immunoreactivity of p53 (PAb240) was also shown in
the neck region of the gastric pits; however, quite a few
cells were found to be immunopositive for p53 (PAb240)
in the H pylori-infected gastric mucosa (Figure 3A and
3B). Indices for p53 (PAb240) in all examined patients
are indicated in Table 1. Immunopositive cells for p53
(PAb240) were found in 28 out of 42 (66.7%) H pyloripositive patients, while H pylori-negative patients showed
no immunoreactivity for p53 (PAb240) in all five biopsy
specimens. Six months after eradication, the ratio of
cells immunopositive for p53 (PAb240) was significantly
reduced [28/42 (66.7%) to 6/42 (14.3%)] (P < 0.05) (Table 2).
In patients immunoreactive for p53 (PAb240), the total
number of positive cells from all five biopsy specimens
ranged from 0 to 19.1 per 10 gastric pits. When divided by
the number of positive cells, 30 H pylori-positive patients
had less than five cells, 8 patients had six to 10 cells, 1
patient had 11 to 15 cells, and 3 patients had more than
16 positive cells, respectively, with the majority of patients
found to have less than five positive cells. Thus the
patients were divided into two groups by the number of
positive cells: one with more than six positive cells per 10
gastric pits (group A, n = 12); and the other with less than
five positive cells per 10 gastric pits (group B, n = 30).
Before eradication, labeling indices of p53 (DO-7) were
significantly higher in group A than in group B at all biopsy sites
except the lesser curvature of the antrum (Figure 4). H pylori
density, inflammation, and activity scores in the updated
Sydney system showed no significant difference between the
groups (Table 3). However, atrophy scores in group A were
significantly higher than in group B at biopsy site A2 (group
A: 2.00 ± 0.14 vs group B: 1.40 ± 0.15, P = 0.012), B1 (group A:
2.00 ± 0.21 vs group B: 1.07 ± 0.23, P = 0.017), and B2 (group
A: 1.20 ± 0.30 vs group B: 0.47 ± 0.21, P = 0.031) (Table 3).
There was no significant difference in atrophy scores between
the two groups at biopsy site A1 and IA. group A showed
significantly higher intestinal metaplasia scores than group B
only at A1 (group A: 2.10 ± 0.41 vs group B: 1.12 ± 0.29, P =
0.035), with no significant difference in intestinal metaplasia
scores seen at all the other biopsy sites.

Previously, we reported the significant over-expression
of p53 in the H pylori-infected gastric pits, as well as
its significant reduction after H pylori eradication [18] .
Other researchers also repor ted that p53 was
immunohistochemically detected in the non-neoplastic
H pylori-infected gastric mucosa [24-28], and that H pylori
eradication therapy also diminished the expression of
p53[18,25,27].
p53 is thought to be one major player in the regulation
of cell cycle [29] in which DNA damage activates p53
proliferation, and p53 binds to MDM2 and other
molecules. This binding protein arrests cell proliferation
and maintains the integrity of the cell by DNA repairing
or cell apoptosis. In contrast, mutant p53 loses these
abilities. In a previous report [18] , we considered that
immunodetection of p53 (DO-7) signified whether
accelerated wild type-p53 or occurrence of mutant
type-p53. Teh et al[28] reported that p53 detection in the
non-neoplastic epithelium was considered to reflect an
accumulation of wild-type p53 due to the sensitivity of the
currently available antigens. Our study also suggested an
accumulation of wild-type p53, especially in the H pyloriinfected mucosa probably because of the DNA damage
that occurred to H pylori infection. In addition, the present
study showed that quite a few cells were found positive for
mutant-type p53 (PAb240), instead of p53 (DO-7). There
has been no study reported to date demonstrating the
positive immunohistochemical staining for mutant-type
of p53 in the non-neoplastic gastric mucosa. Our results
indicated that while the majority of cells that reacted with
p53 (DO-7) account for an accumulation of wild-type p53,
mutant type p53 might also be expressed in some cells
of the gastric pit. Murakami et al[14] and Morgan et al[31]
reported the presence of point mutations in exon 5 to 8 of
p53 in H pylori-positive gastritis, and several other studies
have shown that gastric precancerous lesions, such as
atrophic gastritis and intestinal metaplasia, are associated
with p53 abnormalities[20-22,26, 32]. Murakami et al[14] reported
that the point mutations are present in 52.4% of the
gastritis, with Morgan et al[31] reporting the presence of p53
mutations in 35% of the gastritis and 45% of the intestinal
www.wjgnet.com
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Table 1 Immunohistochemical detection agaisnt p 53 (PAb 240) in gastric mucosa
Number of positive cells per
ten crypts against p 53 (PAb240)
6 mo after eradication

Number of positive cells per
ten crypts against p 53 (PAb240)
before eradication
Case Sex

Age Clinical diagnosis
(yr)

A2

A1

IA

B1

B2

A2

A1

IA

B1

B2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
33
34
35
36
37
38
39
40
41
42

F
F
M
M
M
M
M
M
M
F
M
M
M
M
M
M
F
F
M
F
M
F
F
F
M
M
M
F
M
M
M
F
F
M
M
F
M
F
M
M

42
26
64
64
56
50
45
52
60
71
60
55
42
68
67
57
77
51
64
57
51
75
65
51
53
68
50
78
58
74
48
68
46
64
42
71
58
46
76
51

0
0
0
0
0
0
0
0
0
1.7
1.3
0
2.4
0
0
0
0
0
0
0
0
5.7
0.5
0.6
7.5
0.9
0
0
0
0
1.1
0
3.3
0
0
0
0
0
0.9
2.9

0
0
0
0
0.8
0
0
0
0
0
0
0
2.2
0
0
0
0
0
0
0
0
0
0
0
2.7
2.9
1.3
0
0
0
0
0
0
0
0
0
1
0
3
0

0
0
11.4
0
0
0
0
0
0
0.8
0
0
0
0
0
0
0
0
0
0
0
3.3
0
2.7
5
0
0.6
0
2.5
0
3.8
0
7.5
0
0
0
0.8
0
2.2
3.1

0
0
0
2.5
0
0
0
0
0.8
0.7
0
0
0
0
0
2
1.7
0.7
0
0
0
0
0
0
2.1
0
0
2.2
0
1.7
0
0
6
6.7
0
0
0
0
1.7
5.4

0
0
0
0
0
0
2.3
0
0
0
0
0
0
0
0
0
0
0
2.3
0
0
0.8
0
4.2
0
0
0
1.8
0
4.5
3.8
0
0
0
0
0
0
0
1.7
7.7

0
0
0.7
0
0
0
0
0
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0

0
0
0
0
0
0
1.1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1.7
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
2.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1.7
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
0
0
0
0
0

H pylori 43
negative 44
45
46
47
48
49
50
51
52
53

M
M
M
M
M
F
F
M
M
F
M

25
49
51
68
40
64
52
59
73
59
38

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

H pylori
positive

Gstric ulcer
Duodenal ulcer
Gastric ulcer
Gastric ulcer
Gastric ulcer
Gastric ulcer
Gastroduodenal ulcer
Chronic gastritis
Gastric ulcer
Chronic gastritis
Gastric ulcer
Gastric ulcer
Gastroduodenal ulcer
Gastric ulcer
Chronic gastritis
Chronic gastritis
Gastric ulcer
Chronic gastritis
Gastric ulcer
Chronic gastritis
Chronic gastritis
Chronic gastritis
Chronic gastritis
Chronic gastritis
Gastric ulcer
Chronic gastritis
Chronic gastritis
Chronic gastritis
Gastric ulcer
Chronic gastritis
Chronic gastritis
Chronic gastritis
Gastric ulcer
Duodenal ulcer
Chronic gastritis
Chronic gastritis
Chronic gastritis
Chronic gastritis
Chronic gastritis
Chronic gastritis

0
0
0
0
0
0
0
0
0
0
0

A1: Lesser curvature of the antrum; A2: Greater curvature of the antrum; IA: Lesser curvature of the angle; B1: Lesser curvature of the lower body; B2: Greater
curvature of the upper body.

Table 2 Positive ratio of Immunohistochemical detection
against p53 (PAb 240)

b

Before eradication

6 mo after eradication

H pylori positive

66.7% (28 out of 42)

14.3% (6 out of 42)b

H pylori negative

0% (0 out of 11)

P < 0.01 vs before eradication in H pylori positive group.

www.wjgnet.com

metaplasia. Unger et al[32] demonstrated that the expression
of p53 and apoptotic indices in gastritis in the absence of
intestinal metaplasia are significantly higher in H pyloripositive patients than in H pylori-negative patients. These
studies are in agreement with our results indicating that in
some p53 mutations are found mutant type-p53 products
in the H pylori-infected gastric pits.
In a comparison between group A with more than six
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Table 3 The differences of updated Sydney system score between the group showed more than six positive cells for p53 (PAb240) per
10 gastric pits (group A) and the group showed less than five cells for p53 (PAb240) per 10 gastric pits (Group B)
Contents of updated
Sydney system

Group

H pylori

Group A
Group B
Group A
Group B
Group A
Group B
Group A
Group B
Group A
Group B

Inflammation
Activity
Atrophy
Intestinal etaplasia

Biopsy points
A2

A1

IA

B1

B2

1.25 ± 0.25
0.71 ± 0.18
2.20 ± 0.12
2.05 ± 0.18
1.40 ± 0.15
1.06 ± 0.20
2.00 ± 0.14
1.40 ± 0.15a
0.90 ± 0.31
0.82 ± 0.27

0.50 ± 0.21
0.88 ± 0.22
2.20 ± 0.12
1.99 ± 0.17
1.00 ± 0.23
0.94 ± 0.18
1.75 ± 0.13
1.57 ± 0.15
2.10 ± 0.41
1.12 ± 0.29c

1.00 ± 0.21
0.88 ± 0.21
2.10 ± 0.16
2.00 ± 0.17
1.20 ± 0.23
1.00 ± 0.18
2.13 ± 0.28
1.67 ± 0.18
1.80 ± 0.40
1.47 ± 0.32

0.88 ± 0.24
1.13 ± 0.19
2.30 ± 0.13
2.00 ± 0.12
1.20 ± 0.23
1.05 ± 0.16
2.00 ± 0.21
1.07 ± 0.23a
1.30 ± 0.36
1.11 ± 0.29

1.38 ± 0.21
1.41 ± 0.17
1.90 ± 0.16
1.82 ± 0.12
1.30 ± 0.23
0.94 ± 0.17
1.20 ± 0.30
0.47 ± 0.21a
0.20 ± 0.12
0.12 ± 0.12

A1: the lesser curvature of the antrum; A2: the greater curvature of the antrum; IA: smaller curvature of the angle; B1: and the lesser curvature of the middle
corpus; B2: the greater curvature of the upper corpus. aP < 0.05 vs atrophy scores in group A, cP < 0.05 vs intestinal metaplasia scores in group A.
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Figure 4 Labeling indices for p53 (DO-7) in group A with more than 6 positive cells
for p53 (PAb240) per 10 gastric pits (n = 12) and group B with less than 5 positive
cells for p53 (PAb240) per 10 gastric pits (n = 30) before eradication. Results are
shown as mean ± SEM. Labeling indices for p53 (DO-7) were significantly higher
for group A than for group B at all biopsy sites except for the lesser curvature of
the antrum. aP < 0.05, bP < 0.01, NS, not statistical.

positive cells per 10 gastric pits and group B with less than
five cells per 10 gastric pits, group A showed significantly
higher labeling indices for p53 (DO-7) in all biopsy sites
than group B. This result suggested an increase in wildtype p53 as it was caused by the greater DNA damage due
to the gene instability in place that might increase mutanttype p53. Moreover, group A showed significantly higher
atrophy and intestinal metaplasia scores in the stomach,
suggesting that the gastric mucosa with more severe
atrophic changes or extensive intestinal metaplasia has
a greater number of mutant-type p53. Thus, it is likely
that the development of atrophic changes and intestinal
metaplasia gradually increased the occurrence of p53
mutations. Gastric cancer of the intestinal type follows
a multi-step process of carcinogenesis, such as atrophic
gastritis, intestinal metaplasia, and dysplasia[33]. Therefore,
the present results indicate that H pylori infection in the
gastric mucosa may be implicated in the pathway of
gastric carcinogenesis. Nardone et al [26] reported that
DNA aneuploidy was seen in 11 patients with H pylori
infection and atrophy, with 8 of these found to show
c-Myc expression, and 6 of these to have p53 expression,
and they concluded that chronic H pylori infection may

be responsible for genomic instability in a subset of
H pylori-positive chronic atrophic gastritis. Unger et al[32]
also reported that H pylori-positive gastritis accompanied
with intestinal metaplasia showed a lack of increased
apoptosis with a higher p53 expression, which suggests
an increased genetic instability, thus concluding that p53
mutation is an early step in the multi-step process of
gastric carcinogenesis. Our results confirm the relationship
between atrophic and/or metaplastic gastric mucosa with
H pylori infection and genetic instability, which lead to
gastric carcinogenesis.
In the present study, H pylori eradication therapy led
to a significant reduction in the expression of both p53
(DO-7) and p53 (PAb240). The number of mutant-type
p53-positive patients was significantly decreased 6 mo
after eradication. In our previous study, we exhibited that
eradication reduces both p53 and MDM2 expression[18].
Hibi et al[25] and Satoh et al[27] also described a reduction in
the expression of p53 after eradication. Nardone et al[26]
reported that H pylori eradication reduced gastritis activity,
atrophy, and complete metaplasia, accompanied by the
disappearance of markers of genomic instability, thereby
concluding that eradication can reverse inflammation,
associated atrophy, metaplasia, and genomic instability.
The present study also indicated that H pylori eradication
diminished p53 abnormality, and this result accounted for
the improvement of genetic instability.
Many researchers reported morphologic alterations
of gastric mucosa, especially those of atrophic and
metaplastic status after H pylori eradication[34], while their
results are conflicting, with some of them reporting that
eradication did not improve atrophy and/or intestinal
metaplasia, and some concluding that eradication could
improve the gastric atrophy and/or intestinal metaplasia.
However, after the year 2000, the majority of papers
reported improvements in the gastric mucosa with H pylori
eradication.
The present study confirmed the hypothesis that H pylori
eradication reverses the atrophic changes in the gastric
mucosa and the genetic instability, thus preventing the
development of gastric cancer.
In conclusion, in chronic gastritis associated with
H pylori infection, the expression of mutant-type p53 was
www.wjgnet.com
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seen significantly greater in more severe atrophic and
metaplastic changes. H pylori eradication led to a significant
reduction in the expression of mutant-type p53. It is
suggested that chronic gastritis associated with H pylori
infection has genetic instability, which leads to gastric
carcinogenesis, and that H pylori eradication may prevent
gastric cancer.
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Abstract
AIM: To study the immunological protective effect of

H pylori vaccine with chitosan as an adjuvant and its
mechanism.

METHODS: Female BALB/c mice were randomly divided
into seven groups and orally immunized respectively
with PBS, chitosan solution, chitosan particles, H pylori
antigen, H pylori antigen plus cholera toxin (CT), H pylori
antigen plus chitosan solution, H pylori antigen plus
chitosan particles once a week for four weeks. Four
weeks after the last immunization, the mice were
9
challenged twice by alive H pylori (1 × 10 CFU/mL) and
sacrificed. Part of the gastric mucosa was embedded
in paraffin, cut into sections and assayed with Giemsa
staining. Part of the gastric mucosa was used to
quantitatively culture H pylori . ELISA was used to detect
cytokine level in gastric mucosa and anti- H pylori IgG1,
IgG2a levels in serum.
RESULTS: In the groups with chitosan as an adjuvant,
immunological protection was achieved in 60% mice,
which was significantly higher than in groups with
H pylori antigen alone and without H pylori antigen
(P < 0.05 or 0.001). Before challenge, the level of IFN
and IL-12 in gastric mucosa was significantly higher in
the groups with chitosan as an adjuvant than in the
control group and the group without adjuvant (P < 0.05
or 0.005). After challenge, the level of IFN and IL-12
was significantly higher in the groups with adjuvant than
in the groups without adjuvant and antigen (P < 0.05
or 0.001). Before challenge, the level of IL-2 in gastric
mucosa was not different among different groups. After

challenge the level of IL-2 was significantly higher in the
groups with adjuvant than in the control group (P < 0.05
or 0.001). Before challenge, the level of IL-10 in gastric
mucosa was significantly higher in the groups with
chitosan as an adjuvant than in other groups without
adjuvant (P < 0.05 or 0.01). After challenge, the level
of IL-10 was not different among different groups.
Before challenge, the level of IL-4 in gastric mucosa was
significantly higher in the groups with chitosan as an
adjuvant than in other groups without adjuvant (P < 0.05).
After challenge, the level of IL-4 was significantly higher
in the groups with chitosan particles as an adjuvant than
in the group with CT as an adjuvant (P < 0.05), and
in the group with chitosan solution as an adjuvant, the
level of IL-4 was significantly higher than that in control
group, non-adjuvant group and the groups with CT
(P < 0.05 or 0.001). The ratio of anti- H pylori IgG2a/
IgG1 in serum was significantly lower in the groups with
chitosan as an adjuvant than in the groups with CT as an
adjuvant or without adjuvant (P < 0.01).
CONCLUSION: H pylori vaccine with chitosan as an
adjuvant can protect against H pylori infection and
induce both Th1 and Th2 type immune response.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colonization of H pylori in the stomach is associated with
the risk of developing different gastroduodenal diseases
including chronic gastritis, peptic ulcer, mucosa-associated
lymphoid tissue lymphoma and gastric cancer. The current
treatment against H pylori infection is a combination
therapy with two different antibiotics plus a protonpump inhibitor with or without colloidal bismuth, which
can eradicate the bacteria in most cases. However, this
therapy has some major drawbacks, including high cost
and development of antibiotic resistance. So vaccination
www.wjgnet.com
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would be a suitable alternative or complement to antibiotic
treatment to eradicate the bacteria. A large number of
animal experiments have shown that immunization with
H pylori antigen in combination with certain adjuvants
can prevent and even eliminate H pylori infection[1-3]. At
present, the effective adjuvants are cholera toxin (CT)
and Escherichia coli heat-labile toxin (LT), but they cannot
be used in humans due to their toxicity and side effects.
There is no effective and non-toxic adjuvant for humans.
Chitosan is a deacetylated product of chitin, which is
non-toxic, non-irritable, non-antigenic, bioadhesive,
biocompatible and biodegradable[4]. Some studies showed
that chitosan as an immune adjuvant could effectively
enhance the immune response of local mucosa [5-7] and
antigen presentation [8] . But there is no report about
chitosan as an adjuvant for H pylori vaccine. In the present
study, mice were vaccinated with a bacterial whole-cell
sonicate of H pylori plus chitosan and then challenged
by H pylori, in order to delineate its effect and possible
mechanisms against H pylori infection.

MATERIALS AND METHODS
Reagents and bacterial strains
Chitosan and 88.5% deacetylated chitosan powder were
purchased from Qisheng Biological Products Limited
Company, Shanghai. Campylobacter agar base and Brucella
broth were purchased from Shanghai Reagent Providing
and Research Centre for Diarrhea Disease Control,
China. ELISA kits for IL-2, IFN, IL-12, IL-4 and IL-10
were purchased from Bender MedSystem (USA). Sheepanti-mouse IgG1 and IgG2a peroxidase conjugate was
purchased from Zymed-Laboratories INC (USA). H pylori
Sydney strain 1 (SS1) was kindly provided by H pylori Strain
Pool, China.
Animals
Female BALB/c mice, 6-8 wk of age and 22.5 g of mean
weight, were purchased from Animal Centre of China
Academy of Sciences, Shanghai (licensing number: SCXK
(HU) 2002-0010). The mice were housed in a specific
pathogen-free environment with free access to food and
water.
Culture of H pylori
The Sydney strain of H pylori was used throughout the
experiments. H pylori was grown in Campylobacter agar
base containing 7.5% sheep blood under microaerobic
conditions (5% O2, 10% CO2, 85% N2) at 37℃ for 2-3 d,
and harvested from the agar plates by eluting with broth
culture. Bacterial density was detected at 660 nm. One OD
was 108/mL.
Preparation of H pylori antigen
After cultured for 2-3 d, the Sydney strain of H pylori was
eluted with phosphate buffer saline (PBS), and centrifuged
at 1000 × g for 10 min. The pellet was washed three times
with PBS, and cells were disrupted by sonication. After
centrifugation at 8000 × g for 30 min at 4℃, supernatant
was collected and stored at -85℃ until use. Protein
www.wjgnet.com
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concentration was determined.
Preparation of chitosan particles
Ddeacetylated (88.5%) chitosan powders were suspended
in saline to the final concentration of 10 mg/mL and
sonicated at 80 HZ output power two times for 5 min
each with a sonicator, at 1 min intervals. Following a light
centrifugation (50 r/min, 10 min), small particles in the
supernatants were removed, filtered through a 400/2800
stainless steel mesh, and further centrifuged to collect
the particles at 1400 r/min for 10 min as previously
described[9].
Preparation of chitosan solution
Deacetylated (88.5%) chitosan stock solution was prepared
at 3% (w/w) in 0.8% (v/v) acetic acid 0.9% (w/v) saline
and heated at 37℃ to dissolve[10].
Vaccination and challenge of mice
BALB/c mice were randomly divided into 7 groups: (1)
control (PBS alone), 15 mice; (2) chitosan solution alone,
12 mice; (3) chitosan particles alone, 13 mice; (4) H pylori
antigen alone, 15 mice; (5) H pylori antigen plus chitosan
solution, 15 mice; (6) H pylori antigen plus chitosan
particles, 15 mice; (7) H pylori antigen plus CT, 12 mice.
BALB/c mice were orally immunized with H pylori
antigen (1.2 mg/mouse), chitosan particles (500 μg/mouse),
CT (5 μg/mouse), and 0.5% chitosan solution, once a
week for four weeks. Chitosan particles were whipped
into a stable emulsion by sonication with a sonifier at
20 HZ before immunization[9]. Four weeks after the last
immunization, the mice were challenged twice by alive
H pylori (1 × 109/mL, 0.5 mL/mouse).
Before challeng, five mice were randomly collected
respectively from the control group, H pylori antigen group,
H pylori antigen plus chitosan solution group and H pylori
antigen plus chitosan particles group and killed. Samples
were collected for further use. The other mice were killed
4 wk after the last challenge. Blood was collected by
removing eyeballs immediately before the mice were killed.
The stomach was isolated for histology, examination of
H pylori, and determination of cytokine level. The stomach
was washed in sterile 0.8% NaCl and cut longitudinally
into two pieces. One was used for quantitative culture
of H pylori, while the other was used for histology and
determination of cytokine expression.
Assessment of bacterial load in stomach
The bacterial load in the stomach was determined by
quantitatively culture of H pylori and improved Giemsa
staining, when both of them negative was difined as
H pylori negative and when anyone of them positive was
difined as H pylori positive. For assessment of H pylori
colonization, weighed stomachs were homogenized in
0.3 mL of Brucella broth, 1/4 and 1/8 serial dilutions
were spread over the surfaces of serum plates containing
10 mg of vancomycin, 2500 IU of polymyxin and 5 mg of
trimethoprim per liter. The plates were incubated for 3-7 d.
Colonies were counted to determine the CFU per gram of
stomach tissue. In Giemsa staining, the colonization was
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Table 1 Rates of immune protection of H pylori vaccine with
different kinds of adjuvant
Groups
(1) Control
(2) Chi-solution
(3) Chi-particles
(4) Hp antigen
(5) Hp antigen + CT
(6) Hp antigen + chi-solution
(7) Hp antigen + chi-particles
P < 0.001

n
10
12
13
10
12
10
10

H pylori positive
n (%)

Rates of immune
protection (%)

10 (100)
12 (100)
13 (100)
10 (100)
5 (41.67)
4 (40)
4 (40)

0
0
0
0
58.33d
60a,b
60a,b

a

P < 0.05 vs (1) and (4) groups; bP < 0.01 vs (2) and (3) groups; dP < 0.01 vs
(1)-(4) groups; chi = chitoson.

A

B

C
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Table 2 H pylori colonization score in gastric mucosa
Groups

n

(1) Control
(2) Chi-solutiond
(3) Chi-particlesd
(4) Hp antigenc
(5) Hp antigen + CTa,d
(6) Hp antigen + chi-solutionb
(7) Hp antigen + chi-particlesb
H = 57.181, P < 0.001

10
12
13
10
12
10
10

H pylori colonization score
0

1

2

3

0
1
0
1
7
6
7

2
8
10
5
2
4
3

4
2
1
2
1
0
0

4
1
2
2
2
0
0

b

P < 0.01 vs (1)-(4) groups; aP < 0.05 vs (4) group; cP < 0.05 vs (1) group; dP < 0.01
vs (1) group; chi = chitoson.

1 h at 37℃. After washed three times with PBS-Tween-20,
100 μL of diluted (1/100) serum samples was added to
wells and incubated for 1 h at 37℃. After washed three
times with PBS-Tween-20, 100 mL of sheep-anti-mouse
IgG1 and IgG2a peroxidase conjugate was added to wells
and incubated further for 1 h at 37℃. After washed three
times with PBS-Tween-20, 100 μL of o-phenylendiamine
solution containing 0.01% H2O2 was added to wells and
incubated for 30 min at room temperature. The reaction
was stopped by the addition of 50 μL of 2 mol/L sulfuric
acid, and color development was measured by a plate
reader at 492 nm. The results were represented as A value
of samples/A value of control.

Figure 1 H pylori stained with Giemsa in gastric tissue of mice. No H pylori
found in H pylori antigen + chi-particles group (A) , and lots of H pylori found
on surface of gastric mucosa (B) and in gastric foveola (C) of control group
(Giemsa dyeing × 400).

Statistical analysis
Differences in the protection rate against H pylori
infection were analyzed by Fisher’s exact test. Differences
in H pylori-specific antibody and cytokine level in gastric
mucosa among experimental groups were detected for
statistical significance by analysis of variance or Student’s
t test. P < 0.05 was considered statistically significant.

assessed by semiquantitative analysis of H pylori in gastric
mucosa (nil = 0; 1-2 call/crypt = 1; 3-10 call/crypt = 2;
11-20 call/crypt = 3; > 21 call/crypt = 4)[11].

RESULTS

Determination of cytokines in gastric mucosa by ELISA
After weighed, the gastric mucosa was homogenized in
1.3 mL PBS and the homogenates were centrifuged at
3000 × g at 4℃ for 20 min. Supernatant was harvested
and diluted at 1:2. For quantification of IL-2, IFN, IL-12,
IL-4 and IL-10 in the supernatants, commercial enzymelinked immunosorbent assay (ELISA) systems were used.
The limit of detection was 3 pg/mL for IL-4, 22 pg/mL
for IL-10, and 6 pg/mL for IL-12, 8 pg/mL for IL-2, and
8 pg/mL for IFN. The results were represented as pg/mg
wet weight of gastric mucosa.
Determination of H pylori-specific antibodies in serum
H pylori-specific antibodies (IgG1 and IgG2) in serum
were detected by indirect ELISA. Each well of microtiter
plates was coated with 100 μL of H pylori antigen solution
at the concentration of 20 μg/mL in 0.01 mol/L sodium
carbonate-bicarbonate buffer (pH 9.6) overnight at 4℃.
After suction, 200 μ L of 0.1% BSA solution in PBSTween-20 was added to each well and further incubated for

Rates of immune protection against H pylori infection
Significant difference was found in the rates of immune
protection of vaccines with different adjuvants against
H pylori infection (P < 0.001), and the protection rates
were significantly higher in the groups with adjuvant than
in the groups without adjuvant and antigen (P < 0.05 or
0.001, Table 1).
H pylori colonization score in gastric mucosa
Significant difference was observed in density of H pylori
colonization among different groups (P < 0.001), and the
density of H pylori colonization was significantly lower
in the groups with adjuvant than in the groups without
adjuvant or antigen (P < 0.05 or 0.001, Table 2, Figure 1).
CFU/g of H pylori in gastric mucosa
Significant difference was found in H pylori colonization
among different groups, as indicated by the number of
CFU/g of H pylori in gastric mucosa (P = 0.001). The
number of CFU/g of H pylori was significantly lower in
the groups with chitosan as an adjuvant than in other
www.wjgnet.com

1550

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 3 Density of H pylori colonization in gastric mucosa
Groups
(1) Control
(2) Chi-solution
(3) Chi-particles
(4) Hp antigen
(5) Hp antigen + CT
(6) Hp antigen + chi-solution
(7) Hp antigen + chi-particles
H = 27.43, P = 0.001

n
10
12
13
10
12
10
10

Median of H pylori
colony number (CFU/g)
4.74 × 105
0.73 × 105
1.83 × 105
0.48 × 105
0
0
0

chi = chitoson.

groups without adjuvant (P < 0.05 or 0.01). There was no
significant difference in H pylori colonization among
the groups with CT as an adjuvant or without adjuvant
(P > 0.05, Table 3).
Cytokine level in gastric mucosa
Before challenge, there was no significant difference
in IL-2 level among different groups. But there was
significant difference in levels of IFN, IL-12, IL-10 and
IL-4 among different groups (P < 0.05 or 0.005), which
were significantly higher in the groups with chitosan as an
adjuvant than in other groups without adjuvant (P < 0.005,
Table 4). After challenge, there was significant difference
in levels of IFN, IL-12, IL-2 and IL-4 among different
groups. The level of IL-2 was significantly higher in the
groups with chitosan solution as an adjuvant than in the
groups without antigen (P < 0.05 or 0.001). Moreover, the
level of IL-2 was significantly higher in the groups with
chitosan particles and H pylori antigen alone than in the
control group and the group with chitosan solution alone
(P < 0.05). The level of IFN and IL-12 was significantly
higher in the groups with adjuvant than in the groups
without antigen or adjuvant (P < 0.05 or 0.001). The level
of IL-4 was significantly higher in the groups with chitosan
particles than in the groups with CT (P < 0.05). Moreover,
the level of IL-4 in the groups with chitosan solution as
adjuvant was significantly higher than in other groups with
chitosan solution alone, H pylori antigen alone and CT as
adjuvant (P < 0.05). There was no significant difference in
the level of IL-10 among different groups (P > 0.05, Table 5).
There was significant difference in the levels of IL-2,
IFN, IL-12, IL-10 and IL-4 before and after challenge
by alive H pylori. The levels of IL-2, IFN and IL-12 were
significantly higher in the groups with H pylori antigen
after challenge than those before challenge (P < 0.05).
The levels of IL-10 were significantly lower in the groups
with adjuvant after than before challenge (P < 0.05). The
level of IL-4 was significantly lower in the groups with
chitosan particles as adjuvant after challenge than before
challenge (P < 0.05). The level of cytokines before and
after challenge was not significantly different in the other
group (P > 0.05, Figure 2).
Level of anti-Hp IgG2a, IgG1 and ratio of IgG2a/IgG1 in
serum
After challenge, there was significant difference in the
levels of anti-Hp IgG2a, IgG1 and ratio of IgG2a/IgG1
www.wjgnet.com
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in serum among different groups (P < 0.001). The level
of anti-Hp IgG2a was significantly higher in the groups
with chitosan particles than in other groups with H pylori
antigen alone or chitosan alone and the control group
(P < 0.05 or 0.001). The level of anti-Hp IgG2a was
significantly higher in the groups with CT or chitosan
solution than in the control group (P < 0.05). The level of
anti-Hp IgG1 was significantly higher in the groups with
adjuvant than in other groups with chitosan alone and in
the control group (P < 0.05). Moreover, the level of antiHp IgG1 was significantly higher in the groups with H pylori
antigen than in the control group (P < 0.05). The ratio of
IgG2a/IgG1 was significantly lower in the groups with
chitosan than in the groups with CT, H pylori antigen alone
and in the control group (P < 0.01, Table 6).

DISCUSSION
All effective vaccines need a suitable antigen-presenting
system that depends on adjuvant or vehicle[12]. H pylori
antigen alone cannot induce protective immune response.
Antigen-presenting system can introduce exogenous
antigen into cells, and can enhance the immune response
to antigen and even change the type of immune response.
Many studies showed that chitosan can effectively
promote local immune response and enhance antigen
presentation [5-8]. In this study, we evaluated a vaccine
deliver y system with chitosan, the rate of immune
protection of vaccine with chitosan as adjuvant against
H pylori infection was 60%, which was significantly
higher than with H pylori antigen alone or chitosan alone,
indicating that chitosan can be used as a mucosa adjuvant
of H pylori instead of CT.
CD4+ helper T cells (Th) in mice can be divided into
Th1 and Th2 subtypes. Th1 cells can synthesize and
secrete IL-2, IL-12, IFN- γ , take part in cell-mediated
immune response and promote the production of IgG2a
by B cells. Th2 cells can also secrete cytokines such as L-4,
IL-5, and IL-10, help B cells produce antibody, take part in
humoral immune response and promote the production of
antibodies such as IgG1, IgE and IgA. Negative feedback
exists in the two types. Th can regulate immune response.
Recently, different Th response types induced by H pylori
vaccine and their effects in immune response are the main
point in the mechanism of H pylori vaccine, indicating
that the balance of Th1 and Th2 response is involved in
the protection mechanism of H pylori vaccine. In natural
H pylori infection, the presence of Th1 is the primary
immune response. Th1-mediated cell immunity cannot
protect against H pylori infection and is related to the
severity of H pylori infection[13-15]. At the same time, CD4+
Th2 secreting IL-4 and IL-10 is depressed, thus IgA secreted
by B cells is reduced, leading to persistent H pylori infection.
After immunization, the type of immune response has
changed from Th1 to Th2. Hatzifoti et al [16] reported
that immunization of mice with DNA vaccine encoding
urease B genes could up-regulate the expression of Th2
cytokine IL-10. Mohammadi et al[17] found that stimulating
immune response to Th2 could reduce the number of
H pylori and the intensity of inflammation of gastric
mucosa, indicating that if the type of immune response
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Table 4 Levels of IL-2, IFN-γ, IL-12, IL-10 and IL-4 in gastric mucosa before challenge (mean ± SD)
Groups

n

IL-2

IFN-γ

IL-12

IL-10

IL-4

(1) Control
(2) Hp antigen
(3) Hp antigen chi-solution
(4) Hp antigen+ chi-particles

5
5
5
5

19.9 ± 12.6
20.6 ± 3.5
28.6 ± 9.3
27.6 ± 13.9
F = 0.739
P = 0.544

28.6 ± 10.2
33.6 ± 13.7
58.5 ± 12.2b
59.8 ± 15.2b
F = 7.948
P = 0.002

118.9 ± 46.2
165.3 ± 47.4
283.5 ± 93.7c,d
283.4 ± 99.6c,d
F = 6.083
P = 0.006

67.2 ± 32.5
104.3 ± 19.1
255.3 ± 131.8c,d
237.1 ± 98.3c,d
F = 6.228
P = 0.005

4.19 ± 2.95
6.49 ± 2.61
14.70 ± 8.73a
14.48 ± 6.84a
F = 4.189
P = 0.023

a

P < 0.05 vs (1) and (2) groups; bP < 0.01 vs (1) and (2) groups; cP < 0.05 vs (2) group; dP < 0.01 vs (1) group; chi = chitoson.

Table 5 Levels of IL-2, IFN-γ, IL-12, IL-10 and IL-4 in gastric mucosa after challenge (mean ± SD)
Groups

n

(1) Control
(2) Chi-solution
(3) Chi-particles
(4) Hp antigen
(5) Hp antigen + CT
(6) Hp antigen + chi-solution
(7) Hp antigen + chi-particles

10
11
10
9
10
10
10

IL-2

IFN-γ

34.3 ± 11.8
31.8 ± 27.4
51.1 ± 42.6
97.9 ± 64.2a
80.9 ± 60.2c
124.3 ± 75.2b
88.6 ± 57.0a
F = 3.370
P = 0.002

48.7 ± 27.8
56.8 ± 26.1
58.8 ± 28.1
59.4 ± 15.0
93.6 ± 23.5e,f
107.5 ± 42.0d
105.9 ± 48.1d
F = 6.346
P < 0.001

IL-12

IL-10

233.7 ± 125.7
308.5 ± 178.7
311.3 ± 129.6
319.4 ± 136.3
487.0 ± 289.3e,f
525.6 ± 112.2d
554.0 ± 164.4d
F = 5.448
P < 0.001

IL-4

86.4 ± 38.2
100.7 ± 52.6
88.4 ± 51.7
89.3 ± 29.01
81.8 ± 49.5
108.5 ± 39.0
93.1 ± 39.2
F = 0.745
P > 0.05

3.87 ± 1.99
4.47 ± 1.89
7.21 ± 4.02g
4.89 ± 3.15
3.67 ± 1.76
8.78 ± 4.96h,i
6.59 ± 1.38k
F = 3.214
P = 0.003

a

P < 0.05 vs (1) and (2) groups; bP < 0.001 vs (1)-(3) groups; cP < 0.05 vs (1) group; dP < 0.01 vs (1)-(4) groups; eP < 0.05 vs (2)-(4) groups; fP < 0.01 vs (1) group; gP < 0.05
vs (1), (2) and (5) groups, hP < 0.01 vs (1), (2) and (5) groups; iP < 0.05 vs (4) group; kP < 0.05 vs (5) group; chi = chitoson.

Before
After
challenge challenge

Before
After
challenge challenge

IL-2

IFN-γ

Before
After
challenge challenge
IL-12

300
250
200
150
100
  50
      0

pg/mg

600
500
400
300
200
100
      0

pg/mg

pg/mg

120
100
  80
  60
  40
  20
      0

pg/mg

Control

pg/mg

140
120
100
  80
  60
  40
  20
      0

Before
After
challenge challenge

16
14
12
  8
  6
  4
  2
   0

IL-10

Hp
Hp + chisolution
Hp + chiparticles

Before
After
challenge challenge
IL-4

Figure 2 Levels of IL-2, IFN-γ, IL-12, IL-10 and IL-4 in gastric mucosa before and after challenge in different groups.

Table 6 Levels of anti-HpIgG2a, IgG1 and ratio of IgG2a/IgG1 in serum after challenge (mean ± SD)

a

Groups

N

IgG2a

IgG1

IgG2a/IgG1

(1) Control
(2) Chi-solution
(3) Chi-particles
(4) Hp antigen
(5) Hp antigen + CT
(6) Hp antigen + chi-solution
(7) Hp antigen + chi-particles

10
11
10
9
10
10
10

4.44 ± 2.09
6.28 ± 3.62
5.56 ± 2.27
9.21 ± 6.80a
11.22 ± 5.52a
11.48 ± 5.55a
16.13 ± 10.20b
F = 4.572
P < 0.001

2.77 ± 1.18
3.96 ± 2.32
4.57 ± 2.09
6.43 ± 4.88a
7.71 ± 5.11d,e
9.04 ± 5.35b
8.02 ± 5.29c,d
F = 10.308
P < 0.001

2.13 ± 1.24
1.64 ± 0.85
1.43 ± 0.37g,h
2.356 ± 1
2.19 ± 0.86
1.06 ± 0.4f
1 ± 0.37f
F = 3.780
P < 0.001

P < 0.05 vs (1) group; bP < 0.01 vs (1)-(3) groups; cP < 0.05 vs (2) and (3) groups, dP < 0.01 vs (1) group; eP < 0.05 vs (2) group; fP < 0.01 vs (1), (4) and (5) groups;
P < 0.05 vs (5) group; hP < 0.01 vs (4) group.

g

induced by immunization has changed from Th1 to Th2,
H pylori colonization in gastric mucosa can be inhibited
by producing Th2 cytokines such as IL-4. Saldinger et al[18]
immunized H. felis -infected mice with oral rUreB and
CT, and found that infected mice were cured 3 wk after

the 4th immunization. they also found that immunization
could lead to the proliferation of CD4 + T cells in the
spleen of mice accompanying gradual decrease in IFN-γ
and increase in IL-4, indicating that immunization of mice
with rUreB and CT could induce gradual Th2 immune
www.wjgnet.com
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response , thus eliminating H. felis. However, some studies
showed that Th1 and Th2 response together is better
than Th2 response only in preventing H pylori infection[19].
Gottweln et al reported that the two kinds of H pylori
vaccine with complete Freund's or aluminum as adjuvant,
which induce Th1 and Th2 immune response respectively,
could induce protective immune response in vivo in
mice, indicating that Th1 and Th2 immune response
have the effect of immune protection. Eisenberg et al[21]
immunized neonatal and adult mice with H pylori antigen
and complete or incomplete Freund’s adjuvant and found
that the number of T cells producing Th1 cytokines like
IFN-γ, IL-2 and Th2 cytokines like IL-4 IL-5 increased,
have the effect of immune protection. Sommer et al[22] used
CpG oligonucleotide as adjuvant to induce Th1 immune
response, and found that it could not protect against
H pylori infection but lead to more serious gastritis. Thus in
the protective immune response to H pylori, Th1 and Th2
are needed. It must have a balance between Th1 and Th2
to achieve immune protection and to prevent tissue from
damaging by serious inflammation[23].
In our study, before challenge by alive H pylori, the
levels of IFN, IL-12, IL-4 and IL-10 were significantly
higher in the groups with chitosan than in other groups
without adjuvant, indicating that in the early stage of
immune, they induce immune response to both Th1 and
Th2. But 4 wk after challenge the levels of IL-2, IFN
and IL-12 were significantly higher in the groups with
adjuvant than in groups without adjuvant or in control
group, indicating that after challenge they could promote
the production of Th1 cytokines. The levels of IL-4 and
IL-10 were significantly lower after challenge than before
challenge. Chen et al[24] found that in the early stage of
H pylori challenge (5 wk), the level of Th2 cytokines was
significantly lower, even undetectable. Yu et al[25] found
that after oral immunization with H pylori antigen plus
LT, Th1 and Th2 immune response are induced in the
early and advanced stage respectively, indicating that oral
immunization can induce Th1 as well as Th2 immune
response, which is in accordance to our study. In our study,
after H pylori challenge the level of IL-4 was significantly
higher in the group with chitosan particles as adjuvant than
in the group with CT as adjuvant, and the level of IL-4 was
significantly higher in the group with chitosan solution as
adjuvant than in the groups with CT as adjuvant, chitosan
solution alone and H pylori antigen along, indicating that
H pylori vaccine with chitosan is better than that with CT
in inducing Th2 cytokines especially IL-4. In addition,
after H pylori challenge the levels of anti-Hp IgG2a and
IgG1 were significantly higher in the groups with adjuvant
than in the control group. IgG2a and IgG1 were induced
by Th1 and Th2 immune response respectively, indicating
H pylori vaccine can up-regulate Th1 and Th2 immune
response. But the ratio of IgG2a/IgG1 in serum was
significantly lower in the groups with chitosan as adjuvant
than in other groups with CT as adjuvant or H pylori
antigen alone, indicating that chitosan as an adjuvant can
reverse the inhibition of Th2 induced by H pylori infection
and return to the balance between Th1 and Th2, thus
contributing to the immune protection against H pylori
infection.
www.wjgnet.com
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Chitosan can regulate immune response. Studies
showed that chitosan as a mucosa adjuvant of the vaccine
against meningococci and Bordetella bronchiseptica could
successfully induce protective immune response [26,27].
Seferian et al[28] inoculated BALB/c mice with chitosan
plus β- human chorionic gonadotropin, and found that
the mixed immune response to IgG1, IgG2a and IgG2b
antibodies could be observed in the groups with chitosan
emulsion as adjuvant. Bivas-Benita et al[29] immunized mice
with oral Toxoplasma gondii GRA1 protein and DNA
vaccine-loaded chitosan particles, and successfully induced
specialized anti- GRA1 IgG1 and IgG2a, indicating
that it can enhance immune respons to Th1 and Th2.
McNeela et al[30] found that immunization with chitosan
plus diphtheria toxin could induce both systemic and local
specific humoral immune response. At the same time, it
could enhance immune response to Th1 and Th2.
In conclusion, H pylori vaccine with chitosan as
adjuvant could induce Th1 and Th2 immune response, and
partially reverse the inhibition of Th2 induced by H pylori
infection and recover the balance between Th1 and Th2.
As an adjuvant of H pylori vaccine, chitosan is better than
CT in immune protection against H pylori infection.
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Abstract
AIM: To investigate the presence and role of liver
epithelial cells in the healthy human adult liver.
METHODS: Fifteen days after human hepatocyte
primary culture, epithelial like cells emerged and started
proliferating. Cell colonies were isolated and subcultured for more than 160 d under specific culture
conditions. Cells were analyzed for each passage using
immunofluorescence, flow cytometry and reverse
transcription-polymerase chain reaction (RT-PCR).
RESULTS: Flow cytometry analysis demonstrated
that liver epithelial cells expressed common markers
fo r h e p a t i c a n d s t e m c e l l s s u c h a s C D 9 0 , C D 4 4
and CD29 but were negative for CD34 and CD117.
Using immunofluorescence we demonstrated that
liver epithelial cells expressed not only immature
(α-fetoprotein) but also differentiated hepatocyte
(albumin and CK-18) and biliary markers (CK-7 and
19), whereas they were negative for OV-6. RT-PCR
analysis confirmed immunofluorescence data and
revealed that liver epithelial cells did not express mature
hepatocyte markers such as CYP2B6, CYP3A4 and
tyrosine amino-transferase. Purified liver epithelial cells
were transplanted into SCID mice. One month after
transplantation, albumin positive cell foci were detected
in the recipient mouse parenchyma.
CONCLUSION: According to their immature and
bipotential phenotype, liver epithelial cells might
represent a pool of precursors in the healthy human
adult liver other than oval cells.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Mammalian adult liver shows a high capacity to regenerate
under different physiopathological circumstances thanks
to mature and progenitor cells with stem-like properties[1-4].
Following cellular loss, fully differentiated hepatocytes
and biliary epithelial cells can proliferate and completely
repair the liver[5-8]. When proliferation of these cells is
impaired during chronic or extensive damage of the liver,
non-parenchymal epithelial progenitor cells, expressing
both biliary and hepatocytic phenotypes, are activated and
participate in liver regeneration[9-11].
Studies using hepato-toxins or chemical carcinogens
treated animal models, revealed the existence of
oval cells in the canals of Hering [12-14] . These cells
express both hepatic [albumin (Alb), alpha fetoprotein
(AFP)] and biliary [cytokeratin (CK)-7, CK-19, OV-6,
γ -glutamyltranspeptidase (GGT)] markers, and some
antigens traditionally associated with hematopoietic cells,
including c-kit, Thy-1 and CD34[14,15] as well. During liver
regeneration, stimulated oval cells express high levels of
AFP, proliferate in the periportal area and migrate into
liver parenchyma. Liver epithelial cells (LECs) differ from
oval cells, and are as well candidate hepatic progenitor cells.
Such liver epithelial cells were obtained from the livers
of both normal[16] and carcinogen treated rats[17], normal
pigs[18], and human subacute hepatic failure patient[10], but
so far not from healthy human adult livers.
In the current study, we demonstrated the presence
of LECs in healthy human liver and isolated these
cells after primary culture. We successfully maintained
their proliferation more than 160 d and analyzed their
characteristics by flow cytometry, immunofluorescence,
and RT-PCR. Furthermore, LECs were transplanted into
SCID mice to evaluate their engraftment capacity.

MATERIALS AND METHODS
Cell isolation and culture
Liver parenchymal cell fraction was isolated from livers of

Khuu DN et al . Human liver epithelial stem-like cells

Table 1 Medical history of donors
Age (yr)

Sex

Cause of death

4
9
16
18
19
36
43
43
43
44
47
51
61

Male
Male
Female
Male
Male
Male
Male
Female
Female
Female
Female
Male
Male

Cranial trauma
Cranial trauma
Trauma
Trauma
Cranial trauma
Cardiac arrest
Euthanasia
Cranial trauma + Cerebral hemorrhage
Cerebral hemorrhage
Cerebral hemorrhage
Pulmonary embolism
Suicide
Cerebral hemorrhage

13 healthy cadaveric donors (Table 1) using the two-step
perfusion technique[19,20]. Ten to twenty million isolated
cells were suspended in hepatocyte growth medium (HGM)
[Williams’ E medium (Invitrogen) containing 10% fetal
bovine serum (FBS) (Perbio, Hyclone), 1% penicillinstreptomycin (Invitrogen), 100 nmol/L insulin (Lilly),
1 µ mol/L dexamethasone (Organon), and 25 ng/mL
epidermal growth factor (Peprotech)] and plated on dishes
coated with acid soluble typeⅠcollagen at a density of 105
cells/cm² in a fully humidified atmosphere containing 5%
CO2. Cells were allowed to attach and the first medium
change was performed after 24 h and then every 3 d.
Fifteen days later, hepatocytes died and small colonies
of LECs emerged from the culture dishes. The culture
medium was then switched to DMEM containing 10%
FBS and 1% penicillin/streptomycin in order to stimulate
the growth of these cells. When colonies were evident,
the other cell types were mechanically eliminated and
LECs were lifted using trypsin (Invitrogen). Isolated LECs
were replated on 6 well collagenⅠ- coated plates and
maintained in DMEM supplemented with 10% FBS and
1% penicillin-streptomycin. For each passage, cells were
analyzed using immunofluorescence, flow cytometry and
RT-PCR.
Immunofluorescence
Isolated cells were cultured on collagen I-coated glass
cover-slips and fixed with paraformaldehyde 4% (Merck).
Then cells were permeabilised for 15 min using 1% Triton
X-100 (Sigma) in TBS buffer (50 mmol/L Tris-HCl pH
7.4 and 150 mmol/L NaCl). Non-specific immunostaining was prevented by 1 h incubation in TBS buffer
containing 3% non-fat dry milk at 37℃. The primary
antibodies [monoclonal mouse anti-human Alb (Sigma),
polyclonal rabbit anti-human AFP (Dakocytomation),
monoclonal mouse anti-human CK-7 (Chemicon),
monoclonal mouse anti-human CK-19 (Dakocytomation)
and monoclonal mouse anti-human oval cell (OV)-6
(donation from professor Tania Roskams-Katholic
Universteit van Leuven)] were incubated with cells for 1 h
at room temperature. The secondary antibodies used [Cy3
conjugated anti-mouse IgG (Jackson immunoresearch
laboratories) and FITC-conjugated anti-rabbit IgG (Sigma)]
were incubated for 1 h at room temperature. The nuclei
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were revealed by 4, 6-Diamidino-2-phénylindole (DAPI,
Sigma) staining.
Periodic acid Schiff reaction
Cells were fixed with paraformaldehyde 4% (Merck)
during 20 min at room temperature, incubated with 1%
periodic acid solution for 10 min, rinsed in distilled water
and placed in Schiff reagent for 15 min. After washing for
10 min with water, nuclei were revealed by hematoxylin
staining.
Flow cytometry
Cells were harvested, suspended at a concentration of
500-1000/ µL in PBS and incubated for 30 min at 4℃
with the following antibodies: CD45-APC, CD34-APC
(Becton Dickinson), CD90-PC5, CD73-PE, CD29-PE,
HLA-DR-FITC (BD Pharmingen); CD44-FITC, CD117PC5 (Immunotech); HLA-ABC-PE (Dako Systems),
CD13-PE (Beckham Coulter) and CD105 Endoglin-FITC
(Immunokontact). The corresponding isotypes were used
for evaluation of non-specific binding of monoclonal
antibodies. Cells were then washed and suspended in
Isoton® (Beckham Coulter) for reading with a Beckham
Coulter Flow Cytometer.
Reverse transcription-polymerase chain reaction
Total RNA was pre pared using Tripure isolation
Reagent (Roche) and cDNA was generated using the
ThermoscriptTM RT kit (Invitrogen). PCR amplification
was performed for 28 cycles using specific primers (Table 2)
and ElongaseTM Enzyme Mix (Invitrogen). PCR products
were subject to 1% agarose gel electrophoresis and
visualized after ethidium bromide staining.
Mouse transplantation and immunohistochemistry
One million LECs were suspended in 100 µL PBS and
injected into the spleen of 6-8 wk SCID mice, half of
them being subject to 2/3 hepatectomy. Thirty days after
transplantation, livers were harvested, formalin-fixed
and embedded in paraffin. Five µm liver sections were
deparaffinized and hydrated to distilled water. Endogenous
peroxidase activity was blocked by incubation for 15 min
in a 3% hydrogen peroxide methanol solution. Slides
were incubated overnight with polyclonal rabbit antihuman Alb antibody (Calbiochem) diluted at 1/2500 in
PBS containing 0.1% bovine serum albumin. Staining
detection was visualized by Envision Dako Anti-Rabbit
(Dakocytomation) using diaminobenzidine (Sigma) as
chromogenic substrate. The nuclei were revealed by
hematoxylin staining.

RESULTS
Characterization of LECs
Isolated parenchymal cell fraction contained majority of
hepatocytes with viability estimated at 90% using trypan
blue exclusion technique. After 15 d culture in collagen
typeⅠ- coated plates, hepatocytes died and small colonies
of LECs emerged and proliferated (Figure 1A). The LECs
appeared in polygonal shape with central nucleus, several
www.wjgnet.com
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Table 2 Primers used for RT- PCR analysis of LECs
Gene name

Primers

PCR product
size

AFP

5’-TGAAATGACTCCAGTAAACCC-3’
5’-GATGAAGCAAGAGTTTCTCATT-3’
5’-CGA CCA TCT GCC GCT TTG AG-3’
5’-CCC CCT GTC CCC CAT TCC TA-3’
5’-CCA AGT ACA TCC CAG CTT TC-3’
5’-TTG GCA TCT GGG TCA AAG-3’

199 pb

Oct-4
Human
hepatocyte
nuclear factor
4 (HNF4)
ALB
CK-8
Glucose 6
phosphatase
(G6P)
α-antitrypsin
(AAT)
Tyrosine
aminotransferase (TAT)
Cytochrome
P450 1B1
(CYP1B1)
CYP2B6
CYP3A4
CK-19
GGT

March 14, 2007

Volume 13

A

B

C

D

Number 10

573 pb
295 pb

5’-CCTTGGTGTTGATTGCCTTTGCTC-3’ 308 pb
5’-CATCACATCAACCTCTGGTCTCACC-3’
5’-AAG GGC TGA CCG ACGAGA TC-3’ 537 pb
5’-GCT TCC TGT AGG TGG CGA TC-3’
5’-TCA GCT CAG GTG GTC CTC TT-3’ 291 pb
5’-CCT CCT TAG GCA GCC TTC TT-3’
5’-TCGCTACAGCCTTTGCAATG-3’
5’-GGAACTCCTCCGTACCCTCAA-3’
5’-TGA GCA GTC TGT CCA CTG CCT-3’

142 pb
359 pb

5’-ATG TGA ATG AGG AGG ATC TGA G-3’
5’-GAGAACGTACCGGCCACTATCACT-3’ 357 pb
5’-GTTAGGCCACTTCACTGGGTCATGAT-3’
5’-CCT CTT CCA GTC CAT TAC CG-3’
5’-TGA CTG CCT CTG TGT ATG GC-3’
5’-TGC TGT CTC CAA CCT TCA CC-3’
5’-TAG CTT GGA ATC ATC ACC ACC-3’
5’-TTTGAGACGGAACAGGCTCT-3’
5’-CAGCTCAATCTCAAGACCCTG-3’
5’-GAC GAC TTC AGC TCT CCC AG-3’
5’-CTT GTC CCT GGA TTG CTT GT-3’
5’-ACA CCA ACC AGA AAT GTG TC-3’
5’-CCA AGG CCT TCC AAA TCT C-3’

551 pb
802 pb
426 pb
489 pb

Multidrug
660 pb
resistanceassociated
protein 2
(MRP2)
Glyceraldehyde- 5’-CGGAGTCAACGGATTTGGTCGTAT-3’ 307 pb
3-phosphate
dehydrogenase 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’
(GAPDH)

nucleoli and a high cytoplasm/nucleus ratio (Figure 1B).
LECs colonies grew up, increased in size and had contact
inhibition after filling free spaces in the culture dishes.
LECs were obtained both from freshly isolated and
cryopreserved cell suspensions. Purified LECs resisted
to trypsin application and maintained their proliferation
potential of more than 5 passages in DMEM medium
supplemented with 10% FBS (Figure 1C and D) that leads
to purification of the cell population, indicating the selfrenewing ability of LECs in vitro.
As shown in Figure 2, the flow cytometry analysis of
LECs immuno-phenotype revealed that the cell population
strongly expressed common markers of haematopoietic
and mesenchymal stem cells. Indeed, LECs population
was positive for CD90 (Thy-1) and CD44, moderately
expressed CD73 and was negative for CD105 and CD13.
LECs expressed CD29, an immature liver cell marker, but
were negative for the hematopoietic markers CD34, and
CD117 whereas expression of CD45 was weakly noted.
Most of LECs expressed HLA-ABC but not HLA-DR.
As demonstrated by immunofluorescence, LECs were
homogenously positive for AFP, Alb and CK-18 (Figure
3A-C). Biliary markers such as CK-19 and CK-7 were
also positive in all the cell population (Figure 3D and E).
www.wjgnet.com

Figure 1 Morphology of LECs after liver cells primary culture (× 200). A: After 15 d
primary culture, small colonies of LECs emerged; B: organized in monolayers; C:
When colonies were evident, the other cells types were mechanically eliminated
and LECs were lifted and replated; D: LEC population reaching 70% confluence
analyzed for the other passages.

Up to now, oval cells are not unambiguously defined as
precursors of hepatocyte and biliary cells in adult liver
diseases. But morphology of LECs was distinguishable
from oval cells and did not express oval cell marker
(OV-6) (Figure 3F). Metabolic function analysis of LECs
also demonstrated their immature status. Thus LECs
did not secrete Alb and urea in the culture medium (data
not shown) and periodic acid-Schiff staining showed the
absence of glycogen storage (Figure 3G).
The data were reproducible in 3 different liver cell
supensions and the bi-potential phenotype of LECs was
confirmed using RT-PCR analysis. These cells strongly
expressed Alb, CK-8, CK-19 and CYP1B1 (Figure 4).
Furthermore, they expressed immature markers such
as AFP and POU transcription factor octamer-binding
protein 4 (Oct-4) but not HNF-4 (transcription factor
expressed early in endoderm formation). Expression
of mature hepatocyte markers such as G6P and AAT
was weakly noted whereas hepatocyte markers of final
maturation phase (CYP2B6, CYP3A4 and TAT) were
not found. Expression of genes associated with biliary
phenotype was also noted as for GGT and MRP2.
These parameters were maintained up to 5 passages.
After that, LECs adopted a very large cytoplasm (Figure
5A and B). Whereas expression of Alb, CK-18 and CK-19
(Figure 5D-F) was maintained during all of cultured time,
AFP (Figure 5C) and CK-7 (Figure 5G) staining was
significantly decreased.
Intrasplenic transplantation of LECs
To investigate the in vivo outcome of LECs, transplantation
of these cells was performed in the spleen of SCID mice,
half of them were hepatectomized. One month after
transplantation, mice were sacrificed and plasma analyzed
for the detection of human Alb. No presence of this
marker was noted after transplantation. In parallel, liver
tissues were analyzed using immunohistochemistry. Foci
or isolated cells positively stained for human Alb were
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Figure 2 Flow cytometry analysis of purified LECs. A: Flow cytometry histograms showing three cell populations isolated from different livers. Antigens expression was
detected with specific antibodies (red). Isotype-matched antibody controls (blue) and auto-fluorescence (green) showing the non-specific fluorescent labeling; B: Mean
expression percentage of analyzed cell markers obtained from three different LEC populations after the third passage.
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Figure 3 Immunofluorescence characterization of LECs in primary culture (× 200). Immunofluorescence was visualized using anti-rabbit FITC (green) and anti-mouse
Cy3 (rouge). The nuclei, stained by DAPI, appeared in blue. A: The expression of AFP, fetal liver marker, reflected their immature status; LECs expressed both hepatocytic
(B: ALB; C: CK-18) and biliary markers (D: CK-19; E: CK-7); F: LECs did not express oval cell marker OV-6; G, H: The representative photographs at phase contrast
microscopy after PAS staining. LECs in the primary culture were not able to store glycogen (G) as compared to human hepatocytes (H). The nuclei were stained with
hematoxylin.
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Figure 4 RT-PCR analysis of purified LECs. RT-PCR was assessed on mRNA
extracted from purified LECs at the 3rd passage. Data shown are agarose gel
electrophoresis of amplification products. Isolated human liver cells (h-hep)
and HepG2 cells were used as positive controls. LECs expressed human fetal
liver markers (a-fetoprotein (AFP) and transcription factor Oct-4) and adopted
hepatocyte (positive for ALB, CK-8, G6P, AAT, and CYP1B1) and biliary (positive
for CK-19, GGT and MRP2) phenotypes. These cells did not express HNF4, TAT,
CYP2B6 and CYP3A4.

detected in the recipient liver tissue of 3 transplanted
mice (Figure 6A and B) (2 of them were hepatectomized).
The detected cells were mostly localized near vascular
structures.

Figure 5 Characterization of LECs at the 5th passage (× 200). The phase contrast
microscopy photographs of LECs at the 5th passage showing an increased size
(A and B). Using immunofluorescence, in parallel to morphological changes, LECs
lost the expression of AFP (C) and CK-7 (G) but maintained the expression of ALB
(D), CK-18 (E) and CK-19 (F). LECs remained mostly negative for oval cell marker
OV-6 (H).
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DISCUSSION
In the present study, we report the in vitro isolation of
LECs from normal adult human liver. The culture of
the purified cells was maintained in vitro for more than
160 d (seven passages) leading to their characterization at
both the immuno-cytochemical and genetic levels. LECs
injected into the spleen of SCID mice showed their ability
to migrate and engraft into the recipient liver tissue.
Cell suspension obtained after collagenase liver
disaggregation might contain all the cell types in the liver,
the largest part being hepatocytes whereas the presence
of minority of non-parenchymal cells is not excluded.
When majority of hepatocytes undergoes cell death, LECs
spontaneously emerge and proliferate. These cells were
closely associated in a monolayer and formed several
www.wjgnet.com

Figure 6 Immunohistochemical analysis of LECs in the liver of transplanted
SCID mice. Foci or isolated cells stained for human Alb (brown) were detected
around centrolobular vein (A) and portal area (B) of transplanted SCID mice (2
hepatectomized and 1 normal SCID mice; C: Human Alb cells were not detected
in control mice; D: All of cells in human liver sections were stained for human
Alb.
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isolated colonies in the culture dishes. We hypothesized
that these cells are resident in the normal adult liver and
probably co-isolated with hepatocytes. Their detection in
the intact liver may remain difficult because of absence
of specific markers. Their proliferation may be stimulated
due to chemical signals released in the culture medium
after the death of mature hepatocytes (as proposed in
vivo in liver injury animal models). Furthermore, LECs
have been shown to survive in vitro after they were lifted
in new culture dishes leading to the purification of cell
population. LECs were evaluated both in the primary
culture (heterogeneous environment) and after trypsin
application, at the immunofluorescence level and showed
that these cells homogenously expressed hepatocytic
(Alb, CK-18) and biliary (CK-7 and CK-19) markers. The
hepatobiliary phenotype was confirmed using RT-PCR
analysis up to the 5th passage. LECs were also positive for
AFP and expressed Oct-4 but not the final maturation
phase markers CYP2B6, CYP3A4 and TAT, indicating
their immature state. The expression of these markers
was maintained while cells continue proliferating. The bipotential phenotype of LECs has already been described
for the oval cells that were presumed to be precursors of
hepatocyte and biliary cells in adult liver[2,14,15,21]. LECs were
morphologically different from oval cells (high cytoplasm/
nuclear ratio) and did not express markers such as CD117,
CD105 and OV-6 [14,15]. The bi-potential phenotype of
LECs may propose these cells as originating from another
resident progenitor/stem cells pool within the normal
adult liver. LECs were positive for CD90, a marker of
hematopoietic and fetal liver stem cells [22-24]. They also
expressed integrin β1 (CD29), a marker of hepatoblasts,
which persists after maturation process of both hepatocyte
and biliary epithelial cells[22,25].
The morphological and immunofluorescence analyses
demonstrate that human LECs resemble those previously
described in rats[2]. In young adult Fisher 344 rats, LECs
were isolated from the non-parenchymal fraction after
an incomplete collagenase-digestion of the liver. In
this study, hepatocytes were eliminated by differential
centrifugation[26]. In adult pig liver, epithelial cells have
been described to emerge as clusters after the culture of
parenchymal cell fraction. Nonetheless, a non-parenchymal
cell fraction, rather than a parenchymal cell fraction, was
recommended for obtaining such epithelial cells[18,27]. The
LECs reported in these studies even positive for Alb, AFP
and the oval cell marker OV-6 did not express biliary cell
markers such as CK-19 and GGT. In human, Selden and
colleagues have isolated epithelial cell population from the
liver of a 6 wk subacute liver failure patient[10]. The authors
hypothesized that this condition will enrich the recipient
liver of progenitor liver cells. In our study, we demonstrate
that LECs, although with low proportion, can be obtained
from normal human liver tissue even when we plated a
very limited initial cell suspension. Furthermore, we can
observe that LECs isolated in our study express CK-8 in
contrary to cells isolated from the subacute liver failure
patient. The differences observed between these studies
may be correlated to the use of liver isolation and cell
culture techniques.
In our study, culture of purified LECs was maintained
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after incubation in DMEM medium supplemented with
10% FBS. The immunofluorescence analysis revealed
that after the 5th passage, some LECs had a very large
cytoplasm and lose CK-7 although expression of Alb and
CK-18 was maintained. A decrease in AFP expression was
also noted. These data could suggest spontaneous in vitro
differentiation of these cells. Such phenomenon has been
documented for porcine LECs[18,27]. Nevertheless, other
studies demonstrated the ability of LECs to differentiate
into hepatocytes and biliary cells after incubation with
growth factors defined media[28,29]. In the rat model, normal
LECs have also been shown to engraft and to differentiate
into hepatocytes or biliary cells[30,31].
To evaluate this parameter, purified LECs were
intrasplenically transplanted in 4 SCID mice, half of them
being hepatectomized (70%). Evaluation of engraftment
efficiency was analyzed 1 mo after transplantation.
Although no human Alb was detected in ser um,
immunohistochemistry analysis demonstrated the presence
of human cells within the recipient parenchyma mostly
near vascular structures. These data suggest the ability
of LECs to migrate and to engraft in the liver. In our
study, hepatectomy did not stimulate the engraftment and
proliferation potential of human LECs in SCID mouse
liver suggesting a low ability of LECs to respond to murine
differentiation signals. It is also possible that an inhibition
of mouse liver cell regeneration induced by hepato-toxins
is necessary for stimulating LECs proliferation.
In conclusion, we demonstrated the presence of
LECs population within adult normal human liver. These
cells expanded in vitro, presented bi-potential phenotype
and were able to migrate and to engraft in the recipient
parenchyma after intrasplenic transplantation. As being
obtained after isolation of normal human liver, the pool
of these progenitor/stem-like cells may reside in the liver,
however, additional data regarding the progenitor’s biology
of this organ are needed.
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Abstract
AIM: To evaluate the expression of C-X-C motif chemokine
receptor 4 (CXCR4) and its signaling cascades, which
were previously identified as a key factor for cancer cell
progression and metastasis, in cholangiocarcinoma cell
lines.
METHODS: The expression of CXCR4 and its signaling
cascades were determined in the cholangiocarcinoma cell
lines (RMCCA1 and KKU100) by Western blotting. The
invasion assays and the detection of actin polymerization
were tested in these cholangiocarcinoma cells treated
with CXC chemokine ligand -12 (CXCL12).
RESULTS: Expression of CXCR4 was detected in
both cholangiocarcinoma cell lines and activation of
CXCR4 with CXCL12 triggered the signaling via the
extracellular signal-regulated kinase-1/2 (ERK1/2) and
phosphoinositide 3-kinase (PI3K) and induction of
cholangiocarcinoma cell invasion, and displayed high
levels of actin polymerization. Addition of CXCR4 inhibitor
(AMD3100) abrogated CXCL12-induced phosphorylation
of MEK1/2 and Akt in these cells. Moreover, treatment
with MEK1/2 inhibitor (U0126) or PI3K inhibitor
(LY294002) also attenuated the effect of CXCL12-induced
cholangiocarcinoma cell invasion.
CONCLUSION: These results indicated that the
a c t i va t i o n o f C XC R 4 a n d i t s s i g n a l i n g p a t hway s
(MEK1/2 and Akt) are essential for CXCL12-induced
cholangiocarcinoma cell invasion. This rises Implications
on a potential role for the inhibition of CXCR4 or its
signal cascades in the treatment of cholangiocarcinoma.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cholangiocarcinoma is a malignant tumor composed
of cells resembling those of the biliary tract
epithelium [1,2]. The incidence of and mortality rate for
cholangiocarcinoma varied considerably in different
geographic regions, with the incidence highest in Southeast
Asia especially in Thailand [3]. Three-year survival rates
of 35% to 50% are achieved in only a few numbers of
patients when negative histological margins are attained
at the time of surgery[2,4-6]. The causes of lethality of this
disease are not only its rapid growth but also the tendency
to invade adjacent organs and metastasize[4-6].
At present, a number of molecules implicated in
the metastasis processes of cholangiocarcinoma cells
have been identified [7-9]. However, there have been no
studies exploring the precise mechanisms determining
the directional of invasion of cholangiocarcinoma cells
into specific organs. In this regard, chemokines are a
superfamily of small proteins that bind to G proteincoupled receptors on target cells[10,11]. CXC chemokine
ligand-12 (CXCL12)-or stromal cell-derived factor-1
(SDF1) is a member of CXC chemokine family, which
was initially cloned from murine bone marrow and
characterized as a pre-B-cell growth stimulating factor.
CXCL12 exerts effects through its cognate receptor C-X-C
motif chemokine receptor 4 (CXCR4), which is the only
physiological receptor for CXCL12 and is known to play
roles in leukocyte homing as well as metastasis of many
kinds of cancer cells[12-15]. A previous study demonstrated
that CXCL12 released from fibroblasts induced the
increase in migration of cholangiocarcinoma cells [16].
However, the signal transduction pathways following
CXCR4 activation and stimulation of cholangiocarcinoma
cell invasion have not been delineated.
In this study, we have demonstrated the expression of
www.wjgnet.com
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CXCR4 in human cholangiocarcinoma cell lines. Using
in vitro model systems, we demonstrated the activation
of CXCR4 by CXCL12 induced phosphorylation of the
MEK1/2 and Akt and also enhanced cholangiocarcinoma
cells invasion. In addition, administration of AMD3100,
a bicyclam noncompetitive antagonist of CXCR4 or
inhibition of its signal transduction intermediate molecules
(MEK1/2 and PI3K) suppressed the invasiveness of
cholangiocarcinoma cells.

MATERIALS AND METHODS
Materials
HAM’s F12 medium and fetal bovine ser um were
purchased from Gibco (Grand Island, NY, USA). The
recombinant human CXCL12, polyclonal antibodies
to human CXCL12 and CXCR4 were purchased from
Abcam (Cambridge, MA, USA). Polyclonal antibodies
to MEK-1/2 (phosphorylated at Ser217/221 and total),
Akt (phosphorylated at Ser473 and total) were purchased
from Cell Signaling (Cell Signaling Technology, Beverly,
MA, USA). 24-well Biocoat Matrigel invasion chambers
(8 μm) were purchased from Becton Dickinson (Becton
Dickinson, Franklin Lakes, NJ, USA).
Cell cultures
Two human cholangiocarcinoma cell lines; KKU100
derived from Hilar-cholangiocarcinoma patient[17] (kindly
provided by Dr. Banchob Sripa, Department of Pathology,
Faculty of Medicine, Khon K aen University) and
RMCCA1 derived from Peripheral-cholangiocarcinoma
patient [18] were grown in HAM’s F12 medium supplemented with 100 mL/1L fetal bovine serum at 37℃
in a 50 mL/L CO 2 humidified atmosphere. For signal
transduction experiments with CXCL12, cells were starved
overnight in serum-free medium.
Western blotting analyses
For Western blot analysis, 500 000 cells were seeded in a
six-well culture plate, followed by treatment with 100 ng/
mL of CXCL12. Cells were collected and then Western
blot analyses were performed as previously described[18].
Chemiluminescent detection of antibody–antigen
complexes revealed the target proteins on X-ray film.
Cell proliferation assay
Cells were seeded in 96-well culture plates at a density of
10 000 cells per well followed by the addition of CXCL12
in various concentrations. Then cells were incubated for
indicated time before applying the WST-1 cell proliferation
assay reagent (Roche Diagnostics, Laval, Quebec)
according to the recommendation of the manufacturer.
The percentage of proliferation was calculated based on
the untreated cells.
Cell migration assay
The migration of cholangiocarcinoma cells was assayed
using chamber with 8- μ m pore filters (Transwell,
24-well cell culture, Coster, Boston, MA). 50 000
cholangiocarcinoma cells were added to the upper
chamber. Then 0.5 mL ser um-free media with 100
www.wjgnet.com
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ng/mL of CXCL12 was added to the lower chamber.
The chambers were incubated for 12 h at 37℃. After
incubation, the filters were fixed and stained with
hematoxylin and counted in five random high-power fields
under a light microscope[19].
Cell invasion assay
The invasion of cholangiocarcinoma cells was assayed in
24-well Biocoat Matrigel invasion chamber (8 μm; Becton
Dickinson, Franklin Lakes, NJ). Similar to the migration
assays, 50 000 cells were seeded in the upper chamber
while the bottom chamber contained with 100 ng/mL of
CXCL12.
Detection of MMP9 activity by gelatin zymography assay
Cholangiocarcinoma cells were starved by culturing in
serum-free medium containing with or without CXCL12
for 24 h before collection of the conditioned medium. The
conditioned medium was stored at -80℃ and analyzed for
MMP9 activity by gelatin zymography.
Detection of actin polymerization
Detection of actin polymerization was performed as
described previously[18]. Cholangiocarcinoma cells were
treated with AMD3100, U0126, LY294002 or control and
incubated for 6 h. Then the cells were incubated in serumfree medium containing with 100 ng/mL of CXCL12 for
4 h. The cells were exposed to Alexa Fluor 488 Phalloidin
(Molecular Probes, Eugene, OR) for 30 min and washed
with PBS. The cells were examined under a Confocal laser
scanning microscope (CLSM), (Olympus SV1000).
Statistical analysis
The experiments were all performed in triplicate and
identical results were obtained. Values were expressed as
the mean and SD. The student’s t-test was used for analysis
of the cell proliferation and invasion assay. The P value of
less than 0.05 was considered significant.

RESULTS
Expression of CXCR4 and CXCL12 in cholangiocarcinoma
cell lines
In order to utilize an in vitro system to study the influence
of CXCR4 activation, the expression of CXCR4 and
CXCL12 in two cholangiocarcinoma cell lines (RMCCA1
and KKU100) needed to be investigated. Western blot
analysis demonstrated definite expression of CXCR4
but not CXCL12 in both cholangiocarcinoma cell lines
(Figure 1).
The effect of CXCR4 on cholangiocarcinoma cell
proliferation
Since the activation of CXCR4 with CXCL12 was known
to play an important role in cell proliferation in many
kinds of cancer cells, we investigated the role of CXCL12
in cholangiocarcinoma cell proliferation. Cell proliferation
assay was performed in RMCCA1 and KKU100 cells
treated with CXCL12 at concentrations of 0, 50, 100 and
200 ng/mL. After 48 h of incubation, the results showed
that CXCL12 had no effect on cholangiocarcinoma cell
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positive control for detection of CXCL12.
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RMCCA1 and KKU100 were seeded in the 8-μm pore filters (Transwell, 24-well
cell culture, Coster, Boston, MA). The bottom chamber contained 0 or 100 ng/mL
of CXCL12. After 24 h, the cells on the lower surface were counted under a
microscope at five random 100 x power fields. The experiment was repeated for
3 times and the data represent the average results from 3 individual experiments.
CXCL12 induced the migration of cholangiocarcinoma cells (aP < 0.05 vs 0 ng/mL
of CXCL12).
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Figure 2 Effect of CXCL12 on the proliferation of cholangiocarcinoma cells.
RMCCA1 and KKU100 were treated with CXCL12 at various concentrations (0,
50, 100 and 200 ng/mL). Cell proliferation assay was performed after 2 d by using
WST-1. The absorbance at 450 nm, against a reference wavelength of 650 nm,
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proliferation (Figure 2).
The effect of CXCL12 on cholangiocarcinoma cell
migration and invasion
We found that CXCL12 induced the mig ration of
RMCCA1 and KKU100. Their maximum effect was
identified at 100 ng/mL of CXCL12 (Figure 3). Therefore,
the following cell invasion experiments were performed by
using CXCL12 at a concentration of 100 ng/mL. CXCL12
significantly enhanced cholangiocarcinoma cell invasion
when compared with untreated cells (Figure 4). To confirm
the mechanism by which CXCR4 induced invasion of
cholangiocarcinoma cells, RMCCA1 and KKU100 cells
were pre-treated with AMD3100, a specific inhigitor for
CXCR4, and then treated with CXCL12 for evaluation of
cell invasion activity. The invasion induced by CXCL12

0

RMCCAI

KKU100

RMCCAIAMD3100
Cholangiocarcinoma cells

KKU100AMD3100

Figure 4 Effect of CXCL12 on the invasion of cholangiocarcinoma cells.
RMCCA1 and KKU100 were pre-treated with or without AMD3100 for 12 h then
were seeded in the 24-well Biocoat Matrigel invasion chamber. The bottom
chamber contained 0 or 100 ng/mL of CXCL12. After 24 h, the cells on the lower
surface were assayed as described previously. CXCL12 induced the invasion of
cholangiocarcinoma cells. The effect of CXCL12 was decreased when the cells
were pre-treated with AMD3100 (aP < 0.05).

was inhibited by AMD3100 in both cholangiocarcinoma
cell lines (Figure 4).
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Figure 5 A: Western blot analysis of MEK1/2 and Akt phosphorylation in CXCL12-treated cholangiocarcinoma cells. RMCCA1 and KKU 100 were treated with 100 ng/mL of
CXCL12 for indicated time. MEK1/2 and Akt phosphorylation were determined by Western blot as described; B: The average band intensity based on 3 biologically separate
experiments, showing levels of MEK1/2 and Akt phosphorylation relative to the levels of MEK1/2 and Akt expression from the same experiment (aP < 0.05).
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The effect of CXCL12 on the phosphorylation of MEK1/2
and Akt in cholangiocarcinoma cells
We attempted to evaluate the signaling pathways relevant
to the CXCL12 induction of cholangiocarcinoma cell
invasion. The phosphorylation of molecules, which
were previously demonstrated as CXCR4, mediated
signaling molecules, was assayed by Western blot analysis.
www.wjgnet.com

CXCL12-treated cells demonstrated a higher extent of the
phosphorylated MEK1/2 and Akt than untreated cells (Figure
5). To determine whether the activation of CXCR4 induced
phosphorylation of these signal transduction molecules,
cells were pre-treated with AMD3100. The phosphorylation
of MEK1/2, and Akt in AMD3100 pre-treated cells was
significantly lower than in untreated cells (Figure 6).
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Figure 8 Gelatin zymography of the conditioned medium from cholangiocarcinoma
cell lines revealed the proteolytic bands at molecular weight indicating them to be
MMP-9. Levels of the proteolytic activity are not different between each sample.

Inhibition of the MEK1/2 or PI3K pathway attenuates
CXCL12-induced cholangiocarcinoma cell invasion
The ability of MEK1/2 inhibitor (U0126) and PI3k
inhibitor (LY294002) to decrease the effect of CXCL12induced phosphorylation of MEK1/2 and Akt was
assessed. The MEK1/2 inhibitor (U0126) suppressed
CXCL12-induced MEK1/2 phosphorylation and the PI3K inhibitor (LY294002) suppressed CXCL12-induced
Akt phosphorylation (Figure 7A and B). To evaluate
the contribution of the MEK1/2 or PI3K pathways
to CXCL12-induced cholangiocarcinoma cell invasion,
RMCCA1 and KKU100 cells were pre-treated with U0126
or LY294002 and then treated with CXCL12. The invasion
induced by CXCL12 was inhibited by U0126 or LY294002
in both cholangiocarcinoma cell lines (Figure 7C). These

results strongly suggest that the activation of MEK1/2
and PI3K signaling pathways is essential for CXCL12induced cholangiocarcinoma cell invasion.
Activation of CXCR4 by CXCL12 had no influence on
MMP-9 activation
Previous studies have demonstrated that CXCL12 induced
MMP-9 activation. Therefore, we investigated the effect
of CXCL12 on MMP-9 activation by gelatin zymography
from condition medium of cholangiocarcinoma cells.
The results showed that prominent constitutive MMP-9
activation was observed in both cholangiocarcinoma cell
lines. However, activation of CXCR4 by CXCL12 had no
influence on MMP-9 activation (Figure 8).
The effect of CXCL12 on the actin cytoskeleton of
cholangiocarcinoma cells
The ability of cancer cell invasion requires coordinated
activation of extracellular matrix degradation and cell
motility mechanism. The cell motility was assessed by
checking the actin polymerization. Cholangiocarcinoma
cells were stained with phalloidin for detection of actin
polymerization. Serum-starved cells showed low levels
of actin polymerization. After the treatment with 100
ng/mL of CXCL12, cholangiocarcinoma cells displayed
www.wjgnet.com
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Figure 9 Effect of CXCL12 on the polymerization of actin cytoskeleton. Cholangiocarcinoma cells were pre-treated with vehicle, AMD3100, U0126 or LY294002 and
incubated for 6 h in medium containing 0 or 100 ng/mL CXCL12. The cells were stained with Alexa Fluor 488 Phalloidin to visualize actin cytoskeleton under a Confocal
laser scanning microscope (Olympus SV1000).

high levels of actin polymerization in the periphery of
the cells and a distinct pseudopodia formation. Treatment
of cholangiocarcinoma cells with AMD3100, U0126 or
LY294002 before addition of CXCL12 caused eradication
of actin polymerization (Figure 9).

DISCUSSION
Cholangiocarcinoma is a disease with dismal prognosis
characterized by early vascular invasion and metastasis.
Therapeutic options for cholangiocarcinoma have been
limited due to poor response to chemotherapy and radiation
therapy. Surgery is perhaps the only effective treatment
for cholangiocarcinoma [2,4]. Previous studies suggested
that the most important prognostic factor is a tumor-free
surgical margin while other features that were associated
with a poor prognosis include factors connected to the
extent of disease that is caused by cancer cell invasion,
such as bilobar distribution, lymph node involvement,
vascular invasion and distant metastases[4,5]. Therefore, an
understanding of the mechanism of cholangiocarcinoma
cell invasion will be a decisive step towards the development of targeted tumor-specific therapies.
Chemokines and their receptors are involved in the
process of cell migration during inflammation. Recently,
studies implicated CXCR4 in chemotaxis, invasiveness
and metastasis of tumors, particularly in metastasis of
breast cancer, in an organ-specific manner[13,20]. In this
present work, we report the results of our studies of
CXCR4 and CXCL12 expression in two kinds of human
cholangiocarcinoma cell lines; KKU100 derived from the
hilar-cholangiocarcinoma patient and RMCCA1 derived
from the peripheral-cholangiocarcinoma patient. Both
cell lines are expressed CXCR4 but not CXCL12. These
findings imply a paracrine effect of CXCR4/CXCL12
rather than an autocrine such in both cholangiocarcinoma
cell lines.
In the present study, the effect of CXCL12 on
CXCR4 in two cholangiocarcinoma cell lines was tested
www.wjgnet.com

in vitro by using cell proliferation, cell migration and cell
invasion assays. The findings provided interesting data
on the possible molecules of significance involved in
promoting cholangiocarcinoma cell invasion. Despite
suggestions in previous reports that CXCL12 was a potent
stimulator for small cell lung cancer cell proliferation[21],
this present study included others arrived to exactly the
opposite conclusions [22,23]. In cholangiocarcinoma cell
lines, we identified that CXCL12 had no direct effect on
cell proliferation. We suggested that these differences
might be due to the different culture system or to different
target cells. We identified that both cholangiocarcinoma
cell lines expressed CXCR4 and stimulation of CXCR4
with CXCL12 promotes cancer cell mig ration and
invasion. Moreover, we also found that KKU100 had
a higher invasiveness property than RMCCA1. This
result was related with the high expression of CXCR4
in KKU100. Our studies suggested that these events
may involve the activation of the ERK1/2 and PI3K.
Previous studies have demonstrated that activation of
ERK1/2 by G-protein-coupled receptors occurred via the
Raf/MEK1/2/ERK1/2 cascade while activated PI3K
converted phosphatidylinositol 4, 5 phosphate (PIP2)
into phosphatidylinositol 3, 4, 5 phosphate (PIP3), which
results in the membrane localization of Akt [24,25]. The
latter assertion is based on the finding that inhibition of
CXCR4 by AMD3100 suppressed the phosphorylation
of MEK1/2 and Akt and also inhibited the invasiveness
properties of cholangiocarcinoma cells. Moreover, the
addition of MEK1/2 inhibitor (U0126) or PI3K inhibitor
(LY294002) also attenuated the effect of CXCL12induced cholangiocarcinoma cell invasion. To the best
of our knowledge, this present study is the first report
demonstrating the signal transduction pathways of CXCR4
in cholangiocarcinoma. The targets of AMD3100, U0126
and LY294002 (CXCR4, MEK1/2 and PI3K, respectively)
are shown in Figure 10. These results are consistent with
the previous studies that demonstrating the activation of
ERK and Akt signaling after stimulation of cancer cells
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Figure 10 The pathway diagram identified the targets of AMD3100, U0126 and
LY294002 (CXCR4, MEK1/2 and PI3K respectively). Inhibition of these pathways
abrogates the invasion of cholangiocarcinoma cells.

with CXCL12[22,26,27].
In cancer cells, high level of actin polymerization is a
key for the formation of pseudopodia, which in turn are
implicated in the enhancement of cancer cell migration
and invasion[28]. Treatment of cholangiocarcinoma cells
with CXCL12 resulted in our study in the increase in
actin polymerization. In addition, inhibiting CXCR4 with
AMD3100 in our study resulted in a dramatic decrease in
actin polymerization. Our findings suggest that CXCL12
and CXCR4 play an important role in the invasion as
well as the metastasis in cholangiocarcinoma. Previous
studies have demonstrated the influence of CXCL12 on
MMP-9 secretion[26,27]. In cholangiocarcinoma cell lines, we
showed that CXCL12 had no effect on MMP-9 secretion.
The mechanisms responsible for MMP-9 activation in
cholangiocarcinoma cells remain unclear. We suggested
that the mechanism of cholangiocarcinoma cell invasion is
not dependent on a single oncogenic pathway but possible
complex networks of ligands and their receptors are
implicated in cancer invasion such as c-Met/HGF[18], focal
adhesion kinase[29] and TNFα/TNF receptor as well[30].
In conclusion, in this present experimental study, we
show that the stimulation of CXCL12/CXCR4 plays an
important role in cholangiocarcinoma cell invasion by
the induction of MEK1/2 and Akt signal transductions
and stimulation of actin polymerization. Inhibition of
CXCL12/CXCR4 and its pathway may represent one of
the potential approaches in cholangiocarcinoma therapy.
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INTRODUCTION
Abstract
AIM: To evaluate prospectively usefulness of fecal
lactoferrin (Lf ) and fecal hemoglobin (Hb) in the
diagnosis of colorectal diseases.
METHODS: Fecal Lf and Hb were measured using
ELISA in 872 patients before they underwent colorectal
endoscopy.
RESULTS: Lf was positive in 18 (50%) of 36 patients
with colorectal cancer, 25 (15.9%) of 157 with colorectal
polyps, 29 (46.8%) of 62 with ulcerative colitis, and 25
(62.5%) of 40 (62.5%) with Crohn’s disease. The Hbpositive rates were 50%, 12.1%, 41.9% and 32.5%,
respectively. Of the 318 patients free of abnormalities
by colorectal endoscopy, Lf was positive in 29 (9.1%)
and Hb was positive in 15 (4.7%). Among patients with
Crohn’s disease, the Lf-positive rate was significantly
higher than the Hb-positive rate. If either high Lf or Hb
levels were considered positive, the positive rates rose
to 61.1%, 51.6%, and 67.5% in the colorectal cancer
group, ulcerative colitis group, and Crohn’s disease
group, respectively. If both high Lf and Hb levels were
rated positive, the positive predictive values (PPV) were
21% for colorectal cancer, 33% for ulcerative colitis, and
17% for Crohn’s disease, and PPV of high Hb level alone
was 18%, 25% and 13%, respectively.
CONCLUSION: Fecal Lf and Hb were found useful in
the detection of colorectal diseases, and the combination
of the two measurements appears to increase the
sensitivity and efficacy of diagnosis.

In the United States, colorectal cancer is the second
leading cause of death [1]. In Japan, the prevalence of
colorectal cancer and the percentage of this cancer among
all cancer deaths have recently been rising as well. Because
the prognosis of patients with colorectal cancer depends
on the stage of cancer at the time of detection, screening
for early diagnosis of colorectal cancer is considered
essential [2,3] . In the United States, fecal occult blood
testing by the guaiac method has been used as a screening
method for colorectal cancer. A randomized study found
that this method reduced the mortality rate of colorectal
cancer [4,5]. In Japan, immunological fecal occult blood
testing with a target of hemoglobin (Hb) has often been
used in screening for colorectal cancer [6]. Fecal occult
blood testing is also useful in the diagnosis and evaluation
of various colorectal diseases other than colorectal
cancer[7-9]. However, Hb in feces is unstable, which can
be a cause of false-negative cases. Furthermore, Hb is
not useful in the detection of lesions not accompanied
by bleeding. For these reasons, a fecal marker with a high
sensitivity and specificity has to be developed. Lactoferrin
(Lf), which is released from neutrophil-specific granules,
is stable in feces and is an excellent marker of activity of
inflammatory bowel diseases such as ulcerative colitis and
Crohn’s disease[10]. It has also been reported that fecal Lf
level is higher in the patients with not only inflammatory
bowel diseases but also colorectal tumors than in healthy
individuals[11]. In a pilot study comparing fecal Lf level
with fecal occult blood testing (immunological qualitative
method) in 351 patients, Lf was found as useful as
fecal occult blood testing in the diagnosis of colorectal
diseases[12].
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This prospective study involved a larger number of
subjects than in previous studies to compare the usefulness
of fecal Lf with that of fecal Hb as a quantitative
parameter for the diagnosis of colorectal diseases and
to evaluate the combination of fecal Lf and Hb using
fecal samples collected from patients on the day before
colorectal endoscopy.

Measurement of Lf and Hb
Lf and Hb levels in feces were measured by sandwich
ELISA, using 96-well microplates. For measurement
of Lf, rabbit anti-human Lf antibody (Dakopatts,
Glostrup, Denmark) and peroxidase-labeled anti-human
Lf antibody were used, with tetramethylbendizine as a
color developer[13]. For Hb, anti-human Hb antibody and
alkaline phosphatase-labeled anti-human Hb antibody were
used by the Kind-King method for color development[7].
Concentrations were calculated, referring to the standard
cur ves prepared from Lf originating from human
colostrum (Cappel Co. Durham, NC) and Hb derived from
the blood of healthy adults. All samples were subjected to
measurement in blind fashion.
Statistical analysis
McNemar’s test was used for statistical analysis. P < 0.05
was considered significant. For a given disease, sensitivity
was defined as the positive rate, while specificity was
defined as (number of true-negative cases)/(number of
true-negative cases + number of false-positive cases). To
compare the usefulness of fecal Hb and Lf, a operating
characteristic analysis (ROC) was conducted. The ROC
analysis involved preparing a sensitivity-false-positive
rate curve and comparing areas under the curve (AUC),
with an AUC of 0.5 uninformative and an AUC of 1
perfect[13].
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Table 1 Comparison of fecal Lf and Hb between normal and
abnormal groups
Group
Normal group
Fecal Hb
+
Total
Abnormal group
Fecal Hb
+
Total

MATERIALS AND METHODS
Subjects and fecal sampling method
The subjects of this study were 872 patients scheduled to
undergo colorectal endoscopy at the Second Department
of Internal Medicine, Osaka Medical College University
Hospital, who provided written informed consent to
participate in the study. Their ages ranged from 12 to 90
years (14 > 20 years; 34, 20-29 years; 51, 30-39 years; 116,
40-49 years; 244, 50-59 years; 274, 60-69 years; 130, 70-79
years; and 9 over 80 years). Examination for colorectal
cancers and polyps was also performed in 657 subjects
over 50 years of age. Patients with severe diseases of
liver, gallbladder or pancreas were excluded from this
study. Feces were collected from each patient on the day
before colorectal endoscopy. The container used for fecal
sampling had a stick type, designed to allow collection of
about 10 mg feces into 1 mL buffer solution by thrusting
the stick into feces at several points. On the day of the
test, each subject was pretreated with intestinal lavage in
the morning and underwent colorectal endoscopy in the
afternoon. During endoscopy, the entire large intestine was
examined, with biopsy performed as needed.
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+

Fecal Lf
-

Sum

Specificity

% (No.)

7
22
29

8
281
289

15
303
318

Lf
Hb
P = 0.0176

90.9 (289/318)
95.3 (303/318)

59
105
164

27
363
390

86
468
554

Lf
Hb
P < 0.0001

29.6 (164/554)
15.5 (86/554)

Table 2 Sensitivity of fecal Lf and Hb in various diseases
Sensitivity
Diseases
Colorectal cancer
Colorectal polyp
Ulcerative colitis
Crohn’s desease
Colorectal diverticulum
Internal hemorrhoids
Nonspecific colitis
Other diseases1

n
36
157
62
40
73
142
20
24

Hb > 100
% (No.)

Lf > 65
% (No.)

50.0 (18/36)
12.1 (19/157)
40.3 (25/62)
32.5 (13/40)
1.4 (1/73)
4.2 (6/142)
15.0 (3/20)
4.2 (1/24)

50 (18/36)
15.9 (25/157)
46.8 (29/62)
62.5b (25/40)
19.2b (14/73)
27.5b (39/142)
20 (4/20)
41.7b (10/24)

b

P < 0.01 vs Hb. 1Including 4 cases of previous intestinal tuberculosis, 4 of
submucosal tumor, 2 of ischemic colitis, 2 of rectal carcinoid, 2 of Behcet
disease, 2 of rectal mucosal prolapse syndrome, 2 of Cronkhite-Canada
syndrome, 2 of Cowden disease, 1 of mucosa-associated lymphoma, and 1 of
periappendiceal abscess.

RESULTS
Diagnosis
Of the 872 subjects, 554 were found to have abnormalities
on colorectal endoscopy, while 318 were rated as free of
abnormalities (Tables 1 and 2). Polyps were defined as
adenomas over 5 mm in size. Individuals with colorectal
polyps were classified as having colorectal polyps even
accompanied with internal hemorrhoids and/or colorectal
diverticula. Individuals with both internal hemorrhoids and
colorectal diverticula were classified as cases of internal
hemorrhoids.
Establishment of cut-off levels for fecal Lf and Hb
For the 25 healthy individuals, the mean + 2SD (the upper
limit of the normal range) was 5.96 μg/g for fecal Lf and
9.18 μg/g for fecal Hb[10]. In this study, feces were diluted
1:100 with the buffer solution in the container, the mean +
2SD for healthy individuals was equivalent to 59.6 ng/mL
for Lf and 91.8 ng/mL for Hb. We therefore set the cutoff levels for this study at 65 ng/mL (Lf) and 100 ng/mL
(Hb).
The AUC of the ROC curve was greater for Lf (0.600)
than for Hb (0.556), although this difference was not
statistically significant.
Analysis of groups with and without abnormalities
In the abnormality-free group (n = 318), fecal Lf was
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Table 3 Diagnosis value using combination of fecal Lf and Hb
Sensitivity
Hb>100 or
Hb>100 and
Lf>65 % (No.) Lf>65 % (No.)

n

Diseases
Colorectal cancer
Colorectal polyp
Ulcerative colitis
Crohn’s desease
Colorectal diverticulum
Internal hemorrhoids
Nonspecific colitis
Other diseases

36
157
62
40
73
142
20
24

61.1 (22/36)
25.5 (40/157)
51.6 (32/62)
67.5 (27/40)
19.2 (14/73)
28.9 (41/142)
20.0 (4/20)
45.8 (11/24)

38.9 (14/36)
2.5 (4/157)
35.5 (22/62)
27.5 (11/40)
1.4 (1/73)
2.8 (4/142)
15.0 (3/20)
0.0 (0/24)

Table 5 Comparison of fecal Lf and Hb in subjects aged over
50 yr
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Table 4 Positive predictive value (PPV) of fecal Lf and Hb in
colorectal diseases

n

Diseases
Colorectal cancer
Colorectal polyp
Ulcerative colitis
Crohn’s desease
Colorectal diverticulum
Internal hemorrhoids
Nonspecific colitis
Other diseases

36
157
62
40
73
142
20
24

Hb > 100
% (No.)

PPV
Hb > 100 and Lf>65
% (No.)

17.8 (18/101)
18.8 (19/101)
24.8 (25/101)
12.9 (13/101)
1.0 (1/101)
5.9 (6/101)
3.0 (3/101)
1.0 (1/101)

Table 6 Sensitivity of fecal Lf and Hb in colorectal cancer
Colorectal cancer

+
Normal group
Fecal Hb +
Total
Abnormal group
Fecal Hb +
Total

Fecal Lf
Sum

Specificity

% (No.)

7
18
25

8
209
217

15
227
242

Lf
Hb
P = 0.0776

89.7 (217/242)
93.8 (227/242)

32
76
108

20
287
307

52
363
415

Lf
Hb
P < 0.0001

26.0 (108/415)
12.5 (52/415)

positive in 29 cases (specificity: 90.9%) and fecal Hb was
positive in 15 cases (specificity: 95.3%). Specificity was
thus significantly higher for Hb than for Lf. In the group
with abnormalities (n = 554), fecal Lf was positive in 164
cases (sensitivity: 29.6%) and fecal Hb was positive in 86
cases (sensitivity: 15.5%). Sensitivity was thus significantly
higher for Lf than for Hb.
Analysis in each disease group
Sensitivities were compared between fecal Lf and Hb in
each disease group (Table 2). The sensitivity of fecal Lf
was significantly higher than that of fecal Hb in the Crohn’
s disease, internal hemorrhoid, and colorectal diverticulum.
There was no significant difference in sensitivity between
Lf and Hb in the colorectal cancer, colorectal polyp, and
ulcerative colitis.
Diagnosis using a combination of fecal Lf and Hb
When either high Hb or high Lf (Hb > 100 or Lf > 65)
was rated positive, sensitivity in disease detection rose to
61.1% for colorectal cancer, 25.5% for colorectal polyps,
51.6% for ulcerative colitis, 67.5% for Crohn’s disease,
19.2% for colorectal diverticulum, 28.9% for internal
hemorrhoids, 20.0% for nonspecific colitis, and 45.8% for
other diseases (Table 3). When both high Hb and high Lf
(Hb > 100 and Lf > 65) were rated positive, the number
of individuals rated positive among the 318 abnormalityfree individuals decreased to 7 (Table 1). The positive rate
by each disease group also decreased (Table 3), though
the magnitude of the decrease was relatively mild in the
colorectal cancer, Crohn’s disease, and ulcerative colitis.
Positive predictive value (PPV) (number of positive cases
in a given disease group divided by the number of all

21.2 (14/66)
6.1 (4/66)
33.3 (22/66)
16.7 (11/66)
1.5 (1/66)
6.1 (4/66)
4.5 (3/66)
0.0 (0/66)

n
Total
Early stage
Right side
Left side
Advanced stage
Right side
Left side

36
17
5
12
19
6
13

Hb % (No.)
50.00 (18/36)
11.80 (2/17)
20 (1/5)
8.30 (1/12)
84.20 (16/19)
66.70 (4/6)
92.30 (12/13)

Sensitivity
Lf % (No.)
50.00 (18/36)
29.40 (5/17)
40.00 (2/5)
25.00 (3/12)
68.40 (13/19)
83.30 (5/6)
61.50 (8/13)

Note: n. number of cases.

positive cases) rose to 21.2% (14/66) for colorectal cancer,
33.3% (22/66) for ulcerative colitis, and 16.7% (11/66) for
Crohn’s disease (Table 4).
Analysis �����������������
of���������������
subjects over 50
��� years
�������������
of age
Because examinations for colorectal cancer are usually
performed in individuals aged 50 years or older, we
performed an analysis confined to the 657 individuals
aged over 50 years[14]. Among the 242 subjects free of
abnormalities, Lf was positive in 25 (specificity, 89.7%)
and Hb was positive in 15 (specificity, 93.8%), as shown
in Table 5. Among the 415 patients with abnormalities, Lf
was positive in 108 (sensitivity, 26.0%) and Hb was positive
in 52 (sensitivity, 12.5%) (Table 5). We then examined the
sensitivity in detection of colorectal cancer and polyps. In
the 33 patients with colorectal cancer aged over 50 years,
Hb was positive in 16 (sensitivity, 48.5%) and Lf was
positive in 17 patients (sensitivity, 51.5%). When either
high Lf or high Hb was rated positive, sensitivity rose
to 60.6% for colorectal cancer and 25.2% for colorectal
polyps. When both high Lf and high Hb were rated
positive, PPV rose to 33.3% in the colorectal cancer group.
Analysis of patients with colorectal cancer
Of 36 patients aged 36-81 years with colorectal caner,
14 had both Lf and Hb levels below the cut-off levels.
Twelve of the 14 patients had colorectal cancer at an early
stage confined to the submucosal layer. When analyzed
by location (left or right side of the colon) and stage of
cancer (early and advanced), the Hb-positive rate (12/13)
was higher than Lf-positive rate (8/13) in patients with
advanced left side colon cancer (Table 6). Among patients
with right side colon cancer, however, the Lf-positive
rate was slightly higher than the Hb-positive rate in both
www.wjgnet.com
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early and advanced patients(2/5 vs 1/5 and 5/6 vs 4/6,
respectively). Macroscopically, bloody stool was noted in
10 of the 36 patients with colorectal cancer. Therefore,
excluding these 10 cases, routine fecal test was enough for
screening of colorectal cancer. Among the 26 cases, the
Lf-positive rate (46.2%) was higher than the Hb-positive
rate (38.5%).
Analysis of patients with ulcerative colitis or Crohn’s
disease
Ulcerative colitis was considered in active stage if active
lesions were revealed by colorectal endoscopy. Among
the 38 cases of active ulcerative colitis, Lf and Hb were
positive in 26 and 22 cases, respectively. Among the 24
cases of inactive ulcerative colitis, Lf and Hb were positive
in 3 and 3 cases, respectively.
Crohn’s disease was considered active if the Crohn’s
disease activity index (CDAI) was over 150 or if active
lesions were detected by colorectal endoscopy[15]. Among
the 26 cases of active Crohn’s disease, Lf and Hb were
positive in 18 and 12 cases while in the 12 cases of inactive
Crohn’s disease, Lf and Hb were positive in 8 cases and 1
case, respectively. In patients with Crohn’s disease, minor
active lesions of the small intestine often persist, but the
CDAI is likely to be lower than 150 during treatment,
often leading to the judgment that the patient has inactive
disease clinically.

DISCUSSION
Lf is an ironbound protein with a molecular weight of
about 80 000. It is found not only in neutrophil-specific
granules but also in milk, tears, saliva, etc. [16,17] . The
presence of Lf in the cytoplasm of colorectal cancer and
adenoma cells has also been reported[18,19]. The high Lf
level in the feces of patients with intestinal inflammation
is believed to originate from the neutrophils which have
infiltrated the intestinal mucosa [20-22] . The reason for
elevation of fecal Lf level in patients with colorectal
cancer has not yet been fully determined. It has been
reported that some colorectal cancers are accompanied
by local inflammator y reaction, and that leukocyte
scintigraphy is sometimes positive in patients with colorectal
cancer[23-25]. Neutrophil elastase and calprotectin, which are
neutrophilic granular proteins, are absent in tumor cells,
though their levels in feces of patients with colorectal
cancer are high[26, 27]. Neutrophils thus appear to be a more
important source of fecal Lf than exfoliated tumor cells in
patients with colorectal cancer. In this study, the usefulness
of fecal Lf in the diagnosis of various colorectal diseases
was prospectively evaluated.
Among the subjects free of abnormalities, the LFpositive rate was 9.1% (29/318) and the Hb-positive
rate was 4.7% (15/318), both of which were higher than
those in the general screening. In patients with symptoms
such as diarrhea and abdominal pain, fecal Lf may be
rated positive due to transient or minor inflammation not
detectable with colorectal endoscopy, even when they are
considered free of abnormalities by colorectal endoscopy.
In patients who have been found positive for fecal occult
blood before admission to the hospital, the percentage
www.wjgnet.com
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of the patients who are fecal Hb-positive without any
abnormality is high.
Many of our patients were positive in fecal occult
blood prior to visiting the hospital or visited the
hospital complaining of macroscopically bloody stool.
This suggests that patients with colorectal lesions of
hemorrhagic subtype accounted for a high percentage
of the subjects of this study. For example, colorectal
cancers which likely cause bleeding or positive findings
for fecal occult blood were found in a high percentage of
patients with colorectal cancer in this study. Thus, based
on the fact that Hb is expected to be more useful than
Lf, the sensitivity of Lf was significantly higher than that
of Hb in patients with abnormalities. Because this study
involved quantitative measurement of both Lf and Hb, we
compared the usefulness of Lf and Hb in the diagnosis
of colorectal diseases by means of ROC analysis. A
greater AUC was found in Lf than in Hb, although this
difference was not significant. These findings suggest that
Lf is comparable to or more useful than Hb in detecting
colorectal diseases.
By type of disease, the sensitivity of testing for Lf was
comparable to that for Hb for colorectal cancer, colorectal
polyps, ulcerative colitis, and nonspecific colitis. For Crohn’
s disease, internal hemorrhoids, colorectal diverticulum,
and other colorectal diseases, the sensitivity of Lf testing
was significantly higher than that of Hb testing.
In patients with Crohn’s disease, the Lf-positive rate
was high even the disease was rated as inactive. It seems
more rational to interpret this result as that inflammation
of the intestine persists in patients with Crohn’s disease
with high fecal Lf levels, rather than as a false-positive
result for the following reasons: (1) in Crohn’s disease,
the intestine often remains inflamed even after the CDAI
decreases to below 150 after treatment; and (2) complete
evaluation of residual inflammation of the intestine is
difficult even with colorectal endoscopy. The “other
diseases” mentioned above include important diseases such
as old intestinal tuberculosis, submucosal tumor, rectal
carcinoid, Behcet disease, Cronkhite-Canada syndrome,
Cowden disease, and mucosa-associated lymphoid tissue
lymphoma (MALT). Significantly higher sensitivity of
testing for Lf than that for Hb in the “other diseases”
group is clinically important.
The results of this study suggest that it is possible
to increase the accuracy of screening based on the
conventional fecal occult blood test with a target set
at Hb by combining Hb with Lf. For example, when
immunological fecal occult blood testing is used for
screening of colorectal cancer, feces are often sampled
repeatedly to increase the sensitivity of detection.
However, if a combination of Hb and Lf is used and
results are considered positive in cases with high Lf or Hb,
it is possible to perform a highly sensitive screening that
requires only one fecal sampling. In addition, if results
were considered positive in cases with both high Lf and
Hb, PPV rose in the colorectal cancer, ulcerative colitis,
and Crohn’s disease. If PPV is high, it will be easier to
convince patients to take further examinations such as
colorectal endoscopy, etc. because of the likelihood of the
presence of colorectal disease.
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Hb is likely to be degraded by bacteria or enzymes
contained in feces, resulting in loss of antigenicity. In
buffer fluid, both fecal Lf and fecal Hb remained stable
for 3 days, retaining 75% or greater activity compared
to that recorded immediately after sampling [12]. In this
study, feces were collected into a buffer fluid. For this
reason, we believe that stability after sampling was not
different between Lf and Hb in this study. In the intestine,
however, Lf is believed to be more stable than Hb. We
therefore, analyzed Lf- and Hb-positive rates by location
of colorectal cancer, and found that Hb was highly
sensitive in detecting advanced cancer of the left side of
the colon, i.e., the sensitivity of Hb was lower in detection
of colorectal cancer than in advanced cancer of the left
side of the colon. This finding appears to be related to the
following factors: (1) relatively low stability of Hb within
the intestine, as noted above; and (2) the feces in the right
portion of the colon are still too soft to cause bleeding.
Although the sensitivity of Lf in detecting cancer of the
left side of the colon was lower than that of Hb, it was
higher in detecting cancers affecting other portions of
the colon compared to Hb. The low sensitivity of fecal
occult blood testing in the detection of early colorectal
cancer has been noted in previous reports. In this study,
only 2 of the 17 cases of early colorectal cancer were
positive by this method. However, of these 17 patients
with early colorectal cancer, 14 had been found in other
clinics to be positive for fecal occult blood and visited our
hospital for this reason. This suggests that in cases of early
colorectal cancer, bleeding is often intermittent rather than
continuous. On the other hand, Lf was positive in 5 of
the 17 cases of early colorectal cancer, and its sensitivity
in detecting early colorectal cancer was higher than that
of Hb. Thus, the findings of the analyses by location and
stage of colorectal cancer also suggest that a combination
of Lf and Hb can compensate the shortcomings of
these two parameters used individually for detection of
colorectal cancer.
Examinations for colorectal cancer are usually
performed in individuals over 50 years of age. When
analysis was confined to this age group, specificity of Lf
was slightly lower (89.7%) than that of Hb (93.8%), while
sensitivity of Lf was slightly higher (51.5%) than that
of Hb (48.5%). When results were considered positive
if both Lf and Hb were high, PPV rose to 33.3%. The
combination of Lf and Hb is thus useful in judging
whether an individual aged over 50 years has a high risk
for colorectal cancer.
Numerous studies have been published concerning
noninvasive screening methods, which may replace the
fecal occult blood test used for screening of colorectal
caner [28,29] . A multi-target assay, designed to detect
abnormal DNA in feces, exhibited a high sensitivity in
detecting colorectal cancer, although no comparison of
this assay had been made with fecal Hb measurement.
Furthermore, this assay is too expensive for general use in
clinics or health checkups[30]. Measurement of calprotectin,
one of the neutrophil-specific granules, is highly sensitive
in detecting colorectal cancer, though its specificity is low.
Furthermore, no comparison of calprotectin with fecal Hb
in detection of colorectal cancer has been performed[27,31].
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In conclusion, our results suggest that the usefulness
of fecal Lf measurement appears comparable to that
of fecal Hb measurement in detection of colorectal
diseases. Furthermore, the combination of Lf and Hb
measurement appears to increase the sensitivity and
efficacy of diagnosis.

COMMENTS
Background

The high Lactoferrin (Lf) level in the feces of patients with intestinal inflammation
is believed to originate from the neutrophils which have infiltrated the intestinal
mucosa. The presence of Lf in the cytoplasm of colorectal cancer and adenoma
cells has also been reported. The reason for elevation of fecal Lf level in patients
with colorectal cancer has not yet been fully determined. It has been found that
some colorectal cancers are accompanied by local inflammatory reaction, and that
leukocyte scintigraphy is sometimes positive in patients with colorectal cancer.
Neutrophil elastase and calprotectin, which are neutrophilic granular proteins,
are absent in tumor cells, although their levels are high in feces from patients
with colorectal cancer. Neutrophils thus appear to be a more important source of
fecal Lf than exfoliated tumor cells in patients with colorectal cancer. Therefore,
the usefulness of fecal Lf in the diagnosis of various colorectal diseases was
prospectively evaluated in this study.

Research frontiers

In the United States, fecal occult blood testing (FOBT) by the guaiac method has
been used as a screening for colorectal cancer. A randomized study found that this
method lowered the mortality rate of colorectal cancer. In Japan, immunological
FOBT with a target of hemoglobin (Hb) has often been used in screening for
colorectal cancer. FOBT is also useful in the diagnosis and evaluation of various
colorectal diseases other than colorectal cancer. However, since Hb in feces
is unstable, it may result in false-negative cases. Furthermore, Hb is not useful
in the detection of lesions not accompanied by bleeding. For these reasons,
development of a fecal marker with high sensitivity and specificity is needed.
Lf, which is released from neutrophil-specific granules, is stable in feces and
is an excellent marker of activity of IBD. Fecal Lf level has been reported to be
higher in the patients with not only IBD but also colorectal tumors than in healthy
individuals. In a pilot study comparing fecal Lf level with fecal occult blood testing
in 351 individuals, Lf was found to be as useful as fecal occult blood testing in the
diagnosis of colorectal diseases.

Innovations and breakthroughs

The measurement of fecal Lf and Hb was found to be useful in the detection of
colorectal diseases, and the combination of the two measurements appears to
increase the sensitivity and efficacy of diagnosis.

Applications

The combined measurement of fecal Lf and Hb should be useful for screening of
colorectal diseases including colorectal cancer.

Terminology

Lf is an ironbound protein with a molecular weight of about 80 000. It is found not
only in neutrophil-specific granules but also in milk, tears, saliva, etc. The high Lf
level in the feces of patients with intestinal inflammation is believed to originate
from the neutrophils which have infiltrated the intestinal mucosa.

Peer review

Hirata et al demonstrated the usefulness of fecal Lf and Hb levels for screening of
colorectal cancer and IBD. This study might be clinically relevant. The reliability of
their data is dependent on the presentation of determination method. More precise
methods of their ELISA for lactoferrin and hemoglobin should be described.
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Abstract
AIM: To investigate the effect of a new oral preparation,
highly concentrated in fish cartilage, in a group of
inflammatory bowel diseases (IBD) patients with chronic
iron deficient anemia.
METHODS: In an open label pilot study, we supplemented a group of 25 patients (11 with Crohn’s
disease and 14 with ulcerative colitis) in stable clinical
conditions and chronic anemia with a food supplement
which does not contain iron but contains a standardized
fraction of fish cartilage glycosaminoglycans and a
mixture of antioxidants (Captafer Medestea, Turin, Italy).
Patients received 500 mg, twice a day during meals,
for at least 4 mo. Patients were suggested to maintain
their alimentary habit. At time 0 and after 2 and 4 mo,
emocrome, sideremia and ferritin were examined. Paired
data were analyzed with Student’s t test.
RESULTS: Three patients relapsed during the study (2
rd
th
in the 3 mo, 1 in the 4 mo), two patients were lost to
follow up and two patients dropped out (1 for orticaria,
1 for gastric burning). Of the remaining 18 patients,
levels of serum iron started to rapidly increase within the
nd
2 mo of treatment, P < 0.05), whereas serum ferritin
and hemoglobin needed a longer period to significantly
improve their serum levels (mo 4) P < 0.05. The product
was safe, easy to administer and well tolerated by
patients.
CONCLUSION: These data suggest a potential new
treatment for IBD patients with iron deficiency chronic
anemia and warrant further larger controlled studies.
© 2007 The WJG Press. All rights reserved.

INTRODUCTION
Inflammatory bowel diseases (IBD) represent chronic
recurrent diseases of the gut with a typical negative
balance of iron that leads to anemia.
Iron deficiency anemia affects approximately 30% of
patients with IBD. The symptoms correlated with iron
deficiency are very common in IBD and microcytic and
hypocromic anemia has a significant impact on the quality
of life of IBD affected patients[1-3].
Anemia from iron deficiency is due to inadequate
intake or the loss of iron, whereas in chronic inflammatory
conditions, anemia is also the result of decreased
erythropoiesis, secondary to increase of proinflammatory
cytokines, reactive oxygen metabolites and nitric oxide.
Patients with IBD are treated commonly for their disease,
which can ameliorate the iron deficiency and the anemia.
Oral iron supplements may have a negative effect on the
inflammatory activity of the disease. Studies in animal
models suggest that iron may increase the activity of
the disease through activation of the NFkb pathway of
inflammation [4]; moreover, iron supplementation may
cause alterations in the immune function affecting the
inflammatory state by increasing the level of inflammation
itself, modulating the function of macrophages and Th1
cells[5]. Finally in animal models of ulcerative colitis (UC)
and Crohn disease (CD) it has been shown that the iron
not absorbed can reach the ileum and the colon increasing,
at the site of ulceration, the oxidative stress and enhancing
pro-inflammatory cytokines[6,7]. An alternative approach to
treat iron deficient anemia in IBD patients is to improve
bioavailability of the iron normally introduced from the
diet.
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A pilot study of a food supplement (Captafer trade
mark) containing selected fish cartilage and a mixture of
antioxidants (Table 1) has been recently tested in healthy
women with iron deficiency at reproductive age, free from
estroprogestinic therapy. A significant elevation in serum
iron and ferritin levels after 30 and 60 d of treatment was
noted, in contrast with the inefficacy of the placebo[8].
Our work focused on the understanding of the role
of this food supplement in iron deficiency and chronic
anemia that characterized patients with IBD. With this
aim in an open pilot study, we selected a group of patients
with IBD in clinical remission with chronic anemia and
low levels of serum iron and ferritin. The bioavailability
of iron was ascertained by analyzing three variables: serum
iron, hemoglobin and serum ferritin.

Statistical analysis
The serum iron level (μg/mL), ferritin level (ng/mL) and
hemoglobin value (g/dL) were analyzed and compared
with Student’s t test for paired data. Three groups were
considered: the baseline group (time 0), the mo 2 group
and the mo 4 group. The three parameters (serum iron,
serum ferritin and hemoglobin) were compared by pairing
the baseline group with the mo 2 and mo 4 groups,
respectively. Data were expressed for each group as
geometric mean ± SD. A P value < 0.05 was considered to
be statistically significant.

RESULTS
Eighteen of the 25 patients who began the treatment
completed the study.
Reasons for not completing the study were: relapse of
the disease (3/25), loss to follow up (2/25) and adverse
reactions (2/25). Two patients relapsed during the third
www.wjgnet.com
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Table 1 Captafer composition
Twe tablets composition % RDA Per 100 g
Energy
Proteins (N × 6.25)
Carboydrates
Fat
Vitamin C
Vitamin E
Folic acid
Zinc
Cupper
Selected fish cartilage

1.3 Kcal 5.5 KJ
0.19 g
0.01 g
0.05 g
90 mg
30 mg
150 mcg
15 mg
1.2 mg
800 mg

83 Kcal 347 kJ
11.9 g
0.8 g
3.5 g
5.62 g
1.87 g
0.01 g
0.93 g
0.07 g
50 g

150
300
75
100

RDA: recommended daily allowance.

Table 2 Patient characteristics

MATERIALS AND METHODS
The study was an open-label, pilot clinical trial approved
by the local ethical committee of the University of
Bologna, S.Orsola Hospital. Twenty-five patients with IBD
(11 Crohn’s disease, 14 ulcerative colitis) were selected
from our registered labeled archive. Patient characteristics
at the time of enrollment are listed in Table 2. Patients in
clinical remission, according to CDAI for CD and Simple
Clinical Colitis Activity Index for UC, taking mesalamine
2.4 g/d for preventing relapse and having mycrocytic
and hypocromic anemia were considered eligible for this
study. Disease localization in patients with CD was: 6
in the ileocolon, 3 in the ileum, and 2 in the colon. The
treatment consisted of a supplementation of 500 mg of
Captafer™ twice a day during meals for at least 4 mo. The
composition of Captafer tablet is shown in Table 1.
Patients were suggested to maintain their alimentary
habit throughout all the study period. An hemocrome,
sideremia and ferritin evaluation plus a normal screening
laboratory exam was performed at time 0 (before the
beginning of the treatment), and after 2 and 4 mo,
respectively. Patients who had a relapse of the disease
during the period of the treatment, who had adverse
reactions, or who did not make all the blood evaluations
were excluded from the final statistical analysis.
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Characteristics
Age (yr)

Crohn’s disease
20-60 ± 12

Ulcerative colitis
30-70 ± 15

Sex (M/F)
Simple clinical colitis
activity index
Score on Crohn’s
disease activity index

9/2

8/6
3-6 ± 1

59-120 ± 20

Table 3 Serum iron, ferritin and hemoglobin levels before and
after the treatment with captafer

18 patients (10 UC/8CD)
Serum iron (μg/dL)

Baseline (time 0)

mo 2

mo 4

mean ± SD
26.7 ± 13.6
8.5 ± 6.8

mean ± SD
46 ± 27.21
P < 0.05
14.5 ± 20.5

10.96 ± 0.90

11.07 ± 1.02

mean ± SD
44.5 ± 21.21
P < 0.05
14.1 ± 10.31
P < 0.05
11.48 ± 0.941
P < 0.05

Serum ferritin (ng/mL)
Hemoglobin (g/dL)

1

Student’s t test for paired data.

month and one in the fourth month of treatment. Of the
patients who dropped out, one developed orticaria and
one complained a gastric burning. The occurrence of these
events was not linked to the treatment or was independent
events. Ten of the patients who completed the study were
affected by ulcerative colitis and eight had Crohn’s disease.
The results are shown in Table 3. With regard to serum
iron levels, after two months of treatment, a significant
increase was seen(P < 0.05). The increase was around 1.722
fold of baseline values (serum iron: baseline value 26.7
μg/dL; mo 2, 46 μg/dL). With regard to serum ferritin
and hemoglobin, a trend towards increased value at mo 2
was noted (Figure 1).
Statistical analysis of the results obtained after 4 mo of
treatment were consistent with the purpose of this study.
There was a significant increase in serum iron, ferritin and
hemoglobin (P < 0.05). The serum iron increased 1.66
fold, serum ferritin increased 1.65 fold and the hemoglobin
increased 1.035 fold after 4 mo of treatment. Data
analysis did not show any difference between UC and CD
patients or between CD subgroups, according to disease
localization. The product was safe, easy to administer and
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Figure 1 Serum iron, ferritin and hemoglobin levels before and after the treatment
with captafer.

patients tolerated the treatment for all the period.

DISCUSSION
Dietary iron occurs as haeme and non-haeme iron (mostly
from plants). The non-haeme iron is transformed to the
ferric state in the presence of oxygen. After reduction to
the ferrous state, iron is transferred to enterocytes by the
apical transporter divalent metal transporter 1. If iron
stores are replete, iron is trapped in ferritin and lost in the
intestinal lumen when the cell desquamates.
In inflammatory bowel diseases, iron impairment may
be due to several factors: poor absorption due to the
activity of the disease localized in the small intestine or to
the surgical resection, chronic loss of blood due to chronic
intestinal bleeding and an inflammatory environment
determined by the presence of proinflammatory and
inflammatory cytokines[9-14]. In IBD the iron is lost because
of the presence of chronic bleeding from the gut, which
amount exceeds the iron that may be absorbed from the
diet. Although iron absorption may be affected in Crohn’s
disease due to the localization of the disease, several
treatments have been introduced to restore iron depletion.
As it is reported by large studies the efficacy of
oral iron is limited by poor absorption, intolerance
and induction of oxidative stress at the site of bowel
inflammation[4-6].
Another therapeutical option is the treatment with iron
i.v.[15], particularly iron sucrose together with erythropoietin;
this combination is effective but its clinical use is limited
by high cost and difficulty of administration[16].
In this study we proposed an alternative and potential
new treatment for iron deficient anemia in inflammatory
bowel disease using a new food supplement with high
content of fish cartilage that was well tolerated and
without major adverse reactions. The only previous clinical
experience was in healthy women with iron deficiency with
a substantial enhancement of blood values[8].
In a recent paper it has been shown that the carbohydratic component of the fish muscle is involved in
determining a better bioavailability of iron by increasing
absorption of iron. Huh et al[17] used an in vitro model to
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confirm and analyze the fish meat factors that enhance the
non-haeme iron bioavailability, showing a 5 fold increase
in iron uptake. They evidenced that low-molecular-weight
carbohydrates of muscle tissue obtained from fish are
responsible for increasing non-haeme iron uptake in
caco-2 cells. These carbohydrates may be represented by
oligosaccharides originating from glycosaminoglycans in
the extracellular matrix of muscle tissue. This finding well
correlates with our results. Our preparation is composed
of glycosaminoglycans in a greater percentage, which
may be involved in the enhancement of non-haeme iron
absorption.
In our study, a significant increase in serum iron was
seen after 2 mo of therapy, and a significant increase in
serum iron, serum ferritin and hemoglobin was noted
at the end of the treatment. These preliminary data
seem to offer a new and alternative approach to treat
iron deficiency in patients with IBD, because of the
efficacies tested, absence of major adverse effects, and
easy administration. A placebo controlled trial is needed to
confirm the potential beneficial effects of this preparation.
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Abstract
AIM: To clarify whether nonalcoholic fatty liver disease
(NAFLD) increases the risk of cardiovascular disease.
METHODS: We carried out a prospective observational
study with a total of 1637 apparently healthy Japanese
men and women who were recruited from a health
check-up program. NAFLD was diagnosed by abdominal
ultrasonography. The metabolic syndrome (MS) was
defined according to the modified National Cholesterol
E duc at io n P ro gram (NCEP) ATP Ⅲ cri teria. Five
years after the baseline evaluations, the incidence
of cardiovascular disease was assessed by a selfadministered questionnaire.
RESULTS: Among 1221 participants available for
outcome analyses, the incidence of cardiovascular
disease was higher in 231 subjects with NAFLD at
baseline (5 coronary heart disease, 6 ischemic stroke,
and 1 cerebral hemorrhage) than 990 subjects without
NAFLD (3 coronary heart disease, 6 ischemic stroke, and
1 cerebral hemorrhage). Multivariate analyses indicated
that NAFLD was a predictor of cardiovascular disease
independent of conventional risk factors (odds ratio
4.12, 95% CI, 1.58 to 10.75, P = 0.004). MS was also

independently associated with cardiovascular events. But
simultaneous inclusion of NAFLD and MS in a multivariate
model revealed that NAFLD but not MS retained a
statistically significant correlation with cardiovascular
disease.
CONCLUSION: Although both of them were predictors
of cardiovascular disease, NAFLD but not MS retained
a statistically significant correlation with cardiovascular
disease in a multivariate model. NAFLD is a strong
predictor of cardiovascular disease and may play a
central role in the cardiovascular risk of MS.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
clinical condition with histological features that resemble
those of alcohol-induced liver injury, but occur in patients
who do not abuse alcohol[1]. It is emerging as the most
common chronic liver disease in Western countries and
also in other parts of the world[2-4]. NAFLD encompasses
a histological spectrum ranging from simple steatosis to
steatohepatitis, advanced fibrosis and cirrhosis [1]. The
problem of NAFLD is not confined to its potential to
cause serious liver related morbidity and mortality. It
frequently occurs with features of the metabolic syndrome
including obesity, type 2 diabetes mellitus[5,6], dyslipidemia[7]
and hypertension[8]. In fact, the metabolic syndrome is a
strong predictor of NAFLD[9]. Although the metabolic
syndrome is a well-known precursor of cardiovascular
disease[9-13], the potential cardiovascular risk of NAFLD
itself has not been well investigated. Therefore, we
designed a prospective observational study in apparently
www.wjgnet.com
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healthy Japanese people to assess whether subjects with
NAFLD have an increased risk of cardiovascular disease.

MATERIALS AND METHODS
Study subjects
In order to investigate whether non-alcoholic fatty
liver disease is a predictor of cardiovascular disease, a
prospective observational cohort study was carried out
in a setting of a medical health checkup program at
Murakami Memorial Hospital, Gifu, Japan. The purpose
and details of the health checkup program were described
previously[9]. Briefly, the center at which the checkups were
performed was founded in 1994 and evaluated about 5000
examinees annually at the beginning of this study. Of these
examinees, 60% repeatedly participated in the program
annually or biennially and 40% were new registrants. Most
of the participants were employees of various companies
and local governmental organizations and their spouses.
These companies and organizations recruit the participants
each year from their employees according to a contract
with our center. The cost of the medical examination was
largely paid by the employers. The ethics committee of
Murakami Memorial Hospital approved the study. Between
January and December 1998, the center evaluated a total
of 5409 participants. Among them, there were 3835
participants who had repeated the checkups on an annual
or biennial basis. These repeaters who were thought to be
suitable for a follow up at our center were invited to join
the study.
Data collection and measurements
The health checkup programs included the following:
u r i n a l y s i s, b l o o d c e l l c o u n t s, b l o o d c h e m i s t r y,
measurements of hepatitis B antigen and hepatitis C
antibody, electrocardiography, chest radiography, barium
examination of the upper gastrointestinal tract, and
abdominal ultrasonography. Medical history and lifestyle
factors, including physical activity, smoking and alcohol
consumption were sur veyed by a self-administered
questionnaire. Regarding medical history, participants were
asked whether they had any past or current illness, and
if so they were asked to indicate the doctor’s diagnosis
and the time of diagnosis, medication, and any surgical
operations undergone. Smoking status was expressed
by using the Brinkman index, which is calculated as the
number of cigarettes smoked per day multiplied by the
number of years that the participant smoked. We asked
participants about the amount and type of alcoholic
beverages consumed per week, and then estimated the
mean ethanol intake per day. When the participants had
difficulty completing the questionnaire, trained nurses
provided assistance. Body mass index (BMI) was calculated
as body weight in kilograms divided by the square of the
participant’s height in meters.
The diagnosis of fatty liver was based on the results
of abdominal ultrasonography, which was done by trained
technicians with Aloka SSD-650CL (Aloka Co., Ltd.,
Tokyo, Japan). All ultrasonographic images were stored
as photocopies. One gastroenterologist reviewed the
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photocopies and made the diagnosis of fatty liver without
reference to any of the participant’s other individual data.
Of 4 known criteria (hepatorenal echo contrast, liver
brightness, deep attenuation, and vascular blurring)[9,14],
the participants were required to have hepatorenal contrast
and liver brightness to be given a diagnosis of NAFLD.
We used the criteria of National Cholesterol Education
Program Adult Treatment Panel Ⅲ (NCEP ATP Ⅲ)[15]
to characterize the metabolic syndrome. Because waist
measurements were not available for the entire study
sample, we substituted a BMI of 25 kg/m 2 or greater
for all participants as an index of obesity. A BMI of 25
kg/m2 or greater has been proposed as a cutoff for the
diagnosis of obesity in Asian people[16]. Individuals with 3
or more of the 5 abnormalities were considered to have
the metabolic syndrome.
We excluded participants who reported previous
myocardial infarction, angina pectoris, ischemic stroke,
cerebral hemorrhage or cancer. Additional exclusion
criteria were known liver disease and an alcohol intake of
more than 20 g/d. Regarding liver disease, participants
with a positive test for hepatitis B antigen or hepatitis C
antibody and those who reported a history of known liver
disease, including viral, genetic, autoimmune, and druginduced liver disease, were also excluded[9,17].
Follow up study
Between January 2003 and December 2004, the incidence
of cardiovascular events among the study participants
was assessed by a self-administered questionnaire when
they visited the center for their health check-ups. To those
who did not come back to our center during the period
of the follow-up study we sent the questionnaire by mail.
Cardiovascular diseases were defined to include coronary
heart disease, ischemic stroke and cerebral hemorrhage.
Coronary heart disease includes unstable angina, acute
myocardial infarction and silent myocardial infarction.
Stable angina pectoris were not counted. The participants
who reported a doctor’s diagnosis compatible with the
above definition of cardiovascular disease or those who
reported signs and symptoms indicative of cardiovascular
disease were interviewed at the time of their visits or
by phone. Thereby, we identified hospitals where the
diagnosis of cardiovascular diseases was made. Through
contacts with the hospitals the diagnosis of cardiovascular
disease was confirmed. We counted only first-ever events
in this study.
Statistical analysis
The SPSS statistical package, version 11.0.1 J (SPSS, Inc.,
Chicago, Illinois) was used for all statistical analyses,
and a P value less than 0.05 was considered statistically
significant. Two groups of participants were compared
by the unpaired t-test and the chi-square test. Logistic
regression was used to analyze correlations between the
incidence of cardiovascular disease and NAFLD or the
metabolic syndrome while controlling for conventional
cardiovascular risk factors. Unadjusted and adjusted odds
ratios and 95% CI were calculated. Data are expressed as
means and SD for continuous variables.
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Table 1 Baseline characteristics of the study participants
(n = 1647)
Variables

Asparate
aminotransferase, U/L
Alanine
aminotransferase, U/L
Gamma-glutamyltransferase,
U/L
Men, n (%)
Age (yr)
The Brinkman index1
LDL-C, mmol/L
The metabolic
syndrome, n (%)
BMI, kg/m2
Fasting plasma
glucose, mmol/L
Systolic blood
pressure, mmHg
Diastolic blood pressure, mmHg
HDL-C, mmol/L
Triglycerides, mmol/L
C reactive protein, mg/dL

Subjects without Subjects with
NAFLD
NAFLD
(n = 312)
(n = 1335)

Table 2 Univariate analyses of factors associated with
cardiovascular disease among 1221 subjects

P

17.4 ± 5.2

23.9 ± 11.2

< 0.001

17.7 ± 9.6

38.8 ± 27.8

< 0.001

17.8 ± 18.2

34.0 ± 31.5

< 0.001

730 (54.7)
47.8 ± 8.6
223.8 ± 359.3
3.4 ± 0.8
87 (6.5)

250 (80.1)
49.1 ± 8.7
358.6 ± 461.9
3.7 ± 0.9
119 (38.1)

< 0.001
0.017
< 0.001
< 0.001
< 0.001

21.9 ± 2.6
5.1 ± 0.6

25.1 ± 2.5
5.7 ± 1.3

< 0.001
< 0.001

114.6 ± 16.2

123.7 ± 15.9

< 0.001

71.6 ± 10.2
1.3 ± 0.3
1.2 ± 0.7
0.1 ± 0.4

77.8 ± 9.7
1.0 ± 0.2
1.9 ± 1.0
0.2 ± 0.3

< 0.001
< 0.001
< 0.001
0.19

NAFLD: nonalcoholic fatty liver disease; LDL-C: low density lipoprotein
cholesterol; HDL-C: high density lipoprotein cholesterol. We applied
unpaired t-test and the chi-square test to unpaired values between two
groups. 1The Brinkman index is the number of cigarettes per day multiplied
by years of smoking. A higher value indicates increased smoking-associated
health hazard.

RESULTS
Between January and December 1998, a total of 2429
participants (1680 men and 748 women) gave informed
consent to be included in the study. Fifty subjects (44 men
and 6 women) reported a previous history of myocardial
infarction, angina pectoris, stroke, or cancer, and were
excluded from the study. In addition, we excluded 108
subjects (80 men and 28 women) who had known liver
disease, 531 subjects (510 men and 21 women) who
consumed more than 20 g of ethanol per day, and 93
subjects (66 men and 27 women) who were taking
medication concurrently. As a result, there were 1647 study
subjects (980 men and 667 women). Mean age and BMI
were 47.8 years (SD, 8.5) (range, 22 to 83 years) and 22.0
kg/m2 (SD, 2.4) (range, 15.1 to 32.6 kg/m2), respectively.
At baseline there were 312 subjects (18.9%) with
NAFLD (Table 1). Mean age, BMI, and the Brinkman
index were higher and systolic and diastolic blood
pressures were also higher in the subjects with NAFLD.
The NAFLD group included more men. The subjects with
NAFLD had higher liver enzymes, fasting plasma glucose,
LDL-cholesterol and triglycerides, and lower HDLcholesterol than those without NAFLD. The metabolic
syndrome was diagnosed in 206 of the 1647 study
participants (12.5%), and the prevalence of the metabolic
syndrome was higher in the subjects with NAFLD (38.1%)
than those without (6.5%).
Incidence of cardiovascular disease
One thousand two hundred twenty one of 1647 participants
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Odds ratio (95% CI)
NAFLD
Gamma -glutamyltransferase, U/L
Age, 10 yr
Men
The Brinkman index, 100 index1
LDL-C, mmol/L
The metabolic syndrome
The components of metabolic syndrome
BMI, kg/m2
Fasting plasma glucose, mmol/L
Systolic blood pressure, 10 mmHg
Diastolic blood pressure, 10 mmHg
HDL-C, mmol/L
Triglycerides, mmol/L

P

5.37 (2.29-12.58)
1.02 (1.01-1.03)
2.30 (1.46-3.61)
1.70 (0.66-4.38)
1.08 (1.00-1.17)
1.48 (0.89-2.46)
3.14 (1.26-7.83)

< 0.001
< 0.001
< 0.001
0.27
0.049
0.13
0.014

1.14 (1.00-1.31)
1.42 (1.01-2.01)
1.72 (1.4-2.12)
2.31 (1.57-3.39)
0.16 (0.03-0.84)
1.61 (1.11-2.32)

0.044
0.046
< 0.001
< 0.001
0.031
0.012

NAFLD: nonalcoholic fatty liver disease; LDL-C: low dense lipoprotein
cholesterol; HDL-C: high dense lipoprotein cholesterol. 1The Brinkman index
is the number of cigarettes per day multiplied by years of smoking. A higher
value indicates increased smoking-associated health hazard.

(74.1%) completed the follow-up investigations. One
thousand thirty three of them filled out the questionnaire
at the time of their visits to our center and 188 subjects
responded to the questionnaire mailed to them. Four
hundred twenty six subjects did not send back the mailed
questionnaire and were lost to the follow up analyses. Of
1221 participants available for follow up analyses, 231
subjects had NAFLD and 162 subjects had the metabolic
syndrome at baseline. When the baseline characteristics
were compared between the participants who completed
and those who were lost to the follow-up study, there
were more men among those who completed the followup than those who were lost to it (% of men, 61.3% vs
54.5%). LDL-cholesterol was slightly lower in the subjects
who completed the follow-up than in those who did not
complete it (3.4 ± 0.8 mg/dL vs 3.6 ± 0.9 mmol/L). The
prevalence of NAFLD (18.9% vs 19.0%) or the metabolic
syndrome (13.3% vs 10.3%) and the other parameters listed
in Table 1 except for LDL-cholesterol were not different
between the two groups.
During 7115 person-years of follow-up, we identified
22 events (1.8%) of nonfatal cardiovascular disease among
1221 subjects who completed the follow-up study: 8 events
of coronary heart disease (7 events of acute coronary
syndrome and 1 event of silent myocardial infarction),
12 events of ischemic stroke and 2 events of cerebral
hemorrhage. A death due to carcinoma, the details of
which were unknown, was reported from the family of
a participant. There was no death due to cardiovascular
disease (CVD) during the study period. In the 231 subjects
with NAFLD, 12 events of cardiovascular disease occurred
(5.2%), which comprised 5 events of coronary heart
disease, 6 events of ischemic stroke and 1 event of cerebral
hemorrhage. On the other hand, 10 events of CVD (1.0%)
occurred in the 990 subjects without NAFLD, which
comprised 3 events of coronary heart disease, 6 events
of ischemic stroke and 1 event of cerebral hemorrhage.
The incidence of cardiovascular disease was higher in the
subjects with NAFLD than in those without (P < 0.001).
www.wjgnet.com
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Table 3 Multivariate analyses of factors associated with cardiovascular disease among 1221 subjects (748 men and 473 women)
Total (n = 1221)

Model 1
Odds ratio (95% CI)

P

Model 2
Odds ratio (95% CI)

P

Model 3
Odds ratio (95% CI)

P

NAFLD
The metabolic syndrome
Age, 10 yr
The Brinkman index, 100 index1
Systolic blood pressure, 10 mmHg
LDL-C, mmol/L

3.57 (1.47-8.67)
(-)
1.61 (0.97-2.66)
1.06 (0.97-1.16)
1.60 (1.26-2.04)
1.19 (0.70-2.03)

0.005
(-)
0.064
0.18
< 0.001
0.52

(-)
2.61 (1.03-6.60)
2.08 (1.30-3.33)
1.05 (0.96-1.14)
(-)
1.35 (0.8-2.3)

(-)
0.042
0.002
0.28
(-)
0.26

4.12 (1.58-10.75)
1.38 (0.49-3.86)
2.12 (1.32-3.41)
1.03 (0.95-1.12)
(-)
1.24 (0.73-2.08)

0.004
0.54
0.002
0.48
(-)
0.43

Men (n = 748)

Model 1
Odds ratio (95% CI)

P

Model 2
Odds ratio (95% CI)

P

Model 3
Odds ratio (95% CI)

P

NAFLD
The metabolic syndrome
Age, 10 yr
The Brinkman index, 100 index1
Systolic blood pressure, 10 mmHg
LDL-C, mmol/L

2.78 (0.98-7.89)
(-)
1.59 (0.90-2.80)
1.07 (0.97-1.18)
1.51 (1.10-2.07)
1.42 (0.74-2.71)

0.054
(-)
0.11
0.19
0.011
0.29

(-)
2.06 (0.70-6.11)
1.90 (1.11-3.23)
1.05 (0.95-1.15)
(-)
1.53 (0.81-2.90)

(-)
0.19
0.019
0.35
(-)
0.19

3.56 (1.16-10.95)
1.13 (0.34-3.78)
1.96 (1.15-3.34)
1.04 (0.95-1.13)
(-)
1.42 (0.76-2.65)

0.027
0.84
0.014
0.44
(-)
0.27

Women (n = 473)

Model 1
Odds ratio (95% CI)

P

Model 2
Odds ratio (95% CI)

P

Model 3
Odds ratio (95% CI)

P

14.33 (1.98-103.57)
(-)
1.87 (0.60-5.78)
0.46 (0.03-6.76)
1.88 (1.23-2.86)
0.62 (0.21-1.85)

0.008
(-)
0.28
0.57
0.003
0.39

(-)
4.59 (0.78-27.10)
3.28 (1.09-9.86)
0.55 (0.04-7.63)
(-)
0.87 (0.30-2.52)

(-)
0.093
0.035
0.65
(-)
0.80

7.32 (1.22-43.84)
2.86 (0.42-19.39)
3.04 (0.99-9.31)
0.41 (0.03-6.44)
(-)
0.77 (0.27-2.16)

0.029
0.28
0.051
0.53
(-)
0.62

NAFLD
The metabolic syndrome
Age, 10 yr
The Brinkman index, 100 index1
Systolic blood pressure, 10 mmHg
LDL-C, mmol/L

NAFLD: nonalcoholic fatty liver disease; LDL-C: low dense lipoprotein cholesterol. 1The Brinkman index is the number of cigarettes per day multiplied by years
of smoking. A higher value indicates increased smoking-associated health hazard.

Among 162 subjects with the metabolic syndrome, 7
events of CVD (4.3%) comprising 1 event of coronary
heart disease and 6 events of ischemic stroke occurred,
while 15 events of CVD (1.4%) comprising 7 events of
nonfatal coronary heart disease, 6 events of ischemic
stroke, and 2 events of cerebral hemorrhage occurred
among 1059 subjects without the metabolic syndrome. The
incidence was higher in the subjects with the metabolic
syndrome than in those without (P = 0.019). Correlations
of CVD events with NAFLD and the metabolic syndrome
in addition to conventional CVD risk factors were first
analyzed by univariate analyses (Table 2). NAFLD, gammaglutamyltransferase, age, smoking (Brinkman index) and
the metabolic syndrome showed statistically significant
correlations with CVD. Each component of the metabolic
syndrome also had a statistically significant correlation
with CVD. Male gender and LDL-cholesterol were not
correlated with CVD.
We constructed 3 models for multivariate analyses
of the correlation of CVD events with NAFLD and
other variables. Model 1 included NAFLD, age, smoking
(Brinkman index), systolic blood pressure and LDLcholesterol as independent variables. In model 2 the
metabolic syndrome in place of NAFLD was selected
as an independent variable. NAFLD as well as the
metabolic syndrome was simultaneously included in
model 3. Although gender was not correlated with CVD
events in the univariate analyses, multivariate analyses
were performed with subjects as a whole and men and
women separately in order to examine a possible gender
difference with respect to the relation between NAFLD
and cardiovascular disease.
www.wjgnet.com

Analyses with subjects as a whole revealed that
NAFLD and systolic blood pressure showed statistically
significant correlations with CVD events in model 1. The
respective odds ratios were 3.57 (95% CI, 1.47 to 8.67,
P = 0.005) and 1.60 (95% CI, 1.26 to 2.04, P < 0.001)
(Table 3). In model 2, the metabolic syndrome and age
retained statistically significant correlations with CVD
events. In a separate analysis, we replaced the metabolic
syndrome with 5 components of the metabolic syndrome
to evaluate the role of each component as a risk factor
of CVD. In this analysis, only systolic blood pressure was
correlated with CVD events. In model 3, NAFLD and
age retained statistically significant correlation with CVD
events and the metabolic syndrome lost an independent
association with CVD events.
When men and women were separately analyzed,
results were generally the same as described above.
Although the correlation between NAFLD and CVD
events appeared to be stronger in women than in men, a
clear gender difference was not concluded. Some variables
lost statistical significance, probably because a decrease in
the number of CVD events weakened statistical power.

DISCUSSION
In this study, we found that NAFLD was a predictor of
cardiovascular events among apparently healthy Japanese
men and women. The association between NAFLD and
future CVD events was independent of conventional
cardiovascular risk factors.
Several previous studies demonstrated associations
between NAFLD and intima-media thickness and/or
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plaques of carotid artery that were used as measures of
early atherosclerosis[18-20]. These were all cross-sectional
studies in nature and it was difficult to determine a causeeffect relationship. Recently, Targher et al[21] reported in a
prospective nested case-control study that NAFLD is a
strong predictor of future cardiovascular events among
type 2 diabetic patients. The subjects of their study were
all patients with type 2 diabetes, which constitute a very
high-risk population for cardiovascular disease. Therefore,
it was uncertain whether the study could be extrapolated
to the general population. We extended their study and
showed that NAFLD can serve as a strong predictor of
cardiovascular disease in apparently healthy people.
The metabolic syndrome defined by the modified
National Cholesterol Education Program (NCEP ATP
Ⅲ) criteria was also a predictor of CVD events in this
study. Since an accumulating body of evidence suggests
that there is a close association between the metabolic
syndrome, which is a well-known atherogenic condition,
and NAFLD, the mechanisms linking NAFLD with CVD
events are at least partly mediated by the atherogenic
abnormalities of the metabolic syndrome, that is, obesity,
hyperglycemia, hypertriglyceridemia, low HDL-cholesterol
and hypertension [15]. In fact, a correlation between the
severity of liver histology of NAFLD and early carotid
atherosclerosis was reported [19], while the association
between liver histology and severity of the metabolic
syndrome [22] has been noted as well. In a multivariate
analysis based on the model that included NAFLD and the
metabolic syndrome simultaneously as covariates, we found
that NAFLD but not the metabolic syndrome retained
an independent correlation with CVD events. This may
suggest that NAFLD plays a central role in the pathway
connecting the metabolic syndrome and cardiovascular
diseases. The biological mechanism by which NAFLD
promotes atherosclerosis is not known. Possible mechanistic
pathways include increased oxidative stress, subclinical
inflammation, an abnor mal adipocytokine profile,
endothelial dysfunction and lipid abnormalities[23].
Limitations of our study should be noted. First,
although ultrasonography has a relatively high sensitivity
(82%-94%) and specificity (66%-95%) in detecting fatty
liver, it may give an incorrect diagnosis in 10%-30% of
cases[24-28]. Moreover, it cannot distinguish steatohepatitis
from simple steatosis. Second, our analysis is based on
the incidence of self-reported cardiovascular disease. It
is possible that selection biases could have masked a true
association between NAFLD and cardiovascular disease.
Finally, although the incidence rate of coronary heart
disease in our study population was comparable to that of
a much larger scale study reported recently from Japan[29], it
was far lower than those reported in Western countries[13],
and so the generalizability of our study to non-Japanese
populations is uncertain.
In conclusion, our study confir ms that NAFLD
is a strong predictor of cardiovascular disease. The
clinical implications of our study are twofold. Since
ultrasonography of the liver is a non-invasive and easily
applicable clinical test, it may be a useful tool for risk
evaluation of cardiovascular disease. In patients with
NAFLD, in addition to lifestyle modifications to reduce fat
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deposition, it may be important to explore the patients for
risk factors of cardiovascular disease, and if found, treat
them aggressively.
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Abstract
AIM: To investigate risk factors associated with Barrett’s
oesophagus and oesophageal adenocarcinoma.
METHODS: This all-Ireland population-based casecontrol study recruited 224 Barrett’s oesophagus
patients, 227 oesophageal adenocarcinoma patients and
260 controls. All participants underwent a structured
interview with information obtained about potential
lifestyle and environmental risk factors.
RESULTS: Gastro-oesophageal reflux was associated
with Barrett’s [OR 12.0 (95% CI 7.64-18.7)] and
oesophageal adenocarcinoma [OR 3.48 (95% CI
2.25-5.41)]. Oesophageal adenocarcinoma patients were
more likely than controls to be ex- or current smokers [OR
1.72 (95% CI 1.06-2.81) and OR 4.84 (95% CI 2.72-8.61)
respectively] and to have a high body mass index [OR
2.69 (95% CI 1.62-4.46)]. No significant associations
were observed between these risk factors and Barrett's
oesophagus. Fruit but not vegetables were negatively
associated with oesophageal adenocarcinoma [OR 0.50
(95% CI 0.30-0.86)].
CONCLUSION: A high body mass index, a diet low
in fruit and cigarette smoking may be involved in the
progression from Barrett’s oesophagus to oesophageal
adenocarcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Barrett’s oesophagus, a condition of the distal oesophagus
in which the normal stratified squamous epithelium
is replaced by specialised intestinal metaplasia, is a
recognized precursor of oesophageal adenocarcinoma[1],
a cancer that has been increasing in incidence in many
Western societies over recent decades[2-6]. It is unknown
if all oesophageal adenocarcinomas arise from Barrett’
s oesophagus but there is some evidence to suggest that
this is the case [7]. In surveillance programs of Barrett’
s oesophagus only a minority of patients develop
oesophageal adenocarcinoma [8-12] raising the question
of what factors are implicated in the development of
oesophageal adenocarcinoma from Barrett’s oesophagus.
Several case-control studies have investigated lifestyle
factors associated with oesophageal adenocarcinoma[13-19]
but few studies of factors associated with Barrett’s
oesophagus have been reported[20-22]. Gastro-oesophageal
reflux is strongly associated with oesophageal adeno
carcinoma [14-17,23,24] and is thought to be the main predisposing factor for Barrett’s oesophagus [20]. A small
proportion of gastro-oesophageal reflux sufferers
develop Barrett’s oesophagus [25-28] and approximately
0.5% of Barrett’s oesophagus patients progress to
oesophageal adenocarcinoma each year[8,29-31] indicating
that factors apart from gastro-oesophageal reflux are
involved in the development of Barrett’s oesophagus
and in its progression to oesophageal adenocarcinoma.
Several risk factors for oesophageal adenocarcinoma
have been established, including a high body mass index
(BMI) [15,16,24,32-34], smoking [13,15,19,34,35] and possibly a diet
low in fruit and vegetables[16,24,36-38]. Engel et al[39] estimated
that these three factors, in combination with gastrooesophageal reflux, have a population attributable risk for
www.wjgnet.com
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oesophageal adenocarcinoma of 78.7%. However, it is not
clear at which stage along the oesophageal inflammationmetaplasia-adenocarcinoma sequence these factors exert
their effect. Studies comparing risk factors for Barrett’
s oesophagus and oesophageal adenocarcinoma provide
the opportunity to examine whether these risk factors are
important in the development of Barrett’s oesophagus or
in its progression to oesophageal adenocarcinoma. This
is crucial to the targeting of preventive efforts aimed
at reducing the morbidity and mortality associated with
these conditions. We undertook a population-based casecontrol study of Barrett’s oesophagus and oesophageal
adenocarcinoma within Ireland.

MATERIALS AND METHODS
Study details have been described in detail elsewhere[40].
B r i e f l y, t h e F a c t o r s I n f l u e n c i n g t h e B a r r e t t ’s
Adenocarcinoma Relationship (FINBAR) study recruited
three groups of subjects: (1) patients with oesophageal
adenocarcinoma, (2) patients with long-segment Barrett’s
oesophagus, and (3) normal population controls between
March 2002 and December 2004.
Oesophageal adenocarcinoma cases had histological
confirmation of adenocarcinoma within the oesophagus.
Northern Ireland cases were identified from electronic
pathology records from all pathology laboratories within
the province. Republic of Ireland cases were identified
from the main hospitals involved in the diagnosis and
treatment of oesophageal cancer. All available relevant
clinical and histological records including endoscopy,
surgical and radiological reports were reviewed by LAA,
SJM, JM and a pathologist, to confirm that the tumour
was located in the oesophagus and to assign tumours into
two groups: (1) oesophageal tumours (including tumours
encroaching on the esophagogastric junction) and (2)
junctional tumours (tumours involving the oesophagus,
esophagogastric junction and gastric cardia).
Barrett’s oesophagus patients were eligible for inclusion
if ≥ 3 centimetres of typical Barrett’s mucosa were seen
at endoscopy and the presence of specialised intestinal
metaplasia was confirmed by histological examination
of biopsy specimens. Incident and prevalent cases were
included and subjects were frequency matched to the age
and 5-year sex distribution of oesophageal adenocarcinoma
patients. Patients with dysplasia on histological examination
were excluded. In Northern Ireland, cases of Barrett’s
oesophagus were initially identified from pathology reports
gathered from throughout Northern Ireland. Endoscopy
note review was necessary in most patients to confirm the
length of the segment of Barrett’s oesophagus, as length
was infrequently recorded on the pathology report. In the
Republic of Ireland, clinicians in the Dublin and Cork
areas sent details of Barrett’s oesophagus patients who met
the inclusion criteria to the research personnel.
Eligible control subjects were adults without a history
of oesophageal or other gastro-intestinal cancer or a
known diagnosis of Barrett’s oesophagus and were
frequency matched, by sex and 5-year age band, to the
distribution of oesophageal adenocarcinoma patients.
Northern Ireland controls were selected at random
www.wjgnet.com
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from the General Practice Master Index (a provincewide database of all persons registered with a general
practitioner) and Republic of Ireland controls were
selected at random from four General Practices (two urban
and two rural) in the Dublin and Cork areas chosen by
the researchers to reflect the urban/rural distribution of
oesophageal adenocarcinoma patients in the Republic of
Ireland.
Participants underwent a structured interview with
trained interviewers after giving informed written consent.
Information obtained included data on symptoms of
gastro-oesophageal reflux (questions based on a translation
of those used by Lagergren et al[14] in their Swedish casecontrol study), weight 5 years before the interview, height
and weight at age 21, maximum and minimum weight
during adulthood, smoking history, education, occupation
and alcohol consumption. Anthropometric measures
(height, weight, waist and hip circumference) were taken at
the time of interview.
Frequent gastro-oesophageal reflux was defined as
symptoms of heartburn and/or acid reflux occurring more
than 50 times per year (at least once per week), more than
5 years prior to the interview. Frequent gastro-oesophageal
reflux, which prevented subjects from going to sleep or
awoke them from sleep, was classified as nocturnal gastrooesophageal reflux symptoms. The reflux symptom score
used by Lagergren et al [14] was applied to the FINBAR
dataset but scores 1-4 were combined in the analyses
because of the small number of subjects in the first 2
categories.
Current BMI and BMI 5 years before the interview
date were calculated by dividing weight in kilograms
(current measured and 5-year self-reported, respectively)
by current height in metres squared. BMI at age 21 was
calculated by dividing self-reported weight in kilograms at
age 21 by self-reported height in meters at age 21 squared.
Current smoking status was defined as having smoked
at least one cigarette per day for 6 mo or longer, 5 years
before the interview date. Previous smokers were those
who had quit smoking more than 5 years prior to the
interview date. People who had never smoked, and those
who had smoked less than 100 cigarettes in their lifetime,
or less than one cigarette per day for 6 mo or longer
were defined as never smokers. Pack years of smoking
were calculated by multiplying the number of cigarettes
smoked per day by the number of years of smoking, and
dividing by 20. Cigar and pipe smokers were those who
had ever smoked at least one cigar or one pipe-full of
tobacco per week irrespective of whether they smoked
cigarettes.
Fruit, vegetable and energy intake were measured using
the European Prospective Investigation of Cancer (EPIC)
food frequency questionnaire used in the Norfolk area
of England[41] as part of a large European cancer cohort
study. This validated questionnaire was modified for the
Irish population by including foods commonly eaten in
Ireland as identified in the recent North/South Food
Consumption Survey[42]. Fruit and vegetable consumption
5 years prior to the interview date were quantified in terms
of the sum of the frequencies that each item of fruit/
vegetable was eaten per week.
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Table 1 Characteristics of controls, Barrett’s and oesophageal adenocarcinoma patients
Variables
Sex , n (%)
Male
Female
Age
Mean years
Education
Years (full-time)
Job type
Manual
Non-manual
Alcohol, n (%)
Never
Ever
Mean (grams/d)
GOR frequent, n (%)
Never
Ever
Body mass index
Mean
Fruit
Frequency per week
Vegetables
Frequency per week
Total energy intake (kcal)
Mean
Smoking status, n (%)
Never
Ex-smoker
Current

Controls

Barrett’s oesophagus

P

(BO vs controls)

Oesophageal
adenocarcinoma

0.548
220 (84.6)
40 (15.4)

185 (82.6)
39 (17.4)

0.992
192 (84.6)
35 (15.4)

0.567
63

62.4

12

11.3

0.276
64.2

0.013

< 0.001
10.7

0.016
119 (48.0)
129 (52.0)

130 (59.1)
90 (40.9)

69 (26.5)
191 (73.5)
26.1

57 (25.6)
166 (74.4)
22.3

211 (81.2)
49 (18.8)

60 (26.8)
164 (73.2)

0.013
128 (59.5)
87 (40.5)

0.135

0.004
65 (28.9)
160 (71.1)
19.2

< 0.01

< 0.001
117 (51.5)
110 (48.5)

0.895
27

27

14.2

11.9

20

18.7

< 0.001
28.7

< 0.001

< 0.001
11.2

0.04

0.348
20.6

0.036
2573.9

2727.2

0.023
2744.2

0.4
102 (40.2)
107 (42.1)
45 (17.7)

P

(OAC vs controls)

87 (39.2)
85 (38.3)
50 (22.5)

< 0.001
45 (20.4)
99 (44.8)
77 (34.8)

BO: Barrett’s oesophagus; OAC: oesophageal adenocarcinoma; GOR: gastro-oesophageal reflux.

Statistical analysis
T hroughout the ar ticle exposures of interest are
presented in tertiles. Tertiles of BMI, for example, were
calculated from the normal control group with all subjects
categorised according to these tertiles. Statistical analyses
were performed using STATA 8.0 [43]. Chi-square tests
were used to examine differences between groups for
categorical variables and t-tests were used for continuous
variables. Unconditional maximum-likelihood multinomial
(polytomous) logistic regression analyses were undertaken
to examine the associations between the exposure variables
of interest and case/control status adjusting for potential
confounders; odds ratios (OR) with 95% confidence
intervals (CI) were calculated. Analyses are shown adjusted
for potential confounders, including sex, age at interview,
job type (manual, non-manual work), education (years fulltime) and alcohol consumption (grams per week). Further
adjustment was made for gastro-oesophageal reflux
symptoms (never, ever), smoking (current, ex-, never),
BMI (5 years before diagnosis/interview) and total energy
intake (in kilocalories) where appropriate.
Ethical approval for the FINBAR study was obtained
from the Research Ethics Committee of the Queen’s
University Belfast, the Clinical Research Ethics Committee
of the Cork Teaching Hospitals and the Research Ethics
Committee Board of St. James’s Hospital, Dublin.

RESULTS
Two hundred and twenty-four Barrett’s oesophagus

patients, 227 oesophageal adenocarcinoma patients and
260 controls were recruited. One hundred and thirtyone (57.7%) of the oesophageal adenocarcinoma patients
were classified as having oesophageal tumours, ninetytwo (40.5%) were classified as junctional tumours and
insufficient evidence was available to classify the position
of 4 (1.8%) tumours. Characteristics of patients and
controls are shown in Table 1.
The participation rate of eligible, alive oesophageal
adenocarcinoma patients was 74.2% and the overall
response rate was 63.9%. The participation rates among
Barrett’s oesophagus patients and controls were 82.4% and
41.8%, respectively.
Gastro-oesophageal reflux
Symptoms of gastro-oesophageal reflux more than 5
years prior to the interview date were strongly associated
with Barrett’s oesophagus and to a lesser extent with
oesophageal adenocarcinoma (Table 2). In total 72.8% of
Barrett’s patients, 48.5% of oesophageal adenocarcinoma
patients and 18.9% of controls reported at least weekly
symptoms of gastro-oesophageal reflux. Bar rett’s
oesophagus and oesophageal adenocarcinoma patients
were more likely than controls to report nocturnal gastrooesophageal reflux symptoms, although in the oesophageal
adenocarcinoma group the association did not hold for
those with junctional tumours (chi-square test, P = 0.001).
Using the symptom scoring system developed by
Lagergren et al[14] Barrett’s patients were 18 times, and
oesophageal adenocarcinoma patients more than 3 times,
www.wjgnet.com
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Table 2 Comparison of gastro-oesophageal reflux symptoms between controls and Barrett’s oesophagus and oesophageal adenocarcinoma
patients and between oesophageal and junctional tumour subgroups
Controls
No.

BE
No.

Adjusted1
OR (95% CI)

Frequent GOR2
No
211
60
1.00
Yes
49
164
12.0 (7.64 to 18.7)
Nocturnal symptoms3
No
237
110
1.00
Yes
23
113
10.9 (6.49 to 18.5)
Reflux symptom score4
No GOR
211
54
1.00
1-4 points
25
63
10.4 (5.90 to 18.5)
4.5-6.5 points 24
107
18.4 (10.5 to 32.3)
Symptom frequency in tertiles (t/yr)
No GOR
211
61
1.00
< 208
17
44
9.34 (4.88 to 17.9)
208-365
23
50
7.86 (4.36 to 14.2)
> 365
9
69
29.2 (13.3 to 64.5)
Duration of symptoms in tertiles (yr)
No GOR
211
54
1.00
< 10
18
64
11.9 (6.37 to 22.1)
10-22.6
15
38
8.09 (4.09 to 16.0)
> 22.6
16
68
16.0 (8.38 to 30.5)

1

1

1

EAC
No.

Adjusted
OR (95% CI)

Oesophageal
tumours
No.

Adjusted
OR (95% CI)

Junctional
tumours
No.

Adjusted
OR (95% CI)

117
110

1.00
3.48 (2.25 to 5.41)

64
67

1.00
3.73 (2.27 to 6.13)

51
41

1.00
3.12 (1.79 to 5.43)

167
60

1.00
3.16 (1.81 to 5.51)

86
45

1.00
4.53 (2.49 to 8.22)

79
13

1.00
1.45 (0.67 to 3.14)

116
53
58

1.00
3.63 (2.06 to 6.40)
3.55 (2.02 to 6.27)

63
22
46

1.00
2.59 (1.30 to 5.15)
5.11 (2.78 to 9.38)

51
30
11

1.00
4.99 (2.58 to 9.62)
1.52 (0.66 to 3.47)

117
33
35
42

1.00
2.94 (1.50 to 5.77)
2.75 (1.49 to 5.07)
6.54 (2.93 to 14.6)

64
18
18
31

1.00
2.96 (1.38 to 6.35)
2.53 (1.23 to 5.19)
8.20 (3.51 to 19.1)

51
14
16
11

1.00
2.81 (1.23 to 6.41)
2.94 (1.38 to 6.29)
4.50 (1.69 to 12.0)

116
39
21
51

1.00
3.67 (1.94 to 6.97)
2.28 (1.08 to 4.83)
4.41 (2.30 to 8.48)

63
16
18
34

1.00
2.67 (1.25 to 5.72)
3.57 (1.62 to 7.86)
5.11 (2.51 to 10.4)

51
22
3
16

1.00
5.00 (2.38 to 10.5)
0.78 (0.21 to 2.88)
3.41 (1.52 to 7.65)

BO: Barrett’s oesophagus; OAC: oesophageal adenocarcinoma; GOR: gastro-oesophageal reflux; OR: odds ratio; CI: confidence interval. 1Adjusted for sex, age at
interview date, body mass index (5 yr prior to the interview date), smoking status (never, ex-, current), alcohol intake (grams), years of full-time education and
job type (manual, non-manual). 2Symptoms of heartburn and/or reflux more than 50 times per year. 3Symptoms of GOR that prevented sleep or woke the person
from sleep. 4Reflux symptom score[14]. Heartburn or regurgitation only = 1 point, GOR symptoms 2 to 6 times per week = 1 point, heartburn and regurgitation = 1.5
points, nightly symptoms = 2 points, GOR symptoms 7 to 15 times per week = 2 points, symptoms more than 15 times per week = 3 points.

as likely as controls to have a score in the highest gastrooesophageal reflux category. Patients defined as having
oesophageal tumours experienced more severe gastrooesophageal reflux than patients defined as having
junctional tumours. Barrett’s oesophagus and oesophageal
adenocarcinoma patients were more likely to have suffered
from gastro-oesophageal reflux on a more frequent basis
and for a longer duration of time than controls (Table 2).
Body mass index
The associations between BMI (in tertiles) and risk of
Barrett’s oesophagus and oesophageal adenocarcinoma
at the time of interview are displayed in Table 3. No
associations were observed between Barrett’s oesophagus
and BMI at any stage (current, at 5 years prior to the
interview date or at age 21). Current BMI was significantly
lower in oesophageal adenocarcinoma patients than in
controls, most likely due to cancer-associated weight loss.
However, high BMI 5 years prior to the interview date
was associated with a more than 2-fold increased risk
of oesophageal adenocarcinoma. The association was
similar (highest tertile vs lowest) for tumours classified
as oesophageal [OR 2.54 (95% CI 1.44 to 4.48)] or
junctional [OR 2.95 (95% CI 1.52 to 5.72]. Oesophageal
adenocarcinoma patients were also more likely than
controls to be in the highest tertile of BMI at age 21
and to have a higher maximum and minimum weight
than controls. Adjusting any of the BMI analyses for a
history of gastro-oesophageal reflux symptoms did not
significantly alter the observed associations (Table 3).
Similar r esult s we r e o b s e r ve d w h e n B M I wa s
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categorised according to the World Health Organisation
classification system[44]. Barrett’s oesophagus patients were
no more likely than controls to be currently overweight
(25-30 kg/m2) [OR 0.86 (95% CI 0.55 to 1.36)] or obese
(> 30 kg/m2) [OR 1.06 (95% CI 0.62 to 1.81)] or to have
been overweight or obese 5 years before the interview date
[OR 0.95 (95% CI 0.62 to 1.45)] and [OR 0.80 (95% CI
0.47 to 1.38) respectively]. Oesophageal adenocarcinoma
patients were currently less overweight/obese than
controls [OR 0.36 (95% CI 0.23 to 0.57) and OR 0.39 (95%
CI 0.22 to 0.69), respectively], but were more likely to have
been overweight or obese 5 years before the interview date
[OR 1.55 (95% CI 0.96 to 2.50) and OR 2.55 (95% CI 1.47
to 4.41) respectively].
Waist-hip ratio was measured at the time of interview,
and no relationship was observed between waist-hip
ratio and oesophageal adenocarcinoma [(highest tertile
vs lowest) OR 0.80 (95% CI 0.50 to 1.28)] or Barrett’s
oesophagus [OR 1.09 (95% CI 0.68 to 1.73)].
Fruit and vegetable intake
Barrett’s oesophagus patients appeared to be less likely
than controls to consume fruit and/or vegetables (Table 4).
However, following adjustment for gastro-oesophageal
reflux symptoms neither fruit nor vegetable intake alone
was significantly associated with Barrett’s oesophagus.
Compared to controls oesophageal adenocarcinoma
patients had a lower intake of fruit, but not vegetables
(Table 4). There was no significant difference in the
consumption of fruit and vegetables between the oesophageal
and junctional subgroups (chi-squared test, P = 0.691).
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Table 3 Body mass index and weight comparisons between controls and Barrett’s oesophagus and oesophageal adenocarcinoma patients
Controls
No.

Current BMI in tertiles (kg/m2)
< 25.8
86
25.8-29.0
87
> 29.0
85
BMI 5 yr ago in tertiles (kg/m2)
< 25.0
86
25.0-28.1
87
> 28.1
86
BMI age 21 in tertiles (kg/m2)
< 22.1
81
22.1-24.1
88
> 24.1
84
Maximum weight in tertiles (kg)2
< 73
87
73-86
91
> 86
80
Minimum weight in tertiles (kg)2
< 64
108
64-70
81
> 70
70

Barrett's oesophagus
No.

1

Oesophageal adenocarcinoma
1

Adjusted
OR (95% CI)

Further adjusted
for GOR
OR (95% CI)

No.

Adjusted
OR (95% CI)

Further adjusted
for GOR
OR (95% CI)

77
64
82

1.00
0.75 (0.47 to 1.19)
0.97 (0.61 to 1.52)

1.00
0.61 (0.36 to 1.03)
0.75 (0.44 to 1.25)

115
54
50

1.00
0.38 (0.24 to 0.62)
0.38 (0.23 to 0.62)

1.00
0.35 (0.21 to 0.58)
0.33 (0.20 to 0.56)

75
78
71

1.00
1.02 (0.65 to 1.61)
0.89 (0.56 to 1.41)

1.00
0.84 (0.50 to 1.42)
0.85 (0.51 to 1.44)

51
55
120

1.00
1.23 (0.72 to 2.08)
2.70 (1.65 to 4.41)

1.00
1.74 (0.66 to 1.97)
2.69 (1.62 to 4.46)

70
80
69

1.00
0.96 (0.61 to 1.52)
0.83 (0.51 to 1.33)

1.00
1.17 (0.70 to 1.99)
1.04 (0.61 to 1.79)

55
64
96

1.00
0.97 (0.59 to 1.60)
1.59 (0.97 to 2.59)

1.00
1.10 (0.65 to 1.85)
1.81 (1.08 to 3.02)

72
89
62

1.00
1.21 (0.76 to 1.95)
0.98 (0.58 to 1.66)

1.00
1.04 (0.61 to 1.79)
0.91 (0.50 to 1.66)

53
67
104

1.00
1.54 (0.90 to 2.61)
3.44 (1.97 to 5.98)

1.00
1.42 (0.83 to 2.45)
3.32 (1.88 to 5.86)

102
61
60

1.00
0.83 (0.52 to 1.34)
0.97 (0.57 to 1.64)

1.00
1.00 (0.58 to 1.72)
1.25 (0.69 to 2.27)

79
52
95

1.00
1.10 (0.65 to 1.86)
2.83 (1.63 to 4.89)

1.00
1.20 (0.70 to 2.08)
3.22 (1.82 to 5.71)

GOR: gastro-oesophageal reflux; OR: odds ratio; CI: confidence interval. 1Adjusted for sex, age at interview date, smoking status (never, ex-, current), alcohol
intake (grams), years of full-time education and job type (manual, non-manual). 2Also adjusted for height (centimetres). bP ≤ 0.001.

Table 4 Comparison of fruit and vegetable consumption (5 yr before interview date) between controls and Barrett’s oesophagus and
oesophageal adenocarcinoma patients
Controls
No.
Fruit and vegetables (portions/wk)
<20
85
20-34
86
> 34
86
Fruit (portions/wk)
<5
83
5-20
87
> 20
87
Vegetables (portions/wk)
< 12
83
12-17
85
> 17
89

Barrett's Oesophagus
1

Oesophageal adenocarcinoma
1

No.

Adjusted
OR (95% CI)

Adjusted + GOR
OR (95% CI)

105
58
60

1.00
0.58 (0.36 to 0.92)
0.61 (0.38 to 0.98)

1.00
0.50 (0.30 to 0.84)
0.67 (0.40 to 1.15)

94
76
53

1.00
0.78 (0.49 to 1.23)
0.57 (0.35 to 0.94)

90
68
65

1.00
0.76 (0.48 to 1.21)
0.72 (0.44 to 1.15)

No.

1

1

Adjusted
OR (95% CI)

Adjusted + GOR
OR (95% CI)

98
61
65

1.00
0.64 (0.39 to 1.04)
0.67 (0.41 to 1.12)

1.00
0.60 (0.36 to 1.00)
0.71 (0.43 to 1.19)

1.00
0.91 (0.55 to 1.51)
0.64 (0.37 to 1.12)

109
63
53

1.00
0.52 (0.32 to 0.85)
0.47 (0.28 to 0.80)

1.00
0.56 (0.34 to 0.92)
0.50 (0.30 to 0.86)

1.00
0.75 (0.45 to 1.25)
0.82 (0.48 to 1.39)

66
71
87

1.00
1.13 (0.68 to 1.86)
1.38 (0.84 to 2.28)

1.00
1.12 (0.67 to 1.87)
1.49 (0.89 to 2.48)

GOR: gastro-oesophageal reflux; OR: odds ratio; CI: confidence interval. 1Adjusted for sex, age at interview date, smoking status (never, ex-, current), alcohol
intake (grams), energy intake (kilocalories), body mass index (5 yr prior to interview), years of full-time education and job type (manual, non-manual).

Smoking
Cigarette Smoking was not significantly associated
wi th Ba r r ett' s o e s o p h a g u s ; h owe ve r t h e r e wa s a
strong relationship between smoking and oesophageal
adenocarcinoma (Table 5). The findings remained
significant reg ardless of the method of smoking
categorisation. Adjusting for symptoms of gastrooesophageal reflux did not significantly alter the observed
associations. Ex-smoking and current smoking status
5 years prior to inter view were similar in both the
oesophageal [OR 1.86 (95% CI 1.05 to 3.30) and OR
4.62 (95% CI 2.40 to 8.91) respectively] and junctional
subgroups [OR 1.80 (95% CI 0.95 to 3.42) and OR 4.68

(95% CI 2.40 to 8.91) respectively, chi-square test, P =
0.951]. Neither pipe smoking nor cigar smoking was
significantly associated with oesophageal adenocarcinoma
or Barrett’s oesophagus (Table 5).

DISCUSSION
This is the first reported population-based case-control
study to compare risk factors for both Barrett’s oesophagus
and oesophageal adenocarcinoma. The study confirms
established risk factors for oesophageal adenocarcinoma
and demonstrates important differences between Barrett's
oesophagus and oesophageal adenocarcinoma in their
www.wjgnet.com

1590

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

March 14, 2007

Volume 13

Number 10

Table 5 Smoking in controls, Barrett’s oesophagus and oesophageal adenocarcinoma patients
Controls
No.
Smoking status (5 yr prior to interview)
Never2
102
Ex-smoker
107
Current smoker 45
No. of cigarettes smoked per day
Never2
102
< 15
54
15-20
51
> 20
49
Duration of smoking (yr)
Never2
102
< 20
47
20-35
55
> 35
53
Years since quitting smoking

Barrett's oesophagus
No.

1

Adjusted
OR (95% CI)

Oesophageal adenocarcinoma

Further adjusted for GOR
OR (95% CI)

1

No.

Adjusted
OR (95% CI)

Further adjusted for GOR
OR (95% CI)

87
85
50

1.00
1.00
0.97 (0.63 to 1.49) 0.86 (0.53 to 1.40)
1.27 (0.74 to 2.17) 1.41 (0.77 to 2.58)

46
99
77

1.00
1.85 (1.15 to 2.97)
4.64 (2.64 to 8.17)

1.00
1.72 (1.06 to 2.81)
4.84 (2.72 to 8.61)

87
41
41
53

1.00
0.94 (0.57-1.57)
0.98 (0.58-1.65)
1.32 (0.78-2.22)

1.00
0.98 (0.55 to 1.75)
0.94 (0.52 to 1.69)
1.16 (0.65 to 2.09)

46
44
67
66

1.00
1.85 (1.07-3.20)
3.14 (1.83-5.37)
2.92 (1.68-5.10)

1.00
1.87 (1.06 to 3.28)
3.05 (1.76 to 5.30)
2.72 (1.54 to 4.80)

87
28
57
51

1.00
0.72 (0.41 to 1.28)
1.21 (0.74 to 1.98)
1.18 (0.70 to 1.98)

1.00
0.72 (0.38 to 1.38)
1.09 (0.62 to 1.90)
1.18 (0.66 to 2.11)

46
38
54
85

1.00
1.92 (1.07 to 3.44)
2.08 (1.21 to 3.58)
3.74 (2.18 to 6.40)

1.00
1.91 (1.05 to 3.48)
1.94 (1.11 to 3.38)
3.71 (2.14 to 6.42)

87
29
32
24

1.00
1.27 (0.74 to 2.19)
1.26 (0.68 to 2.33)
1.02 (0.58 to 1.81)

1.00
1.42 (0.78 to 2.60)
1.11 (0.56 to 2.20)
0.89 (0.47 to 1.70)

46
36
29
34

1.00
4.72 (2.68 to 8.31)
2.68 (1.42 to 5.07)
1.52 (0.82 to 2.85)

1.00
4.89 (2.74 to 8.71)
2.51 (1.30 to 4.83)
1.40 (0.74 to 2.66)

102
48
55

87
36
47

1.00
1.00
0.92 (0.54 to 1.57) 0.94 (0.51 to 1.72)
1.01 (0.61 to 1.67) 0.92 (0.52 to 1.63)

46
30
68

1.00
1.39 (0.76 to 2.55)
2.95 (1.74 to 5.00)

1.00
1.39 (0.75 to 2.58)
2.84 (1.66 to 4.86)

> 40

51

52

1.28 (0.76 to 2.17) 1.23 (0.68 to 2.21)

79

3.48 (2.01 to 6.02)

3.34 (1.91 to 5.83)

Cigar
Never
Ever

234
22

204
18

1.00
1.00
0.84 (0.41 to 1.71)3 0.73 (0.33 to 1.61)3

194
29

1.00
1.30 (0.67 to 2.53)3

1.00
1.22 (0.61 to 2.43)3

Pipe
Never
Ever

233
23

194
28

1.00
1.00
1.68 (0.88 to 3.20)3 1.31 (0.64 to 2.68)3

182
41

1.00
1.64 (0.88 to 3.06)3

1.00
1.45 (0.77 to 2.75)3

Never2
102
< 26
27
26-41
40
> 41
40
Pack years of smoking
Never2
< 15
15-40

GOR: gastro-oesophageal reflux; OR: odds ratio; CI: confidence interval. 1Adjusted for sex, age at interview date, body mass index 5 yr prior to the interview
date, alcohol intake (grams), years of full-time education and job type (manual, non-manual). 2Never smoked, smoked less than 100 cigarettes in lifetime or
smoked less than 1 cigarette per day for 6 mo in their lifetime 3Adjusted for use of other tobacco products e.g. cigarettes, pipe or cigar respectively.

association with these factors. Gastro-oesophageal
reflux symptoms were strongly associated with Barrett's
oesophagus and to a lesser extent with oesophageal
adenocarcinoma. A high BMI, 5 years prior to the
interview date, and smoking were significantly associated
with an increased risk of oesophageal adenocarcinoma but
not Barrett’s oesophagus. Barrett’s oesophagus patients
appeared to eat less fruit and vegetables than controls.
A diet high in fruit but not in vegetables was associated
with a reduced risk of oesophageal adenocarcinoma.
These data may suggest that gastro-oesophageal reflux
symptoms and possibly a diet low in fruit and vegetables
are initially responsible for the development of Barrett’
s oesophagus, and that obesity and smoking are involved
in the progression of Barrett’s oesophagus to oesophageal
adenocarcinoma.
The strengths of the FINBAR study are its populationbased design, the rapid case ascertainment and stringent
inclusion criteria for Barrett’s oesophagus (specialised
intestinal metaplasia, length ≥ 3 centimetres) which
minimise the inclusion of subjects with a biopsy from an
unrecognized hiatus hernia.
In this study, cancers were divided into two subgroups:
oesophageal tumours (which could encroach on, but not
involve, the oesophagogastric junction) and tumours
www.wjgnet.com

involving the oesophagus, oesophagogastric junction
and gastric cardia (termed junctional tumours). There
was a potential weakness for some misclassification of
oesophageal adenocarcinoma patients in this study as it
was impossible to determine whether junctional tumours
are truly gastric or oesophageal in origin.
A potential weakness of the study was the low
response rate amongst controls, which may have
introduced selection bias. However, controls were similar
to the general population with regards to symptoms of
gastro-oesophageal reflux and BMI. In a study from
Bristol, 15.6% of people aged 20-59 had weekly symptoms
of heartburn[45] compared to 18.4% of controls within this
age range in the FINBAR study. If gastro-oesophageal
reflux symptoms were over-represented in controls then
the actual associations between gastro-oesophageal reflux,
Barrett’s oesophagus and oesophageal adenocarcinoma
may be stronger than observed in this study. The mean
weight and the proportion of the obese controls were
similar to those seen in the all-Ireland Food Consumption
Survey (1997 to 1999)[46]. Mean BMI in males aged 51-64
years in the survey was 27.6 kg/m2 (s.d. 3.6 kg/m2) and
in FINBAR 28.0 kg/m2 (s.d. 4.5 kg/m2). Similarly, 20%
of men were obese (BMI > 30.0 kg/m 2) in the Food
Consumption Survey compared to 22% of FINBAR male

Anderson LA et al . Barrett’s oesophagus and oesophageal adenocarcinoma

controls. However, in the 2001 Northern Ireland health
and social wellbeing survey[47] 23.6% of males at the age of
55 years or over were current smokers, 53.1% ex-smokers
and 23.3% non-smokers compared to 18.9%, 48% and
31.1% respectively in FINBAR controls. Non-smokers
may be overrepresented among FINBAR controls which
could lead to an overestimation of the positive association
between oesophageal adenocarcinoma and smoking.
The main predisposing risk factor for Bar rett’s
oesophagus is gastro-oesophageal reflux. Our finding of
a strong association between gastro-oesophageal reflux
symptoms and Barrett’s oesophagus is in agreement with
a previous case-control study by Conio et al[20]. Since the
main presenting symptom for Barrett’s oesophagus is
gastro-oesophageal reflux it is possible that diagnosed
Barrett’s oesophagus patients are not representative of
all Barrett’s patients with regards to gastro-oesophageal
reflux symptoms. The association is likely causal in
nature; however there may be an overestimation of the
true association between gastro-oesophageal reflux and
Barrett’s oesophagus. Although the exact mechanisms
by which gastro-oesophageal reflux causes Barrett’s
oesophagus are still not fully understood, reflux of acid
and/or bile into the distal oesophagus is believed to
damage the native squamous epithelium and result in reepithelisation with columnar mucosa. The strength of the
relationship between gastro-oesophageal reflux symptoms
and oesophageal adenocarcinoma, is in keeping with the
findings of several studies on Barrett’s oesophagus[17,23,48]
except that of Lagergren et al[14] who reported an OR of
7.7. Our data suggest that although gastro-oesophageal
reflux is common in patients with tumours classified as
either oesophageal or junctional, those with junctional
tumours seem to have less severe symptoms. In particular,
nocturnal symptoms of gastro-oesophageal reflux are
more strongly associated with oesophageal but not with
junctional tumours.
Obesity has been linked with the development of
gastro-oesophageal reflux[45,49,50], increased intra-abdominal
pressures[54,55] and relaxation of the lower oesophageal
sphincter[56] which may worsen gastro-oesophageal reflux
symptoms. Obesity has been increasing in incidence[51-53],
paralleling the increasing incidence of oesophageal
adenocarcinoma[2-6].
Some studies have sug g ested that a high BMI
is associated with a n in cr ea sed r isk o f Ba r r ett’s
oesophagus[22,57,58], although Caygill et al[58] suggested that
obesity is only a risk factor for Barrett’s oesophagus in
young people. No associations were observed between
current BMI, BMI 5 years prior to the interview date, or
BMI at age 21, and Barrett’s oesophagus in the FINBAR
study. It is possible that the BMI of controls was higher
than that of the population which could explain the fact
that no association was observed. However, a high BMI 5
years prior to the interview date was associated with a 2.5
fold increased risk of oesophageal adenocarcinoma, which
is similar to reports in other case-control studies[24,32-34,59]. If
BMI is not associated with Barrett’s oesophagus then one
possible mechanism for the association between BMI and
oesophageal adenocarcinoma may be through the increased
production of free insulin-like growth factor-1 in obese
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subjects, which stimulates cell proliferation and inhibits
apoptosis[60,61]. Sohda et al[62] suggested that increased free
insulin-like growth factor-1 may be associated with the
development of oesophageal cancer. In Barrett’s patients
increased expression of insulin-like growth factor-1
receptor is associated with neoplastic progression[63].
Fruit, although not vegetable intake was significantly
associated with a reduced risk of oesophageal
adenocarcinoma in this study. A diet high in fruit and
vegetables has been shown to be able to protect against a
number of cancers[64], including cancers of the digestive
tract [65]. Several case-control studies have specifically
reported positive associations between high fruit and/or
vegetable intake and a reduced risk of oesophageal adeno
carcinoma[16,24,36-38] and a cohort study recently reported a
non-significant inverse association between oesophageal
adenocarcinoma and vegetables and citrus fruit[66]. In the
FINBAR study vegetable consumption was not associated
with a reduced risk of oesophageal adenocarcinoma in fact
the OR was raised [OR 1.49 (95% CI 0.89 to 2.48)]. One
possible explanation for the apparent protective effect
of fruit against oesophageal adenocarcinoma may be
that patients with gastro-oesophageal reflux avoid certain
fruits which can aggravate their symptoms. However, the
protective association between fruit (and overall fruit/
vegetable) consumption and oesophageal adenocarcinoma
remains after adjustment for gastro-oesophageal reflux
symptoms. Fruit and vegetables are high in anti-oxidants,
especially in vitamin C, dietary intake of which is reduced
in oesophageal adenocarcinoma patients [38,67-70]. Tissue
levels of vitamin C are also lower in areas of specialised
intestinal metaplasia than in squamous mucosa suggesting
that oxidative stress may be implicated in the neoplastic
progression of Barrett’s oesophagus[71]. Reflux of gastric
contents into the oesophagus can enhance the production
of free radicals which may cause damage to lipids, proteins
and DNA through oxidative stress and may be implicated
in the development of Barrett’s oesophagus and/or
oesophageal adenocarcinoma.
Smoking has been associated with an increase
in g astro-oesophag eal ref lux symptoms in some
studies [50,72,73], but not in others [20,58,74,75]. Unlike Smith
et al[57] we observed no significant association between
smoking and Barrett’s oesophagus in the FINBAR study.
There was a strong relationship between smoking and
oesophageal adenocarcinoma with a slightly higher OR
than observed in previous studies [13,15,16,18,19,35,76] . The
under-representation of current smokers among FINBAR
controls may tend to overestimate the association
between smoking and oesophageal adenocarcinoma/
Barrett’s oesophagus but should not affect the difference
in ORs seen between the two conditions. Our data
suggest that smoking may influence the progression of
Barrett’s oesophagus to oesophageal adenocarcinoma
and not the initiation of Barrett’s oesophagus. One
possible explanation may be that the higher rate of cell
division and proliferation of columnar epithelial cells[77]
and the malignant potential that such cells possess [78],
may be promoted by carcinogenic (or DNA damaging)
compounds from cigarette smoke. Olliver et al[79] showed
that Barrett’s mucosa has higher levels of DNA damage
www.wjgnet.com
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than squamous epithelium and smoking is associated
with increased DNA damage in Barrett’s mucosa[80].
In conclusion, our data indicate that gastro-oesophageal
reflux is a risk factor for oesophageal adenocarcinoma and
demonstrate the high proportion of diagnosed Barrett's
patients with gastro-oesophageal reflux symptoms. In
the FINBAR study oesophageal adenocarcinoma differs
from Barrett’s oesophagus by being associated with high
BMI and smoking. These factors could be implicated in
the development of oesophageal adenocarcinoma from
Barrett’s oesophagus although further observational and
interventional studies are required to confirm or refute
our findings. It is hoped that these findings will help
direct future research into the mechanisms underlying
oesophageal adenocarcinoma and the development of
prevention strategies.
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Abstract
AIM: To determine the association between H pylori
infection and serum ghrelin levels in patients without
atrophic gastritis.
METHODS: Fifty consecutive patients (24 males and
26 females) with either H pylori -positive gastritis (n =
34) or H pylori -negative gastritis (n = 16) with normal
gastric acid secretion determined by 24-h pHmetry and
without atrophic gastritis in histopathology were enrolled
in this study. Thirty-four H pylori -infected patients were
treated with triple therapy consisting of a daily regimen
of 30 mg lansoprazole bid, 1 g amoxicillin bid and 500
mg clarithromycin bid for 14 d, followed by an additional
4 wk of 30 mg lansoprazol treatment. H pylori infection
was eradicated in 23 of 34 (67.6%) patients. H pylori positive patients were given eradication therapy. Gastric
acidity was determined via intragastric pH catethers.
Serum ghrelin was measured by radioimmunoassay (RIA).
RESULTS: There was no signifficant difference in plasma
ghrelin levels between H pylori -positive and H pylori negative groups (81.10 ± 162.66 ng/L vs 76.51 ± 122.94
ng/L). In addition, there was no significant difference in
plasma ghrelin levels and gastric acidity levels measured
before and 3 mo after the eradication therapy.
CONCLUSION: H pylori infection does not influence
ghrelin secretion in patients with chronic gastritis without
atrophic gastritis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
H pylori is a Gram-negative bacteria that colonizes on
gastric mucosa and is the important etiological agent
for gastric ulcer and carcinomas[1]. However, it has been
reported that long-term persistent H pylori infection leads
to atrophic gastritis, which increases the risk of gastric
adenocarcinomas[2]. The rate of peptic ulcer in H pyloriinfected population is approximately 3% in USA and
25% in Japan[3]. The rate of H pylori infection is 50% in
worldwide[4]. The H pylori prevalence varies according to
the socioeconomic status. The prevalence of H. pylori is
approximately 67.6%-81.3% in Turkey[5]. For developing
clinical disease, host genetics, host immune response, and
bacterial virulence factors appear to play critical roles[6].
Ghrelin is a recently discovered growth hormonereleasing peptide which is mostly produced by gastric
X-like cells [7] and it has been shown to increase food
intake and body mass gain, alters gastric motility and
acid secretion[8]. Ghrelin is also released from the small
intestine, kidney, hypothalamus, pancreas, placenta and
pituitary gland[9]. Plasma ghrelin concentrations increase
before meals and decrease postprandially. Ghrelin is the
first circulating hormone shown to promote feeding and
adiposity following systemic administration in animals[10]
and it has been demonstrated that ghrelin potently
stimulates appetite and food intake in man [8]. Animal
studies have shown that administration of ghrelin into
intracerebroventricular compartment or via peripheral vein
decreases gastric acid secretion in rats[11,12].
Gastric acid secretion is affected by nervous system,
several hormones like ghrelin and somatostatin as well as
H pylori infection[13]. There are a few data in the literature
about the relationship between H pylori and ghrelin.
Masaoka et al[14] reported on a case of 31-year-old man with
H pylori-positive gastritis. In this case, the plasma levels
of total and active ghrelin showed no marked changes
after successful eradication therapy on the long-term
follow-up[14]. Several other studies demonstrated that in
H pylori-positive individuals, the plasma ghrelin levels
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were significantly lower compared with the patients
without H pylori infection[15,16]. According to these reports,
H pylori infection decreased plasma ghrelin concentrations
and ghrelin levels were increased after eradication[17]. On
the contrary, Gokcel et al[18] reported H pylori infection
had no effect on plasma ghrelin concentration. In the
aforementioned studies, patients with decreased plasma
ghrelin levels and H pylori infection were suffering from
atrophic gastritis, leading to gastric hypoacidity. The
effect of H pylori infection on gastric acidity independent
of atrophic gastritis is not thoroughly investigated. For
this reason, we aimed to determine the effect of H pylori
infection on plasma ghrelin levels in patients with normal
gastric acidity and without atrophic gastritis.

MATERIALS AND METHODS
Patients
Fifty consecutive patients (24 males and 26 females)
with normal 24-h pHmetry analysis were enrolled in
the present study. All patients were performed upper
gastrointestinal endoscopy and biopsy. In accordance with
the Helsinki declaration,written informed consent was
taken from all patients. The study was approved by Local
Ethics Committee. The inclusion criteria were normal
24-h gastric pHmetry analysis and absence of gastric
atrophy. Exclusion criteria were: age < 18 or > 70 year,
abnormal gastric acidity, presence of atrophic gastritis in
the histopathological evaluation, history of prior H pylori
eradication therapy, acid suppressive therapy in the last
6 wk, prior gastrectomy, gastric cancer, diabetes mellitus,
chronic renal disease, liver disease, drug addiction, alcohol
abuse, pregnancy, and body mass index (BMI) > 30 kg/m2.
Fifty patients (24 males, 26 females) with either H pyloripositive gastritis (n = 34) or H pylori-negative gastritis (n =
16) were enrolled.
H pylori was detected by histological evaluation of
gastric biopsy samples (two biopsies from antrum and
corpus) and 13C-urea breath test. Any positive result was
accepted as presence of H pylori infection.
Thirty-four H pylori-infected patients were treated
with triple therapy consisting of a daily regimen of 30
mg Lansoprazole bid, 1 g amoxicillin bid and 500 mg
clarithromycin bid for 14 d, followed by an additional 4
wk of 30 mg lansoprazol treatment. H pylori infection
was eradicated in 23 out of 34 (67.6%) patients. Body
mass and height were measured while subjects wore light
clothing without shoes. A complete medical history and
physical examination were carried out to exclude endocrine
disorder, gastrointestinal disease and operations or any
other condition known to affect endocrine and gastric
function.
H pylori eradication was re-evaluated six weeks after
completion of the therapy by endoscopic biopsies (2
samples from antrum and corpus) and 13C-urea breath
test. Any positive test was regarded as therapy failure.
Endoscopy was performed after overnight fasting and
two specimens were taken from intact mucosa in the
gastric antrum and corpus. The specimens were stained
with hematoxylin and eosin and Giemsa to demonstrate
H pylori. Gastritis was described according to the Sydney
www.wjgnet.com

March 14, 2007

Volume 13

Number 10

Table 1 Demographic and clinical characteristics of gastritis
patients
Clinical features
Age (yr)
BMI (kg/m2)
H pylori, n (%)
Positive
Negative
Topoghrapy of gastritis, n (%)
Antrum
Corpus

Male (n = 24)

Female (n = 26)

40.9 ± 10.7
28.7 ± 0.9

41.2 ± 14.5
23.9 ± 3.4

19 (77.8)
5 (22.2)

16 (61.5)
10 (28.5)

20 (83.3)
4 (16.7)

15 (86.7)
11 (13.3)

Classification[19].
Gastric acidity assays
Patients with and without H pylori infection were evaluated
with 24-h ambulatory pH monitoring. Patients with H pylori
infection had a control pHmetry 3 mo after the cure of
H pylori infection, in order to rule out any late effects of
H pylori eradication on gastric acidity. After overnight fast,
in our motility laboratory pH electrode with two channels
was inserted through the nose into the esophagus. The pH
electrode was positioned 10 cm below the lower esophageal
sphincter. The pH signal was recorded by Digitrapper MK
Ⅲ (Medtronics Functional Diagnostic). Gastric acidity
levels were assessed by monitoring gastric pH during 24 h
and the time with pH below 4 was calculated to determine
the individual’s gastric acidity levels.
Ghrelin concentrations
On the day of endoscopy, blood samples were taken
between 8:00 am and 10:00 am after an overnight fast,
transferred into tubes containing EDTA and centrifuged,
then plasma was separated and stored at -80℃ until assay.
Blood samples were taken before and 3 mo after the cure
of H pylori infection. Plasma ghrelin concentrations were
measured by radioimmunoassay (RIA) at Gazi University
Hormone Research Laboratory.
Statistical analysis
Data were expressed as means ± SE. Fisher-exact test,
Cruscall Wallis, Mann-Whitney U test, Wilcoxon tests and
correlation analysis were used to determine significant
differences between the values in various groups of
patients. P < 0.05 was considered statistically significant.
Data were analyzed using SPSS for Windows (version 11.0;
SPSS).

RESULTS
The study population included 26 females and 24 males
with normal gastric acidity levels evaluated with 24-h
ambulatory pH monitoring (Table 1). None of these
patients had atrophic g astritis in the histological
examination. Thirty-five of the patients had antrum
predominant and 16 of the patients had corpus
predominant gastritis. There were no significant differences
in the baseline characteristics of the patients. Mean fasting
serum ghrelin level was higher in the patients with higher

Cindoruk M� et al . Effect of H pylori on plasma ghrelin

Table 2 Plasma ghrelin levels in gastritis patients
Group

n

Gender

Male: 24
Female: 26
-25 (24)
+25 (26)
-35 (13)
36-49 (21)
50+ (16)

BMI (kg/m2)
Age (yr)

Plasma ghrelin levels (pg/mL)
62.3 ± 48.6
84.3 ± 164.7
60.4 ± 111.2a
99.0 ± 176.3a
89.6 ± 133.8
59.2 ± 46.7
83.3 ± 194.8

a

P < 0.05.

BMI (> 25 kg/m2) than the patients with BMI < 25 kg/
m2 (99.0 ± 176.3 ng/L vs 60.4 ± 111.2 ng/L, P = 0.04;
Table 2). Age and gender had no effect on ghrelin levels.
There were no significant differences in mean plasma
ghrelin levels between H pylori-positive and H pylorinegative groups (81.10 ± 162.66 ng/L vs 76.51 ± 122.94
ng/L). Plasma ghrelin levels before and after eradication
of H pylori infection were also similar in H pylori-positive
patients (78.34 ± 101.45 ng/L vs 88.67 ± 111.21 ng/L).
When compared between antrum predominant and corpus
predominant group, plasma ghrelin levels did not differ
significantly (Figure 1).
H pylori infection was cured in 23 patients who received
eradication therapy. There was no significant difference in
plasma ghrelin levels and gastric acidity measured before
and after treatment.

DISCUSSION
Ghrelin is synthesized from gastric mucosa [1] and also
released from the small and large intestine, hypothalamus,
and pancreas[16]. Plasma ghrelin levels change in a narrow
spectrum because of the secretion from other tissues. It
has been shown in controlled studies that ghrelin increases
food intake and eating/appetite and leads to increased
body mass[20]. In the present study, we found that mean
fasting serum ghrelin level was higher in the patients with
BMI > 25 kg/m2 than the patients with BMI < 25 kg/m2.
To date, there are few studies discussing the association
between ghrelin level, which is produced from the gastric
oxyntic cells, and H pylori infection. In addition, available
data in the literature have contradiction regarding the
association between ghrelin level and H pylori infection.
Nwokolo et al[21] reported that after H pylori eradication
therapy, plasma ghrelin levels significantly increased,
hypothesizing that this elevation in plasma ghrelin levels
led to obesity by raising appetite. Ghrelin production was
assumed to be reduced as a result of H pylori infection.
H pylori infection led to chronic gastritis and atrophy,
thereby reducing number of oxynthic cells, the main cells
producing ghrelin. In a case of 31-year-old man with
H pylori-positive gastritis, the plasma levels of total and
active ghrelin showed no marked changes after successful
eradication therapy on the long-term follow-up[14]. Suzuki
et al[22] investigated gastric and plasma ghrelin dynamics in
H pylori-infected Mongolian gerbils. Although expressions
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Figure 1 Acid secretion and plasma ghrelin levels according to the topography of
gastritis.

of preproghrelin mRNA in the gastric mucosa and total
ghrelin were reduced after 17 and 23 wk of H pylori
infection, a compensatory increase in ghrelin secretion
was noted at wk 17. Isomoto et al [15] reported variable
plasma ghrelin levels in 257 patients with various upper
gastrointestinal diseases. In this study, the patients with
chronic gastritis had lowest level of ghrelin than the
patients with acute gastritis, duodenal or gastric ulcer,
gastric cancer, benign gastric polyp, reflux esophagitis
and normal gastric mucosa. Pepsinogen Ⅰ/Ⅱ ratio was
found to be significantly correlated with plasma ghrelin
levels, especially in H pylori-positive patients. These
findings indicate the significant effect of gastric atrophy
on impaired ghrelin secretion in H pylori-infected patients.
The improvement of gastric acidity and ghrelin levels
may be parallel to the improvement of atrophic gastritis
in previous reports. Gokcel et al[18] failed to demonstrate
any association between H pylori and plasma ghrelin levels.
However, in this study, the authors did not describe the
degree of gastric atrophy in the study group. For this
reason, we are not able to comment about gastric atrophyinduced impaired secretion of ghrelin in this study.
H pylori species leading to atrophic gastritis, such as cag A,
is less prevalent in Turkey[23]. For this reason, it is probable
that geographical differences might influence the variable
ghrelin levels after H pylori eradication.
In our study, we enrolled patients without atrophic
gastritis and with normal gastric acidity. In this special
subgroup of patients, H pylori infection and its eradication
had no impact on the serum levels of ghrelin. A study,
which aimed to determine plasma ghrelin level variations
according to topographical distribution of gastritis, showed
that in the antrum dominant gastritis, ghrelin levels were
lower than the corpus predominant gastritis[15]. In contrast,
we did not observe any significant difference between
the antrum dominant and corpus dominant gastritis for
plasma ghrelin levels.
Although other studies preferred at least 6 mo of
duration to accurately assess the relevant gastric acid
recovery, previous studies have shown that gastric acid
secretion changes rapidly, even after one month, in patients
with duodenal ulcer[24,25]. For this reason, we checked the
gastric acidity levels 3 mo after H pylori eradication.
In conclusion, H pylori infection has no effect on
plasma ghrelin concentration in Turkish population
without atrophic gastritis.
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Abstract
AIM: To investigate the prevalence of coeliac disease in
a series of Turkish patients with autoimmune thyroiditis.
METHODS: Sera from 136 consecutive patients with
newly diagnosed autoimmune thyroiditis and 119 healthy
blood donors were tested for IgA tissue transglutaminase
antibody with enzyme-linked immunosorbent assay.
Endoscopic mucosal biopsy from the second part of
duodenum was performed in patients with positive
antibody test.
RESULTS: Eight patients (5.9%) and one control subject
(0.8%) were positive for IgA tissue transglutaminase
antibody (OR: 7.38, 95% CI: 0.91-59.85, P = 0.04).
Six patients and one control agreed to take biopsies.
Histopathological examination revealed changes
classified as Marsh Ⅲa in one, Marsh Ⅱ in one, Marsh
Ⅰ in two, and Marsh 0 in two patients with autoimmune
throiditis, and MarshⅠin one blood donor.
CONCLUSION: Turkish patients with autoimmune
thyroiditis have an increased risk of coeliac disease and
serological screening may be useful for early detection of
coeliac disease in these patients. Our findings need to be
confirmed in a larger series of patients.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Coeliac disease (CD) is characterized by malabsorbsion
of nutrients, chronic inflammation and damage of
the small intestinal mucosa caused by the ingestion of
gliadin fraction of wheat gluten and similar alcoholsoluble proteins of barley and r ye in genetically
susceptible subjects[1]. While the elimination of gluten
from the patient’s diet results in clinical and complete
histological recovery, reintroduction of gluten leads to
relapse[1,2].
The clinical presentation of CD is extremely
heterogeneous. Typical symptoms include chronic
diarrhea and abdominal distension[2,3]. However, only
few patients with CD show clinical malabsorption,
while most patients have subtle symptoms, if any [1].
Therefore, the disease is clearly underdiagnosed [3].
Diagnostic tests of anti-endomysial antibodies (EMA)
and the anti-tissue transglutaminase (tTG) for CD with
a sensitivity and specificity of over 95% were recently
introduced[3-5]. The prevalence of CD has changed over
the past 30-40 years with the availability of new sensitive
serologic tests which have increased the possibility of
the diagnosis of subclinical cases[1]. Screening studies
show a high prevalence of CD (between 1/80-1/300)
among both healthy children and adults in European
countries[6,7].
I t i s k n ow n t h a t C D i s a s s o c i a t e d w i t h s o m e
autoimmune disorders, especially type-Ⅰdiabetes mellitus,
autoimmune thyroid diseases, collagen disorders, Addison’
s disease, pernicious anaemia, alopecia and autoimmune
hepatitis [8-10]. Among adult patients with autoimmune
thyroiditis, the prevalence of CD has been reported to
be 3.3-4.8 times more than in the general population[11-14].
In contrast, a study reported a CD prevalence of 0% in
patients with autoimmune thyroiditis[15].
To our knowledge, there is no study in Turkey about
prevalence of CD in patients with autoimmune thyroiditis.
The aim of this study was to define the prevalence of
CD in a series of Turkish patients with autoimmune
thyroiditis.
www.wjgnet.com
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MATERIALS AND METHODS
Between January and September 2006, 136 consecutive patients
aged between 17 and 65 years (mean age 43.1 ± 10.5),
including 118 female (86.8%) and 18 males (13.2%) with
newly diagnosed autoimmune thyroiditis (AT) and 119
healthy blood donors aged between 18-64 years (mean
age 41.5 ± 10.1), including 109 female (91.6%) and 10
males (8.4%) as control group, were included into the
study. The diagnosis of AT was made based on clinical
and biochemical findings, including positive titres of antithyroid peroxidase antibody and/or anti-thyroglobulin
antibodies, and a positive ultrasound scan defined by
either diffuse marked hypoechogenicity or a focal nonhomogeneous pattern with hypoechogeneous areas. None
of the patients had other autoimmune diseases such as
Addison’s disease, vitiligo, and diabetes mellitus.
Antibody test
Sera from patients with AT and controls were stored at
-70℃. IgA anti-tTG assays were carried out by enzymelinked immunosorbent assay (ELISA), (Aida Gmbh,
Germany). Cut-off values were 15 IU/mL set by the
manufacturer. In all subjects who were positive for IgA
anti-tTG serum iron, ferritin, folate and vitamin B12
levels were assayed, and endoscopic mucosal biopsy was
performed from the second part of duodenum in patients
who agreed to the procedure. Samples of duodenal
mucosa were graded according to the modified Marsh
classification[16,17].
The study protocol was approved by the ethics
committee of the Kirikkale University Hospital.
Statistical analysis
Fisher’s exact test was used to compare CD prevalence
and gender differences between the two groups. The
comparison of mean ages between the two groups was
done with Student’s t test. The statistical analyses were
performed using a statistical program for PC (SPSS 11.0
for Windows, SPSS Inc., IL, USA). P values of less than 0.05
were considered statistically significant.

RESULTS
The age and gender were similar in both groups (P = 0.21
and P = 0.32, respectively). Clinical, serologic and histological features of the patients with AT are shown in
Table 1.
IgA anti-tTG antibody was found to be positive in 8
(7 female) patients (5.9%) with AT (Table 1) and in one
female blood donor (0.8%) (OR: 7.38, 95% CI: 0.91-59.85,
P = 0.04).
Six patients (5 female and 1 male) and one control
subject agreed to endoscopy and duodenal biopsy. Four
patients (3 female and 1 male) and one control subject had
histological findings of CD, and two patients with AT had
normal duodenal histology. Histopathological examination
revealed changes classified as Marsh Ⅲa in one, Marsh Ⅱ
in one, Marsh Ⅰ in two patients with AT, and MarshⅠin
one blood donor.
Among the 8 patients who were positive in antibody
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Table 1 Clinical, antibody and histological features of 8 autoimmune
throiditis patients with positive IgA anti-tTG test
Patient Gender Age Anti-tTG IgA Duodenal
(yr) (> 15 IU/mL) biopsy
1

F

31

79.6

2
3
4
5

F
F
F
F

56
18
34
44

55.1
57.8
26.2
17.9

6
7
8

M
F
F

35
61
40

43.4
39.1
27.9

BMI
Malabsorption
2
(kg/m )

Not
26.0
performed
0
29.9
0
22.3
Ⅰ
23.7
Not
35.3
performed
Ⅰ
27.6
Ⅲa
24.0
Ⅱ
30.1

Absent
Absent
Absent
Absent
Absent
Absent
Present
Present

BMI: body mass index. Modified Marsh classification: Ⅲa = mild atrophy,
Ⅱ= intraepithelial lymphocytosis + crypt hyperplasia,Ⅰ= intraepithelial
lymphocytosis (> 40/100 epithelial cells).

tests, one patient (case 7), a 61 years old female with
histological CD as Marsh Ⅲa, had iron-deficiency
anemia and osteopenia, and one patient (case 8), a 40
years old female with histological CD as Marsh Ⅱ, had
iron-deficiency, but no anemia (Table 1). The other
6 patients with AT and one control subject who had
positive antibody test did not have any symptoms, signs
or laboratory findings of malabsorbtion. All subjects with
histologically proven CD were prescribed gluten-free diet.

DISCUSSION
The association between coeliac disease and autoimmune
thyroiditis has been previously reported. An increased
prevalence of coeliac disease has been found in patients
with AT and Graves’ disease[11-14]. Moreover, it has been
demonstrated that many coeliacs are prone to autoimmune
thyroid dysfunction[18,19]. This association could be related
to a common genetic background (HLA-DQ2 and HLADQ8).
Serologic tests developed in the past decade provide
a non-invasive tool to screen both individuals at risk for
the disease and general population. IgA anti-tTG assays
by ELISA are highly sensitive (90%-98%) and specific
(94-97) for diagnosis of coeliac disease. It is now widely
available, less costly, and easier to perform than the
immunofluorescence assay used to detect IgA EMA[2].
Screening studies show a high prevalence (between
1/80-1/300) of CD among both healthy children and
adults in European countries[6,7]. The prevalence of coeliac
disease in 2000 healthy blood donors has recently been
found to be 1.3% (1/77) in Turkey[20]. This study shows
that the prevalence of CD in the Turkish population is
relatively high in comparison to Western world.
In our study, the prevalence of positive IgA anti-tTG
test in patients with AT was significantly higher than the
controls (5.9% vs 0.8%). Additionally, in our study, the
prevalence rate of CD in patients with AT was higher than
in the previous studies (mean value 3.7%)[11-14]. This might
be associated with the higher prevalence rate of CD in
Turkish population.
In the literature, there are some studies with different
results. Ravaglia et al[21] reported that only the patients
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aged 65 and older with AT had an increased risk of CD.
In our study, the risk increased in patients under 66 years
of age. In contrary to our findings, in a recent study from
Italy, CD prevalence was reported as 0% in patients with
autoimmune thyroiditis[15]. Racial and regional differences
may explain these opposing findings.
It is of great importance to identify early CD in
patients with AT, since a strict adherence to a gluten-free
diet not only helps prevent the severe complications of
untreated gluten-sensitive enteropathy such as ulcerative
jejunoileitis, intestinal lymphoma and neoplasm[22], but also
helps improve the associated autoimmune disease[12].
This is the first study conducted about association of
CD with AT in a Turkish population. The relatively small
sample size may be a limitation for our study. Studies with
larger populations would bring more accurate results.
In conclusion, this study suggests that Turkish patients
with AT have an increased risk of CD. Serological
screening may be useful for early detection of CD in these
patients. However, our findings need to be confirmed in a
larger series of patients.
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One novel gene with unknown functions was found
and named as PS1TP5TP1 after being electronically
spliced, and deposited in GenBank (accession number:
DQ487761).
CONCLUSION: PS1TP5 is closely correlated with
immunoregulation, carbohydrate metabolism, signal
t ra n s d u c t i o n , f o r m a t i o n m e c h a n i s m o f h e p a t i c
fibrosis, and occurrence and development of tumor.
Understanding PS1TP5 transactive proteins may help to
bring some new clues for further studying the biological
functions of pre-S1 protein.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To clone and identify human genes transactivated
by PS1TP5 by constructing a cDNA subtractive library
with suppression subtractive hybridization (SSH)
technique.
METHODS: SSH and bioinformatics techniques were
used for screening and cloning of the target genes
transactivated by PS1TP5 protein. The mRNA was
isolated from HepG2 cells transfected with pcDNA3.1(-)myc-his(A)-PS1TP5 and pcDNA3.1(-)-myc-his(A) empty
vector, respectively, and SSH technique was employed
to analyze the differentially expressed DNA sequence
between the two groups. After digestion with restriction
enzyme Rsa Ⅰ, small size cDNAs were obtained. Then
tester cDNA was divided into two groups and ligated
to the specific adaptor 1 and adaptor 2, respectively.
The tester cDNA was hybridized with driver cDNA
twice and subjected to nested PCR for two times, and
then subcloned into T/A plasmid vectors to set up the
subtractive library. Amplification of the library was carried
out with E. coli strain DH5α. The cDNA was sequenced
and analyzed in GenBank with Vector NTI 9.1 and NCBI
BLAST software after PCR amplification.
RESULTS: The subtractive library of genes transactivated
by PS1TP5 was constructed successfully. The amplified
library contained 90 positive clones. Colony PCR showed
that 70 clones contained 200-1000-bp inserts. Sequence
analysis was performed in 30 clones randomly, and the
full-length sequences were obtained by bioinformatics
technique. Altogether 24 coding sequences were
obtained, which consisted of 23 known and 1 unknown.
www.wjgnet.com
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INTRODUCTION
Hepatitis B vir us (HBV) causes acute and chronic
infections of the liver. Acute infections may result
in serious disease with approximately 0.5% of cases
developing into fatal, fulminant hepatitis. Chronic
infections may also have remarkable consequences. In
addition to causing acute and chronic hepatitis, HBV is
considered a major etiological factor in the development
of human hepatocellular carcinoma (HCC), one of
the most frequent fatal malignancies worldwide and
worldwide deaths of HCC exceed one million per
year. Epidemiological studies have demonstrated an
approximately 10-fold increase in the relative risk of HCC
among HBV carriers compared to non-carriers[1-3].
The precise role of HBV in the etiology of HCC is not
well understood. Only occasionally are genes controlling
cell growth and differentiation disturbed by integration
of HBV DNA sequences. An alternative mechanism of
chronic infection and hepatocarcinogenesis may be the
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key steps to mutual interaction between viral proteins
and hepatocellular proteins. This action may mediate the
virus to enter into the liver cells and affect the activities
and function of these proteins. Moreover, proteins from
hepatocytes infected with HBV inversely disturb virus
replication and reduce immunity of the host, resulting
in chronic liver diseases and HCC. Understanding of
the interaction among these proteins may help to bring
some new clues for discovering the pathogenesis of viral
hepatitis and related HCC.
The first full-length nucleotide sequence of HBV was
published in 1979[4]. The four open reading frames (ORF)
defined in the HBV genome at that time were named as
the regions of S, C, P and X. The region of S was divided
into the sub-regions of pre-S1, pre-S2 and S according
to different initial code ATG in frame. Dong et al[5] have
shown that there is an ORF before the pre-S1 region
in the genome of HBV and they amplified it from the
serum of patients infected with HBV by long and accurate
polymerase chain reaction (LAPCR). This region is of 135
bp and tentatively named the pre-pre-S and its promoter
activity has been confir med in a 277-bp upstream
nucleotide sequence before the pre-S1 gene[6]. Thus, the
complete S region of HBV includes pre-pre-S, pre-S1,
pre-S2 and S subregions.
The function of the pre-S1 protein in the life cycle of
HBV remains unknown. Its transactive function has been
demonstrated by some recent studies[7,8]. Human gene 5
transactivated by pre-S1 protein of HBV (PS1TP5) is a
novel target gene that has been screened and cloned with
a suppression subtractive hybridization (SSH) technique in
our laboratory (GenBank accession number: AY427953)[9].
The full length of the coding rank of PS1TP5 contains
438 nucleotides, and the protein product consists of 145
amino acid residues. To further investigate the biological
significance of the PS1TP5 and pre-S1 protein, we
screened and identified the proteins transactivated by
PS1TP5 protein using the SSH technique.

MATERIALS AND METHODS
Materials
HepG2 cell line of hepatoblastoma and E. coli strains
DH5 α were conserved in our laboratory. Eukaryotic
expression vector pcDNA3.1(-)-myc-his(A), Quickprep
mico mRNA Purification kit, PCR-Select cDNA
Subtraction kit, 50 × PCR Enzyme Mix kit and Advantage
PCR Cloning kit were purchased from Clontech Co.,
America. FuGENE6 transfection kit was purchased
from Roche Co., America. pGEM-T vector, pGEM-Teasy vector and High Pure PCR Product Purification
kit were from Promega Co., America. EcoRI, BgIⅡ and
DNA Marker were from Takara Company, Japan. DNA
sequencing was performed by Invitrogen Company, China.
Plasmid construction
The reverse transcription polymerase chain reaction (RTPCR) was performed to amplify the gene of PS1TP5 from
the mRNA of HepG2 cells. The sequences of the primers
containing the EcoRI and BgIⅡ restriction enzyme sites
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were: 5’-CGG AAT TCA TGG GCT TGA AGA GCC
AC-3’ (sense) and 5’-CGA GAT CTA GTG AAG ATA
TGC AGA GG-3’ (anti-sense). Samples were amplified
through 35 cycles, each amplification cycle consisting of
denaturation at 94℃ for 45 s, primer annealing at 60℃
for 45 s, and extension at 72℃ for 1 min. Ten nanograms
of the 438-bp PCR product was cloned into pGEM-T
vector. The primary structure of insert was confirmed by
direct sequencing. The fragment of encoding PS1TP5 was
released from the pEGM-T-PS1TP5 by digestion with
EcoRI and BgIⅡ, and ligated to the EcoRI/BgIⅡ sites
of pcDNA3.1(-)-myc-his(A) empty vector. Recombinant
eukaryotic expression vector pcDNA3.1(-)-myc-his(A)PS1TP5 was obtained, then identified by PCR and digested
with EcoRI/BgIⅡ.
Cell culture and DNA transfection
HepG2 cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 100 kU/L penicillin,
100 mg/L streptomycin, and 100 mL/L heat-inactivated
fetal bovine serum (FBS), and incubated at 37℃ in a
humidified atmosphere consisting of 50 mL/L CO2 in air.
About 1.5 × 106 cells were seeded in 35-mm plates 12 h
prior to transfection, which reached 50% confluence at the
time of transfection. Cells were transfected with FuGENE6
transfection reagent using 2.0 μ g of pcDNA3.1(-)myc-his(A) empty (driver) and pcDNA3.1(-)-mychis(A)-PS1TP5 plasmid DNA (tester) according to the
manufacturer’s protocol.
mRNA and cDNA isolation
The mRNA from HepG2 cells transfected with
pcDNA3.1(-)-myc-his(A)-PS1TP5 (tester) and
pcDNA3.1(-)-myc-his(A) empty vector (driver) was
isolated using a micro mRNA Purification kit, respectively,
and cDNAs were reverse-transcribed from total RNA.
Quantitative analysis of mRNA was carried out with an
ultraviolet spectrophotometer. Identification was done by
PCR with PS1TP5 sequence-specific primers.
Suppression subtractive hybridization
Genome comparison was performed by suppression
subtraction hybridization (SSH) technique according to
the manufacturer’s instructions of PCR-select cDNA
subtraction kit. Briefly, 2 μg of mRNA from the tester and
the driver was subjected to cDNA synthesis. Tester and
driver cDNAs were digested with RsaI. The tester cDNA
was split into two groups, and each was ligated with a
different cDNA adapter. In the first hybridization reaction,
an excess of driver was added to each sample of the tester.
The samples were heat-denaturated and allowed to anneal.
Because of the second-order kinetics of hybridization,
the concentration of high- and low-abundance sequences
is equalized among the single-stranded tester molecules.
At the same time, single-stranded tester molecules
were significantly enriched for differentially expressed
sequences. During the second hybridization, the two
primary hybridization samples were mixed together
without denaturation. Only the remaining equalized and
subtracted single-stranded tester cDNAs can re-associate
www.wjgnet.com
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Figure 1 PS1TP5 RT-PCR
product electrophoresis on
10 g/L agarose gel. Lane
1: PS1TP5 PCR products;
lane 2: DNA marker 2000.

2000 bp

500 bp

438 bp

500 bp

438 bp

Number 10
Figure 2 Digestion
and identification of the
recombinant plasmid
pGEM-T-PS1TP5 by
EcoRI/BglⅡ. Lane 1:
Restriction analysis of
pGEM-T-PS1TP5; lane
2: DNA marker 2000.

250 bp

1

2

1

2

Table 1 Quantitative analysis of mRNA
5000 bp

Transfected
plasmid

A 230

A 260

A 280

A 260/A 280

mRNA
quantitation
(mg/L)

0.173A

0.377A

0.172A

2.192

15.08

1000 bp

pcDNA3.1(-)-mychis(A)-PS1TP5
pcDNA3.1(-)-mychis(A)

0.191A

0.378A

0.173A

2.185

14.84

438 bp
250 bp
1

2

Figure 3 Restriction analysis of the recombinant plasmid pcDNA-3.1(-)-mychis(A)-PS1TP5 by EcoRI/BglⅡ. Lane 1: Restriction analysis of pcDNA-3.1(-)-mychis(A)-PS1TP5; lane 2: DNA marker 15 000.

forming double-stranded tester molecules with different
ends. After filling in the ends with DNA polymerase,
the entire population of molecules was subjected to
nested PCR with two adapter-specific primer pairs. Then
secondary PCR products were used as templates for PCR
amplification of G3PDH (a housekeeping gene) at 18, 23,
28, 33 cycles to assure subtracted efficiency.
Cloning of subtracted cDNA libraries
Products of these amplified overhangs containing a
subtracted cDNA library (6 μL) were ligated into a pGEMT-easy vector. Subsequently, the plasmid was transformed
into E. coli strain DH5α. Bacteria were cultured in 800 μL
of LB medium and allowed to incubate for 45 min at 37℃
and 225 r/min. After incubation, bacteria were plated onto
agar plates containing ampicillin (100 mg/L), 5-bromo-4chloro-3-indolyl-β-D-galactoside (X-gal, 20 μg/cm2) and
isopropyl-β-D-thiogalactoside (IPTG, 12.1 μg/cm2) and
incubated overnight at 37℃. White colonies were selected
and identified by PCR. Primers were T7/SP6 primer of
pGEM-T-easy vector. After sequencing the plasmids
DNA of positive colonies, nucleic acid homology searches
were performed using Vector NTI 9.1 and NCBI BLAST
software.

RESULTS
Amplification of PS1TP5 and identification of the
recombinant eukaryotic expression vector pcDNA3.1(-)myc-his(A)-PS1TP5
The full-length sequences of PS1TP5 were generated by
www.wjgnet.com

RT-PCR amplification of the mRNA of HepG2 cells,
subcloned into pGEM-T vector, analyzed restrictively with
EcoRI/BgIⅡ and sequenced by comparing to vector NTI
9.1 and conducting a BLAST database homology search.
Analysis of the PS1TP5 PCR reaction products (Figure
1) and recombinant plasmid pGEM-T-PS1TP5 (Figure
2) by agarose gel electrophoresis showed the clear bands
with the expected size of 438 bp. Sequences of the PCR
products were corrected using bioinformatic analysis.
After being cut from pGEM-T-PS1TP5 by EcoRI/BgIⅡ,
the fragment was ligated in-frame into a pcDNA3.1(-)myc-his(A) EcoRI/BgIⅡ site. Restriction enzyme analysis
of the pcDNA3.1(-)-myc-his(A)-PS1TP5 plasmid with
EcoRI/BgIⅡ yielded two bands: approximately 5500-bp
empty pcDNA3.1(-)-myc-his(A); and a 438-bp PS1TP5
(Figure 3).
Quantitative analysis of mRNA
The mRNA isolated from HepG2 cells transfected
with pcDNA3.1(-)-myc-his(A)-PS1TP5 (tester) and
pcDNA3.1(-)-myc-his(A) empty vector (driver) was
detected using an ultraviolet spectrophotometer (Table 1).
Quantitative results of mRNA suggested that isolated
mRNA could be used for suppression subtractive
hybridization.
Result of PCR analysis of subtraction efficiency
The G3PDH (a housekeeping gene) primers were used
to confirm the reduced relative abundance of G3PDH
following the PCR selection procedure. The result
displayed that the G3PDH abundance of the subtracted
secondary PCR products significantly decreased compared
to the unsubtracted one, indicating that the subtractive
library had a high subtraction efficiency (Figure 4).
Analysis of the subtraction library
Using SSH technique, we obtained a total of 90
positive clones. These clones were prescreened by PCR
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Figure 4 PCR analysis of substraction efficiency. M: DNA marker 2000; lanes 1-4:
PCR of 18, 23, 28, 33 cycles in unsubstracted group, respectively; lanes 5-8: PCR
of 18, 23, 28, 33 cycles in substracted group, respectively.

Table 2 Homolog searching of sequenced cDNA fragments
from SSH library
High similarity proteins to known genes

n

Homo sapiens ribosomal protein S16 (RPS16)
Homo sapiens ribosomal protein LP0 (RPLP0)
Homo sapiens ribosomal protein LP2 (RPLP2)
Homo sapiens ribosomal protein S7 (RPS7)
Homo sapiens ribosomal protein L31 (RPL31)
Homo sapiens transmembrane 4 superfamily
member 4-CD81 (TM4SF4)
Homo sapiens inositol monophosphatase 2
(IMPA2)
Homo sapiens protein kinase BRPK
Homo sapiens clusterin (CLU)
Homo sapiens adenosine deaminase
Homo sapiens solute carrier family 7 member 5
(SLC7A5)
Homo sapiens cytochrome c oxidase subunit 8A
Homo sapiens enolase 1
Homo sapiens H3 histone family 3B
Homo sapiens replication factor C
Human cytoskeletal gamma-actin gene
Homo sapiens S100 calcium-binding protein A6
(calcyclin)
Homo sapiens eukaryotic translation elongation
factor 1
Homo sapiens epoxide hydrolase 1
Homo sapiens dehydrogenase 1
Homo sapiens signal sequence receptor-β
Homo sapiens β5-microtubulin
Homo sapiens pyruvate dehydrogenase
New genes with unknown function

2
1
1
1
1
1

98
98
100
100
100
99

2

99

1
1
2
1

100
100
100
99

2
1
1
2
1
1

100
99
100
98
100
99

1

100

1
1
2
1
1
1

98
99
100
99
98
100

Homology (%)

amplification to ensure that only clones with different
inserts were subjected to sequencing (Figure 5). Among
these clones, 70 clones contained 200-1000-bp inserts. A
total of 30 clones from the cDNA library were randomly
chosen and sequenced. Using the BLAST program at
the National Center for Biotechnology Information,
23 sequences from 29 true positive colonies had a high
similarity to known genes and one sequence failed to
match with a homologous gene in GenBank (Table 2).
Splicing and reporting of the new gene
According to Kozak regulation of start codon and signal
sequences of downstream conservative poly adenine,
one sequence with unknown function was electronically
analyzed, spliced, and concluded with Vector NTI 9.1 and

M

56

57

58

59

60

61

62

63

Figure 5 PCR amplification of part of clones (56-63) in substracted cDNA library. M:
DNA marker 2000.
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Figure 6 The nucleotide sequence of PS1TP5TP1 gene and relevant amino acid
sequences (GenBank accession number: DQ487761).

NCBI BLAST software. A new gene was obtained and
named PS1TP5TP1. The full length of the coding rank
of PS1TP5TP1 contained 237 nucleotides, and the coding
product consisted of 78 amino acid residues (GenBank
accession number: DQ487761, Figure 6).

DISCUSSION
The open reading frame (ORF) of the HBV complete S
gene consists of four coding regions: pre-pre-S, pre-S1,
pre-S2 and S, each starting with an ATG codon in frame.
Through in-frame translational initiation at each of the
four ATG codons, complete S (pre-pre-S + pre-S1 +
pre-S2 + S), large (LHBs; pre-S1 + pre-S2 + S), middle
(MHBs; pre-S2 + S) and small (SHBs; S) envelope
glycoproteins can be synthesized[10,11]. Interaction between
viral and hepatocellular proteins plays an important role
in the pathogenesis of the virus and may mediate virus
to enter into hepatocytes. Their network interaction can
change normal biological function of proteins, influence
self-replication of the virus, and result in disease.
Suppression subtractive hybridization (SSH) is a new
and highly effective gene analysis method designed by
Diatchenko et al [12,13], and has been developed for the
generation of subtracted cDNA libraries. It is based
primarily on a technique called suppression PCR, and
combines nor malization and subtraction in a single
procedure. T he nor malization ste p equalizes the
abundance of cDNAs within the target population and
the subtraction step excludes the common sequences
between the target and driver populations. As a result only
one round of subtractive hybridization is needed and the
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subtracted library is normalized in terms of abundance of
different cDNAs. It dramatically increases the probability
of obtaining low-abundance differentially expressed cDNA
and simplifies analysis of the subtracted library. The SSH
technique is applicable to many molecular genetic and
positional cloning studies for the identification of disease,
developmental, tissue-specific, or other differentially
expressed genes.
In this study, we cotransfected HepG2 cells with
pcDNA3.1(-)-myc-his(A)-PS1TP5 (tester) and
pcDNA3.1(-)-myc-his(A) empty vector (driver). The
mRNA was isolated from transfected HepG2 cells, and
total RNA was reverse-transcribed into cDNAs. The
subtractive library of genes transactivated by PS1TP5 was
set up successfully, and 30 clones from the cDNA library
were selected randomly and sequenced, and the full-length
sequences were obtained with bioinformatics method.
By sequence analysis using Vector NTI 9.1 and NCBI
BLAST software, we obtained the sequences of the 23
genes with known functions and one gene with unknown
functions. After electronic splicing, this new gene with
unknown function was named PS1TP5TP1 and deposited
in GenBank (accession number: DQ487761).
The 23 genes with known functions are closely correlated
with immunoregulation, carbohydrate metabolism,
signal transduction, formation of hepatic fibrosis, and
initiation and development of tumor. Homo sapiens
protein kinase BRPK, a novel protein kinase, is a kind
of phosphorylation. BRPK has a serine/threonine-type
protein kinase domain, and the recombinant proteins of
BRPK are capable of autophosphorylation. Experiments
performed by Nagajima et al[14] revealed that BRPK was
expressed at a higher level in three carcinoma cell lines
with higher metastatic potential, thereby indicating a
possible link of BRPK to initiation and development of
tumor. Clusterin, also known as apoprotein J, is a kind of
glycoprotein heterodimers residing in most mammalian
tissue and body fluid. Several studies reported that
clusterin was exorbitantly expressed in many kinds of
malignant tumors, including breast[15], kidney[16], bladder[17],
pancreas[18], colon [19], lymph [20], liver[21], and so on. The
formation and expansion of clusterin-nuclear matrix may
be related to the activated cell growth. Therefore, it may
play an important role in alarm reaction, apoptosis and
tumorigenesis. Adenosine deaminase is a nucleic acid
metabolic enzyme that is connected with immunological
activity of somatocyte, and exists extensively in various
kinds of tissues. Some reports suggested that adenosine
deaminase deficiency was associated with acquired
immunodeficiency syndrome (AIDS) and hepatitis B
infection[22,23]. Homo sapiens S100 calcium-binding protein
A6 (calcyclin), a cell cycle-regulated protein, is a member
of the S100A family of calcium-binding proteins. The
calcyclin gene has been localized to the long arm of
human chromosome 1. While the precise function of
calcyclin was unknown, some experimental observations
sug gested that the functional role of calcyclin was
associated with cell proliferation, signal transduction,
pulmonary fibrosis and several types of cancer phenotypes
through the cell cycle[24-26]. Homo sapiens replication factor
C (RFC) is located in eukaryotic cell. A functional mode of
www.wjgnet.com
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RFC through its interaction with proliferation cell nuclear
antigen (PCNA) and cyclin by structural changes is called
molecular switch extending DNA. This active characteristic
is necessary for not only duplication and recovery of
DNA as well as signal checkpoint of cell life, but also
intracellular multifunction[21,22]. Mammalian transmembrane
4 superfamily (TM4SF) proteins (also known as tetraspans
or tetraspanins) include at least 16 core members and a
number of additional proteins with sequence similarities.
Almost all mammalian cells contain one or more TM4SF
proteins[29]. TM4SF protein CD81 may function in cell
migration, proliferation and tumor cell metastasis. Most
TM4SF proteins are located at plasma membrane, and
several are located in cell lamellipodia and lopodia,
consistent with their role in cell motility. TM4SF proteins
including CD81 are also found in various intracellular
granules and vesicles. A specific subset of TM4SF proteins
may recruit PI 4-kinase to specific membrane locations,
and thereby influence phosphoinositide-dependent
signaling[30]. Ribosomal protein is a group of organella
involving in cell structure and cell cycle, and possess the
important ability to control cell growth, differentiation
and adherence. The ribosomal protein is certainly related
to cell energy or substance metabolism, and has critical
physiological roles in nutrient transport[31].
HBV PS1TP5 protein also interacts with Homo
sapiens inositol monophosphatase 2 (IMPA2), Homo
sapiens solute carrier family 7 member 5 (SLC7A5), Homo
sapiens cytochrome c oxidase subunit 8A, Homo sapiens
enolase 1, Homo sapiens H3 histone family 3B, Human
cytoskeletal gamma-actin gene, Homo sapiens eukaryotic
translation elongation factor 1, Homo sapiens epoxide
hydrolase 1, Homo sapiens dehydrogenase 1, Homo
sapiens signal sequence receptor-β, Homo sapiens β5microtubulin and Homo sapiens pyruvate dehydrogenase.
How the interaction between PS1TP5 protein and the
aforementioned interacting proteins affects the initiation
and development of chronic hepatitis B, hepatic fibrosis
and hepatocarcinoma needs to be further studied.

COMMENTS
Background

The hepatitis B virus (HBV) genome includes S, C, P and X regions. The S region
is divided into four subregions of pre-pre-S, pre-S1, pre-S2 and S. PS1TP5 is
a novel target gene transactivated by the pre-S1 protein (GenBank accession
number: AY427953) and its precise function in the life cycle of HBV remains
unknown. In order to investigate the biological function of the PS1TP5 protein, we
performed a suppression subtractive hybridization technique to screen and identify
proteins interacting with the PS1TP5 protein by constructing a cDNA subtractive
library.

Research frontiers

Suppression subtractive hybridization (SSH) is a new and highly effective gene
analysis method and is applicable to many molecular genetic and positional cloning
studies for differentially expressed genes. Understanding PS1TP5 transactive
proteins may help to bring some new clues for discovering pathogenesis of viral
hepatitis and related hepatocellular carcinoma.

Innovations and breakthroughs

In this study, we found 23 genes with known functions that were closely correlated
with immunoregulation, carbohydrate metabolism, signal transduction, formation
of hepatic fibrosis, and initiation and development of tumor. A new gene with
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unknown function was obtained and named PS1TP5TP1 (GenBank accession
number: DQ487761).
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Applications

Network interaction between viral and hepatocellular proteins plays an important
role in the pathogenesis of viral hepatitis and related hepatocellular carcinoma.
Studying of PS1TP5 precise role may help to further understand the network
interaction and establish foundation for clinical gene therapy.

Terminology

Trans-activating: Activated mode of gene expression includes cis-activating
and trans-activating. The former is intramolecular activating and the latter is
intermolecular activating.

Peer review

Using the suppression subtractive hybridization technique the authors have
identified the proteins transactivated by PS1TP5 protein. The study is well
conducted and well written.
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INTRODUCTION

Abstract

H pylori closely correlate with chronic gastritis[1-5], peptic
ulcer[6-8], gastric carcinoma and malignant lymphoma of
gastric mucosa-related lymphoid tissues (MALToma)[9-11].
Recently, it has been found that H pylori have certain
relationship to some diseases in the organs besides
the stomach and duodenum [12] . However, it is still
unclear whether H pylori have any correlation with
adjacent structures of the stomach[13], the liver and the
gallbladder[14,15]. In the present study, we compared the
detection rate of H pylori in the stomachs of patients with
chronic cholecystitis using Warthy-Starry (W-S) silver stain,
immunohistochemistry and polymerase chain reaction
(PCR) and showed that H pylori exist in the gallbladders.

AIM: To study whether H pylori locate in the gallbladder
mucosa of patients with chronic cholecystitis.

MATERIALS AND METHODS

METHODS: Using Warthy-Starry (W-S) silver stain and
immunohistochemistry stain with anti-H pylori antibodies,
we screened paraffin specimens in 524 cases of
cholecystitis. H pylori urease gene A (HPUA) and H pylori
urease gene B (HPUB) were analyzed by polymerase
chain reaction (PCR) in the fresh tissue specimens from
81 cases of cholecystitis.
RESULTS: H pylori -like bacteria were found in 13.55%
of the gallbladders of the cholecystitis patients using
W-S stain. Meanwhile, bacteria positive for H pylori
antibodies were also found in 7.1% of the gallbladders
of patients with cholecystitis by immunohistochemistry.
Of 81 gallbladders, 11 were positive for both HPUA and
HPUB, 4 were positive for HPUA only and 7 were positive
for HPUB only.
CONCLUSION: H pylori exist in the gallbladders of
patients with chronic cholecystitis.
© 2007 The WJG Press. All rights reserved.
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Subjects
A total of 142 patients who had chronic cholecystitis
confirmed by pathologic examination since 1995 in our
hospital and received gastroscopy and H pylori urease
test were included. Randomly chosen patients without
diseases of the gallbladder, who received gastroscopy due
to symptoms of digestive tract were used as control group.
The paraffin sections of 524 cholecystitis specimens
were stained with W-S to observe H pylori-like bacteria.
From fresh gallbladder specimens of 81 patients receiving
cholecystectomy due to cholelithiasis and chronic
cholecystitis in our hospital, DNA was extracted for PCR
amplification.
Methods
Paraffin specimens of cholecystitis were sliced into 4
µm sections, stained with W-S and sealed with D.P.X for
an optic microscopic observation for the existence of
H pylori-like bacteria. Immunohistochemistry stain of
H pylori was made using streptovitacin peroxidase (SP).
Anti-H pylori antibody (Dako Corporation) was diluted to
1:10. At the same time, PBS was used as blank control,
normal blood serum as negative control and the sections
of gastric mucosa with positive H pylori as positive control.
PCR amplification of H pylori urease genes A and B was
carried out on 81 specimens. The gallbladder was placed
in a prepared bottle for DNA extraction from gallbladder
mucosa and frozen at -20˚C. The procedures of PCR
amplification were as follows: (1) Primer synthesis of
urease gene A (HPUA) 1 and HPUA2 was based on nucleic
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Table 1 Results of gastroscopy in both groups
Group

n

Control
123
Chronic
142
cholecystitis
b

Bile reflux Duodenal ulcer Gastric ulcer H pylori (+)
n (%)
n (%)
n (%)
n (%)
36 (29.3)
76 (53.5)b

7 (5.7)
8 (5.6)

6 (4.9)
13 (9.2)b

61 (49.6)
81 (57.0)

P < 0.01 vs control group.

Figure 2 Positive stain bacteria of H pylori antibody in the surface mucus of
gallbladder mucosa (SP × 200).

group was significantly higher than that in the control
group (36/123 vs 76/142 P < 0.01, Table 1). There was
no significant difference with respect of detection rate of
H pylori in both groups (16/36 vs 35/76, P > 0.05).

Figure 1 Curved positive stain bacteria in the surface mucus of gallbladder
mucosa (WS × 200).

acids 304-714 of urease gene A, with an amplification
portion of 411 bp. While the primers of urease gene B
(HPUB) 1 and HPUB2 were designed according to nucleic
acids 1971-2102 of urease gene B, with amplification part
of 132 bp. These two primers maintained a high specificity
and primer arrays that were HPUA1: 5'-GCCAATGGTA
AATTAGTT-3'; HPUA2: 5'-CTCCTTAATTGTTTAC-3';
HPUB1: 5'-TGGGATTAGCGAGTATGT-3'; HPUB2:
5'-CCCATTTGACTCAATG-3', respectively, the primers
of which were synthesized by Shanghai Bioengineering
Corporation. (2) Reaction systems and parameters were as
described previously[16]; (3) Gel electrophoresis analysis of
the products of PCR amplification was performed under
ultraviolet light and compared with the marker.
Statistical analysis
The data were processed with Chi-square test and P < 0.05
was considered a significant difference.

RESULTS
H pylori in the stomach of patients with chronic
cholecystitis
There were 142 patients with chronic cholecystitis
including 13 with gastric ulcer detected by gastroscopy,
8 with duodenal ulcer and 121 with chronic gastritis, of
which 76 had bile reflux. A total of 123 randomly chosen
patients with digestive symptoms who were examined by
gastroscopy and without gallbladder diseases were used as
control, of which 6 cases were with gastric ulcer, 7 with
duodenal ulcer, 2 with gastric carcinoma and 108 with
chronic gastritis. Bile reflux occurred in 36 cases in the
control group. In both groups, the detection rates (61/123
vs 81/142) of H pylori in the stomach were similar, but
the detection rate of the bile reflux in the cholecystitis

W-S silver stain of the filed cholecystitis paraffin
Under optic microscopes, in contrast with the yellow
staining of the gastric mucosa, there could be seen bended,
curved and spiral brown bacteria in the epithelial cells
of the gastric mucosa that were used as positive control.
Using W-S silver stain, H pylori-like bacteria could be seen
in 71 (13.6%) out of 524 cholecystitis specimens under
optic microscopes, showing curved, pole-like, bended,
spiral and fusiform bacteria, and also some spherical
shaped bacteria. In 34 specimens, besides positive H pylorilike bacteria, other bacteria could be seen (Figure 1).
Immunohistochemical observation of anti-H pylori
antibody
After 71 specimens positive for H pylori-like bacteria
were stained immunohistochemically with anti-H pylori
antibody, bacteria positive for H pylori antibody could be
seen in only 37 cases (52.1%) under optic microscopes.
That is to say, bacteria positively stained with antiH pylori antibody only accounted for 7.1% (37/524) of 524
cholecystitis specimens under optic microscopes. These
positive bacteria were brown in color, bended with curvedpoles, and spiral in shape. They were mainly located on
the epithelial cell surface and within the mucosal glands,
scattered or aggregated (Figure 2).
PCR amplification of HPUA and HPUB
Of 81 cholecystectomy specimens, positive amplification
zone of HPUA or HPUB was seen in 22 (27.2%),
including 11 (13.6%) with positive amplification zones
of HPUA and HPUB, 4 with positive HPUA only and 7
with positive HPUB only. However, in 6 gastric mucosa
specimens as positive control, the two primers had positive
amplification zones of HPUA and HPUB (Figure 3).

DISCUSSION
By means of gastroscopy, we have found that the incidence
rate of bile reflux in patients with chronic cholecystitis
was significantly higher than that in the control group. It
www.wjgnet.com
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Figure 3 A: PCR amplification of primers of gallbladder mucosa DNA urease gene B (HPUB) and the positive amplification zone of 132 bp; B: PCR amplification of primers
of gallbladder mucosa DNA urease gene A (HPUA) and the positive amplification zone of 411 bp.

indicates that patients with chronic cholecystitis are apt
to bile regurgitation, which occurs in 80% of patients
with chronic cholecystitis while in only 32% of normal
persons[17,18]. H pylori are sensitive to bile salts, especially
the unconjugated bile salts that exert poisonous effect on
H pylori. The latter cannot live in an environment with bile
salts[19]. We also found that in the stomachs of patients
with chronic lithic cholecystitis and a bile reflux, H pylori
were present in up to 46.1% (35/76), higher than 44.4%
(16/36) in patients without bile reflux. It indicates that
a high incidence rate of H pylori infection still existed in
the stomach although there was a bile reflux. The results
of our study are consistent with that of Caldwell et al[20],
who studied the infection rate of gastritis and H pylori
in patients with chronic calculus cholecystitis before and
after cholecystectomy and found that the duodenogastric
reflux increased after cholecystectomy. The gastritis was
aggravated and the infection rate of H pylori in the stomach
increased from preoperative 32% to postoperative 68%,
with a significant difference (P < 0.05). Therefore, they
concluded that H pylori could live in the basic condition
and even aggravate gastritis. Our study indicates that the
patients with chronic lithic cholecystitis were apt to bile
regurgitation; however, there was still a high infection rate
of H pylori in their stomachs, suggesting that a kind of
H pylori that can resist bile salts exists. Bile regurgitation
may play a role in selecting H pylori so that H pylori resistant
to bile salts can survive and, in combination with the bile,
aggravate the injury of gastric mucosa[21]. Thus, H pylori
that resist the bile salts and survive under basic conditions
can enter the gallbladder via an inverse infection route
through the common passage.
In 524 chronic cholecystitis specimens, 71 showed
positive bacteria by W-S silver stain, while only 37 had
positive bacteria by immunohistochemistry stain using
anti-H pylori antibodies. It suggests that W-S silver stain
to screen H pylori in gallbladder specimens is suitable
for an initial selection. In patients with chronic calculus
cholecystitis, the infection rate of H pylori was 7.1%
(37/524), a rather low level, which was confirmed by
immunohistochemistry using anti-H pylori antibodies.
H pylori were mainly present in the surface of epithelial
cells of the gallbladder mucosa, sometimes in intercellular
zone or within the mucous gland. The H pylori, spiral, Uand S-typed in morphology, are distributed in scattered or
aggregated fashion. All these characteristics are similar to
that of H pylori in the stomach.
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After the fresh specimens of 81 patients with chronic
cholecystitis treated with cholecystectomy were amplified
by PCR with specific primers of HPUA and HPUB,
the positive amplification zone existed in 27.2%
(22/81), significantly higher than the positive rate
(13.6%) detected by W-S silver stain and that (7.1%) by
immunohistochemistry stain using H pylori antibodies.
This is partly because the template DNA amplified by
PCR was extracted from tissues (0.5 cm × 0.5 cm) of
gallbladder mucosa and the PCR with a high sensitivity
had a high detection rate of H pylori. In the meantime, the
PCR was conducted to detect DNA of H pylori; therefore,
under many conditions, the positive amplification
zone would appear only if H pylori DNA existed in the
gallbladder mucosa, whether the H pylori were dead or the
remains from previous infections. In the present study,
in specimens with positive PCR amplification, 11 were
positive for HPUA and HPUB; while in the control group,
6 gastric mucosa specimens infected by H pylori were
positive for HPUA and HPUB. It proved that H pylori
exist in the gallbladder. However, it still remains unclear
whether H pylori are present in the gallbladder of patients
with positive HPUA or HPUB, whether the gallbladder
is infected by H pylori and whether the genes of H pylori
change in the gallbladder[22]. We conclude that H pylori are
present in the gallbladder and may relate to the incidence
of cholecystitis, which requires further research.
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INTRODUCTION
Abstract
AIM: To analyze the frequency of hereditary non-polyposis
colorectal cancer (HNPCC) in Chinese colorectal cancer
(CRC) patients, and to discuss the value of microsatellite
instability (MSI) and/or immunohistochemistry (IHC) for
MSH2/MLH1 protein analysis as pre-screening tests in
China.
METHODS: The Amsterdam criteriaⅠandⅡ(clinical
diagnosis) and/or germline hMLH1/hMSH2 mutations
(genetic diagnosis) were used to classify HNPCC
families. Genetic tests, including microsatellite instability,
immunohistochemistry for MSH2/MLH1 proteins and
hMSH2/hMLH1 genes, were performed in each proband.
RESULTS: From July 2000 to June 2004, 1988 patients
with colorectal cancer were analysed and 114 CRC
patients (5.7%) from 48 families were categorized as
having HNPCC, including 76 from 26 families diagnosed
clinically and 38 from the other 22 families diagnosed
genetically. The sensitivity and specificity of high MSI
and IHC for predicting mutations were 100% and 54%,
and 79% and 77%, respectively.
CONCLUSION: The frequency of HNPCC is approximately
10% among all Chinese CRC cases. The MSI and IHC
detections for hMSH2/hMLH1 proteins are reliable prescreening tests for hMLH1/hMSH2 germline mutations in
families suspected of having HNPCC.
© 2007 The WJG Press. All rights reserved.
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In 1966, Henry Lynch and his colleagues described
familial aggregation of colorectal cancer with stomach
and endometrial tumors in two extended kindreds and
termed it Cancer Family Syndrome[1], and then designated
this constellation as “Lynch syndrome” [2] . In 1991,
this condition was renamed “hereditary non-polyposis
colorectal cancer (HNPCC)” by the Inter national
Collaborative Group on HNPCC (ICG-HNPCC),
and the Amsterdam diagnosis criteria were published
(Amsterdam criteriaⅠ) [3]. In 1993, 1996 and 1997, the
modified Amsterdam criteria[4,5], the Japanese criteria [6]
and the Bethesda guidelines[7] were developed respectively
for different purposes. In 1999, ICG-HNPCC proposed
its own modification of the Amsterdam criteriaⅠ, and
termed it the Amsterdam criteria Ⅱ[8].
Since 1993, HNPCC has been confir med to be
associated with germline mutations in several DNA
mismatch repair genes (MMR), including hMSH2, hMLH1,
hMSH6, hPMS1, and hPMS2 (hMSH2 and hMLH1
mutations are the most common) [9-17]. The elucidation
of the mismatch repair genes has added more diagnostic
complexity[18-20]. The tumor tissue from HNPCC patients
harbouring pathogenic mutations in the MMR genes
is frequently characterized by microsatellite instability
(MSI). Actually, carriers of pathogenic hMLH1/hMSH2
germline mutations show high MSI (H-MSI) in tumor
tissues[21,22]. MSI and/or IHC analysis has been used as
pre-screening tests to select individuals eligible for DNA
mutation analysis in blood, and sequence analysis can
avoid unnecessary, expensive and time-consuming DNA
analyses[23].
Hereditary colorectal tumors registry, Tianjin, China
was established in 1998. This study was conducted

Wang J� et al . HNPCC in Chinese colorectal cancer

to analyze the frequency of HNPCC among Chinese
patients with colorectal cancer, and to discuss the
va l u e o f m i c r o s a t e l l i t e i n s t a b i l i t y ( M S I ) a n d / o r
immunohistochemistry (IHC) for MSH2/MLH1 protein
analysis as pre-screening tests in Chinese patients.

MATERIALS AND METHODS
Subjects
All colorectal cancer patients from the In-patient
Department, Tianjin Binjiang Hospital and Tianjin Medical
University Hospital seen between July 2000 and June 2004
were identified prospectively and included in the study.
The inclusion criteria were: (1) patients with pathologically
identified colorectal cancer, (2) self-reported Chinese born
and living in mainland China, and (3) patients who agreed
to participate in this study. We chose to categorise HNPCC
patients using the following criteria: (1) patients from
families meeting the Amsterdam criteriaⅠor Ⅱ and/or (2)
patients who met less strict criteria for suspected HNPCC,
but with pathogenic hMLH1/hMSH2 germline mutations.
The suspected HNPCC was established in this study using
the Japanese criteria and the top six guidelines of the
Bethesda guidelines (the 7th guideline for young colorectal
adenoma patients diagnosed before 40 years of age was
not used in this study).
Each newly diagnosed HNPCC family was referred to
Hereditary Colorectal Tumors Registry, Tianjin, China for
the genealogic study, genetic counselling and DNA test in
order to identify all the individuals of the family at risk and
to ensure a lifelong follow-up.
Questionnaire
Surgeons completed a questionnaire covering malignancies
and age at onset of cancer in the colorectal cancer patients
and their first-degree relatives.
Genetic tests
hMSH2/hMLH1 ger mline mutation detection:
Only HNPCC proband patients and suspected HNPCC
proband patients underwent this test. Genomic DNA was
isolated from peripheral blood using a kit from Dingguo
Technologies. The 35 coding exons of hMLH1 and
hMSH2 were amplified from purified DNA for SSCP
analysis. The primers included part of the introns to detect
possible splice mutations. In order to keep the length of
the polymerase chain reaction (PCR) products for SSCP
below 300 base pairs, hMLH1 exon 12, and hMSH2
exons 3, 12, and 14 were divided into two overlapping
segments, giving a total of 39 PCR products. The PCR
products were kept at -20℃ until SSCP analysis which was
performed at a fixed gel temperature of 20℃. Sequencing
was performed on PCR products with BigDye Terminator
Cycle Sequencing Ready Reaction kits (Perkin Elmer) using
standard conditions and the same sequencing primers
as used for PCR. The PCR products were sequenced in
both sense and antisense directions. SSCP and sequencing
were performed using an ABI prism 377 sequencer, and
analysed using the software programs GeneScan and
Sequence Navigator (PE Applied Biosystems).
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Microsatellite instability: Only HNPCC proband patients
and suspected HNPCC proband patients underwent this
test. MSI was determined by PCR of genomic DNA
isolated from formalin-fixed, paraffin-embedded normal
and colorectal cancer tissues from each proband. Tissue
sections were deparaffinized in xylene, digested with
proteinase K overnight at 55℃, and DNA was isolated
using DNA kit (Dingguo Technologies, Beijing, China).
PCR was carried out in 10 μL reactions containing 1 ×
manufacturer’s PCR buffer, 1.5 mmol MgCl2, 200 μmol/L
deoxynucleotide triphosphates, 0.5 units of Taq polymerase
(Dingguo Technologies), and 0.5 μmol/L of each primer.
The forward primer was end-labeled using γ33P-ATP and
polynucleotide kinase. The cycles were as follows: 8 min at
94℃, then 30 cycles of 94℃ for 30 s, 55℃ for 30 s and
72℃ for 30 s, and a final extension at 72℃ for 10 min.
The products were subjected to electrophoresis in 2%
denaturing polyacrylamide gels, which were subsequently
dried and exposed to X-ray film (Kodak, BioMax) at
room temperature overnight. To determine the extent of
MSI, nine microsatellite markers were examined (BAT25,
BAT26, BAT40, D2S123, D18S58, D10S197, D5S36,
D18S69, and MYCL). Microsatellite was found to be
unstable if one or more novel bands were present in the
PCR product of the tumor sample as compared with the
PCR product of normal tissues from the same individual.
A tumor was considered to be H-MSI if 4 or more of
the markers were unstable, L-MSI if fewer than 4 of
the markers were unstable, and MSS if none of the nine
markers was unstable.
Immunohistochemistry for MLH2/MSH1 proteins:
HNPCC proband patients and suspected HNPCC
proband patients underwent this test. Mouse anti-human
monoclonal antibodies were used for the detection of
mismatch repair proteins MSH2 (Sigma, Saint Louis,
Missouri, USA) and MLH1 (EMD Biosciences, San Diego,
CA, USA). Freshly cut paraffin sections were dewaxed
in xylene, rehydrated in graded alcohols, and washed
in TRIS buffer. Heat-induced epitope retrieval (HIER;
600 W microwaves twice for 15 min in pre-warmed 10
mmol/L sodium citrate buffer, pH 6) was employed
for MSH2 and MLH1 staining. Primary antibodies were
added (dilution: MSH2 1:50; MLH1 1:75) and slides were
incubated overnight at 4℃. Slides were then processed
on an immunostainer. Antigen antibody binding was
visualized by the avidin-biotin-complex method using
3-amino-9-ethylcarbazole as a chromogen. The first
antibody was replaced by phosphate-buffered saline as a
negative control to assess the specificity of the antibodies.
Haematoxylin-counterstained sections were mounted
in aqueous mounting medium and observed under light
microscopy. Surrounding normal colonic mucosa, stromal
cells, and lymphocytes served as internal controls. Tumors
were considered not to express either protein when the
nuclei showed no immunostaining, but internal controls
were positive.
Statistical analysis
SPSS Release 11.5 software was used for all analyses. The
clinical diagnosis of HNPCC was established using each
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Table 1 Diagnosis criteria of hereditary non-polyposis colorectal cancer
Amsterdam criteriaⅠ
There should be at least three relatives with histologically verified CRC; and all the following criteria should be met:
1) One should be a first degree relative of the other two;
2) At least two successive generations should be affected;
3) At least one CRC should be diagnosed before age 50;
4) FAP should be excluded in CRC cases;
5) Tumors should be verified by pathological examination.
Amsterdam criteria Ⅱ
There should be at least three relatives with an HNPCC-associated cancer (CRC, cancer of the endometrium, small bowel, ureter or renal pelvis); and all
the following criteria should be met:
1) One should be a first-degree relative of the other two;
2) At least two successive generations should be affected;
3) At least one cancer should be diagnosed before age 50;
4) FAP should be excluded in CRC cases (if present)
5) Tumors should be verified pathologically.
Japanese criteria
1 A case with 3 or more colorectal cancers within the first-degree relatives
2 A case with 2 or more colorectal cancers within the first-degree relatives meeting the following criteria:
a) Age of onset of colorectal cancer(s) being lower than 50;
b) With right colon involvement;
c) With synchronous or metachronous multiple colorectal cancers;
d) Associated with synchronous or metachronous extracolorectal malignancies.
Bethesda Guidelines
1 Individuals from families that fulfil the Amsterdam criteria;
2 Individuals with two HNPCC-related cancers, including synchronous or metachronous cancers;
3 Individuals with colorectal cancer, plus colorectal cancer and/or HNPCC-related cancer and/or colorectal adenoma in a first-degree relative; at least one
of the cancers diagnosed before 45 yr of age and the adenoma diagnosed before age 40;
4 Individuals with colorectal or endometrial cancer diagnosed before age 45;
5 Individuals with right-sided colorectal cancer with an undifferentiated histopathological pattern (solid/cribiform) diagnosed before age 45;
6 Individuals with signet-ring cell type colorectal cancer diagnosed before age 45;
1
7 Individuals with colorectal adenomas diagnosed before age 40.
1

Condition 7 was not included in this study.

of the four defined criteria, and the detections of MSI and
IHC were used as tests in two by two contingency tables to
determine the sensitivity and the specificity. We evaluated
the strength and weakness of each criterion by analyzing
the clinical characteristics of the families with hMSH2
and hMLH1 mutations that were identified and missed by
each of the respective criteria, and the same with detection
of MSI and IHC. P values less than or equal to 0.05 were
considered significant.

RESULTS
A total of 1988 patients with colorectal cancer were
identified. Clinically and genetically diagnosed HNPCC
patients and families are shown in Table 1 and 2.
One hundred and fourteen CRC patients (5.7%) from
48 families were categorized as having HNPCC, including:
76 clinically diagnosed HNPCC patients from 26 families
(9 families with the Amsterdam criteriaⅠ, 21 families with
the Amsterdam criteria Ⅱ and 4 families with both) and
38 genetically diagnosed HNPCC patients from the other
22 families (all were clinically suspected HNPCC).
We found 391 clinically suspected HNPCC patients in
150 families in this study, including 116 colorectal cancer
patients from 65 families, who fulfilled the Japan criteria,
and 378 colorectal cancer patients from 145 families who
fulfilled at least one of the top six Bethesda guidelines for
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Table 2 Number and size of families classified according to
different clinical criteria for hereditary non-polyposis colorectal
cancer
Clinical criteria
Amsterdam I
Amsterdam II
Japanese criteria
Set A
Set B
Bethesda
Condition 1
Condition 2
Condition 3
Condition 4
Condition 5
Condition 6

No. of families
9
21
65
26
61
145
9
58
89
105
9
2

Family size
15.2
14.3
6.7
8.7
6.9
8.3
15.2
13.6
11.7
10.9
7.2
9.9

Mean variance
37.2
20.5
13.2
9.3
10.6
9.6
37.2
20.7
8.9
7.6
8.5
12.6

the identification of HNPCC (Table 2).
In this study, 105 cases were diagnosed under 45
years of age, 29 cases (28%) were categorized as having
HNPCC, including 12 clinically diagnosed HNPCC
patients and 17 genetically diagnosed HNPCC patients.
hMSH2/hMLH1 germline mutation
In 26 clinically diagnosed HNPCC proband patients,
50% (13/26) showed germline mutation of hMSH2 or
hMLH1 and 15% clinically suspected HNPCC proband
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patients had positive results.
Microsatellite instability
Table 3 shows the results in each kind of families. The
H-MSI phenotype was demonstrated in all 48 hMSH2/
hMLH1 mutation carriers, and its sensitivity to mutations
was 100%, and specificity was 54%.
Immunohistochemistry (IHC) for MLH2/MSH1 proteins
Among the 176 proband patients, 68 showed loss of
staining for either MLH1 (28 cases) or MSH2 (40 cases).
No case showed absence of both MLH1 and MSH2. For
MLH2/MSH1 mutations, its sensitivity and specificity
were 79% and 77%, respectively .

DISCUSSION
Diagnosis criteria
The diagnosis criteria of HNPCC are controversial due
to the variety of clinical phenotypes associated with
the syndrome in different areas or countries[4,5,7,30]. The
International Collaborative Group on HNPCC established
the Amsterdam criteriaⅠto provide a basis for uniformity
in collaborative studies[3]. The criteria were restrictive, since
extracolonic malignancies were not considered, and small
families were unlikely to fulfil the criteria[31-33]. In this study,
less than 19% patients were classified as the AmsterdamⅠ
families. However, when AmsterdamⅠcriteria were met,
the chance of HNPCC was high as it aimed at specificity
rather than sensitivity. The Amsterdam criteria Ⅱ were
also developed by the International Collaborative Group
on HNPCC[4], and besides colorectal cancer, extracolonic
malignant tumors were also included, such as endometrial,
small bowel, ureter, renal pelvis cancers and other
HNPCC-related malignant tumors, but the requirements
were kept to three cases in at least two successive
generations in the families. And small families were also
unlikely to fulfil the second criteria. In this study, about
44% families were classified according to the Amsterdam
criteria Ⅱ.
As the two Amsterdam criteria were considered to be
too strict, the alternatives have been developed, such as the
modified Amsterdam criteria required only two diagnosed
relatives, and considered early-onset endometrial cancer
or unusually early-onset neoplasm, and one of its two
sets does not mention the number of generations [4,5].
The Japanese criteria did not mention the number of
generations and also classified families with two cases,
and additionally take into account the clinical features
of HNPCC (such as early onset, multiple synchronous
or metachronous colorectal cancers, and right colon
involvement) [30] and 65 families were classified in this
study. The Bethesda guidelines targeted the evaluation of
colorectal tumors for microsatellite instability or mismatch
repair gene testing, which are less restrictive and more
sensitive, but less specific than the Amsterdam criteria[7],
and 145 families were classified in this study.
The elucidation of the mismatch repair genes which
are the genetic basis for many HNPCC families, has added
more complexity[18,34,35].

1615

Table 3 Microsatellite instability of HNPCC and suspected
HNPCC probands n (%)
AmsterdamⅠ Amsterdam Ⅱ Japanese
Bethesda
(9 probands) (21 probands) (65 probands) (145 probands)
MSI-H
MSI-L
MSS

67 (6)
3 (3)
0 (0)

71 (15)
19 (4)
10 (2)

71 (46)
14 (9)
15 (10)

68 (99)
10 (14)
22 (32)

There was no significant difference among all these four kinds of patients.

HNPCC frequency in CRC
In China, this is the first population-based prospective
study on a large series of consecutive CRC patients
(n = 1988) whose family histories of malignant tumors
were obtained from 114 HNPCC patients (5.7% of CRC
patients) in 48 families and 105 patients diagnosed before
45 years of age, and 29 (28%) HNPCC patients.
Up to now, several study groups have estimated the
frequency of HNPCC among consecutive CRC patients
based on family histories without testing for hMLH1/
hMSH2 germline mutations in Western countries. But
estimation of the frequency of HNPCC based entirely
on the Amsterdam criteriaⅠshows different results in
different populations even in Western countries, ranging
from 0.3% (Finnish) to 4.5% (Northern Italian) [25-27],
even in the same Italian population, researches showed
different frequency between 0.5% to 4.5%[27,28]. And 1.3%
was found in this study. Differences in the frequency
of HNPCC between populations may reflect the actual
population differences but may also reflect differences in
diagnoses among family members and differences in the
level of proof that is accepted to verify diagnosis. Another
approach to diagnose HNPCC was adopted by screening
for germline mutations in hMLH1 or hMSH2. A Danish
study group estimated the HNPCC frequency among 1200
consecutive colorectal cancer patients based on family
histories and/or testing for hMLH1/hMSH2 germline
mutations, and approximately 1.7% cases were diagnosed
with HNPCC[29] which was much lower than our study
(10%). And in our study, about 46% families with hMLH1
and hMSH2 germline mutations did not fulfill the two
Amsterdam criteria, however only 2 of 20 families (10%)
were found in the Danish study.
MSI and immunohistochemistry for MSH2/MLH1
MSI analysis was first described in 1993[36-38]. A H-MSI
phenotype is re por ted in 85%-92% of colorectal
carcinoma associated with HNPCC and in 10%-15%
of sporadic CRC[21,39-42]. MSI analysis has a sensitivity of
around 90% in detecting MMR deficiency in carriers of
a pathogenic MMR mutation [43,44]. Several laboratories
have reported H-MSI in all MSI- analysed patients with
pathogenic hMLH1/hMSH2 mutations [21,22,45,46]. These
results are in agreement with our findings as all patients
with hMLH1/hMSH2 mutations in our study had H-MSI
tumors using our panel of markers.
Immunohistochemical staining for the presence of the
mismatch repair proteins offers a cheaper and simpler test,
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and it is sensitive in predicting a truncating MMR defect in
one of the genes[44,47]. IHC has additional advantages when
compared with MSI analysis, indicating that the MMR
gene is most eligible for DNA analysis. Since the mismatch
repair proteins form heterodimeric complexes, distinct
IHC patterns can be expected. Individuals can be selected
for DNA mutation analysis, and the assessment of which
gene to test first can be made. Previous studies have
shown a high sensitivity in predicting mutations in MSH2
(92%) by applying IHC in colorectal tumors, but a lower
sensitivity in MLH1 (48%)[44,45]. We got the likely results in
this study.
Based on the results of our study, we propose that
besides the two Amsterdam criteria, the Japan criteria and
the Bethesda guidelines should also be used in clinical
practice as the most inclusive clinical criteria for the
diagnosis of HNPCC and genetic analysis should also
be considered, and the detection of MSI and IHC for
hMSH2 or hMLH1 protein is a reliable pre-screening test
for hMLH1/hMSH2 mutations in families suspected of
having HNPCC.
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Abstract
It is controversial whether steroid therapy should be
continued to prevent the recurrence of autoimmune
hepatitis (AIH) in patients who have undergone liver
transplantation (LTx) due to AIH. We report a case of
recurrent autoimmune hepatitis after LTx despite a
persistently normal range of alanine aminotransferase
(ALT). A 50-year-old woman was admitted to our hospital
because of jaundice and severe liver dysfunction,
where she was diagnosed with liver failure due to
AIH. Steroid therapy was not effective enough and the
patient received living-donor LTx in 1999. Following
the operation, the level of ALT was maintained within a
normal range and anti-nuclear antibody (ANA) became
negative, however, the serum level of IgG gradually
elevated and ANA became positive, while platelets
decreased. A liver biopsy performed 6 years after
LTx showed histological findings of AIH and she was
diagnosed with recurrent AIH. A recurrence of AIH may
occur after LTx even if the level of ALT remains within a
normal range. We consider that a protocol liver biopsy
should be performed in patients who undergo LTx due to
AIH to decide the indication for steroid therapy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Autoimmune hepatitis (AIH) is characterized by the
existence of autoantibodies, liver dysfunction and active
hepatitis with infiltration of lymphocytes and plasma
cells in the liver, and occurs mainly in females[1-3]. Steroid
therapy is the first choice of treatment and most patients
respond well, though some patients with AIH progress to
chronic or acute liver failure[4]. Liver transplantation (LTx)
is a therapeutic option for those patients, as the prognosis
following LTx is relatively good (a 5-year survival rate of
80%-90%)[5]. However, some studies have reported that
recurrent AIH ranges from 20% to 42% after LTx[6-10].
Such recurrence is usually accompanied with an elevation
of alanine aminotransferase (ALT), though that does
not occur in all cases[6]. Herein, we report a patient with
AIH recurrence after living-donor LTx whose ALT level
remained within a normal range.

CASE REPORT
A 50-year-old woman was presented with general fatigue
and jaundice, and admitted to a local hospital on January
10, 1999. Because of a severely abnormal liver function
test, the patient was then transferred to our hospital.
Based on physical findings and laboratory data (total
bilirubin 11.1 mg/dL, ALT 1145 IU/L, prothrombin time
35%, anti-nuclear antibody: anti-nuclear antibody (ANA)
1:160, IgG 3600 mg/dL), she was diagnosed with acute
AIH. Steroid therapy including pulse therapy was initially
employed, however, the patient did not respond well and
her general state became worse. We assessed her condition
as indicating LTx.
The living-donor LTx operation was perfor med
on March 5, 1999 using the right lobe donated by the
patient’s elder sister, who had no history of autoimmune
diseases, with a normal range of liver function tests, and
was negative for the anti-nuclear antibody. We previously
reported the clinical course from onset to just after
LTx of this case [11]. The patient experienced episodes
of transient mild acute rejection and a liver abscess at 3
mo and 1 year, respectively, following LTx, which were
resolved by immunosuppression against the rejection
and administration of antibiotics and discontinuation of
prednisolone (PSL) for the liver abscess. Tacrolimus was
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continued for immunosuppression, with the trough level
kept at 6-10 ng/mL. Her clinical course after LTx is shown
in Figure 1.
Steroid therapy was discontinued in 2000 and the
serum levels of aspartate aminotransferase (AST), ALT,
ALP, and γ-GTP remained within normal ranges. ANA
remained negative following LTx, however, became
positive in 2003. Although the patient had no subjective
symptoms, she was admitted to our hospital again in
March, 2005 for further examinations, because of elevated
serum IgG and decreased platelet count. The laboratory
data obtained upon admission were: AST 32 IU/L, ALT
14 IU/L, platelet 9.3 × 104/μL, PA-IgG 67.5 ng/107C,
IgG 2720 mg/dL, ANA 1:40, and anti-smooth muscle
antibody 1:40 with other autoantibodies negative (Table 1).
Various viral markers, including hepatitis B surface antigen,
anti-hepatitis B core antibody, and anti-hepatitis C virus
antibody, were negative, while hepatitis B virus DNA,
hepatitis C virus RNA, and hepatitis G virus RNA were
undetectable by polymerase chain reaction assays. There
was no history of alcohol abuse and no drug toxicity.
Moderate splenomegaly was demonstrated by a computed
tomography examination. Histopathological findings of
the liver showed infiltrations of lymphocytes and plasma
cells in the portal area, and a mild necroinflammatory
change in the parenchyma (Figure 2). Bridging fibrosis was
also observed. Acute or chronic rejection, such as biliary or
vascular lesions, was not found. The patient was diagnosed
histologically as chronic hepatitis at stage 3 and grade 1 (CH
F3/G1) due to AIH. Based on the histological changes
and clinical course, she was diagnosed with a recurrence of
AIH.
We prescribed prednisolone (PSL) at 20 mg/d plus
tacrolimus, which maintained a trough level of 3-4
ng/mL. PSL daily dosage tapered gradually to 10 mg.
Upon admission, the IgG level was 2720 mg/dL, while

2004
40
40

2005
40

2006
(-)

Table 1 Laboratory data on admission in 2005
CBC
WBC
RBC
Hb
Ht
Platelet
ESR
Coagulation test
Prothrombin time
Bleeding time
Blood chemistry
Total protein
Albumin
Globulin
Total bilirubin
Direct bilirubin
AST
ALT
LDH

4400/μL
3.72 × 106/μL
11.9 g/dL
36%
9.3 × 104/μL
60 mm/h
80.40%
5.0 min
8.1 g/dL
3.9 g/dL
4.2 g/dL
1.1 mg/dL
0.1 mg/dL
32 IU/L
14 IU/L
182 IU/L

Renal function
Na
K
Cl
BUN
CRE
UA
HbA1c
Urinalysis
Protein
Blood
Sugar
Urobilinogen
Serological test
HBs Ag
Anti-HBc
Anti-HCV
ANA

140 mEq/L
3.9 mEq/L
106 mEq/L
21 mg/dL
0.7 mg/dL
4.6 mg/dL
5.00%
(-)
(-)
(-)
(±)
(-)
(-)
(-)
× 40
(Diffuse pattern)

ALP

210 IU/L

AMA

(-)

γ-GTP
LAP
CH.E
ZTT
TTT
Total Cholesterol
ICG R15
K-ICG

25 IU/L
54 IU/L
135 IU/L
19 U
6U
161 mg/dL
27%
0.094

ASMA
Anti-LKM-1
LE test
IgG
IgA
IgM
PA IgG
Anti-platelet antibody
HLA-DR
Tacrolimus

(-)
(-)
(-)
2720 mg/dL
259 mg/dL
94 mg/dL
67.5 ng/107C
(-)
DR4 DR5
5.2 ng/mL

ALT: alanine aminotransferase, AST: aspartate aminotransferase; ESR:
erythrocyte sedimentation rare, ANA: anti-nuclear antibody, AMA: antimitochondrial antibody; HBc: hepatitis B core, HBs Ag: hepatitis B virus
surface antigen; UA: uric acid, HLA: human leukocyte antigen.

after treatment it was reduced to 2100 mg/dL and ANA
became negative. ESR, ALT and platelets were 60 mm/h,
14 IU/L, and 9.3 × 104/μL, respectively before treatment
www.wjgnet.com
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findings showed advanced fibrosis (F3). It is important to
monitor the platelets count even if the ALT level remains
normal. In addition, increase in serum IgG and ESR were
observed in our patient, which may be markers suggestive
of AIH recurrence, though they are not specific.
Our findings confirmed that recurrent AIH should not
be excluded even if the level of ALT remains normal after
LTx in patients with AIH. We consider that a protocol
liver biopsy should be performed in those cases.
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of platelets was observed. It is well known that platelet
level is related to the degree of portal hypertension caused
by advanced liver diseases. It was suspected that the
decrease in platelet count in the present patient was caused
by hypersplenism due to advanced fibrosis of the liver
caused by the recurrence of AIH, because the liver biopsy
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Abstract
Intraductal papillary mucinous neoplasms (IPMNs) are
a well-characterized group of mucin-producing cystic
neoplasms of the clear malignant potential type. We
report here two cases of intraductal papillary mucinous
carcinoma (IPMC) with atypical manifestations. In one
case, we discussed a pseudomyxoma peritonei caused
by a ruptured IPMC. In the other case we discussed the
fistulization of IPMC into the stomach and duodenum.
These two cases suggest that IPMN can either
spontaneously rupture causing mucinous materials to
spill into the free abdominal cavity or directly invade
adjacent organs resulting in fistula development.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Intraductal papillary mucinous neoplasm (IPMN) is
a rare and relatively slow growing pancreatic tumor
characterized by papillary growth and mucin production
within the pancreatic duct system[1,2]. Recently the number
of publications regarding IPMN has risen sharply and
contributed significantly to our current understanding of
its clinical behavior. As a result, it is well established that
www.wjgnet.com

IPMNs represent a spectrum of mucin-containing tumors
that range from benign histology to invasive carcinoma[3,4].
While non-invasive IPMNs display slow growth and good
prognosis after resection, the outcome can become poor
if these tumors transform into invasive forms. A meeting
of international experts on precursor lesions of pancreatic
cancer held at The Johns Hopkins Hospital speculated
on the possibility that some invasive IPMNs may begin
as PanINs that then progress faster along a different
pathway of neoplasia than conventional pancreatic ductal
adenocarcinoma[5].
Here, we report two cases of intraductal papillary
mucinous carcinoma (IPMC) with atypical manifestations
which show aggressive features of this disease. In one
scenario, a pseudomyxoma peritonei was caused by a
ruptured IPMC. In the other case, we discussed the
fistulization of IPMC into the stomach and duodenum.

CASE REPORT
Case 1
A 55-year-old man was admitted to our hospital due to
incidentally detected ruptured pancreatic cystic mass and
large amounts of fluid collection around the mass. His
past medical history was significant for an appendectomy
secondary to an acute appendicitis 35 years ago. At that
time, there were no abnormal findings in the abdomen
except for acute suppurative appendicitis. On admission,
physical examination was unremarkable. Laboratory
studies, including the level of serum tumor markers, were
normal. The ultrasonography-assisted aspirated fluid was
gelatinous with a high concentration of CEA at 1870 μg/L
and CA19-9 at 8 U/L. Computed tomography showed
massive ascites throughout the peritoneal space and
a 5 cm-sized ruptured cystic mass in the pancreatic body
and tail junction (Figure 1A and B). Endoscopic retrograde
cholangiopancreatography (ERCP) showed a small
outpouching lesion of the pancreatic duct in the body
portion which was thought to be the same cystic lesion
seen on the previous CT. During the operation, mucinous
ascites was detected in the entire abdominal cavity. The
patient was diagnosed with a pseudomyxoma peritonei
(Figure 2A). In the body of the pancreas, there was
an 8.5 cm × 6 cm-sized outpouching cystic mass, which
ruptured and spread yellow-whitish gelatinous fluid
around the mass (Figure 2B). Distal pancreatectomy and
debulking of the mucinous material were performed. On
microscopic examination, the resected specimen showed a
growing papillary tumor characterized by adenocarcinoma
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Figure 1 CT scan of case 1 showing a 5 cm-sized ruptured cystic mass in the
pancreatic body and tail junction (arrow) (A) and massive ascites throughout the
peritoneal space (arrow) (B).

Figure 2 Operation of case 1 revealing a ruptured cystic mass at pancreatic tail
(arrow) and spreaded mucinous materials around the mass (arrow heads) (A) and
a ruptured mucinous cystic mass of pancreas (arrows) (B).

A
A

B

B

Figure 3 Microscopic examination of case 1 displaying papillary growth in the
pancreatic duct (HE, × 12.5) (A) and infiltration of malignant cells into the pancreas
parenchyma (HE, × 40, arrows) (B).

Figure 4 CT scan of case 2 demonstrating a 10 cm-sized cystic mass in pancreatic
head (arrow) (A) and two communications between stomach and mass and
between bulb and mass (arrows) and patulous ampulla of Vater (arrow head) (B).

Gallbladder

cells in the intrapancreatic duct with infiltration of
malignant cells into the pancreatic parenchyma (Figure 3A
and B). The patient’s postoperative course was uneventful.
The patient received postoperative systemic chemotherapy
with gemcitabine (1000 mg/m2) and cisplatin (60 mg/m2)
twice among planned six sessions. The patient was alive
and well for 3 mo after operation without any evidence of
disease progression.
Case 2
A 6 8 - y e a r- o l d m a n wa s a d m i t t e d f o r e p i g a s t r i c
discomfort. He was diagnosed with IPMN. Abdominal
CT showed a huge mass in the pancreatic head with the
possibility of stomach invasion. Clinicians recommended
surgery as a potential treatment strategy but the patient
refused and was later discharged. After 1.5 years, he
again presented with epigastric discomfort and jaundice.
Laboratory data showed 11.0 mg/dL total bilirubin,
68 IU/L aspartate aminotransferase, 105 IU/L alanine
aminotrasferase, 609 IU/L alkaline phosphatase. The
level of serum tumor marker CA 19-9 was 39 U/mL.
Abdominal CT revealed a huge mass in the pancreatic
head with diffuse pancreatic duct dilatation and bile
duct dilatation with large fistulae between the mass and
duodenal bulb and between the mass and posterior wall
of the stomach antrum (Figure 4A and B). These findings
were worse than his initial presentation 1.5 years ago.
Gastroduodenoscopy showed a deep and huge ulcer in
the antrum of the stomach with dirty mucinous material
discharged from the patulous orifice of papilla and a
suspicious communication between the pancreatic mass

Duodenum

Spleen

Figure 5 Specimen
of case 2 showing two
fistulous openings at
stomach, duodenal
bulb and patulous
a m p u l l a o f Va t e r
(arrows).

Stomach
Ampulla of Vater
Duodenal bulb

Antrum of
stomach

and duodenal bulb. At the time of operation, a 10 cm
× 5.5 cm- sized huge cystic mass was found in the head
of pancreas. Firm fibrous tissue was observed between
the mass and the antr um of stomach. An en bloc
resection of the pancreas, spleen, and distal stomach was
performed. The distal stomach and duodenum were filled
with sticky mucinous material. There were two fistulous
openings in the specimen, one at posterior wall of the
antral stomach and the other at the duodenal bulb (Figure
5). The diameter of the openings was approximately
2 to 3 finger breadths. The histological features were
consistent with invasive intraductal papillary mucinous
carcinoma and the fistula tract between the mass and
duodenal bulb contained cancer cells. Granulation tissue
was only found in the fistula tract between the mass and
the antrum of stomach. The patient was discharged after
an uneventful postoperative recovery. He received two
cycles of concurrent chemoradiation therapy (a total
of 20 Gy in 10 fractions with a concurrent intravenous
infusion of 5-fluorouracil 500 mg/m 2 on d 1-3) and
showed no signs of recurrence 3 mo after surgery.
www.wjgnet.com
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Table 1 Summary of reported cases of pseudomyxoma peritonei combined with IPMN of pancreas
Reference

Age/Sex

Pathologic diagnosis

Pancreatectomy

Survival (mo)

15
16
17
Present case

49/M
53/M
64/M
55/M

IPMN
Unknown
IPMC
IPMC

Partial- > total
None
Distal
Distal

> 17
> 24
>6
>3

DISCUSSION
IPMN has been documented to infrequently result in
acute pancreatitis and fistula formation[6-8]. However, there
are no reports of a ruptured IPMN without any signs
of acute pancreatitis and resulting in pseudomyxoma
peritonei. Pseudomyxoma peritonei is a clinical condition
characterized by the presence of large amounts of
gelatinous tumor implants in the peritoneum. This disease
was first reported by Rokitansky in 1842 [9]. The most
common underlying causes of this condition are mucinous
neoplasms of the appendix and ovary[10,11]. Pseudomyxoma
peritonei is rarely reported to be associated with IPMN.
To date, there are only three reports of pseudomyxoma
peritonei originating from IPMN of the pancreas
(Table 1). The first case report was a 49-year old man
who underwent total pancreatectomy for positive
resection margins after pancreaticoduodenectomy due
to chronic pancreatitis and was unexpectedly diagnosed
histopathologically with IPMN[12]. Fourteen months later
after total pancreatectomy, a bulky retroperitoneal mass
was detected and a multilocular, thin-walled cystic mass
was excised. The histological feature was consistent with
pseudomyxoma peritonei. The second case was a 53-year
old man who underwent a debulking operation due to a
pseudomyxoma peritonei and was diagnosed with IPMN
by imaging tools rather by histological confirmation[13].
In this case, the possibility of another source of
pseudomyxoma peritonei could not be excluded. The
third case was a 64-year old man who underwent distal
pancreatectomy due to pseudomyxoma peritonei caused
by acute pancreatitis in IPMC of the pancreas[14]. This case
is similar to ours because the pseudomyxoma peritonei
was associated with IPMC. However, in that case, the
cause of pseudomyxoma peritonei was the fistula triggered
by recurrent acute pancreatitis. Our case had no history
of acute pancreatitis and spontaneous rupture was the
cause of pseudomyxoma peritonei. The risk factors for
spontaneous rupture of IPMN could be the high pressure
in the main pancreatic duct filled with mucinous materials
as in our case or the inflammatory stimulation by others
factors such as acute pancreatitis.
Several treatment modalities including surger y,
radiotherapy and chemotherapy have been utilized in
the management of pseudomyxoma peritonei with
varying degrees of success. The primary treatment of
pseudomyxoma peritonei is surgery. Aggressive debulking
of an intra-abdominal tumor is correlated with improved
survival rates [15] and the effectiveness of subsequent
adjuvant intraperitoneal or systemic chemotherapy [16].
Moder n treatments include peritonectomy and
intraperitoneal hypothermic chemoperfusion [10,11,17]. A
www.wjgnet.com

Recurrence 14 mo after total pancreatectomy

recent report by Sugarbaker[18] suggested that an aggressive
approach consisting of maximal surgical debulking and
maximal regional chemotherapy has an impact on the
outcome of the disease, but the optimal management
remains controversial. In our case, debulking was done
but it was not possible to remove the mucinous material
completely. The patient also underwent adjuvant systemic
chemotherapy with gemcitabine and cisplatin. Despite
a typical pattern of progression of pseudomyxoma
peritonei, the clinical course and individual survival depend
significantly on the nature of the underlying neoplasm[15,19].
The natural history of IPMN is not well understood and
therefore, controversies persist regarding treatment.
The first case suggested that IPMN could rupture
spontaneously and cause pseudomyxoma peritonei.
Additionally, dissemination of mucinous adenocarcinoma
may also be caused iatrogenically not only by surgical
intervention but also by endoscopic ultrasonographyguided fine needle aspiration biopsy[20,21]. Therefore, in
patients with potentially resectable IPMN, the risk/benefit
ratio of endoscopic ultrasonography-guided fine needle
aspiration biopsy should be carefully considered.
Since fistula formation associated with an IPMN was
first reported in 1980 as a pancreatobiliary fistula, several
cases have been reported[6-8]. According to these reports,
the organs most frequently affected by fistula formation
are the duodenum, common bile duct, and stomach.
Apparent cancer invasion is the main cause of fistula in
most cases. There is only one case of IPMN associated
with pancreatogastric fistula without invasive cancer [22].
The mechanism of such fistula formation without cancer
spread could be explained by a combination of high
pressure in the main pancreatic duct and inflammatory
stimulation.
In the treatment of IPMN associated with fistula, the
fistula should be removed regardless of cancer invasion
to avoid dissemination. As usual, the extent of resection
should depend on the extent of cancer invasion.
In conclusion, the two cases suggest that IPMN can
either spontaneously rupture enabling mucinous materials
to spread into the free abdominal cavity or directly invade
adjacent organs resulting in pancreatic fistula development.
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Abstract
Splenic abscess is a rare entity normally associated
with underlying diseases. We report a case of splenic
abscess with large gas formation in a non-diabetic and
non-immunosuppressed patient after surgery for colon
perforation. The most frequent cause of splenic abscess
is septic embolism arising from bacterial endocarditis.
Splenic abscess has a high rate of mortality when it is
diagnosed late. Computed tomography resolved any
diagnostic doubt, and subsequent surgery confirmed the
diagnosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The incidence of septic complications, such as abscess
formation, in fecal peritonitis due to colon perforation
has been reported in various organs[1,2]. The spleen is one
of the least involved organs especially in non-diabetic
and non-immunosuppressed patients [3,4] . In a recent
review [5], out of 67 cases of splenic abscess, only one
was due to colon perforation. We present a patient with
persistent high fever two weeks after surgery due to colon
perforation despite optimal treatment. An occult splenic
abscess was found during diagnostic work up.
www.wjgnet.com

CASE REPORT
An 84-year-old Caucasian non-diabetic and nonimmunosuppressed woman presented with abdominal
tenderness and peritoneal irritation. Chest radiography
revealed free air at the left subdiaphragmatic area
confirming a hollow visceral perforation. An exploratory
laparotomy revealed traumatic perforation of the sigmoid
due to chicken bone with diffuse fecal peritonitis. The
postoperative period was uneventful with complete
recover y and the patient was discharged on the 8 th
postoperative day. Two weeks later the patient complained
of high fever (40℃) and vague left upper quadrant
pain. The chest X-ray documented left pleural effusion
associated with a left subdiaphragmatic abscess by
ultrasound. The white cell count was 13 000 cells/mL with
neutrophil predominance (85%). Computed tomography
with contrast enhancement revealed a large splenic
abscess associated with a vast amount of gas formation
(Figure 1). The patient underwent exploratory laparotomy
with splenectomy and recovered completely on the 7 th
postoperative day. Culture of the purulent material showed
Enterococcus sensitive to vancomycin.

DISCUSSION
Splenic abscess is a very rare manifestation of fecal peritonitis
especially in non-diabetic and non-immunocompromised
patients[3,4]. Successful management requires a combination
of early diagnosis and early surgery or imaging-guided
intervention[6,7].
Splenic abscess can be identified by ultrasonography.
H owe ve r, u l t r a s o n o g r a p hy c a n n o t d i s c r i m i n a t e
between abscess and infarct in some cases, while large
gas formation within the abscess may lead to technical
difficulties. Gas formation when noted within splenic
abscesses is associated mainly with gram negative bacillus
infection. In a recent review[5], gas formation in splenic
abscess was found in 11.9% of patients.
Computed tomography is the examination of choice.
Splenic abscesses appear as focal areas of low attenuation.
Usually there is no inflammatory rim. Gas collections
are very rarely seen. Many abscesses remain uniformly
hypoattenuating after contrast administration and do not
show peripheral enhancement. In atypical cases, clinical
presentation must be considered in order to make an
accurate diagnosis.
In conclusion, after fecal peritonitis although an intraabdominal abscess in the proximity of the primary lesion is
rather common, an unexpected splenic abscess formation,
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Abstract
Gynura root has been used extensively in Chinese folk
medicine and plays a role in promoting microcirculation
and relieving pain. However, its hepatic toxicity should
not be neglected. Recently, we admitted a 62-year old
female who developed hepatic veno-occlusive disease
(HVOD) after ingestion of Gynura root. Only a few articles
on HVOD induced by Gynura root have been reported in
the literature. It is suspected that pyrrolizidine alkaloids
in Gynura root might be responsible for HVOD. In
this paper, we report a case of HVOD and review the
literature.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatic veno-occlusive disease (HVOD) is a clinical
syndrome characterized by hyperbilirubinemia, painful
hepatomegaly and weight gain due to fluid retention, after
hematopoietic stem cell transplantation (HSCT), HVOD
is a well-recognized life threatening complication, with
www.wjgnet.com

an incidence rate of 10% to 60%[1]. In 1920, Willmot and
Robertson[2] reported that HVOD is associated with the
ingestion of Senecio tea, which contains pyrrolizidine
alkaloids (PA). Other herb or plant medicine containing
PA has been reported to cause hepatic injury and hepatic
sinusoidal-obstr uction syndrome [3] . A few cases of
HVOD relating to Gynura root usage have been reported
in Chinese literature [4-9] . Gynura root has been used
extensively in Chinese folk medicine and plays a role in
promoting microcirculation and relieving pain and curing
injury.
Recently, we admitted a 62-year old female who
presented with ascites, abdominal distention and was
finally confirmed to have HVOD. This patient had a
history of ingestion of Gynura root and experienced series
of diagnostic approaches and various therapies. Since
Gynura root or its analog may be used elsewhere in the
world, we report the case and review the literature.

CASE REPORT
A 62-year old woman was admitted on January 23, 2006
to Hepato-gastroenterology Department of our hospital
with abdominal complaints. She had abdominal distention
after eating for about 10 mo. An abdominal ultrasound
examination at a local hospital showed no remarkable
findings. She had upper abdominal pain and weight gain
in recent 3 mo. One week ago, abdominal pain became
more severe, and repeated ultrasound examination
revealed hepatomegaly and ascites. She had no fever and
night sweats, no contact with sick persons or animals. Past
medical history revealed asthma for over 20 years, which
was treated occasionally with inhaler. She had no history
of liver disease, alcohol abuse, pulmonary tuberculosis
(TB). Family history was not significant.
Her initial vital signs were normal. Physical examination
showed abdominal distention with upper abdominal
tenderness, mildly dilated superficial abdominal veins,
hepatomegaly (liver 7 cm below the xiphoid process),
but no palpable spleen. Lower extremities showed no
peripheral edema.
L a b o r a t o r y t e s t s s h owe d n o r m a l h e m o gl o b i n
(13.7 g/dL), normal WBC count (4700/ μ L), normal
differentiatiation, but low platelets of 75 000/μL. Serum
total protein (62.1 g/L) and albumin (31.9 g/L) were
slightly below nor mal (protein nor mal range 63-82
g/L, Albumin 35-53 g/L). Other liver function tests
showed normal total bilirubin, direct bilirubin, alanine
aminotransferase and gammaglutamyl transferase, but
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slightly elevated aspartate aminotransferase 38 U/L
(normal 5-35 U/L) and alkaline phosphatase 122 U/L
(normal 30-110 U/L). Prothrombin time was normal and
hepatitis B/C serology was negative. Serum tumor markers
of alpha-fetoprotein (AFP), carcinoembryonic antigen
(CEA) and CA-199 were all normal but cancer antigen
125 (CA-125) was elevated (49.87 U/mL, normal range
< 35 U/mL). Examination of ascetic fluid showed that
the fluid was like exudate and transudate in appearance.
The albumin level was elevated (20 g/L). The serumascites albumin gradient (SAAG) was 11.9 g/L. The ascitic
cytology was negative for malignancy. Ziehl-Neelsen stain
of the ascites was negative for TB. PPD test was negative.
An abdominal computerized tomography (CT) revealed
hepatomegaly and residual ascites. No hepatic veins
were visualized, suggesting that there was obstruction
of hepatic vein outflow. No abnormality was seen in the
pancreas, spleen, mesentery, retroperitoneal and pelvic
organs. A digital subtraction angiography (DSA) showed
normal left and right hepatic veins. There was no stricture
or obstruction of the inferior vena cava, hepatic artery and
portal vein. The patient was treated symptomatically with
fluid restriction, diuretics,and albumin.
On her 23rd day of hospitalization (Feb 14), because
of lack of clinical improvement and uncertainty of her
diagnosis, exploratory laparoscopy was performed. At
operation, about 3000 mL ascites was removed. Pelvic
organs (uter us, ovaries and tubes), small and large
intestines, stomach, omentum and diaphragm were
normal. The liver appeared diffusely congested and the left
lobe lateral segment was enlarged. Portal venous pressure
of about 24 mmHg was measured in a branch of the
mesenteric vein. Two biopsies of the liver were taken and
histology showed that the central and sublobular veins
and hepatic sinus were prominently congested and dilated.
Hepatic cells appeared atrophic and degenerated. The
walls of sublobular veins were thickened, and the hepatic
venules revealed significant fibrosis. Based on the clinical
manifestations and these histological findings, HVOD was
confirmed.
One week later, because of increased abdominal
distension and edema of lower legs and perineum, contrast
enhanced timing robust angiography (ceMRA) was done
showing narrowing of hepatic veins, uneven distribution
of contrast material in hepatic parenchyma, suggesting
venous congestion. The inferior vena cava, portal vein,
abdominal aorta, and bilateral renal arteries appeared to be
normal.
She had ingested Gynura root (tu san qi) for 3 mo
before admission to our hospital for neck pain secondary
to cervical osteophyte. She was treated with 3 slices of
fresh Gynura root a day (about 2 g/d) soaked in rice wine
in a bowl. Then she placed the bowl in a pot with water
and steamed it. She ate the Gynura root and drank the
wine. During the three months, she did not receive any
Western medication and any other herbal remedy. We
planted the Gynura root till it was full grown (Figure 1).
The plant was identified as gynura segetum.
The patient was then treated with low molecular weight
heparin and prostaglandin E1 and diuretics, etc, but her
symptoms did not improve. Since methylprednisolone
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Figure 1 Gynura root and its plant gynura segetum (Lour.) Merr.

was tried for three weeks without much better effect,
a transjugular intrahepatic portosystemic shunt (TIPS)
was attempted on Mar 17. The puncture wire and needle
could be passed through the hepatic veins into the portal
vein branches. However, the stent could not be inserted
because of the narrowing portal branches. TIPS failed.
After a series of supportive therapy and consultations,
the patient was transferred to the Surgery Department to
undergo laparotomy and a mesocaval shunt was performed
on Mar 29, 2006. At operation, the liver was found to
be diffusely congested, the superior mesenteric vein was
connected to the inferior vena cava with a 10 mm GoreTex graft. Initially, mesenteric venous pressure was 26
mm Hg. After the shunt was in place, the venous pressure
decreased to 17 mmHg. After surgery, the patient received
treatment with antibiotics, anticoagulant and tapering of
her steroids. Anticoagulant was started from the 3rd postoperative day for 5 d, oral medication for two weeks, then
subcutaneously for two more weeks. Two weeks postoperation, the patient developed pneumonia, treated
and was discharged one month later. During followup examination in June of 2006, she had no abdominal
distention nor pain. Repeated abdominal ultrasound study
showed no ascites and the liver size was normal.

DISCUSSION
Since Gynura root is widely used in Chinese folk medicine,
we searched the main Chinese medical database and
found 6 Chinese publications with 21 cases of Gynura
root-related HVOD[4-9], 11 of them were confirmed by
liver biopsy or autopsy. The clinical characteristics of the
Gynura root-related HVOD patients are summarized in
Table 1. All the patients presented with hepatomegaly and
ascites. Two patients died after ingestion of high doses
of Gynura root (450 g and 1800 g within 10 d and 50 d
respectively)[4]. Most of the patients had elevated total
bilirubin, and only a few cases had a normal total bilirubin.
HVOD which was first described in 1920 by Willmot
and Robertson[2] is associated with the ingestion of Senecio
tea containing pyrrolizidine alkaloids (PA). In 1953, Hill
et al[10] reported a large series of 150 Jamaican children who
developed hepatic HVOD after drinking Senecio tea. More
than 300 kinds of PA have been identified in over 6000
plants of the Compositae, Boraginaceae and Leguminosae
www.wjgnet.com
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Table 1 Clinical characteristics of patients with Gynura root-related HVOD
Reference

Sex

Age
(yr)

Reason for use
of gynura root

duration

Hou JG,
1980[4]

M

57

About 10 d

F

48

Coronary heart
disease
Diabetes

Total bilirubin
4
(nl range )

Special tests
of HVOD

Therapy for
HVOD

Outcome

450

Normal

Autopsy

Symptomatic

About 50 d

1800

4.5 mg%

Symptomatic

No detail

No detail

No detail

43

Back ache

20 d

150

53.1 μmol/L
(0-20.4)
No report

M

52

After a fall

4 mo

3601

F

39

Trauma

3 mo

1802

Ultrasound,
liver scan, autopsy
Ultrasound,
MRI, Biopsy
Ultrasound MRI,
DSA, Biopsy
Ultrasound, CT,
Biopsy
Ultrasound CT,
Biopsy

Died 5-d after
admission
Died

M

53

M

Yan Hong
2005[8]
Our case

M

29

nephrolith

20 d

200

No report

Prednisone

F

62

Neck pain

3 mo

1803

Zhang GH
2006[9]

M6, F8 41-73 Trauma or
fracture

5 d (mean)

300-700

17 μmol/L
(0-20.4)
Elevated
in 12 cases

Ultrasound, CT,
DSA, Biopsy
Ultrasound, CT, DSA,
Biopsy, ceMRA
All had ultrasound,
CT; 4 cases biopsy;
2 cases DSA

Li JP
2001[5]
Li ZM,
2005[6]
Chen WX,
2005[7]

Total gynura
(gram)

27 μmol/L
(0-20.4)
25 μmol/L
(0-20.4)

In situ liver
transplantation
Methylprednisolone
40 mg Ⅳ q 12 h
In situ liver
transplantation
Symptomatic
treatment

Mesocaval shunt
Low molecular
weight heparin,
aspirin and diuretics

Well
Well
Well 45-d
after operation
Discharged
without
improvement
Well
Well 2-mo
later
Well

1

Calculated from author’s data of 3 gm/d for four months; 2Calculated from author’s data of 2 gm/d for three months; 3Estimated from patient’s description of 3
slices a day for three months; 4nl range: abbreviation of normal level range.

families[3]. Gynura root belongs to the Compositae family.
Yuan et al [11] isolated six alkaloids from Gynura
segetum (Lour.) Merr. Two of the six were identified as
senecionine and seneciphylline, which are known to have
hepatic toxicity. These PAs, which have minimal toxicity
in their original form, are metabolized in the liver through
CYP (P450 cytochrome) and become toxic metabolites.
The latter can act on local liver cells to cause damage by
cross-linking DNA[12,13]. Furthermore, PA can decrease
glutathione (GSH) in sinusoidal endothelial cells[14]. This
enhanced oxidative stress also can affect collagen α 1
transcription directly and/or through the activation of
hepatic stellate cells[15], finally leading to HVOD. If the
liver becomes damaged, the pyrrolizidine metabolites can
overflow and infiltrate the lung fluids and cause damage
there. Pulmonary edema and pleural effusions may occur,
sometimes resulting in fatalities with very high levels of
PA ingestion[13].
Confirmation of HVOD is based on the histology
examination of liver tissue. The hepatic sinus, central and
sublobular vein are significantly congested and dilated
in Gynura root-related HVOD, while the venular walls
are thickened with collagen deposition, with or without
infiltration of lymphocytes, monocytes and neutrophils
with fatty degeneration and necrosis presented in hepatic
cells[4-9].
Currently, various strategies are used for the treatment
of HVOD. For herb-related HVOD, plants containing
PA should be avoided and discontinued. Some patients
may recover after symptomatic treatment such as fluid
restriction, diuretics and albumin. Administration of
methylprednisolone seems to be another favorable
alternative for some HVOD patients[6,16]. For patients with
serious HVOD who do not respond to medical therapy,
early use of transjugular intrahepatic portosystemic shunt
www.wjgnet.com

(TIPS) can be considered [17]. However, it was reported
that TIPS should not recommended for patients with
HVOD[17,18]. In our patient, TIPS was not performed and
she recovered well after undergoing meso-caval shunt. The
value of porto-systemic shunt in HVOD remains to be
further investigated. For those critically ill patients without
response to porto-systemic shunt, liver transplantation
might be considered with a survival rate of about 30%[19].
Li et al[6] and Chen et al[7] reported that two male cases of
Gynura-root related HVOD recovered well over 40 d after
liver transplant for hepatic failure.
Some researchers have suggested that PAs related
safety problems are more widespread in certain areas of
the world, such as Africa and South America[13]. Gynura
root-related HVOD may be more widespread in China
as well. Eighteen of these 22 patients （including our
patient） were residents of Zhejiang Province, eastern
coastal China, where more concerns are paid on Gynura
root-related HVOD through organized case discussions
between hospitals. Supervision and instruction of PA
content in herbal medicine are crucial. The German
Health Administration has set a standard for the use of
herb petasites [13]. Further measures should be taken to
determine and supervise herbs containing PAs to reduce
their toxic effect, and make plentiful use of the Chinese
traditional herbal medicine.
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Abstract
Mesenteric fibromatosis is a rare benign nonmetastatic
neoplasm that appears as a sporadic lesion or occurs
in patients with familial polyposis, while chylous ascites
associated with aggressive mesenteric fibromatosis
during pregnancy has never been reported thus far.
Here we present the case of a 28-year old pregnant
woman, in whom an aggressive mesenteric fibromatosis
with chylous ascites was detected, involving the
jejunum, superior mesenteric artery (SMA) and superior
mesenteric vein (SMV) and pancreas. One year after a
successful surgical excision, the patient had no signs of
recurrence. The authors report the case for its rarity and
emphasize on combining clinicopathological, radiological
and immunohistochemistry analysis for management of
the disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chylous ascites is a rare clinical manifestation characterized
www.wjgnet.com

by ascitic chylomicrons resulted from mechanical
obstruction of or leakage from the lymphatic channel.
chronic disorders, especially malignancies, accounting for
most cases of chylous ascites. Mesenteric fibromatosis is a
rare benign mesenteric tumor, characterized by infiltrative
growth and high rates of recurrence[1]. There is no case
report about mesenteric fibromatosis with chylous ascites,
which is difficult to diagnose and differentiate from other
tumors, thereby leading to diagnostic as well as therapeutic
dilemmas[2]. Even when the diagnosis is well-established,
mesenteric fibromatosis with chylous ascites still presents a
management challenge for the surgeon to make an optimal
therapeutic decision for the patient suffering from this
disease[3,4].

CASE REPORT
A 28-year old woman was admitted 1 mo ago for a
caesarean section operation and a healthy boy was born.
However, 250 mL chylous ascites was found in her
abdominal cavity during the operation. Sonographic
examination detected a tumor in the left upper quadrant
of the abdomen after her delivery. Multidetector spiral
computed tomography (MDCT) implied that a mass was
arising from the mesentery, semi-surrounding the superior
mesenteric artery (SMA) and superior mesenteric vein
(SMV) (Figure 1). Magnetic resonance imaging (MRI)
revealed a tumor with low to intermediate mixed signal
intensity in the lesion’s periphery on T1 weighted images
and bands of high signal intensity in the central region
of the lesion on T2 weighted images (Figure 2). Digital
subtraction angiography (DSA) demonstrated that the
tumor’s blood supply was poor and the endangium of
SMA was smooth without lumen stenosis. A tumor was
found about 6 cm beneath the suspensory ligament of
duodenum during another laparotomy. The mesenteric
vessels were almost semi-surrounded and the pancreas was
adhered to the tumor tissue (Figure 3). The entire tumor
with a loop of 86 cm jejunum was resected completely.
The tumor measured 12.2 cm × 11.5 cm × 8.5 cm and was
closely related to the bowel wall (Figure 4). The cut surface
was tan-colored, whorled and firm, without necrosis, cystic
change or haemorrhage. Microscopy of the resected slices
showed loosely and haphazardly arranged spindle cells
with bland, oval nuclei and minimal cytoplasm. There were
also plump spindle cells with tapering ends containing oval,
vesicular nuclei and a moderate amount of eosinophilic
cytoplasm. The pancreas and bowel wall were infiltrated by
the mass (Figure 5A). Subsequent immunohistochemistry
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Figure 2 Coronal MRI image
demonstrating a tumor with
low to intermediate mixed
signal intensity in the lesion's
periphery and low signal
intensity in the central region
of the lesion on T2 weighted
images.

Figure 1 Contrast-enhanced axial scan of MDCT revealing a heterogeneous
mesenteric huge soft tissue mass, which displaces the SMA.

Figure 4 Resected small bowel with a well-circumscribed firm mass exhibiting an
expanding growth pattern.
Figure 3 Semi-surrounding SMA and SMV (arrow) demonstrated during operation.

analysis had the following results: CD117 (-), CD34 (-),
focal ACT (+), DES (-), S-100 (+++), β-catenin (-) (Figure
5B). A 12-mo follow-up period revealed a good condition
of the patient.

DISCUSSION
Chylous ascites is brought about by lymph leaking into
the abdominal cavity. Although chylous ascites sometimes
may be caused by trauma, abdominal surgery, tuberculosis
or other peritoneal infections, it is usually found as a
symptom of tumor especially malignancies. There are few
cases reporting chylous ascites during pregnancy, mainly
caused by acute pancreatitis, small intestine volvulus and
other conditions [5]. However, the symptoms and signs
of an abdominal mass that grows during pregnancy are
not easy to detect and identify. Aggressive mesenteric
fibromatosis during pregnancy was rarely reported and
aggressive mesenteric fibromatosis associated with chylous
ascites has never been reported. Most cases of aggressive
mesenteric fibromatosis reported in elderly individuals,
are usually associated with familial polyposis coli, previous
trauma, and hormonal imbalance[6]. Our case was a woman
suffering from this disease during her pregnancy. The
onset of the disease may be due to hormonal imbalance.
The high level of serum lutin and estrin may induce the
initiation of the disease in her gestation period[7]. Due to
compression of the alveus ampullescens by the mass at the

root of mesentery, lymphatic return was blocked as a result
of chylous ascites formation.
Surgery provides good results in limiting the disease
and non-surgical modalities are applied to cases with
unresectable or residual lesions. In the preoperative
evaluation of mesenteric fibromatosis, a careful
investigation of its clinicopathological features is very
important in selecting an appropriate approach to
the surgical candidates [8]. Mesenteric fibromatosis is a
rare, benign fibrous lesion originating from the bowel
mesentery or the retroperitoneum. Characteristics its
biological behavior present in the intermediate between
benign fibrous tissue proliferation and fibrosarcoma.
Fibromatosis has a typical inclination towards involving
the visceral abdominal structures in its growth, and tends
to recur but does not metastasize[9]. During the laparotomy,
our case revealed a large mesenteric mass arising from the
mesentery. The lesion was surrounded by a segment of
intestinal canal and adhered to the pancreas. Semi-enclosed
by the tumor tissue, the mesenteric vessels were displaced
from their normal position. The tumors were excised
together with a segment of jejunum.
Radiological studies play a significant role in
establishing the diagnosis, working out the operation plan
and evaluating the situation in follow-up of mesenteric
fibromatosis. MDCT has an advantage of characterizing
the mass in showing the homogeneity of attenuation,
exhibiting slight enhancement after contrast medium
administration. MDCT also provides a concise evaluation
of the extension of the lesion. Images of reconstructed
www.wjgnet.com
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have diffused nuclear staining and focal staining may be
occasionally seen.
In conclusion, aggressive mesenteric fibromatosis
with chylous ascites during pregnancy has never been
reported, and it is not easy to make a diagnosis before
and after operation. Radiological studies have a great
value in designing management of the disease. In
preoperative evaluation of mesenteric fibromatosis, its
clinicopathological features are very important for working
out an appropriate operation plan for surgical candidates.
Immunohistochemical analysis of specimens offers
the final diagnosis of the disease that may be confused
with other kinds of tumor. Our report highlights the
need of combining clinicopathological, radiological, and
immunohistochemistry analysis in management of the
disease.
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Figure 5 Tumoral lesion consisted of spindle cells growing in sweeping fascicles,
with eosinophilic cytoplasm and occasional focal infiltration of plump nuclei in
pancreas (arrow) (A) and bowel wall (arrow head) (B). Most of the tumor cells
showed immunoreactivity for β-catenin (+++).

sagittal, coronal, or curved planes are very useful in
most cases[10]. MRI may show characteristic features in
prominent low to intermediate signal intensity and bands
of low signal intensity representing highly collagenized
tissue. However, fibromatoses with less collagen and
more cellularity may have nonspecific high signal intensity
on T2-weighted images [11] . DSA clearly depicts the
bole and branch of SMA, which extend from the root
of the mesentery towards the pelvis. Furthermore, it
provides a clear description of the SMA and SMV lumen
condition, confirming whether the main vasculature has
been infiltrated[12]. Such unique imaging approaches may
ultimately improve lesion detection, characterization, and
surgical planning of the case.
Immunohistochemical analysis is very important for
distinguishing mesenteric fibromatosis from gastrointestinal
stromal tumor, which is clinically important in the Gleevec
era [13] . Pathologists must differentiate this condition
from a host of fibroblastic and myofibroblastic lesions
or from smooth muscle neoplasms. Almost all-deep
fibromatoses have somatic beta-catenin or adenomatous
polyposis coli gene mutations leading to intranuclear
accumulation of beta-catenin[14]. Since low-grade sarcomas
in general lack beta-catenin and reactive proliferations are
not expected to have it, nuclear beta-catenin expression
would be detected in deep fibromatoses but absent in
other entities in the differential diagnosis[15]. Beta-catenin
immunohistochemistry separates deep fibromatosis
from entities in the differential diagnosis, a finding that
can be exploited for diagnosis [13,16]. Most fibromatoses
www.wjgnet.com
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ago, operation was the only treatment option available.
In the 1970s, techniques for interventional radiology
were developed, improving the survival of patients with
bleeding EVs. In the 1980s, endoscopic treatment further
contributed to improved survival. In this paper, we review
the evolution of treatments for EVs.

DIAGNOSIS OF ESOPHAGEAL VARICES
Abstract
Bleeding from esophageal varices� ������
(EVs)�������������������
������������������
is a catastrophic
complication of chronic liver disease. Many years ago,
surgical procedures such as���������������������������
esophageal transection or
distal splenorenal shunt����
ing �����������������������������
were the only treatments for
EVs. In
�������
the 1970s,
������������������������������������������������
interventional radiology�����������������
����������������
procedures������
such
as transportal obliteration, left gastric artery embolization,
and partial splenic artery embolization� �����������������
were introduced,
improving the survival of patients with bleeding �����
EVs��. ���
In
the 1980s, endoscopic treatment�����������������������
, endoscopic injection
sclerotherapy (EIS)�����������������������������������
,����������������������������������
and endoscopic variceal ligation �������
(EVL),�
further contributed to improved survival. ������������
We combined
IVR with�������������������������
�����������������������������
endoscopic treatment ���
or� ����
EIS �����
with� ����������
EVL. �����
Most
patients with EVs treated endoscopically required followup treatment for recurrent varices. Proper management
of recurrent EVs can significantly improve patients’ quality
of life. ����������
Recently, ������������������
we����������������
have�����������
performed�
���������� �������
EVL����
at �����
2-mo ����
(bimonthly)���������������������������������
intervals for the management of �����
EVs��. �������
Longer
intervals between treatment sessions resulted in a higher
rate of total eradication and lower rates of recurrence and
additional treatment.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Bleeding from esophageal varices (EVs) or gastric varices
(GVs) is a catastrophic complication of chronic liver
disease. There are various treatments for EVs. Many years

The Esophagogastric Varices Grading System of the Japan
Society for Portal Hypertension[1] evaluates EVs on the
basis of color [white (Cw) or blue (Cb)], form [small and
straight (F1), nodular (F2), or large or coiled (F3)], and red
color signs (RC0-3).
Pathomorphology of esophageal varices
Bleeding from an EV most commonly occurs in the critical
area 3 cm proximal to the esophagocardiac junction. Fine
longitudinal veins in the lamina propria originate at the
esophagocardiac junction and transverse the lamina propria
toward this critical area. EVs consist of multiple dilated
veins. Veins that rupture are usually located in the lamina
propria[2]. The mucosal layer covering an EV is somewhat
thinner than that covering a GV. The lamina muscularis
mucosa of the esophagus is loose, and venous pressure
in the submucosa is transmitted through communicating
branches to veins in the lamina propria. In contrast, the
lamina muscularis mucosa of the gastric mucosa is tough
and tightly integrated with the lamina propria[3].
Red color signs are elevated red areas that are important
for predicting the risk of variceal bleeding. Histologically,
red color signs are associated with a thinning epithelial
layer.
Incidence and risk factors for bleeding from esophageal
varices
The incidence of variceal bleeding in patients with
previously untreated EVs ranges from 16% to 75.6%[4,5]. In
an earlier study examining the natural course of GVs, our
group treated bleeding from GVs in 4 of 52 patients over
a mean follow-up of 41 mo. Hemorrhage was successfully
controlled in all 4 of these patients. Cumulative bleeding
rates at 1, 3, and 5 years were 3.8%, 9.4%, and 9.4%,
respectively[6]. The overall incidence of bleeding is thus
higher for EVs than for GVs.
In another study, our group examined 70 cirrhotic
patients with first episodes of bleeding from EVs or
GVs; no patient had received prior treatment[7]. Red color
signs were more common in EVs than in GVs. Mucosal
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erosions and ulcers at bleeding varices were more common
in GVs than in EVs. Gastric erosions and ulcers were
also more common in GVs than in EVs. Red color signs
were frequently encountered in EVs, but were not found
in fundal varices. All cardiac varices showing red color
signs communicated with EVs, which also showed red
color signs. The lack of red color signs in fundal varices
might have been caused by the thick overlying mucosa.
Gastric ulcers that develop on GVs invade the protective
layer of the gastric mucosa. Invasion of the mucosal
barrier overlying GVs increases the risk of massive
bleeding, especially when fundal varices are involved. Such
invasions might be an important precondition for variceal
hemorrhage.
Endoscopic risk factors for bleeding from EVs include
the presence of raised red markings, cherry-red spots, blue
coloration, and large size[8]. The North Italian Endoscopic
Club for the Study and Treatment of Esophageal Varices[9]
reported that red color signs on EVs are predictive of
bleeding.

TREATMETN OF ESOPHAGEAL VARICES
Treatment modalities for EVs include surgery, interventional radiology, and endoscopic treatment.
Surgery
A number of surgical procedures have been developed to
manage EVs. These can be broadly classified as shunting
procedures and nonshunting procedures.
Shunting procedure���
s: The goal of shunting is to reduce
the incidence of variceal bleeding by lowering the pressure
in the portal system with a portal-systemic shunt. A
standard portocaval shunt effectively reduces the incidence
of variceal bleeding; however, impaired metabolism of
hepatic protein after the procedure frequently causes
hepatic encephalopathy due to hyperammonemia [10-12].
In 1967, Warren developed the distal splenorenal shunt
(DSRS) to preserve portal blood flow through the liver,
while lowering variceal pressure [13]. This approach was
developed in the hope of preventing bleeding as well
as hyperammonemia. Despite these initial expectations,
DSRS has been found to effectively prevent rebleeding,
but not eliminate the risk of hyperammonemia. To
solve this problem, our group designed a DSRS with
splenopancreatic disconnection and gastric transection,
modifications to prevent the loss of shunt selectivity.
Our modified DSRS has been confirmed to reduce the
incidence of postoperative hyperammonemia[14].
Non����������������������
-���������������������
shunting procedure���
s: As an alter native to
shunting, Hassab[15] and Sugiura[16] developed methods for
gastroesophageal decongestion and splenectomy for the
treatment of varices. The Hassab operation devascularizes
the distal esophagus and proximal stomach. Splenectomy,
selective vagotomy, and pyloroplasty can be performed
concomitantly with the procedure. Sugiura[16] developed a
procedure for esophageal transection in patients with EVs
and GVs. While both the Hassab and Sugiura procedures
solve the problem of hepatic encephalopathy, varices are
likely to recur earlier than they do after DSRS[17].
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Interventional radiology
In the 1970s, interventional radiology (IVR) techniques
were developed for the treatment of EVs. Transportal
obliteration, left gastric artery embolization, and partial
splenic ar ter y embolization are the principal IVR
techniques used to treat EVs. Before performing IVR,
portal hemodynamics should be determined. Angiography
can deter mine the hemodynamics of varices during
embolization.
Transportal obliteration: Two methods have been used to
obliterate the feeding veins of EVs: percutaneous transhepatic
obliteration and trans-ileocolic vein obliteration. These
methods are performed similarly. A catheter is inserted directly
into the portal vein, and the portal circulation is visualized
by portography. A balloon catheter is inserted selectively
into the inflow site of the feeding veins of the varices. The
balloon is inflated, and a test dose of contrast medium is
injected to determine the optimal volume of sclerosant.
Five percent ethanolamine oleate with iopamidol (EOI),
500 mL/L glucose, or both are injected to obliterate the
feeding vein(s). Steel coils are then used to complete
obliteration[18]. The procedure is highly effective, although
the complete disappearance rate of EVs is not so high after
transportal obliteration alone.
Partial splenic artery embolization: Partial splenic
ar ter y embolization (PSE) has been perfor med to
treat hypersplenism, EVs, GVs, portal hypertensive
gastropathy, pancreatic carcinoma, and portosystemic
encephalopathy[18-29].
The femoral arter y approach is used for superselective catheterization of the splenic artery. The tip of a
catheter is placed as distally as possible in either the hilus
of the spleen or in an intrasplenic artery. Embolization
is achieved by injecting 2-mm gelatin-sponge cubes
suspended in a saline solution containing antibiotics[23,30].
Similar to transportal obliteration, complete disappearance
of EVs is difficult to achieve by PSE alone. PSE is thus a
supplemental treatment for EVs.
Endoscopic treatment
Two endoscopic techniques are used to treat EVs:
endoscopic injection sclerotherapy (EIS) and endoscopic
variceal ligation (EVL)[31-37]. Whenever possible, endoscopic
treatment was performed at 2-wk intervals by three expert
endoscopists, using a television endoscopy system with
computer-stored endoscopic images. After premedication
w i t h a n i n t r a mu s c u l a r i n j e c t i o n o f s c o p olamine
butylbromide (20 mg), atropine sulfate (0.25 mg),
pentazocine (15 mg), hydroxyzine (25 mg), and diazepam (5
mg) were injected intravenously. A one-channel endoscope
was then inserted. A flexible endoscopic sheath (Sumitomo
Bakelite, Tokyo, Japan) was used to permit reinsertion of
the endoscope and to prevent aspiration.
Endoscopic injection sclerotherapy: EIS can be
accomplished by either intravariceal EIS or extravariceal
EIS[32-34,38].
(1) Intravariceal EIS. An anal-side balloon was inserted
into the stomach, and a 22-gauge needle was inserted into
the target EV 2 to 3 cm proximal to the gastroesophageal
junction. The sclerosant (50 mL/L EOI) was infused into
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the EV, and flow was monitored by X-ray fluoroscopy
to confirm filling of the feeder vessel or the pericardiac
venous plexus. Suction was maintained at the puncture
point while the needle was in the EV. The same procedure
was repeated for other variceal columns in the lower
esophagus. Additional injections could not be performed,
and the injection site was compressed by inflating the analside balloon with air.
In the treatment of EVs, intravariceal EIS obliterates
both interconnecting perforating veins and feeding
veins of EVs. Nearby, however, some dilated winding
cardiac veins transverse the submucosa and directly join
the EVs. This allows most cardiac varices to be treated
concomitantly with EVs when correcting the latter by
intravariceal EIS. Intravariceal EIS is useful for obliterating
feeding veins of recur rent EVs after operation [34] .
However, EIS is associated with high incidences of local
and systemic complications[39].
(2) Extravariceal EIS. Extravariceal EIS was performed
with 10 mL/L polidocanol to treat remaining varices
by paravariceal injection [40]. The end point of primary
treatment was the failure to detect any residual varices
between the ulcers created by extravariceal EIS during
the first hospitalization. Extravariceal EIS achieves
local eradication, but does not completely disrupt the
interconnecting perforating and feeder vessels[41].
Endoscopic variceal ligation: There are various EVL
devices for the treatment of EVs. We use a pneumoactivated EVL device (Sumitomo Bakelite) to treat
EVs. EVL is increasingly used because of its safety and
simplicity and because no sclerosant is required. EVL
achieves local eradication, but does not completely disrupt
the interconnecting perforating and feeder vessels[41].
We have devised a new intensive EVL method to more
consistently eradicate EVs[31]. In comparison, the average
total number of rubber bands used per patient was 9.6 in
the standard EVL group and 19.9 in the intensive EVL
group. EVs were completely obliterated in all patients
in the intensive EVL group, but not in all patients in the
standard EVL group[31]. Nevertheless, early recurrences of
EVs after EVL have been reported[32].
Combination of endoscopic treatment and interventional
radiology
Our group previously reported that endoscopic treatment
combined with IVR techniques significantly reduced longterm rates of rebleeding and retreatment in patients with
EVs[18,24,26,27].
Combination of endoscopic variceal ligation and
par tial splenic ar ter y embolization: Cumulative
recurrence rates at 1 and 2 years were lower in the EVL +
PSE group than in the intensive EVL group (P = 0.042),
suggesting that EVL + PSE therapy is effective for the
management of EVs[24].
Endoscopic treatment versus endoscopic treatment
combined with interventional radiology: Cumulative
retreatment rates in patients with Child’s class C disease
were lower after endoscopic treatment + IVR than after
endoscopic treatment alone (P = 0.025). A combination of
endoscopic therapy and IVR is effective therapy for EVs,
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especially in patients with poor liver function[18].
Combination of endoscopic injection sclerotherapy
and endoscopic variceal ligation: Several investigators
have examined the efficacy of EVL combined with EIS
for the treatment of EVs [42-44]. Saeed et al [42] and Laine
et al[43] compared a single session of treatment with EVL
plus low-volume EIS with a single session of EVL alone
and concluded that EVL alone is superior to combination
therapy. EVL was performed first, followed by intravariceal
EIS immediately proximal to the ligature. The main
limitation of this method is that only half of the feeding
vessels are treated because the sclerosants are injected into
the EV proximal to the ligature; distal vessels therefore do
not undergo sclerosis.
EVL followed by EIS intrinsically differs from
EIS followed by EVL. Moreover, the combination
of intravariceal EIS and EVL differs from that of
extravariceal EIS and EVL. EVL and extravariceal
EIS both eradicate varices locally, with no effect on
interconnecting perforating or feeding vessels[41]. Takase
et al[45] concluded that feeder vessels must be obliterated to
prevent recurrence.
Beginning in November 1994, we developed a new
technique combining EVL with EIS, called endoscopic
scleroligation (ESL). In this technique, intravariceal EIS
is performed before ligation.�������������������������
The puncture needle was
removed after���������������������������������������
��������������������������������������������
sclerosant infusion, and EVL was done
�����
simultaneously, including the placement of bands at the
injection site. The same procedure was repeated for other
EVs around the lower esophagus. Additional
�����������������������
sclerosants
were not injected. ������������������������������������
Intensive EVL was performed for EVs
in the lower to middle esophagus[32].
Intravariceal endoscopic injection sclerotherapy
followed by endoscopic variceal ligation (ESL) versus
intensive endoscopic variceal ligation: Both methods
were equally effective with respect to complete eradication
of EVs. Among patients in whom complete eradication
was achieved, cumulative recurrence rates at 1 and 3 years
were lower in the ESL group than in the intensive EVL
group (P < 0.01). ESL was thus superior to intensive EVL
in preventing variceal recurrence[32].
Intravariceal endoscopic injection sclerotherapy
followed by endoscopic variceal ligation (ESL)
versus EVL followed by extravariceal EIS: Cumulative
recurrence rates at 1 and 3 years in the ESL group were
much�������������������������������������������������
lower
������������������������������������������������
than those in the EVL + extravariceal EIS
group (P < 0.0001) [33]. Because intravariceal EIS was
performed before ligation in ESL, all interconnecting
perforating veins and feeder vessels were obliterated.
This study supports the conclusion that the incidence of
variceal recurrence is lower after ESL than after EVL +
extravariceal EIS, although both methods were equally
effective initially in terms of completely eradicating EVs.
Endoscopic variceal ligation followed by extravariceal
endoscopic injection sclerotherapy versus intensive
endoscopic variceal ligation: Fewer treatment sessions
were needed (P < 0.005), and more O-rings were
required (P < 0.0001) in the EVL group than in the
EVL + extravariceal EIS group. Cumulative recurrence
rates at 1 and 3 years were higher in the EVL group
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than in the EVL + extravariceal EIS group (P < 0.05).
Endoscopic examination at first recurrence showed that
varices were more severe in form (P < 0.001), but less
frequently associated with red color signs (P < 0.0001) and
intramucosal venous dilatation (P < 0.0001) in the EVL
group than in the EVL + extravariceal EIS group. Fewer
rehospitalizations were required for additional treatment
(P < 0.0001), and more patients received only endoscopic
treatment for recurrent varices (P < 0.05) in the EVL
group than in the EVL + extravariceal EIS group. These
findings indicate that multiple EVL sessions are an
effective treatment strategy for EVs[38].
New methods for the management of EVs: EVL� ���
at �����
2-mo
intervals�
EVL and extra�������������������������������������������
variceal EIS
����������������������������������
are not always effective, and
early recurrences have been reported[32]. Furthermore, most
patients with endoscopically treated EVs require followup therapy for recurrent varices. Proper management of
recurrent EVs can significantly improve patients’ quality
of life.
In our previous study, t��������������������������
he number of EVL sessions
during the first hospitalization
������������������������
��������
was 2.5 ��
± 0.5
��� [38].������
M����
�����
ost
EVs were ligated and ����������������������������������
deprived of blood after the first
session�����������������������������������������������
. The
���������������������������������������������
remaining
�����������������������������������������
EVs were ligated���������������
in the second
and subsequent sessions of EVL.� �����������������������
Our findings suggested
that the
��������������������������������������������������
first ����������������������������������������
EVL session had the most important role
in blocking blood flow and stimulating shunt������������
�����������������
formation��.
After EVL alone, 1.8 subsequent hospitalizations were
required for additional treatment of recurrent varices[38].
We ���������������������������������������������������
judged that
��������������������������������������������
multiple blockages (at least three)����
of
���
blood flow to���������������������������������������������
�����������������������������������������������
EVs ����������������������������������������
effectively stimulated �����������������
shunt������������
formation��.
We therefore defined three sessions to be one course�
�������
in subsequent studies.������������������������������
The second treatment
������������������
session�
after recanalization of variceal blood flow ha������������
d�����������
a���������
greater
impact on the stimulation of �������������������������
shunt formation than�����
did
prior���������������������������������������������������
treatment ����������������������������������������
sessions��������������������������������
. This finding suggested that a
prolonged interval between EVL����������������������
sessions�������������
may improve
treatment����������������������������������������������
outcomes�������������������������������������
for EVs. However��������������������
���������������������������
, we found����������
���������������
that�����
the�
bleeding rate of������������������������������������������
incompletely eradicated������������������
EVs��������������
was high�����
���������
and
that��������������������������������������������������
bleeding from
����������������������������������������
completely eradicated��������������
EVs ���������
occurred�
after only 6���
����
mo[32]. ���������������������������������������
We therefore based the following study
on the premise that three ��������������������������������
treatment�����������������������
session���������������
s��������������
performed ���
at
2-mo intervals������������������������������������������������
���������������������������������������������������������
�����������������������������������������������
(i.e., the third session begins 4���������������
mo after the
first session�����������������������������������������������
���������) ���������������������������������������������
would effectively����������������������������
prevent��������������������
���������������������������
bleeding from������
����������
EVs��.
Endoscopic variceal ligation�����������
bi-weekly versus bimonthly: We conventionally performed EVL treatment
once every 2 wk�����������������������������������������
(bi-weekly)�����������������������������
.����������������������������
W��������������������������
e compared the short- and
long-term results of EVL performed in three sessions
with������������������������������������������������������������
a total of ������������������������������������������������
16����������������������������������������������
O-rings��������������������������������������
at two different intervals, i.e., ���
biweekly������������������������
(conventional interval) versus ��������������������������
bi-monthly����������������
. A total of 63
patients with ������������������������������������������
EVs���������������������������������������
were randomly assigned to receive one
of these EVL treatments. Outcomes were assessed by an
experienced physician who was blinded to the patients’
treatment assignments. The overall rates of variceal
recurrence and additional treatment were both higher after
EVL bi-weekly����������������������������
�������������������������������������
than after EVL bi-monthly��
������������(P < 0.001). ���
We
concluded that ������������������������������������������
EVL once every 2 mo�����������������������
(bi-monthly)����������
resulted
in better outcomes than EVL once every 2 wk ���������������
(bi-weekly) ���
in
patients with�����������������������������������������������
EV��������������������������������������������
s. Treatment sessions separated by a longer

www.wjgnet.com

March 21, 2007

Volume 13

Number 11

interval had a higher rate of total eradication and lower rates
of recurrence and additional treatment[36].
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Abstract
AIM: To examine the diagnostic yield of colorectal
neoplasia at computed tomographic colonoscopy (CTC)
as well as the feasibility of contrast enhanced CTC in
patients with gastric cancer.
METHODS: To examine the incidence of colon polyp
we selected postoperative 188 gastric cancer patients,
which we refer to as the 'colon polyp survey group'.
To examine the feasibility of CTC for early detection of
colon cancer or advanced colon adenoma, we selected
47 gastric cancer patients (M:F 29:18, mean age 53.8
years), which we call the 'CT colonoscopy group'. All the
47 patients underwent successive CTC and colonoscopy
on the same day.
RESULTS: Totally 109 colon polyps were observed from
59 out of 188 gastric cancer patients, the incidence rate
of colon polyps in gastric cancer patients being 31.4%.
The sensitivity of CTC in detecting individuals with at
least 1 lesion of any size was 57.1%, the specificity was
72.7%, the positive predictive value was 47.1%, and
the negative predictive value was 71.9%. When the
cutoff size was decreased to 6 mm, the sensitivity and
specificity were 80.0% and 92.9%, respectively, with
positive and negative predictive values of 57.1% and
97.5%, respectively. Only one patient was classified as
false negative by virtual colonoscopy.
CONCLUSION: The diagnostic yield of colorectal polyp
was 31.4% in patients with gastric cancer, and contrast
enhanced CTC is an acceptable tool for the detection
of synchronous colorectal advanced adenoma and
www.wjgnet.com

INTRODUCTION
Gastric cancer is the most common form of cancer in
Korea. Majority cancer patients are of old age, especially
the mean age of stomach cancer patients is 54 in Korea[1].
As the survival rate has increased remarkably owing to
an early detection of gastric cancer and improvement
in treatment results, its relation with colon cancer and
second primary cancer in patients with gastric cancer
has become the subject of much interest. Stomach
and colon cancers share the genetic abnor malities
such as p53 [2], APC [3], DCC [4], and K-ras [5] and genetic
instability including microstellite instability[6]. According
to previous studies, 3.4%-4.2% of patients with gastric
cancer had synchronous or metachronous cancer, the
type of which is predominantly colorectal[7,8]. Yoo et al[9].
suggested the necessity of colonoscopy before or after
gastric cancer surgery as the prevalence of colon cancer
is significantly high after correction of age and sex of
patients with gastric cancer in recent multi-center study
results. Therefore, colonoscopy is expected to play an
important role in identifying synchronous colon cancer
or advanced adenoma in patients with gastric cancer
before or after surgery. Of course, colonoscopy is the
golden standard method for an early identification
of colorectal cancer. Colonoscopy is, however, very
difficult to perform especially after gastric cancer surgery,
because most patients are very old and generally have
low body mass index due to the surgery and their past
history of abdominal surgery affects the completion rate
in colonoscopy [10]. After the cancer surgery, almost all
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cancer patients participated in the follow up gastroscopy
and radiologic imaging study, including the computed
tomog raphy according to the follow up schedule.
Lately, studies on feasibility of computed tomographic
colonoscopy (CTC) by colon cancer screening have been
reported[11,12]. This led us to think the contrast enhanced
CTC after gastric cancer surgery may be helpful to evaluate
postoperative metastasis as well as to find metachronous
tumor or advanced colon adenoma.
This study aims at examining the diagnostic yield of
colorectal neoplasia at CTC as well as the feasibility of
contrast enhanced CTC in patients with gastric cancer.

MATERIALS AND METHODS
Subjects
We retrospectively analyzed their colonoscopy findings
from June 2003 to December 2006 to estimate the
diagnostic yield of colorectal neoplasia in gastric cancer
patients. A total of 188 patients out of 871 who had
gastric cancer surgery that underwent colonoscopy within
1 year after surgery were selected for our study. This group
of the patients is called the ‘colon polyp survey group’.
Routine follow up abdominal computed tomography
was done at 6 mo after surgery. At that time, contrasted
enhanced CTC and conventional colonoscopy were taken
on the same day to investigate the feasibility of contrasted
enhanced CTC in post gastrectomy patients from January
to December 2006. This group of the patients is called
the ‘CT colonoscopy group’. 55 patients in the ‘CT
colonoscopy group’ took 4 liters of colonic washing fluid
in the evening before the CTC and had CTC between 9:00
and 10:00 the next day. Conventional colonoscopy was
performed between 14:00 and 15:00. At the time of their
entry into the programs they were given written consent
forms with information. All the eligible 55 patients
completed detailed questionnaires which encompass
demographics, gastrointestinal symptoms, past medical
history, and degree of pain or discomfort.
Virtual colonoscopy
All the patients had contrasted enhanced CTC prior to
same-day colonoscopy. Patients were placed in decubitus
position either for enema tip insertion or for slow manual
insufflation of approximately 2 L of air (until the patient
verbally indicated air administration had reached maximal
tolerance). Both supine and prone data acquisitions
were obtained. A sixteen slice multi-detector row CT
(Somatom sensation 16, Siemens, Forchheim, Germany)
was used. The CT technique involved the use of 0.75 mm
collimation, a table speed of 15 mm/s a reconstruction
interval of 0.5 mm, and scanner settings of 100 mA
and 120 kVp. Image processing and interpretation were
performed with the use of a commercially available CT
colonographic system (Rapidia, LG Infinity). This software
program extracts the images of the air-filled colon,
generates an automated centerline for luminal navigation,
and electronically removes from images the opacified
residual fluid in a routine postprocessing step.
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Conventional colonoscopy
Colonoscopy was performed in the standard fashion
to examine the entire colorectum by one experienced
colonoscopist who was initially unware of the results
of the virtual colonoscopy. After the colonoscopist
completed the evaluation of a given segment of the colon,
a study coordinator revealed the results of the virtual
colonoscopy for the previously examined segment. If
a polyp measuring 5 mm or more in diameter was seen
on virtual colonoscopy but not on the initial optical
colonoscopy, the colonoscopist closely reexamined that
segment and was allowed to review the images obtained on
virtual colonoscopy for guidance. Polyp size was estimated
using an open biopsy forceps.
Questionnaire
They were first asked whether they experienced any pain
or discomfort during the procedure and which procedure
they prefer. Those who reported pain or discomfort were
asked to rate their pain on a 100 mm VAS (visual analogue
scale). The VAS was labeled “no pain/discomfort” on the
left end and “pain/discomfort as bad as it could be” on
the right end.
Statistical analysis
All statistical analyses were performed using the SPSS 11.0
statistical package.
Categorical data were analyzed using the chi-square
test (Fisher’s exact test). Continuous data were analyzed
using the Student's t-test and one-way ANOVA (Scheffe's
test). To minimize typeⅠerror, P < 0.05 was considered
statistically significant.

RESULTS
Patient characteristics
Of 188 patients who belonged to the ‘colon polyp survey
group’ 117 were males (62.2%) and 71 females (37.8%).
The mean age of the patients was 60.1 yr, and 82 patients
(43.6%) were in Stage Ia and majority of the patients (125
patients, 66.4%) were tubular adenocarcinoma according
to histological findings.
Of 55 belonged to the CT colonoscopy group, 47
underwent complete examinations. Seven patients were
excluded because of incomplete colonoscopy for severe
adhesion and redundancy (for the rate of completion
of 87.3%). Only one patient was excluded because of
failure of the CT colonographic system. Among the 47
selected patients, which consisted of 29 males (61.7%)
and 18 females (38.3%) with the mean age of 53.8 (range:
29-80) years, 27 had early gastric cancer, and 20 had
advanced gastric cancer, while 34 underwent the subtotal
gastrectomy, and 13 the total gastrectomy. The mean
follow up period was 23.2 (range 6-96) mo (Table 1).
Colon polyp in gastric cancer patients
A total of 109 colon polyps were observed from 59 out of
the 188 gastric cancer patients, the incidence rate of colon
polyps in gastric cancer patients being 31.4%. 11 (5.9%)
out of the 59 patients had more than 3 multiple polyps.
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Male
Female
Age (yr)
Mean
Range
TMN Stage
Ⅰa
Ⅰb
Ⅱ
Ⅲa
Ⅲb
Ⅳ

Colon polyp survey group CT colonoscopy group
n = 47 (%)

n = 188 (%)
117 (62.2)
71 (37.8)

29 (61.7)
18 (38.3)

60.1
38-80

53.8
29-80

82 (43.6)
41 (21.8)
29 (15.4)
16 (8.5)
11 (5.9)
9 (4.8)

23 (48.9)
9 (19.1)
5 (10.6)
5 (10.6)
4 (8.5)
1 (2.1)

Operation
Mucosectomy
1 (0.5)
Subtotal gastrectomy 152 (80.9)
Total gastrectomy
35 (18.6)
Interval from operation
Mean (mo)
40.8

Volume 13

Characteristics
Number of total
colon polyps
1
2
3
4
5
>5
Prevalence of
colon polyp
Success rate of
cecal intubation

Colon polyp survey group CT colonoscopy group
n = 47 (%)

n = 188 (%)
109

20

35
13
5
2
3
1
59 (31.4%)

10
5
0
0
0
0
15/47 (31.9%)

91.50%

83.70%

0 (0.0)
34 (72.3)
13 (27.7)
23.2

Table 3 Characteristics of colorectal lesions confirmed by
colonoscopy in CT colonoscopy group
Total (n = 20) Adenoma

A total of 20 polyps were observed from 15 patients
out of 47 (31.9%) belonging to the 'CT colonoscopy
group'. But in the CTC findings, a total of 25 polyps
were seen in 14 patients. 15 polyps were diminutive, less
than 5 mm, 2 were 6-9 mm, and 3 were greater than
10 mm found from patients with advanced adenoma (Table
2). Colon polyps had histological findings as follows;
adenoma, 15 (75%); and hyperplastic 5 (25%). Distribution
of lesions was as follows; rectum, 6 (30%), sigmoid, 7
(35%); descending, 1 (5%), transverse, 3 (15%), ascending,
2 (10%); and cecum 1 (5%). Lesions larger than 10 mm
in diameter were seen at the rectum, descending, and
transverse colon and all the lesions were confirmed as an
adenomatous polyp in histology (Table 3).
Patient Detection in CTC
The sensitivity of virtual colonoscopy in detecting
individuals with at least 1 lesion of any size was 57.1%,
the specificity was 72.7%, the positive predictive value
was 47.1%, and the negative predictive value was 71.9%
(Table 4). When the cutoff size was decreased to 6 mm,
the sensitivity and specificity were 80.0% and 92.9%,
respectively, with positive and negative predictive value
of 57.1% and 97.5%, respectively. Only one patient was
classified as false negative by virtual colonoscopy.
Individual detection in CTC
Virtual colonoscopy correctly identified 12 lesions of the
25 lesions seen on conventional colonoscopy for an overall
sensitivity of 60.0%. The sensitivity of virtual colonoscopy
in detecting lesions varied depending on the size of the
lesion; 100% for lesions larger than 10 mm, 80% for
lesions between 6 and 9 mm, and 46.2% for lesions smaller
than 6 mm (Table 5). Virtual colonoscopy failed to detect
8 lesions that were classified as false negative. The majority
of missed lesions were smaller than 5 mm in size. Only
one lesion measuring larger than 5 mm in diameter was
classified as a false negative lesion. All 13 lesions were
classified as false positive lesions. The majority of false
www.wjgnet.com
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Table 2 Colon polyp number and prevalence in colon polyp
survey group and CT colonoscopy group

Table 1 Baseline characteristics of the subjects
Characteristics

March 21, 2007

Size
1-5 mm
6-9 mm
≥ 10 mm
Location
Rectum
Sigmoid colon
Descending colon
Transverse colon and
splenic flexure
Ascending colon and
hepatic flexure
Cecum

15
2
3

Hyperplasia

11
1
3

4
1
0

6 (30%)
7 (35%)
1 (5%)
3 (15%)

5
6
1
3

1
1
0
0

2 (10%)

0

2

1 (5%)

0

1

positive lesions were smaller than 5 mm in size and most
of them were confused with air bubbles (Table 5).
Questionnaire for abdominal discomfort
A total of 40 of the 47 patients returned their post-study
questionnaires (85.1 percent) during procedure. Overall,
more patients recalled greater discomfort associated with
virtual colonoscopy (16 patients, 40.0%) than with optical
colonoscopy (13 patients, 32.5%); 7 patients (17.5%)
were undecided as both studies were equivalent to them
with regard to discomfort; 4 patients (10.0%) couldn’t
remember it because of retrograde of amnesia. However,
the mean VAS score of reported pain or discomfort was
39.2 ± 28.6 for conventional colonoscopy group, and
44.8 ± 24.1 for virtual colonoscopy group. There was no
significant difference between two groups (Figure 1). The
same number of patients, 16 (40.0% each), indicated their
preference for virtual colonoscopy and for conventional
colonoscopy for future screening. 8 patients (20.0%) had
no preference or were undecided (Figure 2).

DISCUSSION
As the survival rate has recently increased owing to an
early identification of gastric cancer and improvement in
treatment results, the second primary cancer in patients
with gastric cancer has received much attention. The
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Table 4 Ability of virtual colonosocpy to identify patients with colorectal polyps or masses according to lesion in CT colonoscopy group
TP (n )

TN (n )

FP (n )

FN (n )

Sensitivity

Specificity

PPV

NPV

≥ 1 mm

8

24

9

6

57.10%

72.70%

47.10%

80.00%

≥ 6 mm

4

39

3

1

80.00%

92.90%

57.10%

97.50%

Table 5 Results of virtual colonoscopy comparing with colonoscopy according to polyp size in CT colonoscopy group
Size

No. of polyp True positive False negative Sensitivity (%)

≥ 10 mm

2
5
18
25

6-9 mm
1-5 mm
All

2
4
6
12

0
1
7
8

100
80
46.2
60

second primary cancer influences the prognosis of
gastric cancer patients. The detection of synchronous
or metachronous cancer gives us the opportunity to
treat both the gastric and second primar y cancers
simultaneously and thus to beneficially influence the
prognosis and quality of life. Therefore, both preoperative
and postoperative screenings for second primary cancers
should be performed. According to the previous few
reports, the incidence that patients with gastric cancer
have second primary cancer is substantially high[13]. Ikeda
et al[14]. analyzed 2250 patients and reported 95 (4.2%) had
synchronous or metachronous second primary cancer with
colorectal cancer most prevalently occurring (32.5%) . In
Korea, Lee et al[7]. analyzed retrospectively 3291 gastric
patients and reported 3.4% had synchronous cancer again
with colorectal cancer most prevalently occurring (37.2%).
It may be difficult, however, to explain directly the risk
of colon cancer or incidence of colon polyp in gastric
cancer patients, as most of studies were retrospective
and majority of the patients did not have colonoscopy.
In the recently performed prospective multi-center trial
study[9], 723 gastric cancer patients had colonoscopy and
the incidence rate of colon cancer was 2.42%, meaning
it is 2.5 times that of healthy people (0.97%). Especially
in case of patients in their fifties or less, 3.52% of gastric
cancer patients had also colon cancer, as many as 11 times
the rate of the healthy control group (0.33%). In our
study, colon cancer was not seen, but colon polyps were
observed from 172 patients (31.4%). There are very few
data on the prevalence of polyp in healthy adults in Korea,
but the number was higher than 21.3% which was the
prevalence of polyp in healthy adults with no symptoms
who were in the same hospital at a similar time[15], and
higher than 23.9% which was reported by Park et al[16] who
performed the study with 17 468 patients in the tertiary
hospital. In the study of Park et al[16]. the mean age of
the patients was 52.3 years, but most of patients (12 941
patients, 73.8%) were transferred to the tertiary hospital
with warning symptoms such as bowel habit change, stool
caliber change, anemia, weight loss, etc. In spite of lots
of limitations in this study design, the incidence of colon

Degree of discomfort

TP: true positive, TN: true negative, FP: false negative, FN: false negative, PPV: positive predictive value, NPV: negative predictive value.

80
70
60
50
40
30
20
10
  0

39.2

44.8

Colonoscopy

Virtual colonoscopy

Figure 1 Degree of abdominal discomfort during conventional colonoscopy and
virtual colonoscopy.

Same
10.0%

Other
10.0%
Colonscopy
40.0%
Virtual colon
40.0%

Figure 2 Overall preference between conventional colonoscopy and virtual
colonoscopy.

polyp in patients with gastric cancer shows higher rate
than previous studies.
Until now the golden standard method for early
detection of colon cancer has been colonoscopy. However,
colonoscopy has substantial drawbacks as a screening
test, such as the need to insert an intravenous catheter for
the administration of sedatives, a recovery time of 30 to
60 min, and the requirement for a driver to accompany
the patient home. The total time for admission, the
performance of the procedure, and subsequent monitering
is approximately two hours. Moreover, CTC is a very useful
method to determine postoperative recurrence and identify
metachronous cancer, especially colon advanced adenoma,
considering that most patients are old and generally have
low body mass index due to surgery and almost all of
them are expected to take the abdomen CT for regular
follow up. In our study, the perfor mance of virtual
colonoscopy in identifying patients with colorectal lesions
correlated positively with the cutoff size used. Virtual
colonoscopy had a high sensitivity (80.0%) and specificity
(92.9%) in detecting individuals with lesions of size 6 mm
or greater. Our results compare with published studies
reporting sensitivities of 43%-94% and specificities of
92% in identifying patients with lesions 6-9 mm polyp[17-21].
Our most impressive finding was the very high negative
predictive values for all size cutoffs over 6 mm. The
strong negative predictive value of virtual colonoscopy
www.wjgnet.com
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Table 6 Frequency of age, stage, and histology type according
to colon polyp.
P

Polyp
Yes n (%)
Age
< 39

0 (0.0)

No n (%)
1 (100.0)

40-49

3 (14.3)

18 (85.7)

50–59

17 (25.8)

49 (74.2)

60–69

26 (36.6)

45 (63.4)

> 70

13 (44.8)

16 (55.2)

Papillary

1 (50.0)

1 (50.0)

Tubular; Well
differentiation
Moderate
differentiation

4 (25.0)

12 (75.0)

26 (42.6)

35 (57.4)

14 (29.2)

34 (70.8)

Poorly
differentiation
Signet ring

10 (19.2)

42 (80.8)

Mucinous

1 (16.7)

5 (83.3)

Mixed

1 (50.0)

1(50.0)

Miscellaneous

0 (0.0)

1 (100.0)

Ⅰ

35 (28.5)

88 (71.5)

Ⅱ

18 (62.1)

11 (37.9)

Ⅲ

15 (55.6)

12 (44.4)

Ⅳ

8 (88.9)

1 (11.1)

1
2

3

4
0.073

5

6

7

Stage
0.546

8

P < 0.05 chi-square test.

9

may preclude the need for more invasive conventional
colonoscopy in the vast majority of individuals undergoing
colorectal cancer screening. In our study population,
the prevalence of lesions of any size was 29.8%, lesions
greater than 6 mm was 8.5%, and lesions 1 cm or greater
was 4.3%. As seen in other studies, our results showed that
virtual colonoscopy fared poorly in detecting individual
lesions and patients with lesions 5 mm or less. However,
the prevalence of malignancy in diminutive polyps is
extremely small, approximating 0.25%[22-24].
Previous study showed virtual colonoscopy more
acceptable in terms of overall convenience[11]. But our
result showed degree of discomfort between two groups
was not statistically different (39.2 vs 44.8) and the overall
preference between conventional colonoscopy and CTC
was the same. Of course there are some methodological
problems. At first, it is difficult to direct compare the
degree of associating abdominal symptoms because two
procedures were done successively. And in our study air
insufflation was performed to the maximal level tolerated
by the patient during the CT colonoscopy.
We also investigated the factors affecting incidence
of colon adenoma. It increased more and more with
advance in age (Table 6). However, there was no significant
difference of adenoma prevalence according to pathology
type (tubular adenoma, signet ring cell and papillary cell
type.) and TMN stage. Our results show the tendency
that prevalence of colorectal polyp increased in patients
with gastric cancer, and CTC is an acceptable tool for the
detection of synchronous or metachronous colorectal
advanced adenoma in gastric cancer patients.
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Abstract
AIM: To investigate the effects of ursodeoxycholic acid
(UDCA) on apoptosis and proliferation of hepatoma cell
lines.
METHODS: Human hepatoma cell lines HepG2 and
BEL 7402 were cultured in medium supplemented
with different concentrations of UDCA, normal human
hepatic line L-02 was used as control. Cell proliferation,
apoptosis and gene expression were detected using
methyl thiazolyl tetrazolium (MTT) assay, flow cytometry,
Western blot, DNA ladder assay, electron microscopy,
and immunocytochemistry.
RESULTS: Ursodeoxycholic acid inhibited the proliferation of HepG2 and BEL7402 cell lines in a dosedependent manner. Ursodeoxycholic acid can change
cell cycle distribution of HepG2 and BEL7402, the
proportion of cells in G 0-G1 phase increased whereas
the proportion of S phase cells and G2-M phase cells
decreased. Ursodeoxycholic acid arrested the cell cycle
in G0-G1 phase by down-regulating the cell cycle related
Rb
proteins cyclin D1, D3 and retinoblastoma protein (p ).
The apoptotic rates of HepG2 and BEL7402 treated
with UDCA (1.0 mmol/L) were significantly higher than
those of control. In the HepG2 and BEL7402 treated
with UDCA, expression of bcl-2 decreased whereas
expression of Bax increased, the nuclear fragmentation
and chromosomal condensed, cells shrank and lost
attachment, apoptotic bodies and DNA ladders appeared.
UDCA had no effect in inducing apoptosis on L-02 cell
lines.
CONCLUSION: UDCA can selectively inhibit proliferation
and induce apoptosis of HepG2 and BEL7402 cell lines
by blocking cell cycle and regulating the expression of
Bax/bcl-2 genes.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant neoplasms worldwide and one of the
leading causes of malignancy-related death in China[1,2].
Surgery is the most effective option, unfortunately, the
majority of patients with HCC are not amenable to surgery
at diagnosis. Presently, one of the main approaches to treat
HCC is cytotoxic chemotherapy, but HCC is sometimes
less sensitive or becomes resistant to anticancer drugs after
consecutive treatment. Most studies failed to find a therapy
which can produce response higher than 25% among
hepatoma patients[3,4]. Therefore, it is necessary to develop
new drugs to prevent and treat HCC.
The efficacy of ursodeoxycholic acid (UDCA) in
primary biliary cirrhosis (PBC) has been demonstrated
in several randomized clinical trials[5,6]. UDCA improved
biochemical and histological parameters, prevented
progression of PBC, and prolonged survival[6,7]. Recent
reports suggested that bile acid derivatives induce apoptosis via a p53-independent pathway in human breast
carcinoma cells[8], and UDCA inhibits the initiation and
postinitiation phases of azoxymethane-induced colonic
tumor development[9].
However, the effects of UDCA in human hepatoma
cell lines have not been determined yet. In this study,
we investigate the effect of UDCA on proliferation and
apoptosis of human hepatoma cell lines and normal human
hepatic cell lines and observe the mechanisms of the effects.

MATERIALS AND METHODS
Cell lines and reagents
Human primary hepatocellular cancer cell lines BEL7402
and HepG2, and normal human hepatic cell line L-02 were
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purchased from Shanghai Institute of Cell Biology, the
Chinese Academy of Sciences. UDCA and 5-Fluorouracil
(5-Fu) were obtained from Sigma, USA. Dulbecco’s
modified Eagle’s medium (DMEM) was purchased from
Gibcol BRL, USA.
The UDCA and 5-Fu were first dissolved in DMSO
solution, then added to the culture medium with a final
concentration of 0.1% DMSO (Dimethyl Sulphoxide).
The monoclonal mouse anti-human bcl-2 and monoclonal
rabbit anti-human Bax antibodies were obtained from
Calbiochem, Cambridge, MA, USA. The Vectastain ABC
kit was purchased from Vector Labs, Burlingame, CA,
USA.
Cell culture
The hepatocellular cancer cell lines BEL7402 and HepG2,
and the normal hepatic cell line L-02 were incubated in
DMEM medium supplemented with 10% fetal bovine
serum (FBS), 100 U/mL penicillin G and 100 mg/mL
streptomycin at 37℃ humidified atmosphere containing
5% CO2. The 5-Fu and DMSO were used as positive and
negative controls, respectively. All studies were performed
when cells were at 50% confluence.
Cell viability assay by MTT
Cells were plated at a density of 6 × 103/well in 96-well
plates. Twenty-four hours later, different amounts of
UDCA dissolved in DMSO were added to the medium to
make a final UDCA concentration from 0.05 mmol/L to 1.0
mmol/L. Control cell cultures were treated with DMSO
(0.1%) or with 5-Fu (0.4 mmol/L). At time points of 48
h, 72 h and 96 h after addition of test compounds, 20 µL
methyl thiazolyl tetrazolium (MTT) was added to each well.
Four hours later, 100 µL of DMSO was added to each well
after the medium was removed. Finally, optical densities
were measured at A570 nm and the growth inhibitory rate
was calculated. Experiments were done in triplicate and
IC50 (concentration of drug that inhibits cell growth by
50%) values were determined. The inhibitory rate (IR) was
calculated by the following formula:
IR = (1 - average OD 570 of treated group/average
OD570 of DMSO control) × 100%.
Apoptosis and cell cycle distribution by flow cytometry
Four milliliters cell suspensions (HepG2, Bel7402 or L-02)
at a concentration of 5 × 104/mL were incubated in 50
mL flasks. Twenty-four hours later, cells were treated
with UDCA at different final concentrations from 0.1 to
1.0 mmol/L. The control cultures were treated only with
the 0.1% DMSO. Forty-eight hours later, cells (1 × 106)
were collected and centrifuged for 5 min at 1000 r/min,
the supernatant was discarded and cells were fixed in
70% alcohol and kept at 4℃ overnight. Then cells were
resuspended in 3 mL PBS and washed twice with PBS,
three milliliters of citrate was added to the tube. Thirty
minutes later, cells were centrifuged at 2000 r/min for 5
min and resuspended in 150 µL of Pidye and 200 µL of
RNase A. The tubes were incubated at room temperature
in the dark for 30 min. Cells were analyzed by flow
cytometry in triplicate.
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Agarose electrophoresis for DNA fragmentation
Cells (1 × 107) collected after treatment with UDCA for 48
h in 0.4 mmol/L, 0.8 mmol/L, and 1.0 mmol/L UDCA,
were washed with ice-cold PBS and resuspended in 500
µL digestion buffer [100 mmol/L NaCl, 10 mmol/L TrisHCl, pH 8, 25 mmol/L ethylene diamine tetra acetic acid
(EDTA), 0.5% sodium dodecyl sulphate (SDS), 0.1 µg/
mL proteinase K]. RNase was then added to make a final
concentration of 20 mg/L, and incubation was continued
at 37℃ for 1 h, then incubated at 50℃ overnight for
complete digestion, DNA was extracted with an equal
volume of phenol and chloroform, and precipitated with
two volumes of isopropanol. DNA fragmentation was
detected by electrophoresis in 1.5% agarose gel containing
1 mg/L ethidium bromide.
Ultrastructure of cells
Cells were rinsed in 0.1 mol/L tris-maleate buffer (pH 6.0)
and 0.1 mol/L cacodylate buffer (pH 7.0), then fixed in 1%
OsO4, dehydrated in graded ethanol, the embedded slices
were cut into ultrathin sections by LKB-1 ultramicrotome.
The sections were double stained with uranyl acetate and
lead citrate, then were observed under H-800 transmission
electron microscope (JEM-100CX 11/T, Japan).
Immunocytochemistry
For the immunostaining, the avidin-biotin-peroxidase
complex technique, using a Vectastain ABC kit (Vector
Labs, Burlingame, CA, USA), was used as described
previously [10]. Cells were grown on coverslips in wells
for later immunocytochemical staining. Cells on slips
were fixed with acetone, dried in air, treated with 0.1%
H2O2, blocked with normal nonimmune animal sera, then
incubated with first antibodies, biotin labeled second
antibody and the streptavidin-peroxidase, each for 10-20
min. After each incubation with antibodies, cells were
washed with PBS for 3 times. Then cells were developed
with DAB. Cells were rinsed with water and counterstained with hematoxylin, then dehydrated, transparent and
counted. The negative controls were performed by replacing the primary antibody with the same dilution of
normal goat serum. Immunoreactive cells were visualized
using a Vectastain ABC Kit (Vector Labs, Burlingame,
CA, USA). The accumulation of bcl-2 and Bax protein
is indicated by a brown coloration in the cytoplasm. The
labeling index was determined by calculating the number
of positive cells divided by the total number of counted
cells in four coverslips.
Western blot analysis
Cells were washed in PBS and lysed with TNN lysis
buffer (40 mmol/L Tris, pH 8.0, 120 mmol/L NaCl, 0.5%
Nonidet p-40, 0.1 mmol/L sodium orthovanadate, 2 mg/L
aprotinin, 2 mg/L leupeptin, and 100 mg/L PMSF) at 4℃
for 20 min, lysates were centrifuged at 14 000 r/min for 15
min to remove cellular debris. Protein concentration was
determined with the BCA reagent (Pierce, Rockford, IL).
Equal amounts of protein were subjected to electrophorsis
on 10% SDS-polyacrylamide gels and transferred to
nitrocellulose membranes (Schleicher ＆ Schuell) by
www.wjgnet.com
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UDCA mmol/L
0 (control)
0.1
0.4
0.8
1.0

BEL7402
2.02 ± 0.13
9.3 ± 2.0b
17.2 ± 1.7b
37.0 ± 5.0b
44.0 ± 4.0b

L-02
3.03 ± 0.12
3.11 ± 0.21a
3.66 ± 0.13a
4.29 ± 0.23a
4.58 ± 0.18a

Number 11

A

Apoptosis rate (%)
HepG2
2.58 ± 0.26
8.4 ± 1.6b
19.0 ± 3.0b
36.0 ± 6.0b
42.0 ± 6.0b

Volume 13

G0-G1: 62.02%
G2-M: 0.00%
S: 37.98%

320

Table 1 UDCA induces apoptosis of HepG2, BEL7402 and
L-02 cell lines (means ± SD, n = 3)
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160
240
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P > 0.05, bP < 0.01, vs control.

RESULTS
Cell proliferation
Viability of HepG2 and BEL7402 cell lines was inhibited
by UDCA with a concentration from 0.2 to 1.0 mmol/L.
After exposure to UDCA for 48 h, the IC50 of HepG2
and BEL7402 was 0.92 mmol/L and 0.86 mmol/L
respectively. The effect of inhibition was dose-dependent,
cells treated with various concentrations of UDCA for
48h, the inhibitory rates in the HepG2 and BEL7402
were positively correlated with different concentrations of
UDCA. In the HepG2 cell: r = 0.96, P < 0.01, 0.2 mmol/L;
r = 0.96, P < 0.01, 0.4 mmol/L; r = 0.96, P < 0.01, 0.8 mmol/L;
In the BEL7402 cell: r = 0.96, P < 0.01, 0.2 mmol/L; r =
0.97, P < 0.01, 0.4 mmol/L; r = 0.98, P < 0.01, 0.8 mmol/L).
However, UDCA had no effect on the viability of the
normal cell line L-02.
Apoptosis and cell cycle distribution
Apoptosis and cell cycle distributiion were detected 48 h
after treating cells with different concentrations UDCA.
Compared with control, the apoptosis rates in the groups
treated with UDCA increased significantly (P < 0.05)
and this was dose-dependent. In the UDCA groups, the
cell cycle distribution changed, the proportion of cells in
G0-G1 phase increased (P < 0.05) whereas the cell number
in S phase and G2-M phase decreased significantly (P <
0.05), indicating that UDCA arrested the HepG2 and
www.wjgnet.com
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Statistical analysis
Data of MTT assay were analyzed using regression
analysis. Other values were expressed as mean ± standard
deviation (SD). Means were compared using one way
analysis of variance (ANOVA). P < 0.05 was considered
significant.

0

0

electroblotting. The membranes were incubated with
various antibodies. Monoclonal anti-p21WAF1/CIP1 antibody
was obtained from Transduction Lab (Lexington, KY).
Monoclonal antibody to p53, and polyclonal antibodies
to cyclin D1 and D3, cyclin-dependent kinase (Cdk) 2,
Cdk4 and retinoblastoma protein (pRb) were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA).
Peroxidase-conjugated donkey anti-rabbit and sheep antimouse immunoglobulins were purchased from Amersham
Life Science (Arlington Heights, IL). Protein bands were
visualized with the enhanced chemiluminescence (ECL)
detection system (Amersham Life Science).
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Figure 1 A: Cell cycle distribution of BEL7402 treated with UDCA (0.8 mmol/L) for
48 h. The cell cycle distribution changed, the proportion of G0-G1 phase increased
significantly (P < 0.05) and the proportion of S phase and G2-M phase decreased
significantly (P < 0.05); B: Cell cycle distribution of L-02 cells treated with UDCA (0.8
mmol/L) for 48 h. The cell cycle distribution of L-02 cells does not change.

BEL7402 cells in G0-G1 phase. No significant difference
was observed in the apoptosis rate and cycle distribution
of the cell line L-02 treated with UDCA (P > 0.05), (Table 1,
Figure 1A and B).
DNA fragmentation
Agarose gel electrophoresis of DNA extracted from cells
treated with various concentrations of UDCA (0.4 mmol/L,
0.8 mmol/L, 1.0 mmol/L) revealed ladders of DNA
fragmentation, this indicated the apoptosis in both HepG2
and BEL7402 cell lines (Figure 2).
Ultrastructure under electron microscope
In the UDCA treated cells, nuclear fragmentation, chromosome condensation, cell shrinkage and loss of cell-cell
contact were visible. Subsequent ruffling and blebbing of
the cell membrane, and formation of apoptotic bodies
were also observed (Figure 3A and B).
Expression of bcl-2 and Bax genes
The accumulations of bcl-2 and Bax proteins were
indicated by brown coloration in the cytoplasm (Figure 4A
and B). After cells being treated with UDCA at different

1.0 mmol/L

0.8 mmol/L

0.4 mmol/L

Control

Marker
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Figure 3 Morphology of
HepG2 treated with UDCA
(0.4 mmol/L) for 48 h (TEM,
× 4000). A: Nuclear fragmentation,chromosome
condensation, cell shrinkage
and loss of cell-cell contact
are visible; B: Subsequent
ruffling and blebbling of the
cell membrane, and formation
of apoptotic bodies are also
observed.

A

2000 bp
1000 bp
750 bp

B

500 bp
250 bp
100 bp

Figure 2 Induction of internucleosomal DNA fragmentation by UDCA. Cells were
incubated without or with various concentrations of UDCA (0.4 mmol/L, 0.8 mmol/
L, 1.0 mmol/L) for 48 h. DNA was extracted and analyzed by 1.5% agarose gel
electrophoresis in the presence of ethidium bromide staining.

Figure 4 A: Effect of UDCA on expression of
bcl-2 in BEL7402, immuno-cytochemical staining
of bcl-2. The accumulation of bcl-2 protein is
indicated by a brown coloration in the cytoplasm
(× 200). Control group, expression of bcl-2 in
BEL7402 cultivated for 48 h (Left), Expression of
bcl-2 in BEL7402 treated with UDCA (0.4 mmol/L)
for 48 h (Right); B: Effect of UDCA on expression
of Bax in BEL7402, immunocytochemical
staining of Bax. The accumulation of Bax
protein is indicated by a brown coloration in the
cytoplasm. Control group,expression of Bax in
BEL7402 cultivated for 48 h (Left). Expression of
Bax in BEL7402 treated with UDCA (0.4 mmol/L)
48 h (× 200) (Right).

A

B

Table 2 Effect of UDCA on expression of bcl-2 and Bax in HepG2, BEL7402 and L-02 (means ± SD, n = 4)

UDCA (mmol/L)
0 (control)
0.2
0.4
0.8

HepG2 (%)
bcl-2
Bax
24.3 ± 2.4
43.0 ± 5.0
19.4 ± 1.5c
42.0 ± 4.0a
14.2 ± 2.1b
53.6 ± 2.5c
b
10.1 ± 1.6
59.0 ± 3.0b

BEL7402
bcl-2
21.6 ± 1.8
20.1 ± 1.9a
13.5 ± 1.8b
11.6 ± 2.1b

(%)
Bax
44.0 ± 4.0
48.4 ± 2.5a
56.0 ± 4.0c
59.0 ± 3.0b

L-02 (%)
bcl-2
Bax
1.0 ± 0.2
62.0 ± 4.0
1.0 ± 0.1a
61.0 ± 5.0a
0.8 ± 0.1a
59.0 ± 3.0a
a
0.6 ± 0.3
64.0 ± 4.0a

a

P > 0.05, bP < 0.01, cP < 0.05, vs control.

final concentrations (0.2, 0.4 and 0.8 mmol/L) for 48 h,
the expression of Bax in the HepG2 and BEL7402 cells
was higher than that in control (P < 0.05), and there was
no significant difference in L-02 (P > 0.05); the expression
of bcl-2 in the HepG2 and BEL7402 cells was lower than
that in control (P < 0.05), again there was no significant

difference in L-02 (P > 0.05). The ratio of Bax to bcl-2
was elevated along with increasing concentrations of
UDCA (Table 2).
UDCA down-regulated D-type G1 cyclins
Cells were treated with various concentrations of UDCA
www.wjgnet.com
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C
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D

Cdk4
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0.4 mmol/L
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Control
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BEL7402

0.8 mmol/L

0.4 mmol/L

0.2 mmol/L

Control

B

0.1 mmol/L

HepG2

WAF1/CIP1

A

p21

B

p53

C

p

Rb

HepG2

BEL7402

Figure 5 A: Effects of UDCA on production of cyclins and Cdks in HepG2 and
BEL7402 cells treated with various concentrations of UDCA (0.1, 0.2, 0.4, 0.8, 1.0
mmol/L) for 48 h; B: Effects of UDCA treatment on protein levels of p21WAF1/CIP1,
p53, pRb in HepG2 and BEL7402. The cells were treated with 0.8 mmol/L UDCA for
48 h.

for 48 h, the expression of cell cycle regulating proteins
(cyclin D1, cyclin D3, Cdk2 and Cdk4) were detected
by Western blot analysis. The results showed that the
intracellular protein levels of cyclin D1 and cyclin D3 were
down-regulated. However, the levels of Cdk2 and Cdk4
did not change in both cell lines (Figure 5A).
UDCA increased intracelluar levels of p53 and p21WAF1/CIP1
and inhibited phosphorylation of pRb
Treatment with UDCA resulted in a marked increase in the
level of p21WAF1/CIP1 protein in both HepG2 and BCL7402
cell lines. Meanwhile, the expression levels of p53 protein
increased, indicating that the induction of p21 WAF1/CIP1
in both cancer cell lines was in a p53-dependent fashion
(Figure 5B). The Rb gene product p Rb is an important
checkpoint protein in the G1/S phase transition of
the cell cycle. Furthermore, p21 WAF1/CIP1 inhibits the
phosphorylation of p Rb. Therefore, experiments were
carried out to examine whether the effect of decreased
expression of D-type G1 cyclins by UDCA was associated
with the decreased phosphor ylation of p Rb in cells
treated with UDCA. As shown in Figure 5B, the level of
expression of pRb was remarkably decreased in HepG2 and
BEL7402 cells treated with UDCA.

DISCUSSION
In the present study, we demonstrate that UDCA induces
apoptosis and inhibits proliferation of the human hepatoma cell lines HepG2 and BEL7402. Our results suggest
www.wjgnet.com
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that UDCA is a potential agent in the treatment of human
hepatoma. Furthermore, we investigated the mechanism of action of UDCA-induced apoptosis in the two
human primary hepatocellular cancer cell lines HepG2 and
BEL7402.
DNA fragmentation occurs in cell apoptosis induced
by a variety of agents. This cleavage produces ladders of
DNA fragments that are the size of integer multiples of a
nuclesome length (180-200 bp)[11]. Due to their characteristic
patterns revealed by agarose gel electrophoresis, these
nucleosomal DNA ladders are widely used as biochemical
markers of apoptosis. A characteristic ultrastructural appearance of apoptotic cells is observed under an electron
microscope. Additionally, flow cytometry analysis has been
used to detect and quantify cells undergoing apoptosis[12].
The decreased cell numbers in the treatment groups
compared with the control group could be due to apoptotic cell death as well as cell growth inhibition. The
DNA ladder formation, characteristic of ultrastructural
appearance of apoptotic cells, and the augmentation of
apoptotic sub-G1 population indicate that apoptosis is a
major underlying process induced by UDCA.
Cell proliferation is defined as the increase in cell
number resulting from completion of the cell cycle. The
cell cycle is composed of 4 phases: the gap before DNA
replication (G1), the DNA synthetic phase (S), the gap
after DNA replication (G2), and the mitotic phase (M)[13,14].
When disorder occurs in cell cycle, the cell proliferation
will be inhibited and the cell apoptosis will follow[15]. In
mammalian cells, D-type cyclins are synthesized during the
G1 phase and rate-limiting factors for S phase entry[16-18].
In addition, Cdk inhibitors regulate cell progression
by association with cyclin/Cdk complexs [19,20] , which
may inhibit cyclin-containing complexs that reduce the
cyclin-dependent activity in damaged cells destined to
apoptosis[21]. Our data showed UDCA selectively increases
the intracellular protein levels of D-type cyclins, but
there is no change in the levels of Cdks. On the other
hand, Cdk inhibitors play important roles in cell cycle
control by coordinating internal and/or external signals
and impeding proliferation at several key checkpoints[22].
They fall into two categories: the CIP/KIP and the
INK4 inhibitors. The CIP/KIP family members can
inhibit kinase activity of Cdks during the G1/S cell cycle
checkpoint. Among several Cdk inhibitors, p21WAF1/CIP1 is
an important mediator of cell cycle arrest imposed by the
tumor suppressor p53 in response to DNA damage[23,24]. It
is found that UDCA selectively increases the expression
of the Cdk inhibitor p21 WAF1/CIP1 in a p53-dependent
manner. Another important downstream target of the G1
phase cyclin/Cdk complex is pRb, which is controlled by
Cdk-mediated phosphorylation[25,26], pRb is also known to
regulate the transcription of a variety of genes encoding
growth-regulatory factors [27,28] . The expression and
phosphorylation of p Rb in our study in UDCA-treated
HepG2 and BEL7402 cells decreased.
In the present study, a population of cells in FCM
analysis shows that cell cycle distribution changed in
UDCA-treated groups. The proportion of G0-G1 phase
increased and S phase and G2-M phase decreased, and
apoptosis rate also increased. These findings indicate
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that UDCA arrests the cell cycle in G 0-G 1 phase, the
mechanism of which is elucidated as above. In this phase,
cell apoptosis is induced by UDCA arresting cell cycle in
G0-G1 phase. This may be a key mechanism that UDCA
inhibits proliferation of and induces apoptosis of HepG2
and BEL7402.
The bcl-2 proteins belong to a family of proteins
involved in the response to apoptosis. Some of these
proteins (such as Bax and Bad) are pro-apoptotic, while
others (such as bcl-2 and Bcl-xl) are anti-apoptotic[29-31].
Many studies showed that overexpression of bcl-2 could
inhibit apoptosis of many cells induced by various factors[32,33]. Increased expression of Bax can induce apoptosis
by suppressing the activity of bcl-2[34]. It was also reported
that the ratio of Bax to bcl-2, rather than bcl-2 alone, is
important for the survival of drug-induced apoptosis[35].
Our study showed that UDCA induced an increasedratio of Bax to bcl-2 associated with down-regulation of
bcl-2 and up-regulation of Bax in HepG2 and BEL7402
cells and the effect of UDCA was dose-dependent. This
correlated to the results that UDCA induced apoptosis of
HepG2 and BEL7402 and apoptotic rate was dose- and
time-dependent. This provides an evidence that increased
ratio of Bax to bcl-2 is another mechanism of apoptosis
of HepG2 and BEL7402 cells induced by UDCA.
The results of MTT and FCM showed that UDCA
did not inhibit proliferation and induce apoptosis of L-02,
which indicates that the effect of UDCA is selective.
This selectivity was correlated to the effect of UDCA
on the cell cycle and the expression of Bax and bcl-2
of HepG2 and BEL7402, but no effect on the L-02.
This demonstrates that the UDCA is cell type specific in
inducing apoptosis.
The effect of UDCA on the cell proliferation and
apoptosis may involve different mechanisms, herein we
demonstrated that UDCA changes cell cycle and regulates
the expression of Bax and bcl-2. The relationship between
proliferation and apoptosis is complicated, they are triggered
by a variety of molecular signals. The molecular mechanism
that regulates the balance between cell proliferation and
cell apoptosis needs further investigations.
UDCA, as an endogenous tertiary bile acid in man,
has several biologic effects, such as inhibition of cholesterol absorption in the intestine[36] and inhibition of
bile secretion [37], stabilization of cell membrane [38] and
modulation of immunologic reactions[39]. Recent reports
suggested that the novel bile acid derivatives induce
apoptosis via a p53-independent pathway in human breast
carcinoma cells [8]. It is shown that UDCA inhibits the
initiation and post-initiation phases of azoxymethaneinduced colonic tumor development [9] . Thus, UDCA
and its derivative may inhibit carcinogenesis via different
mechanisms in various cell types. Our study demonstrates
that UDCA may be a promising chemopreventive agent
for preventing and treating human hepatoma by inducing
apoptosis and proliferation inhibition.
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Abstract
AIM: To determine the role of Sonic hedgehog (Shh)

pathway in colorectal adenocarcinomas through analysis
of the expression of Shh pathway-related molecules, Shh,
Ptch1, hedgehog-interacting protein (Hip), Gli1, Gli3 and
PDGFRα.

METHODS: Expression of Shh in 25 colorectal adenocarcinomas was detected by RT-PCR, in situ hybridization and
immunohistochemistry. Expression of Ptch1 was observed by

in situ hybridization and immunohistochemistry. Expression
of Hip, Gli1, Gli3 and PDGFRα was analyzed by in situ
hybridization.

RESULTS: Expression of cytokeratin AE1/AE3 was observed

in the cytoplasm of colorectal crypts. Members of the Hh
signaling pathway were expressed in colorectal epithelium.
Shh was expressed in cytoplasm of dysplastic epithelial
cells, while expression of Ptch1, Hip and Gli1 were mainly
detected in the malignant crypts of adenocarcinomas. In
contrast, PDGFRα was expressed highly in aberrant crypts
and moderately in the stroma. Expression of Gli3 could not
be detected in colorectal adenocarcinomas.

CONCLUSION: These data suggest that Shh-Ptch1-Gli1

signaling pathway may play a role in the progression of
colorectal tumor.
© 2007 The WJG Press. All rights reserved.

Key words: Sonic hedgehog pathway; Sonic hedgehog;

Ptch1; Hedgehog-interacting protein; Gli1; Gli3; PDGFRα;
Colorectal adenocarcinomas

Bian YH, Huang SH, Yang L, Ma XL, Xie JW, Zhang HW. ������
Sonic
hedgehog-Gli1 pathway in colorectal adenocarcinomas.
World J Gastroenterol 2007; 13(11): 1659-1665

http://www.wjgnet.com/1007-9327/13/1659.asp

INTRODUCTION
Hedgehog (Hh) signaling plays key roles in embryonic
organ patterning, cell differentiation and cell proliferation
during embryonic development. Hh signaling is essential
for the development of the limb, lung, brain and foregut.
Single hedgehog gene in Drosophila and three hedgehog
genes, Sonic (Shh), Indian (Ihh) and Desert (Dhh) in
vertebrates have been identified. All three Hh proteins
in vertebrates appear to be processed by the same
mechanism, use the same receptors and can elicit similar
biological responses, but their relative potencies differ
in an assay-dependent manner[1-3]. Hhs bind to receptor
Patched (Ptch), a 12-transmembrane protein. Ptch acts
to inhibit the 7-transmembrane protein Smoothened
(Smo), rendering the pathway inactive in the absence of
Hh ligand. After binding of Hh to Ptch, the repression
of Smo is released and the target genes (e.g. Ptch1, Gli,
PDGFR α , Wnts, CyclinD1 and Bmp) are activated [4,5].
The Hh signaling is negatively regulated by a hedgehoginteracting protein (Hip), which is also inducible by
hedgehog and is lost in hedgehog mutant[6].
In the mouse, both Shh and Ihh are expressed in the
gut endoderm and have been shown to participate in radial
axis patterning of the gut[7]. Recent studies have shown
that Shh is expressed in the normal adult human gut[8].
Aberrant activation of Hh signaling pathway has been
shown to cause the occurrence of basal-cell carcinoma
(BCC) and medulloblastoma, and mutations of Hh
pathway components have been found both in familial and
sporadic cases[9-12]. More recently, small-cell lung cancer
(SCLC), prostate cancer and pancreatic adenocarcinoma
have been linked to Hh signaling pathway, providing a
molecular mechanism for these aggressive diseases[13-15].
Dysregulation of Hh signaling pathway may also play
a role in gastrointestinal (GI) tumors [16,17]. To better
understand the mechanism of colorectal adenocarcinoma,
a common cancer worldwide, we examined here the
expression of several key molecules functioned in the Hh
signaling pathway at protein and mRNA levels.

www.wjgnet.com

1660

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

MATERIALS AND METHODS
Meterials
Twenty five tissue specimens of colorectal adenocarcinomas were obtained from Shandong Qilu Hospital,
Jinan, China with approval from the local ethics research
committee. Five of the 25 samples also included noncancerous colorectal tissue as normal control. All of
the samples were fixed in 4% paraformaldehyde with
PBS at 4℃ overnight. The samples were dehydrated in
gradated ethanol and stored in 70% ethanol at -20℃.
The samples were embedded in paraffin and sectioned (6
μm). The sections were stained with H&E. Each sample
was reviewed and confirmed by pathologists based on the
clinical characteristics.
Immunohistochemistry
Immunohistochemistry was performed according to the
protocol described by Ma et al[16,17]. Antigen unmasking was
achieved by boiling sections in 0.01 mol/L sodium citrate;
pH 6.0, for 10 min. Tissues were blocked in 10% sheep
serum twice and incubated for 2 h at 37℃ with primary
antibodies. Antibodies were applied at the following
dilutions: Shh, and Ptch1 (1:100; Cat# 9024 for Shh and
Cat# 6149 for Ptch1, Santa Cruz Biotechnology Inc, Santa
Cruz, CA), PCNA (1:100; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA), cytokeratin AE1/AE3. (MAB 0049,
Maixin Biotechnology, Inc., China). Negative controls were
performed in all cases by omitting the first antibodies. All
primary antibodies have been previously tested for immun
ohistostaining[18].
In situ hybridization
The sense and antisense digoxigenin-labeled RNA probes
were made using a DIG RNA labeling kit and following
the manufacturer’s instructions (Boehringer Mannherm).
The in situ hybridization was performed as described
previously[16,17]. In brief, rehydrated sections were treated
with proteinase K (20 μg/mL) for 20 min and refixed in
4% paraformaldehyde with PBS for 5 min. Sections were
washed with 50% formamide in 2 × SSC at 37℃ for 2 h
and hybridization was performed at 42℃ overnight with
5 μg/mL of digoxigenin-labeled probe in the following
hybridization buffer: 40% formamide, 10% dextran
sulfate, 1 × Denhardt’s solution, 1 mg/mL yeast RNA,
10 mmol/L Dithiothreit, and 4 × SSC. Washes were done
in 4 × SSC, 2 × SSC, 20 μg/mL RNase A, 1 × SSC, 0.1
× SSC at 37℃, 3 × 15 min, and then in buffer 1 (100
mmol/L Tris-Cl, 150 mmol/L NaCl, pH 7.5). Sections
were incubated for 30 min in blocking buffer -2% goat
serum, 0.1% TritonX-100 in buffer 1 and left overnight at
room temperature in alkaline phosphatase-conjugated antidigoxigenin antibody (Roche) at 1:500 dilution in blocking
buffer. Washes were done in buffer 2 (100 mmol/L TrisCl, 100 mmol/L NaCl, 50 mmol/L MgCl2, pH 7.5) and
3 (100 mmol/L Tris-Cl, 100 mmol/L NaCl, 50 mmol/L
MgCl2, pH 9.5), 2 × 10 min. Color reaction was performed
in the NBT/BCIP (Roche) solution containing 10 mmol/L
levamisole in the dark. Blue staining indicated strong
hybridization. Sense probes were used in all hybridization
as negative controls and no positive signals were observed.
www.wjgnet.com
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RT-PCR
RT-PCR was performed using RT-PCR system according
to the manufacturer’s protocol. Total RNA was isolated
from paraffin-embedded tissue using an RNA isolation
kit (Promega). Three micrograms of total RNA were
reverse transcribed by using M-MLV reverse transcriptase
(Promega) with a mixture of oligo (dT) 15 and random
primers (Promega). One tenth of each RT reaction
mixture was then subjected to PCR amplification using
Taq DNA polymerase (TAKARA). The PCR primers
for detecting specific transcripts were as follows: for Shh
forward, 5’-ACCGAGGGCTGGGACGAAGA-3’ and
reverse, 5’-ATTTGGCCGCCACCGAGTT-3’, respectively.
Following denaturation at 94℃ for 10 min, 35 PCR cycles
were performed at 94℃ for 60 s, at 52℃ for 50 s, and at
72℃ for 60 s.
For β-actin, forward: 5’-TCCTCCCTGGAGAAGAGC
TA-3’ reverse: 5’-TCAGGAGGAGCAATGATCTTG-3’.
Following denaturation at 94℃ for 10 min, 35 PCR cycles
were performed at 94℃ for 60 s, at 59℃ for 50 s, and at
72℃ for 60 s. The PCR products were analyzed by 0.7%
agarose gel electrophoresis.

RESULTS
Cytokeratin AE1/AE3 expression in colorectal adenocarcinomas
To deter mine whether colorectal adenocarcinomas
originate from epidermis, we analyzed the expression of
an epidermic molecular marker, cytokeratin AE1/AE3.
Expression of cytokeratin AE1/AE3 was observed in
the cytoplasm of colorectal crypts (Figure 1A and B). In
addition, we examined the expression of the proliferation
marker, PCNA. The results showed nuclear staining in the
base of crypts in both normal (Figure 1C) and colorectal
adenocarcinoma tissue (Figure 1D). However, there were
a great number of stained nuclei in malignant crypts in
contrast to that in normal tissue, suggesting that malignant
crypts had a high level proliferation compared with normal
crypts. Taken together, these data indicate that primary
colorectal adenocarcinomas originate in epidermis.
Shh expression and localization in primary colorectal
adenocarcinomas
It has been shown that Shh is expressed in stomach
and esophageal cancers [16,17] . To determine if Shh is
expressed in colorectal adenocarcinomas, we examined
the expression of Shh at mRNA and protein levels. The
result of in situ hybridization revealed that Shh mRNA
was well stained in the cytoplasm of epithelial cells
throughout the section in 10 of 25 samples (Figure 2B).
The sense probes gave no detectable signals (Figure 2C).
This result was confirmed by immunohistochemistry and
RT-PCR (Figure 2G, only in 9 of 25 samples). The pattern
of staining of immunohistochemistry (13 out of 25
showed a positive reaction) was similar to that of in situ
hybridization (Figure 2E). No staining was observed when
secondary detection was performed in the absence of
primary antibodies (Figure 3F). The cells except cancer
cells showed a negative reaction, suggesting that the
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Figure 1 Expression of cytokeratin AE1/AE3 and PCNA in primary colorectal adenocarcinomas. We performed immunohistochemistry with cytokeratin AE1/AE3 antibodies
showing positive staining in cytoplasm of colorectal normal crypts (A) and malignant crypts (B) (positive in brown). While the proliferation marker PCNA stained the nuclei of
the normal (C) and tumor (D) tissues (positive in brown). E is the negative control.
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Shh
β-actin

Figure 2 Expression of Shh in primary colorectal adenocarcinomas. In situ hybridization was performed to detect Shh transcript in normal (A) and cancerous (B)
tissues (positive in blue), and the sense probe did not reveal any positive signals (C is the sense control of B). Results of in situ hybridization were confirmed by
immunohistostaining in normal (D) and tumor (E) tissues (positive in brown, F is the negative control) and by RT-PCR (G).

expression of mRNA and protein was tumor specific. One
normal tissue (the morphologically normal crypts close to
the adenocarcinoma tissue) did not show the expression

of Shh (Figure 2A and D). Our data demonstrated that,
like other GI cancers, colorectal cancers expressed Shh in
epithelial cells.
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Expression of the Hh signaling pathway components
Ptch1, Gli1 and Hip, but not Gli3 in primary colorectal
adenocarcinomas
The Hh signaling pathway can include Ptch receptor
and Gli transcriptor, and it is also regulated by Hip. To
determine if these genes are activated in colorectal cancer
cells, the mRNAs of Ptch1, Gli1 and Hip were examined
www.wjgnet.com
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Figure 3 Expression of
Ptch1 in primary colorectal
adenocarcinomas. Ptch1
transcript (blue as positive)
was detected by in situ
hybridization in the normal
control (A) and colorectal
cancers (B). C is from the
same tumor with B being
derived from the Ptch1
sense probe. To confirm
the in situ hybridization
results, we performed
immunohistochemistry with
PTCH1 antibodies, showing
positive staining of PTCH1
protein (positive in brown)
in malignant crypts (E). D is
the normal control and F is
the negative control.

Figure 4 Expression of
Gli1, Gli3 and Hip in primary
colorectal adenocarcinomas. We detected expression patterns of Gli1, Gli3
and Hip transcripts by in
situ hybridization (positive
in blue). Gli1 (A) and Hip
(E) were not expressed
in normal control tissue.
B: Gli1 was expressed in
cytop-lasm of malignant
crypt. The expression of
Gli1 (C) and Hip (D) sense
probe in tumor tissue. F: Hip
was expressed in cytoplasm
of tumor cells. G: Gli3 was
not expressed in colorectal
adenocarcinomas. H is the
normal control of Gli3 and I
is the sense control of Gli3.

in colorectal adenocarcinoma tissue. The positive staining
of Ptch1 (Figure 3A-C), Gli1 (Figure 4A-C) and Hip (Figure
4D-F) appeared in the majority of the malignant crypts
in adenocarcinomas, but not in the stroma. The results
(Table 1) indicate that there was no consistency in the
expression of Ptch1, Hip and Gli1. Interestingly, we did
not examine the expression of Gli3 by in situ hybridization
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Table1 Colorectal adenocarcinoma specimens and summary of Shh, Ptch1, Smo Gli1, Sufu, PDGFRα and Hip expression
No

WHO
Classification

Differentiation

Age

Gender

Shh
-ish

SHH
-ihc

Ptch1
-ish

PTCH1
-ihc

Gli1
-ish

PDGFRα
-ish

Hip
-ish

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

RAC
RAC
RAC
RAC
CAC
RAC
CAC
RAC
RAC
CAC
RAC
CAC
RAC
RAC
RAC
RAC
RAC
RAC
CAC
CAC
RAC
RAC
RAC
RAC
RAC

PD
WD
PD
MD
MD
WD
MD
MD
MD
WD
MD
PD
PD
WD
MD
MD
MD
MD
PD
PD
PD
MD
MD
PD
PD

50
69
60
69
50
72
60
27
63
55
66
79
54
73
68
70
68
67
68
48
73
51
70
37
79

M
F
M
F
F
M
F
F
M
M
F
F
M
F
F
F
M
F
M
F
M
M
M
F
M

+
+
++
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+

+
+++
+
++
+
+

+
+
+
+
+
+
+
+
+
+
+

+
++
+++
+
++
+
++
+
-

+
+
+
+
-

+
+
+
+

These data were derived from in situ hybridization (ish) and immunohistochemistry (ihc). + means positive result (ratio of positive cells to cancer cells ≥ 25%),
- means negative result (no positive cell or ratio of positive cells to cancer cells ≤ 10%), +- means weakly positive result (10% < ratio of positive cells to cancer
cells < 25%); WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; CAC: Colonic adenocarcinoma; RAC: Rectal adenocarcinoma.

in any tissue (Figure 4G-I). To confir m the results
of in situ hybridization, we detected Ptch1 protein by
immunohistochemistry. The results were in agreement with
the in situ hybridization data (Figure 3D-G). These findings
indicate that the Shh-Ptch-Gli1 pathway was likely involved
in colorectal adenocarcinomas. However, it should be
noted that upregulation of Shh expression may not be the
sole cause of enhanced Ptch1 or Gli1 expression, because,
in some cases, upregulation of Ptch1 or Gli1 expression
was not in accordance with the expression of Shh (Table 1).
This suggests that the hedgehog signaling pathway might
be activated by other regulatory mechanisms in colorectal
carcinoma.
Expression of PDGFRα in primary colorectal adenocarcinomas
The platelet-derived growth factors (PDGFs) are a
pleotrophic family of peptide growth factors that signal
through cell surface tyrosine kinase receptors (PDGFR)
and stimulate various cellular functions including growth,
proliferation, and differentiation. In the past few years,
the role of PDGF signaling has been demonstrated in
cancer cell proliferation and tumor angiogenesis [19-22].
Only recently Xie et al [19] found that in the hedgehogresponsive cell line C3H10T1/2, Gli1 activates PDGFRα
expression and enhances its activity. In the murine BCC
cell line ASZ001 (Ptch1 null), DNA synthesis and cell
proliferation can be slowed by re-expression of PTCH1
possibly through down-regulating PDGFRα expression,
or by downstream inhibition with PDGFRα-neutralizing

antibodies[19]. To test whether Shh signaling pathway in
colorectal carcinomas is activated through expression of
PDGFα, we analyzed mRNA of PDGFRα using in situ
hybridization. PDGFRα was detected strongly in aberrant
crypts and moderately in stroma of colorectal cancers
(Figure 5B) that expressed Gli1. Thus, it may imply that
Shh-Gli1 pathway in colorectal cancers is activated through
increased expression of PDGFRα.

DISCUSSION
Hh signaling drives cell proliferation, promotes cell
survival, and directs cell differentiation in the developing
embryo. Abortive regulation of the pathway during
development has been associated with significant human
birth defects, including holoprosencephaly, basal cell
nevus syndrome, and polydactyly[9,10,23-25]. Recent studies
have shown that aberrant signaling of this pathway is
involved in a variety of human cancers, such as basal
cell carcinomas, medulloblastomas and small-cell lung
cancer[9-12,15].
O n i s u e t a l [ 1 8 ] h ave s t u d i e d t h e e x p r e s s i o n o f
S h h , Pa tch 1 a n d S m o i n co l o n i c n eo p l a s i a by
immunohistochemistry. In the current study, we showed
that overexpression of Shh at both mRNA and protein
levels were similar in colonic adenocarcinoma and rectal
adenocarcinoma tissue. To the best of our knowledge,
this is the first report on the expression of Gli3, and Hip
in colorectal cancer tissue. Since overexpression of Shh,
Ptch1, Hip, Gli1 and PDGFR α occurred in colorectal
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Figure 5 Expression of PDGFRα in primary colorectal adenocarcinomas. A: We analyzed expression pattern of PDGFRα transcript by in situ hybridization (blueas
positive); B: Expression of PDGFRα in normal control was high in aberrant crypts and moderate in the stroma; C: The expression of PDGFR sense probe in tumor tissue.

cancers, whereas no positive signal of Gli3 was observed
at mRNA or protein levels, it may imply that the Shh-Gli1
pathway is activated in colorectal cancers. This supports
the view that activation of the hedgehog pathway may play
a role in the development of colorectal carcinoma.
We showed in this study that upregulation of Ptch1 or
Gli1 expression, in some cases, was not consistent with
the expression pattern of Shh (Table 1). This suggests
that upregulation of Shh expression may not be the sole
cause of activated Ptch1 or Gli1 expression, and that
the hedgehog signaling pathway might be activated by
other regulatory mechanisms in colorectal carcinoma.
Furthermore, we unexpectedly found that the negative
regulator, Hip, was expressed in several samples. This
may support a model in which Hip, like Ptch1, modulates
the responses to Hh signaling via a negative regulatory
feedback loop.
The link between the hedgehog pathway, PDGFR α
and human cancer was first revealed in Gorlin’s syndrome,
a disease with a high risk of basal cell carcinoma[9,10,19,26].
Those previous studies have shown that PDGFRα can
be regulated by Gli1 and that PDGFRα mediates Gli1induced Ras/Erk activation [9,10,19,26]. In our studies, we
also detected the expression of PDGFR α in colorectal
adenocarcinomas which expressed Gli1. Therefore, upregulation of PDGFRα appears to be one of the mechanisms
by which Sonic hedgehog-Gli1 signaling induces colorectal
cancers.
Taken together, our findings suggest that activation of
the Shh-Gli1 pathway may be involved in colorectal cancer
progression.

ACKNOWLEDGMENTS
We appreciate the help from Dr. Shaojun Du, Center of
Marine Biotechnology, University of Maryland Biotechnology
Institute, in revising the manuscript.

3

4
5
6
7

8
9

10

11
12

13

14

References
1
2

Hammerschmidt M, Bitgood MJ, McMahon AP. Protein
kinase A is a common negative regulator of Hedgehog
signaling in the vertebrate embryo. Genes Dev 1996; 10: 647-658
Johnson RL, Scott MP. New players and puzzles in the
Hedgehog signaling pathway. Curr Opin Genet Dev 1998; 8:

www.wjgnet.com

15

16

450-456
Pathi S, Pagan-Westphal S, Baker DP, Garber EA, Rayhorn
P, Bumcrot D, Tabin CJ, Blake Pepinsky R, Williams KP.
Comparative biological responses to human Sonic, Indian, and
Desert hedgehog. Mech Dev 2001; 106: 107-117
Denef N, Neubüser D, Perez L, Cohen SM. Hedgehog induces
opposite changes in turnover and subcellular localization of
patched and smoothened. Cell 2000; 102: 521-531
Taipale J, Cooper MK, Maiti T, Beachy PA. Patched acts
catalytically to suppress the activity of Smoothened. Nature
2002; 418: 892-897
Chuang PT, McMahon AP. Vertebrate Hedgehog signalling
modulated by induction of a Hedgehog-binding protein.
Nature 1999; 397: 617-621
van den Brink GR, Hardwick JC, Nielsen C, Xu C, ten Kate
FJ, Glickman J, van Deventer SJ, Roberts DJ, Peppelenbosch
MP. Sonic hedgehog expression correlates with fundic gland
differentiation in the adult gastrointestinal tract. Gut 2002; 51:
628-633
Nielsen CM, Williams J, van den Brink GR, Lauwers GY,
Roberts DJ. Hh pathway expression in human gut tissues and
in inflammatory gut diseases. Lab Invest 2004; 84: 1631-1642
Johnson RL, Rothman AL, Xie J, Goodrich LV, Bare JW,
Bonifas JM, Quinn AG, Myers RM, Cox DR, Epstein EH, Scott
MP. Human homolog of patched, a candidate gene for the
basal cell nevus syndrome. Science 1996; 272: 1668-1671
Hahn H, Wicking C, Zaphiropoulous PG, Gailani MR, Shanley
S, Chidambaram A, Vorechovsky I, Holmberg E, Unden AB,
Gillies S, Negus K, Smyth I, Pressman C, Leffell DJ, Gerrard
B, Goldstein AM, Dean M, Toftgard R, Chenevix-Trench G,
Wainwright B, Bale AE. Mutations of the human homolog
of Drosophila patched in the nevoid basal cell carcinoma
syndrome. Cell 1996; 85: 841-851
Raffel C, Jenkins RB, Frederick L, Hebrink D, Alderete B, Fults
DW, James CD. Sporadic medulloblastomas contain PTCH
mutations. Cancer Res 1997; 57: 842-845
Berman DM, Karhadkar SS, Hallahan AR, Pritchard JI,
Eberhart CG, Watkins DN, Chen JK, Cooper MK, Taipale J,
Olson JM, Beachy PA. Medulloblastoma growth inhibition by
hedgehog pathway blockade. Science 2002; 297: 1559-1561
Thayer SP, di Magliano MP, Heiser PW, Nielsen CM, Roberts
DJ, Lauwers GY, Qi YP, Gysin S, Fernández-del Castillo C,
Yajnik V, Antoniu B, McMahon M, Warshaw AL, Hebrok M.
Hedgehog is an early and late mediator of pancreatic cancer
tumorigenesis. Nature 2003; 425: 851-856
Sheng T, Li C, Zhang X, Chi S, He N, Chen K, McCormick
F, Gatalica Z, Xie J. Activation of the hedgehog pathway in
advanced prostate cancer. Mol Cancer 2004; 3: 29
Watkins DN, Berman DM, Burkholder SG, Wang B, Beachy
PA, Baylin SB. Hedgehog signalling within airway epithelial
progenitors and in small-cell lung cancer. Nature 2003; 422:
313-317
Ma X, Sheng T, Zhang Y, Zhang X, He J, Huang S, Chen K,

Bian YH� et al . Sonic hedgehog-Gli1 pathway in colorectal adenocarcinomas

17

18
19
20
21

Sultz J, Adegboyega PA, Zhang H, Xie J. Hedgehog signaling
is activated in subsets of esophageal cancers. Int J Cancer 2006;
118: 139-148
Ma X, Chen K, Huang S, Zhang X, Adegboyega PA, Evers BM,
Zhang H, Xie J. Frequent activation of the hedgehog pathway
in advanced gastric adenocarcinomas. Carcinogenesis 2005; 26:
1698-1705
Oniscu A, James RM, Morris RG, Bader S, Malcomson RD,
Harrison DJ. Expression of Sonic hedgehog pathway genes is
altered in colonic neoplasia. J Pathol 2004; 203: 909-917
Xie J, Aszterbaum M, Zhang X, Bonifas JM, Zachary C, Epstein
E, McCormick F. A role of PDGFRalpha in basal cell carcinoma
proliferation. Proc Natl Acad Sci USA 2001; 98: 9255-9259
Clarke ID, Dirks PB. A human brain tumor-derived PDGFR-alpha
deletion mutant is transforming. Oncogene 2003; 22: 722-733
Uhrbom L, Hesselager G, Nistér M, Westermark B. Induction
of brain tumors in mice using a recombinant platelet-

22

23
24
25
26

1665

derived growth factor B-chain retrovirus. Cancer Res 1998; 58:
5275-5279
Heinrich MC, Corless CL, Duensing A, McGreevey L, Chen
CJ, Joseph N, Singer S, Griffith DJ, Haley A, Town A, Demetri
GD, Fletcher CD, Fletcher JA. PDGFRA activating mutations
in gastrointestinal stromal tumors. Science 2003; 299: 708-710
Roessler E, Belloni E, Gaudenz K, Jay P, Berta P, Scherer SW,
Tsui LC, Muenke M. Mutations in the human Sonic Hedgehog
gene cause holoprosencephaly. Nat Genet 1996; 14: 357-360
Weed M, Mundlos S, Olsen BR. The role of sonic hedgehog in
vertebrate development. Matrix Biol 1997; 16: 53-58
Hill RE, Heaney SJ, Lettice LA. Sonic hedgehog: restricted
expression and limb dysmorphologies. J Anat 2003; 202: 13-20
Xie J, Quinn A, Zhang X, Bare J, Rothman A, Collins C, Cutone
S, Rutter M, McCormick MK, Epstein E. Physical mapping
of the 5 Mb D9S196-D9S180 interval harboring the basal cell
nevus syndrome gene and localization of six genes in this
region. Genes Chromosomes Cancer 1997; 18: 305-309
S- Editor Wang J

L- Editor Zhu LH E- Editor Liu Y

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 21; 13(11): 1666-1671
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

BASIC RESEARCH

Evaluation of the effect of pyrrolidine dithiocarbamate in
suppressing inflammation in mice with dextran sodium
sulfate-induced colitis
Ichiro Hirata, Shingo Yasumoto, Ken Toshina, Takuya Inoue, Takashi Nishikawa, Naoko Murano,
Mitsuyuki Murano, Fang-Yu Wang, Ken-ichi Katsu
Ichiro Hirata, Department of Gastroenterology, Fujita Health
University, Japan
Shingo Yasumoto, Ken Toshina, Takuya Inoue, Takashi
Nishikawa, Naoko Murano, Mitsuyuki Murano, Ken-ichi
Katsu, Second Department of Internal Medicine, Osaka Medical
College, Japan
Fang-Yu Wang, Department of Gastroenterology, Jinling
Hospital, Nanjing University School of Medicine, Nanjing
210002, Jiangsu Province, China
C o r r e s p o n d e n c e t o : Dr. Ichiro Hirata, Department of
Gastroenterology, Fujita Health University, 1-98 Dengakugakubo
Katsukake-Cho, Toyoake, Aichi 470-1192,
Japan. ihirata@fujita-hu.ac.jp
Telephone: +81-562-932345 Fax: +81-562-938300
Received: 2006-12-18
Accepted: 2007-03-06

Abstract
AIM: To evaluate the effect of pyrrolidine dithiocarbamate (PDTC; an NF-κB inhibitor) administered
at low (50 mg/kg) and high (100 mg/kg) doses in
suppressing colitis in mice with dextran sodium sulfate
(DSS)-induced colitis.
METHODS: Mice were divided into a DSS-untreated
group (normal group), DSS-treated control group,
DSS+PDTC-treated groupⅠ(low-dose group), and
DSS+PDTC-treated groupⅡ (high-dose group). In each
group, the disease activity index score (DAI score),
intestinal length, histological score, and the levels of
activated NF-κB and inflammatory cytokines (IL-1β and
TNF-α) in tissue were measured.
RESULTS: The DSS+PDTC-treated groupⅡ exhibited
suppression of shortening of intestinal length and
reduction of DAI score. Activated NF-κB level and IL-1β
and TNF-α levels were significantly lower in DSS+PDTCtreated groupⅡ.
CONCLUSION: These findings suggest that PDTC is
useful for the treatment of ulcerative colitis.
© 2007 The WJG Press. All rights reserved.

Key words: Ulcerative colitis; DSS-induced colitis;
Pyrrolidine dithiocarbamate; NF-κB; Mice
Hirata I, Yasumoto S, Toshina K, Inoue T, Nishikawa T,

www.wjgnet.com

Murano N, Murano M, Wang FY, Katsu K. Evaluation of
the effect of pyrrolidine dithiocarbamate in suppressing
inflammation in mice with dextran sodium sulfate-induced
colitis. World J Gastroenterol 2007; 13(11): 1666-1671

http://www.wjgnet.com/1007-9327/13/1666.asp

INTRODUCTION
Nuclear factor-κB (NF-κB) is a transcription activation
factor that moves from the cytoplasm into the nucleus
following appropriate extracellular signaling. It is thought to
play roles in inflammation, immune reactions, carcinogenesis
and apoptosis. NF-κB is composed of a family of genes
with a high degree of homology. Five subtypes of NFκB have been identified, including NF-κB 1 (p50), NFκ B 2 (p52), Rel A (p65), Rel B, and c-rel, which form
hetero- or homo-dimers. Hetero-dimers of p65 and p50
are most abundant in cells. NF-κB is usually found in the
cytoplasm conjugated to an inhibitory protein termed IκB.
Phosphorylation of IκB by IκB kinase (IKK) following
inflammatory signal transduction leads to degradation of
IκB via proteosome, resulting in the transfer of NK-κB into
the nucleus and its activation there[1].
Pyrrolidine dithiocarbamate (PDTC) is a NF-κB inhibitor.
Various studies have been performed in attempts to suppress
inflammation mediated by the NF-κB pathway[2,3]. Németh
et al[4] reported that treatment of intestinal epithelial cells
with PDTC in vitro suppressed the activity of NF- κ B.
All studies thus far reported, involving evaluation of the
efficacy of PDTC in suppressing intestinal inflammation,
were performed in vitro, and no such in vivo study has been
reported. The present study was undertaken to evaluate
the efficacy of intraperitoneally administered PDTC in
suppressing inflammation in mice with dextran sodium
sulfate (DSS)-induced colitis in vivo.

MATERIALS AND METHODS
Preparation of a mouse model of DSS-induced enteritis
Six-week-old female BALB/c mice (SLC, Shizuoka) were
used for this study. DSS with a molecular weight of 5000
(Nacalai Tesque, Kyoto) was dissolved in tap water to
obtain 5% DSS solution. Mice were allowed free access to
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Table 1 Disease activity index score
Score
0
1
2
3
4

Weight loss (%)
(-)
1-5
6-10
11-15
> 15

Stool consistency
Normal

Occult/grossbleeding
Normal

Loose

Guiac (+)

Diarrhea

Gross bleeding

The disease activity index = (combined score of weight loss, stool consistency
and bleeding)/3. Normal stools = well formed pellets; Loose = pasty stool
which do not stick to the anus; Diarrhea = liquid stools that stick to the anus.

Table 2 Histological disease score
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

Normal colonic mucosa
Loss of one-third of the crypts
Loss of two-third of the crypts
The lamina propria is covered with a single layer of
epithelium and mild inflammatory cell infiltration is present
Erosions and marked inflammatory cell infiltration are present

Randomly selected 8 fields (magnified 100 times) in each section were
inspected and graded as above by a pathologist who was blinded to the
treatment protocol. The mean in each section was calculated by scoring the
grades in 8 fields.

this solution as drinking water for 7 d to prepare a mouse
model of DSS-induced colitis. PDTC (Sigma), dissolved in
distilled water, was administered intraperitoneally to mice
at dose levels of 100 and 50 mg/kg. Mice were divided
into four groups. In the DSS-untreated group (normal
group, n = 5), each mouse was allowed free access to tap
water for 7 d. In the DSS-treated control group (control
group, n = 5), each animal was allowed free access to 5%
DSS solution, supplied as drinking water, for 7 d, and
underwent intraperitoneal administration of physiological
saline immediately before and 3 d after the start of DSS
treatment. In the DSS+PDTC-treated groupⅠ (lowdose group, n = 5), each animal was allowed free access
to 5% DSS solution for 7 d and underwent intraperitoneal administration of PDTC (50 mg/kg) immediately
before and 3 d after the start of DSS treatment. In the
DSS+PDTC-treated group Ⅱ (high-dose group, n = 5),
each animal was allowed free access to 5% DSS solution
for 7 d and underwent intraperitoneal administration of
PDTC (100 mg/kg) immediately before and 3 d after the
start of DSS treatment (Figure 1).
Analysis of DAI score of colitis, evaluation of intestinal
shortening, and histological evaluation
On the d 7 of the experiment, each animal was weighed
to check for weight loss, and the appearance of feces and
severity of bloody stool were also checked, followed by
calculation of the DAI score according to the method
reported by Murthy et al[5] (Table 1). Each mouse was then
sacrificed and the large intestine was immediately removed
for measurement of intestinal length and evaluation of
intestinal shortening. Furthermore, the histological score
of HE-stained specimens of the distal segment of the
colon was determined in accordance with the method for

Saline
i.p.

Normal group
(n = 5)

Sacrifice
i.p.

Water
Saline

Saline
i.p.

Control group
(n = 5)

i.p.
5% DSS

PDTC (50 mg/kg)
i.p.
PDTC-treated groupⅠ
(low dose)
(n = 5)
PDTC (100 mg/kg)
i.p.
PDTC-treated group Ⅱ
(high dose)
(n = 5)
d0

PDTC (50 mg/kg)
i.p.
5% DSS
PDTC (100 mg/kg)
i.p.
5% DSS

d3

d7

Figure 1 Method of DSS colitis model and administration of PDTC.

scoring reported by Cooper et al[6] (Table 2).
Measurement of cytokine and NF-κ B activity in colorectal
tissue
On the d 7 of the experiment, a protein extract from the
distal segment of the intestine of each sacrificed mouse
was obtained, using a PARIS Kit (Ambion). The levels
of the inflammatory cytokines interleukin-1 β (IL-1 β )
and tumor necrosis factor-α (TNF-α) in the extract were
measured by ELISA, using the Quantkine Mouse IL-1β/
IL-1F Immunoassay Kit and Mouse TNF-α/TNFSF1A
Immunoassay Kit (R&D Systems, Minneapolis, MN,
USA). The experiment was repeated on other mice in the
same fashion as described above, except for the timing of
sacrifice (the d 6 instead of the d 7 of the experiment).
A nuclear extract from the distal segment of the intestine
of each sacrificed mouse was obtained using a Nuclear/
Cytosol Fractionation Kit (Biovision). The level of NF-κB
in the extract was measured by ELISA, using a MercuryTM
TransFactor Kit (NF-κB p65, BD Biosciences), to evaluate
activation of NF-κB.
Statistical analysis
The data was analyzedsis using the t-test. mean ± SE
values are presented for each parameter.

RESULTS
Evaluation of enteritis (DAI score and intestinal shortening)
Compared to the control group, both DSS+PDTC-treated
groupⅠ and DSS+PDTC-treated group Ⅱ exhibited
marked reduction of weight loss, improvement in appearance of feces, and alleviation of bloody stool. DAI score, an
indicator of the severity of intestinal inflammation, was 0
in the normal group, 2.73 ± 0.16 in the control group, 1.73
± 0.27 in DSS+PDTC-treated groupⅠ, and 0.67 ± 0.30 in
DSS+PDTC-treated group Ⅱ. Thus, significant suppression
of inflammation was noted in DSS+PDTC-treated group
Ⅰ and DSS+PDTC-treated group Ⅱ compared to the
control group (P < 0.05). Suppression was strongest in
DSS+PDTC-treated group Ⅱ (P < 0.01) (Figure 2).
www.wjgnet.com
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mean ± SE

3.0
2.5
DAI score
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Normal

a

2.0

b

1.5

Control

2.73 ± 0 .16

1.0

1.73 ± 0.27

0.5

0.67 ± 0.3

  0
Normal

Control

PDTC-treated
groupⅠ
(low dose)

PDTC-treated
group Ⅱ
(high dose)

Figure 2 The effect of PDTC on clinical indices (DAI). aP < 0.05, bP < 0.01, vs
control group.

PDTC-treated group
(low dose)
PDTC-treated group
(high dose)

Figure 3 Comparison of length of colon in different groups.

(cm)
mean ± SE

12
10

NS

a

8.2 ± 0.3

8.6 ± 0.3

A

B

C

D

8
6

10.5 ± 0.17

4

7.3 ± 0.5

2
0
Normal

Control

PDTC-treated
groupⅠ
(low dose)

PDTC-treated
group Ⅱ
(high dose)

Figure 4 The effect of PDTC on length of colon. aP < 0.05, P = NS, vs control
group. NS: not significant.
Figure 5 Histological findings of distal colon in mouse. A: normal; B: control; C:
PDTC-treated groupⅠ (low dose); D: PDTC-treated group Ⅱ (high dose).
1.8
mean ± SE

1.6

DSS+PDTC-treated groupⅠ, but was in the DSS+PDTCtreated group Ⅱ (P < 0.05) (Figure 4).

1.4

DAI score

1.2
1.0
0.8

NS
1.20 ± 0.48

0.6

0.75 ± 0.21

0.4

0.50 ± 0.09

0.2
  0
Normal

Control

PDTC-treated
groupⅠ
(low dose)

PDTC-treated
group Ⅱ
(high dose)

Figure 6 The effect of PDTC on histological disease score. P = NS vs control
group. NS: not significant.

The effect of DSS on the severity of intestinal shortening caused by intestinal inflammation was evaluated.
Pictures of intestine from the normal group, the control
group, and DSS+PDTC-treated groupsⅠ and Ⅱ are
shown in Figure 3. Intestinal length was 10.5 ± 0.17 cm
in the normal group, 7.3 ± 0.5 cm in the control group,
8.2 ± 0.3 cm in DSS+PDTC-treated groupⅠ, and 8.6 ±
0.3 cm in DSS+PDTC-treated group Ⅱ. Thus, shortening
of the intestine was not significantly suppressed in the
www.wjgnet.com

Histological evaluation
The histological score for the distal segment of the colon
was 0 in the normal group, 1.20 ± 0.48 in the control group,
0.75 ± 0.21 in the DSS+PDTC-treated groupⅠ, and 0.50
± 0.09 in the DSS+PDTC-treated group Ⅱ. Compared
to the normal group (Figure 5A), the control group
exhibited marked erosion of the lamina propria mucosae,
disappearance of glandular epithelium, inflammatory cell
infiltration, and other related findings (Figure 5B). In the
DSS+PDTC-treated groupⅠ (Figure 5C), the findings
of evaluation of inflammation did not differ markedly
from those in the control group. In the DSS+PDTCtreated group Ⅱ (Figure 5D), erosion, disappearance of
glandular epithelium, inflammatory cell infiltration, and
other abnormalities tended to be less severe than those in
the control group, although none of these differences was
statistically significant (Figure 6).
Activated NK-κ B level in colonic tissue
NF- κ B levels in nuclear extract from distal colonic
tissue were compared among groups. The level was
0.790 ± 0.191 ng/µg in the normal group, 0.938 ± 0.229
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A

(ng/μg)
1.2

mean ± SE

1.0

0.18

mean ± SE

0.16
0.14

0.8

NS

0.12

0.6
0.4

(pg/μg)

a

0.10
0.790 ± 0.191

0.983 ± 0.229
a

0.2
0
Normal

Control

0.08
b

0.175 ± 0.27

0.127 ± 0.24

PDTC-treated
groupⅠ
(low dose)

PDTC-treated
group Ⅱ
(high dose)

Figure 7 The effect of PDTC on NF-κ concentration. aP < 0.05, bP < 0.01, vs
control group.

0.06
0.04

0.143 ± 0.23
0.008 ± 0.001

0.104 ± 0.10
0.077 ± 0.14

0.02
0
Normal

Control

PDTC-treated
groupⅠ
(low dose)

PDTC-treated
group Ⅱ
(high dose)

B
(pg/μg)

mean ± SE

6.0
5.0

ng/µg in the control group, 0.175 ± 0.27 ng/µg in the
DSS+PDTC-treated groupⅠ, and 0.127 ± 0.24 ng/µg
in the DSS+PDTC-treated group Ⅱ. This parameter was
thus slightly higher in the control group than in the normal
group, and significantly lower in the DSS+PDTC-treated
groupⅠ (P < 0.05) and the DSS+PDTC-treated group Ⅱ (P
< 0.01). These findings suggest that treatment with PDTC
suppressed activation of NF-κB (Figure 7).
IL-1β and TNF-α levels in colonic tissue
Levels of inflammatory cytokines IL-1β and TNF-α in
distal intestinal tissue were compared among groups. IL-1β
level was 0.008 ± 0.003 pg/µg in the normal group, 0.143
± 0.52 pg/µg in the control group, 0.104 ± 0.32 pg/µg in
the DSS+PDTC-treated groupⅠ, and 0.077 ± 0.23 pg/µg
in the DSS+PDTC-treated group Ⅱ. Thus, this parameter
tended to be lower in the DSS+PDTC-treated groupⅠ
than in the control group, although this difference was
not statistically significant. However, this parameter was
significantly lower in the DSS + PDTC treated group Ⅱ
(P < 0.05) than in the control group (Figure 8A). TNF-α
level was 0.04 ± 0.06 pg/µg in the normal group, 4.55 ±
2.41 pg/µg in the control group, 1.63 ± 1.12 pg/µg in the
DSS + PDTC treated groupⅠ, and 1.79 ± 0.94 pg/µg in
the DSS+PDTC-treated group Ⅱ. Thus, this parameter
was significantly lower in the DSS + PDTC treated group
Ⅰ and the DSS+PDTC-treated group Ⅱ than in the
control group (P < 0.05) (Figure 8B).

DISCUSSION
Ulcerative colitis is an inflammatory bowel disease whose
for which the etiology has not yet been fully clarified.
Many studies of it have been carried out using animal
models of enterocolitis. Numerous reports have been
published concerning experiments using animal models of
ulcerative colitis, i.e. rodent with DSS-induced colitis[7-9].
It is thought that NF-κB is associated with the expression of various cytokines, chemokines, and adhesion
factors in inflammation. NF- κ B p65 protein has been
reported to exhibit increased expression in nuclear extracts
from local mucosal tissue specimens of patients with
inflammatory bowel disease[10,11]. Recently reports have been

4.0
3.0
4.55 ± 1.08

2.0
1.0

0.04 ± 0.02

a

a

1.63 ± 0.50

1.79 ± 0.42

PDTC-treated
groupⅠ
(low dose)

PDTC-treated
group Ⅱ
(high dose)

0
Normal

Control

Figure 8 A: The effect of PDTC on IL-1β cytokine concentration. aP < 0.05, P
= NS, vs control group. NS: not significant; B: The effect of PDTC on TNF-α
cytokine concentration. aP < 0.05 vs control group.

published to evaluate the inflammation suppressing effect
of antisense oligonucleotide for NF-κB (p65) administered
to mice with TNBS-induced enteritis (a model of Crohn’s
disease)[12] and mice with DSS-induced colitis (a model of
ulcerative colitis)[13] or ischemia-reperfusion injury of the
small intestine[14].
It has been reported that NF-κB binds to the DNA
sequence termed “κB sequence” and induces expression
of the genes regulated by this sequence. NF-κB is usually
present in an inactive form, bound to I κ B, within the
cytoplasm. If IκB is detached, NF-κB can move into the
nucleus to become activated. Of the IκB family members,
I κ B- α has recently been shown to play roles in the
signaling triggering the entry of κB into the nucleus[15].
PDTC is a kind of antioxidants known to inhibit NF-κB.
PDTC has been reported to suppress NF-κB activity more
powerfully than any other drug of the dithiocarbamate
family. Cuzzocrea et al[17] reported that PDTC suppresses
the transfer of NF-κB from the cytoplasm into the nucleus
by inhibition of the IκB-α degradation[16].
In the present study, BALB/c mice were treated
with 5% DSS solution to induce acute colitis. DAI score
was markedly higher in the control group than in the
normal group. Histologically, the rectum of the control
group exhibited marked inflammatory cell infiltration
and erosion. As in a previous study using rats with DSSinduced colitis [18], the present study revealed marked
increases in IL-1β and TNF-α, known to produce primarily by activated macrophages in the control group. In
the DSS+PDTC-treated group Ⅱ (mice intraperitoneally
www.wjgnet.com
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administered PDTC at a high dose, 100 mg/kg), suppression
of intestinal shortening and improvement of DAI score
were noted, accompanied by reduction of inflammatory
cytokines IL-1β and TNF-α. Suppression of inflammation
was most marked in DSS+PDTC-treated group Ⅱ, in which
NF-κB level in rectal nucleus extract was lower than in any
other group. These findings demonstrate that treatment with
PDTC suppresses the activity of NF-κB in the intestine,
and suggest that treatment with PDTC reduces intestinal
NF-κB activity and suppresses the production of IL-1β and
TNF-α, resulting in alleviation of DSS-induced colitis.
However, on histopathological examination, no significant suppression of inflammation was noted in the
DSS+PDTC-treated groupⅠ (low dose) or the DSS+PDTCtreated group Ⅱ (high dose). It has been reported that NFκB is associated with cyclin D during the cell cycle and that
p65/p50 hetero-dimer (a NF-κB molecule) binds to the NFκB binding site of the cyclin D promoter, possibly resulting
in appropriate regulation of cyclin D and triggering of the
start of the cell cycle[19,20]. This indicates that suppression
of NF-κB with PDTC will suppress progression of the cell
cycle, resulting in delay of cell proliferation and tissue repair.
Thus, in the present study, in which inflammation was not
satisfactorily controlled, the mucosal damage arising from
inflammation was found not to have been alleviated when
examined histologically, because suppression of NF-κB had
suppressed regene-ration of the damaged mucosa.
These findings suggest that suppression of NF- κB
activity by PDTC can delay the healing of mucosal tissue
defects (erosions or ulcers) arising from inflammation,
but that it can strongly suppress the expression of inflammatory cytokines (IL-1 β and TNF- α ), resulting in
significant alleviation of colitis.
We conclude that PDTC is promising as a drug clinically useful for the treatment of ulcerative colitis.
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thus far reported, involving evaluation of the efficacy of PDTC in suppressing
intestinal inflammation, were performed in vitro, and no such in vivo study has
been reported. The present study was undertaken to evaluate the efficacy of
intraperitoneally administered PDTC in suppressing inflammation in mice with
DSS-induced colitis in vivo.

healing of mucosal tissue defects (erosions or ulcers) arising from inflammation,
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Therefore, PDTC may be promising as a drug clinically useful for the treatment of
ulcerative colitis.

Terminology

Pyrrolidine dithiocarbamate (PDTC) is a NF-κB inhibitor. Various studies have
been performed in attempts to suppress inflammation mediated by the NF-κB
pathway. Nuclear factor-κB (NF-κB) is a transcription activation factor which
moves from the cytoplasm into the nucleus following appropriate extracellular
signaling. It is thou-ght to play roles in inflammation, immune reactions,
carcinogenesis and apoptosis.

Peer review

This study is well constructed and well documented. They clearly presented the
effects of PDTC on DSS-induced colitis in mice.
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Abstract
AIM: To enhance the differentiation of insulin producing
cell (IPC) ability from embryonic stem (ES) cells in vitro .
METHODS: Four-day embryoid body (EB)-formatted
ES cells were dissociated as single cells for the followed
plasmid DNA delivery. The use of Nucleofector™
electroporator (Amaxa biosystems, Germany) in
combination with medium-contained G418 provided a
high efficiency of gene delivery for advanced selection.
Neucleofected cells were plated on the top of fibronectincoated Petri dishes. Addition of Ly294002 and raised
the glucose in medium at 24 h before examination.
www.wjgnet.com

The differentiation status of these cells was monitored
by semi-quantitative PCR (SQ-PCR) detection of the
expression of relative genes, such as oct-4, sox-17, foxa2,
mixl1, pdx-1, insulin 1, glucagons and somatostatin. The
percentage of IPC population on d 18 of the experiment
was investigated by immunohistochemistry (IHC),
and the content/secretion of insulin was estimated
by ELISA assay. The mice with severe combined
immunodeficiency disease (SCID) pretreated with
streptozotocin (STZ) were used to eliminate plasma
+
glucose restoration after pax4 ES implantation.
RESULTS: A high efficiency of gene delivery was
demonstrated when neucleofection was used in the
present study; approximately 70% cells showed DsRed
expression 2 d after neucleofection. By selection of
medium-contained G418, the percentage of DsRed
expressing cells kept high till the end of study. The
pancreatic differentiation seemed to be accelerated by
pax4 nucleofection. When compared to the group of cells
with mock control, foxa2, mixl1, pdx1, higher insulin and
somatostatin levels were detected by SQ-PCR 4 d after
nucleofection in the group of pax4 expressing plasmid
delivery. Approximately 55% of neucleofected cells
showed insulin expression 18 d after neucleofection, and
only 18% of cells showed insulin expression in mock
control. The disturbance was shown by nucleofected
pax4 RNAi vector; only 8% of cells expressed insulin
18 d after nucleofection. A higher IPC population was
also detected in the insulin content by ELISA assay, and
the glucose dependency was demonstrated in insulin
secretion level. In the animal model, improvement of
average plasma glucose concentration was observed
in the group of pax-4 expressed ES of SCID mice
pretreated with STZ, but no significant difference was
observed in the group of STZ-pretreated SCID mice who
were transplanted ES with mock plasmid.
CONCLUSION: Enhancement of IPC differentiation from
EB-dissociated ES cells can be revealed by simply using
pax4 expressing plasmid delivery. Not only more IPCs
but also pancreatic differentiation-related genes can be
detected by SQ-PCR. Expression of relative genes, such
as foxa 2, mixl 1, pdx-1, insulin 1 and somatostatin after
nucleofection, suggests that pax4 accelerates the whole
differentiation progress. The higher insulin production
with glucose dependent modulation suggests that pax4
expression can drive more mature IPCs. Although further
determination of the entire mechanism is required, the
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potential of pax-4-nucleofected cells in medical treatment
is promising.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Diabetes mellitus (DM) is a world-wide disease and affects
lives of millions of people every year. TypeⅠdiabetes
(insulin dependent), due to developing insulin-resistance, is
caused by the progressive deficiency of beta cells in islets
of Langerhans. Type Ⅱ diabetes (non-insulin dependent),
on the other hand, results from the destruction of
insulin receptors or transporting system. Islet-based
transplantation and regimens, such as the “Edmonton
protocol” , can restore insulin cells and are taken as a
promising approach for the medical treatment of type
Ⅰ diabetes [1]. However, the shortage of donor tissues
has largely restrained this application in the treatment of
diabetic patients[2-5].
Embryonic stem (ES) cells have been considered as the
potential substitute generating multi-lineage cells in clinical
treatment of DM and characterized by multipotency and
the ability of vigorous self-renewal proliferation. Recent
studies showed that insulin-producing cells (IPC) generated
from ES have become the alternative scheme to replace
the cadaver-derived pancreatic islet as the source for
transplantation. Strategies to induce the differentiation of
IPCs from ES cells in vitro have involved supplementation
of differentiation medium with a variety of induction and
growth factors, such as nourished ES cells with all-trans
retinoic acid[6-9], activin A[8,10-12] in IPC induction. However,
the low ratio of insulin producing cells in previous study
still limits their medical application[13-16].
Manipulating the relative gene expression to enforce ES
cell differentiation, alternatively, has been used to increase
the specific lineage cell differentiation efficiency [17,18].
For maintaining the genomic integrity and reducing the
possibility of carcinogenesis [19], the non-viral transient
gene delivery method is more acceptable. However,
the low transfection efficiency of electroporation and
lipofection (liposome-mediated) in ES cells often limits its
application. The Nucleofector™ technology, a new nonviral electroporation-based gene transfer technique, can
improve the disadvantageous results caused by traditional
transfection, especially for the hard-to-transfect ES and
primary cells.
Considering the influence on pancreatic organogenesis,
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multiple g enes have been chosen as the targ et to
manipulate the expression in an attempt to improve
IPC differentiation efficiency. The effectiveness of IPC
formation has been revealed in pax4, the important gene
for beta islet formation�������������������������������
and ��������������������������
expression. ES cell clone
with external pax4 constitutive expression has been
constructed by Blyszczuk et al[20], and the efficiency on ES
cell commitment to become IPCs has been demonstrated.
No significant variant has been obser ved in ES cell
21]
proliferation and the formation of embryoid
������������������
body (���
EB�)[���
in pax4 expressed ES cell clones indicates that pax4 can be
an optimal candidate to be manipulated.
By combining the nucleofector-based transfection
(neuleofection) and
������������������������
fibronectin-coated, medium-based
������������� IPC
����
induction in vitro, we attempted to demonstrate that using�����a
simple method of transient pax-4 �������������������������
gene ��������������������
delivery/�����������
expression
could force ES cells to become IPCs effectively. Through
neomycin selection, a higher percentage of pax4-expressed
ES cells was observed �����������������������������������
in the
��������������������������������
experiment accompanied with
a higher IPC differentiation.

MATERIALS AND METHODS
Maintenance of murine embryonic stem cells
The murine embryonic stem cell strain of BALB/c mice
(ESC26GJ constructed by Lee et al[22], Animal Technology
Institute Taiwan) during passages 25 and 50 was used in
the present study. This strain that has been transferred by
pCX-EGFP can express green fluorescence constitutively.
Undifferentiated murine stem cells were cultured on
mitomycin C-treated STO (mouse embryonic fibroblast
cell line, ATCC CRL-1503 passages 15-35 were utilized)
and supplied to Dulbecco's modified Eagle's medium
(DMEM, 4500 mg glucose/L) containing 15% fetal
bovine serum (FBS, HyClone defined and tested batches
or ES cell grade), 1% nonessential amino acid, 0.1 mmol/L
β -mercaptoethanol, 100 U/mL penicillin, 100 μ g/mL
streptomycin (all from GIBCO-BRL) and leukemia
inhibitory factor (LIF, R&D). Cells were cultured in a
humidified chamber containing a 5% CO2/air mixture at
37℃, subcultured every 3 d and medium was changed
twice a day. Alkaline phosphatase detection kit (Chemicon)
was utilized to examine the quality of undifferentiated ES
every 5 passages.
Induction of insulin-producing cells in vitro
The protocol modified from the study by Blyszczuk
et al [23,24] was used in the present study. Brief ly,
approximately 70% saturated undifferentiated ES cells
were harvested and aggregated as hanging drops with
the density of 3000 cells/per drop for 4 d (using the
medium for undifferentiated ES cells without LIF
supplement). EB[25] was harvested by brief centrifugation
(800 × g, 10 min, 28℃), then dissociated to single cells
for nucleofection (described in the section below).
Nucleofected cells were seeded on a 6 cm-cultivated dish
with fibronectin coating, one day after nucleofection, the
medium was changed and new medium was added with
G418 for selection. The flow chart of induction protocol
is shown in Figure 1.
www.wjgnet.com
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Embryoid body (EB) formation
d0

↓

Neucleofection

d4

Plating on the fibronectin coated dishes
(DMEM/F12 with 15% FBS + 15 mmol/L glucose
+ 10 mmol/L necotinamide + 200 μmol/L
G418selection)

10 mmol/L Ly294002 with 25 mmol/L glucose
d8

→Examination
10 mmol/L Ly294002 with 25 mmol/L glucose

d 12

→Examinatio
10 mmol/L Ly294002 with 25 mmol/L glucose

d 18

→Examination
Insulin content assay transplantation

Figure 1 Flow chart of experiments. Culture medium was changed with glucose
(25 mmol/L) and LY294002 (10 mv) supplement 24 h before examination and 8, 12
and 18 d after experiment.

Plasmid construction and gene delivery by nucleofection
The full-length mouse pax4 gene, a kind gift from
Dr. Michael S. German (University of California, San
Francisco, USA)[26], was constructed into pIRES2-DsRed
plasmid (Clontech, USA) for the following studies. Plasmid
DNA was transfected to the RR1 strain of E. coli for
scale-up, and plasmid was extracted from E. coli broth by
NucleoBondTM PC 2000 EF plasmid DNA purification kit
(endotoxin-free, Macherey-Nagel Co., Düren, Germany).
The related procedure was referred to in the commodities
manuscript. The NucleofectorTM electroporator (Amaxa
biosystems, Germany) and the buffer system for mouse
ES cells (mouse ES cell Nucleofector TM kit, Amaxa
Biosystems, Germany) were utilized for gene delivery[27-29].
Approximately 3 × 10 5 differentiating cells and 20 μg
plasmid DNA were used for a test of electroporation. All
A-13, A-23, A-24 and A-30 programs suggested in the
manuscript were tested, and no significant difference was
shown in both cell mortality rate and delivery efficiency
when deliver mock pIRES2-DsRed plasmid DNA was
delivered. The program A-30 was utilized for the following
examination. After nucleofection, the cells were plated on
a fibronectin-coated dish. Neomycin (G418, 200 μg/mL,
Sigma, USA) was used to select transfected cells after 24 h
of nucleofection.
Reverse-transcription polymerase chain reaction and
SYBR green semiquantitative-PCR
Primers used in the present study are listed in Table 1.
SYBR-green was used for semi-quantitative PCR (SQPCR) detection. Briefly, total RNA (approximately 1 µg)
of each sample was reversely transcribed in 20 µL using
0.5 µg of oligo-dT and 200 U Superscript Ⅱ RT
(Invitrogen, Carlsbad, CA, USA). Amplification was carried
out in a total volume of 20 µL containing 0.5 µmol/L
of each primer, 4 mmol/L MgCl2, 2 µL LightCyclerTMwww.wjgnet.com
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FastStart DNA Master SYBR greenⅠ(Rouche Diagnostics
GmbH, Mannheim, Germany) and 2 µL of 1:10 diluted
cDNA. PCR was performed in triplicate. The transcript
levels of genes were standardized to the corresponding
GADPH level, and for each candidate gene, mRNA levels
relative to the highest candidate gene level were estimated
in percentage[30].
Plasmid construction of RNA interference
siRNA was constructed with pSUPER RNAi system
(OligoEngine). Hairpin siRNA oligo of pax4 was
designed with the following sense and antisense sequences
a s 5 ' - A AT T G C C C AG C TA A AG G AT G A - 3 ' a n d
5'-TCATCCTTTAGCTGGGCAAT T-3'. The sense and
antisense strands of oligos were annealed, and ligated
into linearized pSuper vector within the BglⅡ and HindⅢ
sites as suggested in the manufacturer's instructions.
The procedure for the following cloning, scale-up and
nucleofection was similar to the description above.
Immunofluorescence assay
Differentiated ES cells were harvested and re-plated on
the cover slide coated with fibronectin for two days before
the following immunofluorescence staining, and pretreated
with 4% of paraformaldehyde for 5 min for fixation.
The original fluorescent signal of eGFP constitutively
expressed in cells could not be detected after fixation.
Immunoreactive signals of insulin were detected by
mouse anti-insulin monoclonal Ab (Sigma), and stained
with goat anti-mouse IgG (invitrogen, Cy3-conjugation)
subsequently. The GFP in ES cells was detected by rabbit
anti-GFP polyclonal Ab (Promega), and followed by goatanti rabbit IgG antibody (Abcam).
Insulin protein measurement
Differentiated ES cells on d 4, 8, 12 and 18 were
examined with insulin content in the cells and those
secreted into medium as previously described[13]. Briefly,
the cells were washed three times with PBS before
examination, and the medium was changed with 25
mmol/L glucose for 24 h. The overnight incubated
medium was collected, treated by a brief centrifugation (5000
× �g, 10 min at 4℃) to remove the insoluble particles,
and kept at -80℃ till insulin detection. The attached
cells were also collected, treated with cold acid-ethanol
(0.1 mol/L hydrochloric acid in absolute ethanol) and
kept at 4℃ overnight for further insulin examination
by ELISA (Mercodia, Sweden). The clear supernatants
were used to investigate the intracellular insulin content
and the values obtained were normalized relative to the
total protein content (protein assay reagent, Bio-Rad,
USA). The differentiated ES cells on d 18 were used
to examine the glucose (5 mmol/L, 15 mmol/L and
30 mmol/L) dependent insulin secretion. The dependency
of tolbutamide was used to examine the maturation of
IPCs derived from ES cells.
Transplantation into streptozotocin (STZ)-induced diabetic
Mice
The animal experiment followed “Principles of Laboratory
Animal Care” of Taipei Veterans General Hospital and
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Table 1 Primers used in the present study
Marker

Size

Sense

Antisense

Tm

Pdx-1
Foxa2
Insulin I
Sox 17
Somatostatin
Glucagon
Mixl1
Oct-4
GAPDH

451
199
197
247
315
253
305
201
179

ACCATGAACAGTGAGGAGCA
GACAAGGGAAATGAGAGGCTG
CCAGCTATAATCAGAGACCA
TCGGACTATGCAGTGTCCGTA
ACTAGTCTGCGCTCTGCATCGTCCTG
ACTAGTGCAGCACGCCCTTCAAGACA
GCACGTCGTTCAGCTCGGAGCAGC
TGTGGACCTCAGGTTGGTCT
CATCATCCCTGCCTCTACTG

TCCTCTTGTTTTCCTCGGGT
ACCAAAGGCTCCTTTAAAACAAG
GTGTAGAAGAAGCCACGCT
GAAGGTTGCCCGGGGCCGTG
CCGCGGTCTTCCAGAAGAAGTTCTTG
CCGCGGAGCATGTCTCTCAAATTCAT
AGTCATGCTGGGATCCGGAACGTGG
CTTCTGCAGGGCTTTCATGT
GCCTGCTTCACCACCTTC

55
55
55
55
55
60
60
55
55

A

B

F

1.0

pax-4
mock
pax-4 siRNA

DsRed+/Total cells

0.8
0.6
0.4
0.2
0.0

C

A-13

D

A-23

A-24

A-30

Electroporation

Conditions of nucleofection

G

120

E

Dsred+/Total cells

100
80
60

pax-4/nucleofection
mock/nucleofection
pax-4 siRNS/nucleofection
pax-4/eletroporation
mock/electroporation
pax-4 siRNA/electroporation

40
20
0
2

4

6

8

10 12 14
Day-of-study

16

18

20

Figure 2 Nucleofection of EB-dissociated cells. A: EB-dissociated cells after four days by hanging drop; B: eGFP fluorescent view (Bar= 50 μm in A, B); C: Morphology of
EB-dissociated cells 56 h after nucleofection; D: eGFP filter view; E: DsRed view and the merge image (Bar = 5 μm in C-E); F: Efficiency of gene delivery; G: Latency of
gene examination in ES cells after nucleofection. The ratio of DsRed-expressed cells was counted by random photograph 8, 12 and 18 d after experiment.

National Yang-Ming University. The 8 to 10 wk old SCID
mice were treated with streptozotocin (STZ, 200 mg/kg,
Sigma) freshly dissolved in 0.025 mol/L tri-sodium citrate
2 hydrate (pH 4.0). A total of 2 × 105 differentiated ES
cells were injected into the subcapsular space of the left
kidney of SCID mice following the protocol[10, 21]. Blood
sample from the retro-orbital plexus was collected every
two days and measured by using OneTouch® SureStep plus
blood glucose monitoring system (LifeScan Inc. Johnson
& Johnson Company).

RESULTS
Nucleofection efficiency and pax-4 expression in ES cells
In order to drive ES cells to enter endoderm/mesoderm
commitment, the hanging drop method was used for EB

formation. The duration of hanging drop was determined
by RT-PCR analysis of endoderm-associated gene Gata6,
4 d after hanging-drop with LIF deprivation as previously
described[22]. The ES clones of ESC26GJ could express
eGFP constitutively (Figure 2A and B). The germline
transmission property indicated that the potent integrity
was preserved.
The high efficiency of DsRed-N1 expressing vector
tr a n s f ecti o n wa s s h own i n E B -d i s s o ci a ted cells.
Approximately 70%-80% of cells with red fluorescent
were detected 48 h after nucleofection, and the intensity
increased 72 h after nucleofection (Figure 2C-E). Four
kinds of programs (All A-13, A-23, A-24 and A-30),
suggested by the manuscript, were specific for ES cell
transfection. However, no significant difference in plasmid
delivery efficiency was observed in our experiments
www.wjgnet.com
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Figure 3 Relative mRNA level of relative gene expression 4 (before nucleofection), 8, 12 and 18 d after experiment. The highest expression was 100%. Genes such as
oct-4, sox-17, foxa 2, mixl 1, pdx-1, insulin 1, glucagons, somatostatin and GADPH were detected.

(Figure 2F). Compared to another traditional
electroporation method (750 V/cm, 100 μs, single pulse),
n�����������
ucle�������
ofectorTM had a higher plasmid delivery efficiency
(Figure 2F). The fluorescent signal could be detected till
the end of the experiment �����������������������������
(18��������������������������
d) under G418 selection,
although the intensity was decreased. No significant
difference was shown in the gene delivery efficiency when
using the DsRed-N1 plasmid incorporated with pax4 or
mock control.

Detection of differential expression of endodermal and
pancreatic genes in differentiated mES cells by RT-PCR

Pax-4 expression and possible immediate effects of
differentiation were detected. Not only pax-4, but also
oct-4, foxa2 genes were examined by RT-PCR. Differences
in oct-4, un-differentiation marker, foxa2, endodermal
marker, were revealed. Compared with the undifferentiated
ES cells and the ES cells nucleofected with mock plasmid,
the lower oct-4 expression was demonstrated when EB
derived ES cells nucleofected with pax4 plasmid, and
the higher foxa2 gene expression was shown 36 h after
nucleofection (data not shown). The gene expression was
evaluated by semiquantitative PCR (SQ-PCR). Not only
oct-4, but sox-17, foxa2 and mixl1, endodermal markers,
pdx-1, insulin 1, glucagons and somatostatin, pancreatic
relative genes and GADPH were also examined (Figure 3).
Significant influence of pax4 gene expression was shown
on oct-4, foxa2, pdx-1, insulin 1 and somatostatin,
www.wjgnet.com

indicating that pax4 nucleofection could enhance EBdissociated cells to initiate pancreatic differentiation.
Evaluation of insulin producing cell formation
The IPC formation efficiency was evaluated, and the
number of insulin producing cells, insulin secretion and
insulin content in cell population were all considered.
The percentage of insulin-expressed cells in pool was
examined in four groups of cells by immunofluoresent
staining on d 4, 8, 12 and 18 in the experiment, and the
ratio was quantified (Figure 4A). Insulin-expressed cells at
onset were observed 4�����������������������������������
d���������������������������������
after��������������������������
�������������������������������
neucleofection�����������
�������������������������
. However,
the percentage of IPCs increased rapidly on d 12 of the
experiment in the group of pax-4 expressed ES cells.
On the 18th d of the experiment, approximately 55�����
�������
% of
cells with insulin were detected. However, ��������������
approximately
18�������������������������������������������������������
%������������������������������������������������������
and 8%
�������������������������������������������������
of cells �������������������������������������
were revealed in
�����������������������
the groups of cells
transfected with mock plasmid��������������������������
and����������������������
pax4 siRNA plasmids,
respectively.
Insulin secretion, especially under glucose induction,
was a criterion for the maturation of IPC differentiation.
Glucose inducible insulin secretion was examined on
d 4, 8, 12 and 18 of the experiment. The result is shown in
Figure 4B. The significant increase of insulin in the
medium was shown in the groups of cells with pax4 on
d 12 and 18. The effect of IPC differentiation guidance
by medium was demonstrated by the result of the groups
of cells with mock plasmid delivery, and no significant
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cell transplantation. The concentration of blood glucose was monitored every two
days.
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microenvironment suitable for the differentiation of
endocrine cells[25]. A total of 1 × 106 pax4+ EB derived ES
cells, mock plasmid-nucleofected control and pax4 siRNA
plasmid (on d 18 of the experiment) were implanted into
the subcapsular space of the left kidney (n = 6, each).
Blood glucose was examined every two days before and
after the transplantation (Figure 5). Although the blood
glucose reduced in both groups of transplanted animals
compared to the untreated control group, lower blood
glucose was observed in the group of animals implanted
pax4+ ES cells. Results showed that IPCs derived from
ES cells with pax4+ plasmid nucleofection could restore
the blood glucose nearly to its normal level in the STZpretreated SCID mice.

mmol/L

Figure 4 Efficiency of IPC formation. A: Ratio of DsRed- expressed cells 4
(before nucleofection), 8, 12 and 18 d after experiment in the groups of cells
with pax-4, mock and pax-4 siRNA plasmid; B: Insulin secretion in medium
detected by ELISA; C: Insulin content in cells after 24 h incubation with different
concentrations of glucose (5 mmol/L, 15 mmol/L or 30 mmol/L) and with/without 10
μmol/L Tolbutamide treatment (T)

insulin raise was detectable in the groups with ���������
mock and
pax4 siRNA gene expression�������������������������������
at the same time��������������
. The insulin
content in cells of variant groups was demonstrated
on 18th d after the examination, and its relationship
with glucose concentration in medium was discussed.
In the group of ES cells with external pax4 expression,
a higher insulin content was obser ved. The insulin
content enhanced when the glucose concentration in the
medium was increased. Moreover, the insulin content was
susceptible to�����������������
�������������������
Tolbutamide (10 μmol/L, Figure 4C).
Normoglycemia restoration of ST- pretreated SCID mice
after transplantation of differentiated IPCs from ES cells
To examine the normoglycemia restoration of IPCs derived
from ES cells with pax4 expression in transplantation,
SCID mice pretreated with STZ were employed. The
space of renal subcapsula in mice could provide the

DISCUSSION
A strategy guiding stem cells to commit/differentiate the
specific type of cells/tissue effectively is the essential criterion for its���������������������������������������������
further�������������������������������������
��������������������������������������������
therapeutic
������������������������������������
application. Meanwhile,
the manipulating convenience and autograft transplant
possibility should also be considered. �����������������
Various attempts
have been discussed, such as addition of �������������������
all-trans retinoic
6-9]
acid[����
or activin
���������
A[8,10-12]� in defined medium�����������
.����������
H��������
���������
owever,
the efficiency for IPC formation guidance still need��������
s�������
to be
31�]
proved.����������
Lumelsky et al[���
have developed a five-step protocol by supplement of ITSF in serum-free medium. However, the evidence indicates that insulin detected in the
differentiated ES cells might be external and direct toward
the medium they used[23, 24, 32�].
During embryogenesis, several growth and transcription
factors are involved in β-cell differentiation[2��1�]. Pax4 is a
crucial regulator of mammalian pancreas development
since the lack of activity prevents the formation of
5,33�]
mature pancreatic insulin-producing cells[2�����
. Pax4 has
been shown to bind to a cis-acting element of pancreatic
34,35�]
islet cell enhancer sequence[������
, which is present in the
promoters of glucagons, insulin and somatostatin, and this
interaction is necessary to activate the gene expression.
The elegant studies of Pax4-deficient embryonic pancreas,
www.wjgnet.com
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36�]
37,38�]
by Dohrman et al[���
and Wang et al[������
revealed that the
lack of Pax4 activity forces endoderm progenitors to
adopt an alternative α-cell fate, and down-regulates the
expression of early markers of β-cell differentiation and
islet formation, such as Pdx1, Hlxb9, and MafA. Recently,
a large-scale screening of molecular epidemiology found
that patients carrying missense mutations of Pax4 (R121W,
R133W or R37W) show severe defects in the first-phase
39�]
of insulin secretion in� β cells[���
, suggesting that the gene
mutations of Pax4 are associated with typeⅠdiabetes.
Raising pax4 expression to enhance IPC differentiation
in ES cells has been studied in vitro [2��1�] . ES cells with
external pax4 constitutive expression clone have been
established, and the manipulation seems intact in ES cells
with no significant variant observed in ES cell proliferation
2��
1�]
and formation of EB[���
. The higher percentage of IPC
was observed in the group of pax4 expressed ES cells,
indicating that pax4 could be an optimal candidate with
safer and more effective in manipulation.
Although external pax4 expression ��������������
can ����������
raise IPC
for mation, stable clone constr uction with external
pax4 expression is not acceptable ���������������������
in�������������������
clinical ���������
practice
if autograft is
�������������������������������������������
����������������������������������������
considered. The attempt to simplify the
method was illustrated in the present study, to evaluate
the enhancement of IPC formation by using transient
pax-4 gene �������������������������������������������������
delivery�����������������������������������������
. In order to����������������������������
increase�������������������
the gene delivery
efficiency in ES������������������������������������
cells������������������������������
, the nucleofector system was
employed����������������������������������������������
, and the refinement��������������������������
������������������������������������
was shown����������������
.���������������
��������������
A�������������
pproximately
70% of nucleofected cells showed the DsRed fluorescence
2 d��������������������������������������������������������
after��������������������������������������������������
�������������������������������������������������������
nucleofection,
�������������������������������������������������
higher than the comparative study
with traditional electroporation method. The enhancement
of IPCs was revealed in ES
�������������������������������
cell �����������������������
population and insulin
secretion and content level���������������������������������
were����������������������������
susceptible����������������
���������������������������
to�������������
���������������
the glucose
concentration in vitro. From the related gene expression
monitored by SQ-PCR, the differentiation was shown��.�
T���������������������������������������������������������
he onset raise of foxa2, pdx-1, insulin and somatostatin
gene was shown ������������������������������������������
8 d after neucleofection, suggesting that
pax-4 accelerates the differentiation. Significant differences
were observed in genes such as foxa2. The foxa2 gene is
40, 41�]
specific for endoderm differentiation[�������
. For pancreatic
differentiation, foxa2 has been proved to be an up-stream
42-44�]
gene that regulates pdx1 expression[������
. Foxa2 is essential
[������
41-45�]
for hepatic differentiation
. The
��������������������������
mechanism why rais����
ing�
pax-4 expression level in ES
������������������������������
cell ����������������������
population cause������
s�����
IPC
differentiation more effective���������������������������
ly�������������������������
is not well-understood.
Some phenomena���������������������������������������
������������������������������������������������
��������������������������������������
are to be solved����������������������
,���������������������
for example���������
not all
pax-4 neucleofected ES cells
��������������������������������
(DsRed��������������������
��������������������������
-�������������������
express�����������
ing��������
cells)
become IPCs (insulin secretion). More
��������������������������
studies are required
to understand the mechanism��.�
The enhancement of IPC formation derived from
endoder m/mesoder m commitment ES cells via
nucleofection was demonstrated both in vitro and in vivo. By
the transient force of pax4 expression and G418 selection,
when the tendency of ES cell differentiation was guided,
IPC formation became more effective.
In conclusion, enhancement of IPC differentiation
from EB-dissociated ES cells can be revealed by simply
using pax4 expressing plasmid delivery. Not only more
IPCs can be observed, but also pancreatic differentia�����
tion�rela������������������������������������������������
ted���������������������������������������������
genes can be detected by SQ-PCR. Expression
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of rela�����������������������������������������������������
t����������������������������������������������������
ive genes, such as foxa 2, mixl 1, pdx-1, insulin 1
and somatostatin after nucleofection, suggests that pax4
accelerates the whole differentiation progress. T����������
he higher
insulin production with glucose dependent modulation�
�����������
suggests��������������������������������������������������
that pax4 expression can�������������������������
����������������������������
drive more mature IPCs.�
Although the entire mechanism is still to be determined,
the potential of pax-4-nucleofected cells in medical
treatment is promising.
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of HIF-1α and VEGF. The mean survival time and the
5-year survival rate in cases with positive expression
2
HIF-1α and VEGF and MVD value ≥ 41.5/0.72 mm were
significantly lower than those with negative expression
2
of HIF-1α and VEGF and MVD value < 41.5/0.72 mm .
CONCLUSION: Overexpression of HIF-1α is found in
gastric carcinoma. HIF-1α may induce the angiogenesis
in gastric carcinoma by upregulating the transcription
of VEGF gene, and take part in tumor invasion and
metastasis. They can be used as prognostic markers of
gastric cancer in clinical practice.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To investigate the implication of the hypoxia
inducible factor HIF-1α mRNA in gastric carcinoma and
its relation to the expression of vascular endothelial
growth factor (VEGF) protein, tumor angiogenesis
invasion/metastasis and the patient's survival.
METHODS: In situ hybridization was used to examine
expression of HIF-1α mRNA, and immunohistochemical
staining was used to examine expression of VEGF protein
and CD34 in 118 specimens from patients with gastric
carcinoma.
RESULTS: The positive rates of HIF-1α mRNA and VEGF
protein were 49.15% and 55.92%, respectively. Positive
expressions of HIF-1α and VEGF in stage T3-T4 tumors
and those with vessel invasion, lymph node metastasis
and distant metastasis were dramatically stronger than
stage T 1-T 2 cases and those without vessel invasion,
lymph node metastasis and distant metastasis. The mean
microvascular density (MVD) in stage T3-T4 tumors and
those with vessel invasion, lymph node metastasis and
distant metastasis was significantly higher than stage
T1-T2 tumors and those without vessel invasion, lymph
node metastasis and distant metastasis. The mean MVD
in tumors with positive HIF-1α and VEGF expression was
significantly higher than that in tumors with negative
HIF-1α and VEGF expression. The expression of HIF1α was positively correlated with VEGF protein. There
were positive correlations between MVD and expression
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INTRODUCTION
Angiogenesis plays an important role in tumor growth
and metastasis[1,2]. The formation of tumor microvessels
is stimulated by angiogenic factors, especially vascular
endothelial growth factor (VEGF)[3-5]. Hypoxia is related
to tumor cell growth, differentiation, invasion and metastasis activity. In recent years, studies showed that hypoxia
inducible factor-1 (HIF-1) played an important role in
oxygen balance and tumor angiogenesis[6]. HIF-1 consists
of α and β subunits, and HIF-1α is a key subunit of HIF
activity regulated by hypoxia[1]. HIF-1 mRNA and protein
overexpression was found in a variety of tumors, including breast cancer, prostate cancer, kidney cancer, rectal
adenocarcinoma, etc[2,4,7-9]. However, research on HIF-1α
in gastric cancer was rarely reported. In the present study,
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in situ hybridization was used to examine the expression of
HIF-1α mRNA in gastric carcinomas and explore its relationship with VEGF protein, microvascular density (MVD)
and survival, and to investigate the role of HIF-1α and
VEGF in invasion, metastasis and prognosis of patients
with gastric cancer.

MATERIALS AND METHODS
Patients and tumor tissues
One hundred and eighteen gastric carcinoma samples were
collected in our hospital from October 1988 to November
2000. Complete over 5 years follow-up data were available
for all these cases (follow-up ended in December 2003).
Recurrence happened in 72 cases, of which 63 died. The
survival period was calculated from the day of operation
to the end of the follow-up or to the date of death. The
average age was 59.2 years (range from 38 to 78) and
the male to female ratio was 2:1 (79:39). According to
the standard classification of WHO (1999), 19 patients
had papillary adenocarcinomas, while 39, 37, 12 and 11
had the tubular adenocarcinomas, poorly differentiated
adenocarcinomas, mucinous adenocarcinomas, and signetring cell carcinomas, respectively. Highly and moderately
differentiated carcinomas were found in 70 cases, while
poorly and undifferentiated carcinomas were found in 48
cases. According to the tumor, lymph node, and metastasis
(TNM) standard, there were 20, 27, 40 and 31 cases of
T1, T2, T3, and T4 carcinoma, respectively. Eighty-three
cases had lymph node metastasis and 35 cases had no
metastasis. Distant metastasis of carcinomas were found in
53 cases (liver metastasis: 21 cases, peritoneum metastasis:
32 cases), while no distant metastasis in 65 cases. Twenty
control cases were collected from the same gastric mucosa
5 cm away from the carcinoma tissues.
Histological treatment
In order to avoid the RNase contamination, all the glass
slides, slide covers and stain containers were treated with
100 g/L DEPC for 24 h. Gloves were used when handling
tissue cutting and 100 g/L SDS was used to clean the
cutter. All the sections were spread on glass using 100 g/L
DECP-treated ddH2O. The tissues were cut into pieces
in 5-7 mm thickness and kept at 4℃, and foil covered for
HE stain, immunohistochemistry and in situ hybridization.
Reagents
Digoxin-labeled oligonucleotides probes and detection
kit were purchased from Boshide Biological Technology
Limited Company, Wuhan, China. The sequences of
HIF-1α probes (MK1201) were (1) 5'-TTATG AGCTT
GCTCA TCAGT TGCCA CTTCC-3′; (2) 5′-CTCAG
TTTGA ACTAA CTGGA CACAG TGTGT-3′; (3) 5′
-GGCCG CTCAA TTTAT GAATA TTATC ATGCT-3′.
Mouse anti-human VEGF and mouse anti-human CD34
and SP kit were purchased from Maixin Biotech Co.
Fuzhou, China. The working concentrations of VEGF
and CD34 were 1:80 and 1:120, respectively.
In situ hybridization
The tissue slides were routinely dehydrated before in situ
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hybridization, and were washed thrice with 0.5 mol/L PBS
(3 min each time), then incubated with 30 mL/L H2O2 for
10 min at room temperature. Digestion was obtained with
pepsin at 37℃ for 10 min, followed by washing thrice with
0.5 mol/L PBS (3 min each time) and once with distilled
water. Then 20 μL prehybridization solution was used
for each group and incubated in wet chamber for 2h at
40℃. In situ hybridization solution (probe concentration
2 mg/L) was added into and incubated at 45℃ for 16 h
in a wet chamber. Post-hybridization washing was done
with 2 × SSC thrice (5 min each time), and the slides were
blocked with normal serum at 37℃ room temperature for
30 min. After directly adding mouse-anti-digoxin antibody
for 1h at 37℃, slides were washed thrice with 0.5 mol/
L PBS (2 min each time), followed by incubation with
streptavidin-biotin complex (SABC) at 37℃ for 20min.
Finally, the slides were washed four times with 0.5 mol/L
PBS (5 min each time), stained with DAB for 10 min and
counterstained with hematoxylin solution. Hybridization
solution without probe and RNase-treated sample served
as negative controls.
Immunohistochemistry
Immunohistochemistr y was made according to the
streptavidin peroxidase (SP) methods. Staining step
followed the routine process[5] in order to examine the
specificity of immunostaining, and preabsorbation of
anti-VEGF antibodies with recombinant human VEGF
was used to replace the primary antibodies as the negative
control.
Results evaluation
Briefly, five fields of highly vascularized areas (× 400) in
each slide were counted in 200 cells in each field. In the
end, 1000 cells were randomly chosen under microscopy
to evaluate the stained cell number against the total
cell number in the field. Based on the HIF-1α mRNA
positive cell number (the cytoplasm or nucleus of the cells
appeared brown in color), the criteria were set as follows[10]:
negative (-): less than 1% positive cells or without positive
staining; (+): 1%-10% positive cells; (++): 11%-50%
positive cells; and (+++): more than 50% positive cells.
Based on the VEGF-positive cell number (the cytoplasm
or membrane of the cell appeared brown in color), the
criteria were[7]: negative (-): no positive staining; (+): less
than 25% positive cells; (++): 26%-50% positive cells; and
(+++): more than 50% positive cells. The MVD in the
carcinoma tissue was calculated as previously described[11].
Briefly, positive staining microvessel was stained brown
yellow in color by CD34. MVD was expressed as the
average number of the positive microvessel in five most
highly vascularized areas chosen randomly with 200 ×
fields in each slide, described as mean ± SD.
Statistical analysis
Statistical evaluation was performed using χ2 test or Fisher's
exact test to differentiate the rates of different groups,
t test was used to analyze quantitative data, and rank
sum correlation was analyzed with Spearman's test. The
survival rate was estimated by the Kaplan-Meier method
www.wjgnet.com
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Figure 1 The expression of HIF-1α mRNA in gastric cancer tissue. A: HIF-1α mRNA was negative (-) in nontumorous gastric epithelial mucous. In situ hybridization
and visualization with DBA. Magnification × 120; B: Moderately differentiated adenocarcinoma was involved with muscular layer. HIF-1α mRNA was positively expressed
(+++). In situ hybridization and visualization with DAB. Magnification × 180; C: Moderately differentiated adenocarcinoma was involved with serosa layer. HIF-1α mRNA
was positively expressed (++). In situ hybridization and visualization with DAB. Magnification × 210; D: Moderately differentiated adenocarcinoma was involved with great
omentum. HIF-1α mRNA was positively expressed (++). In situ hybridization and visualization with DAB. Magnification × 240.

and analyzed by log-rank test. P < 0.05 was considered
statistically significant. SPSS12.0 software for windows was
employed to analyze all the data.

RESULTS
Relationship between HIF-1α mRNA expression and
patient's clinical and pathologic parameters
The positive HIF-1α mRNA signal is the yellowish brown
pellet, mainly located in the cytoplasm of tumor cells.
In this study, positive HIF-1 α mRNA expression was
shown in 58 samples (58/118), and the positive expression
rate was 49.15%. There was positive expression in most
human myometrium and serosa, extraserosal omentum
carcinoma and gland, but no expression in nor mal
gastric mucosa (Figure 1A-D). There was no significant
difference in the level of HIF-1 α mRNA expression
within various types of gastric cancer, highly differentiated,
differentiated adenocarcinomas, poorly differentiated
and undifferentiated carcinoma (P > 0.05), but the HIF1α mRNA expression level was related to the depth of
tumor invasion, vascular invasion, lymph node and distant
metastasis (P < 0.005) (Table 1).
Relationship between VEGF protein expression and
patient's clinical and pathologic parameters
VEGF was dyed into brown granules, mainly located in
the cytoplasm of tumor cells, few in membrane. Normal
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gastric mucosa almost does not express VEGF. Within
118 cases of gastric cancer, the VEGF positive expression
was shown in 66 cases, and the positive expression rate in
55.92%. Dyeing of the front region with tumor infiltration
was stronger than the central spot (Figure 2A-D). The
stomach cancer clinical patholog y parameters had
remarkable difference in positive expression rate of VEGF
(Table 1). Statistical analysis indicated the positive VEGF
expression rate had nothing to do with the differentiation
of gastric cancer (P > 0.05), however the positive VEGF
expression rate of papillary adenocarcinoma was obviously
lower than other types (P < 0.005).
Relationship between MVD expression and patient's
clinical and pathologic parameters
MVD is not related to the types of gastric cancer (P > 0.05),
but to the degree of differentiation, the depth of tumor
invasion, vascular invasion, lymph node and distant
metastasis (P < 0.005) (table 1).
Relationship between HIF-1α , VEGF and blood vessel
density
MVD of positive HIF-1α mRNA expression tissues was
52.78 ± 7.59/0.72 mm2, being higher than the negative
expression group (32.75 ± 14.07/0.72 mm2, P = 0.0048);
MVD of positive VEGF expression group was 53.83 ±
6.65/0.72 mm2, remarkably higher than the expression
of negative group (28.84 ± 10.69/0.72 mm2, P = 0.0001).
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Table 1 Correlation between expression of HIF-1α mRNA, VEGF and MVD and pathologic parameters in 118 patients with gastric
carcinoma
Clinicopathologic index

n

c2

HIF-1αmRNA
-

+

++

+++

19
39
37
11
12

12
20
16
5
7

3
2
1
0
0

2
5
7
0
2

2
12
13
6
3

70

39

5

9

48

21

1

Depth of invasion
T1-T2
T3-T4

47
71

36
24

Vessel invasion
No
Yes

29
89

Lymph node metastasis
No
Yes
Distant metastasis
No
Yes

Type of tumor
papillary adenocarcinomas
Tubular adenocarcinomas
Poorly differentiated adenocarcinomas
Signet-ring cell carcinomas
Mucinous adenocarcinomas
Degree of differentiation
Well or moderately
differentiated adenocarcinomas
Poorly differentiated and
undifferentiated adenocarcinomas

c2

VEGF

t

MVD
2

-

+

++

+++

13
19
16
2
2

0
0
2
2
2

2
12
10
2
2

4
8
9
5
6

17

34

2

16

18

40.12 ± 15.52

7

19

18

4

12

14

43.70 ± 14.93

3
3

1
15

7
29

35
17

2
4

4
24

6
26

24
36

3
3

0
16

2
34

28
24

0
6

0
28

1
31

35
83

27
33

3
3

0
16

5
31

30
22

1
5

1
27

3
29

63
55

52
8

6
0

2
14

3
33

48
4

4
2

5
23

6
26

14.5

23.75

4.48

9.04
25.69 ± 10.11
46.75 ± 13.01

35.52

72.06

D

6.23
31.98 ± 14.37
47.93 ± 12.41

43.06

18.99

C

1.26

30.05

22.03

B

34.35 ± 17.47
40.20 ± 14.84
40.24 ± 15.47
48.63 ± 12.28
48.98 ± 10.41
2.65

24.22

A

(/0.72 mm )

8.77
27.07 ± 11.33
47.69 ± 12.41

61.71

12.91
30.81 ± 12.43
53.91 ± 6.42

Figure 2 The expression of VEGF protein in gastric cancer tissue. A: VEGF was negative (-) in nontumorous gastric epithelial mucous. In situ hybridization and visualization
with DBA. Magnification × 120; B: Poorly differentiated adenocarcinoma was involved with muscular layer. VEGF was positively expressed (+++). In situ hybridization and
visualization with DAB. Magnification ×180; C: Moderately differentiated adenocarcinoma was involved with serosa layer. HIF-1αmRNA was positively expressed (+++).
In situ hybridization and visualization with DAB. Magnification × 200; D: Poorly differentiated adenocarcinoma was involved with great omentum. VEGF was positively
expressed (++). In situ hybridization and visualization with DAB. Magnification × 220.
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Table 2 Relationship between HIF-1α mRNA, VEGF and MVD
value and prognosis of gastric carcinoma
Groups

n

Mean survival time (mo)

5-yr survival (%)

HIF-1α mRNA
+

60
58

127 ± 10.25
37 ± 12.65

82.72
25.67

VEGF
+

52
66

117 ± 11.32
45 ± 10.82

75.35
21.22

76
42

130 ± 10.72
43 ± 11.78

83.75
20.42

A
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1.2
HIF-1a(+)
HIF-1a(+)-censored

1.0
Cumulative survival rate (%)
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HIF-1a(-)
HIF-1a(-)-censored

0.8
0.6
0.4

2

MVD (/0.72 mm )
< 41.5
≥ 41.5

0.2
0.0

0

20

40

60

80

100

120

140

t (survival time)/mo

Relationship between HIF-1α mRNA, VEGF protein, MVD
and prognosis
The data of patients' medium survival time and the 5-year
survival rate are described in Table 2. The results showed
that there were significant differences in average survival
time between HIF-1α and VEGF negative and positive
groups, and between MVD ≥ 41.5/0.72 mm2 and MVD
< 41.5/0.72 mm2 groups (P = 0.001, 0.003 and 0.001).
The survival rate was similar (P < 0.05) and the survival
curves are shown in Figure 3A-C.

B
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VEGF(+)
VEGF(+)-censored
VEGF(-)
VEGF(-)-censored

0.8
0.6
0.4
0.2
0.0

DISCUSSION

0

20

40

60

80

100

120

140

t (survival time)/mo

C

1.2
MVD < 41.5
MVD < 41.5-censored

1.0
Cumulative survival rate (%)

HIF-1α is a DNA binding protein, which could be induced
by hypoxia, NO[12] and Cocl2. The HIF-1α transcription in
either tumor tissues or normal cells is mediated by oxygen
concentration. Levels of HIF-1 protein increases greatly
under low oxygen concentration, whereas it decreases
rapidly after exposure to 20% oxygen. The regulating
genes of HIF-1α are involved in energy metabolism[13], ion
metabolism, and angiogenesis and vessel shrinks control,
which mediates gene transcription of erythropoietin and
vascular endothelial growth factor, glycolytic enzyme.
Under hypoxia, in order to respond to hypoxia stress,
many genes of tumor cells change in transcription and
expression, which named the oxygen deficit response
genes (HRGs). Among HRGs, those regulated by HIF1α are called the HIF-1α target genes and they harbor
one or more hypoxia response elements (HREs) at their
promoters and enhancers. The HRE typical sequence is 5'TACGTG-3' [14,15], which is the binding site of HIF-1α
mRNA. Activated HIF-1α binds with HREs and forms
HIF-1, P300/CBS CAMP response elements binding
protein complex (CREB), and subsequently initiates
transcription of the target genes. P300/CBS interacts
with HIF-1α through Chi area and stimulates target gene
translation. Their products play crucial roles in tumor
vessel formation and transformation.
HIF-1α is an ephemeral protein with a half-life less
than 1 minute and is rapidly degraded via ubiquitinproteasome pathway under normoxic condition. On the
contrary, HIF-1α expression would increase by deceasing

1.2
1.0

Cumulative survival rate (%)

1α and the VEGF protein expression levels was 0.332
(P = 0.012) and 0.412 (P = 0.001), respectively.

MVD ≥ 41.5
MVD ≥ 41.5-censored

0.8
0.6
0.4
0.2
0.0

0

20

40

60

80

100

120

140

t (survival time)/mo

Figure 3 Relationship between HIF-1α mRNA, VEGF protein, MVD and
prognosis. A: Survival curves by the Kaplan-Meier method. Log-rank test revealing
a significant difference between negative and positive expression of HIF-1α mRNA
(P < 0.05); B: Survival curves based on the Kaplan-Meier method. Log-rank test
revealing a significant difference between negative and positive expression of
VEGF (P < 0.05); C: Survival curves by the Kaplan-Meier method. There was a
significant difference in Log-rant test between patients with MVD value < 41.5/0.72
mm2 and those with MVD value ≥ 41.5/0.72 mm2.

ubiquitination activity or blocking ubiquitination through
mutation under hypoxia condition. Therefore, HIF-1α
expression could indirectly reflect the degree of hypoxia
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of tissues. Researches showed that HIF-1α mRNA and
protein could not be detected in the majority of normal
tissues, but they were overexpressed in a variety of human
tumors[5,16], and closed correlated to tumor progression,
invasion and prognosis[17]. Schindl, et al[18] detected HIF-1α
expression in 206 cases of breast cancer with lymph node
metastasis, patients with HIF-1α protein overexpression
had a high mortality and low survival. Our data showed no
HIF-1 mRNA expression in normal gastric mucosa either.
However, the expression of HIF-1 mRNA in T3 and T4
gastric cancers was significantly higher than T1 and T2, and
had a close relationship with vascular invasion, lymph node
metastasis, peritoneal and liver metastasis. This finding
suggested that HIF-1α might play an important role in
invasion and metastasis of gastric cancer cells and could
be an important indicator of gastric cancer progression.
VEGF is an endothelia-specific mitosis-triggered
protein, which is one of the most important cytokines
to induce tumor angiogenesis. The expression of VEGF
gene was regulated by a variety of cytokines, oncogenes,
products of tumor suppressor genes and hypoxia [19,20].
Under hypoxic conditions, HIF-1 can bind to 5' enhancer
region of VEGF and promote the transcription and
expression of VEGF[21], hence increasing angiogenesis and
blood supply of hypoxia area. On the other hand, HIF1α also increases VEGF mRNA stability under hypoxic
conditions[22]. Our data showed that expression of VEGF
protein in the group with positive expression of HIF1α mRNA was significantly higher than the group with
negative expression of HIF-1α mRNA (P = 0.002). The
result showed VEGF was highly expressed in gastric
cancer, and it was positively correlated to the expression
of HIF-1α, MVD also increased significantly following
the expression of VEGF. These results suggested that
the transcription of VEGF gene might be regulated by
HIF-1. VEGF can stimulate tumor angiogenesis and play
an important role in invasion and metastasis of gastric
carcinoma[23].
Under abundant vessel condition, tumor cells could
not only acquire the necessary nutrients, grow rapidly
and damage the surrounding tissues by infiltration, but
facilitate mobility and subsequently increase distant
metastasis. The results of this study showed that MVD
was significantly correlated with depth of invasion, pattern
of growth, lymph nodes metastasis, liver and peritoneal
metastasis, and invasive growth, metastasis and recurrence
had a close relationship with angiogenesis, so it is likely to
become one of the indicators to predict the prognosis of
gastric cancer[24]. Furthermore, our data also revealed that
MVD values in cases with positive expression of HIF1α mRNA and VEGF protein were significantly higher
than those with negative expression. These results showed
that expression of HIF-1α mRNA was closely related to
expression of VEGF, MVD, lymph node metastasis, TNM
staging and prognosis. Cox multivariate model analysis
showed that HIF-1α could be used as an independent
prognostic factor. The underlying mechanism might be as
follows: with the continuous growth of the tumor, lack
of blood supply induces the expression of HIF-1α which
increases VEGF transcription and angiogenesis, promotes
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tumor proliferation and infiltration into neighboring
tissues and distant metastasis[25]. Richard et al[26] believed
that hypoxia, oncogene activation and tumor suppressor
gene inactivation can cause HIF-1α gene activation and
excessive translation, thus HIF-1α protein binding to the
promoter sequences 5'-A/GCGTG-3 of VEGF gene and
activating its transcription. Finally, this cascade affects
tumor growth, invasion, metastasis and prognosis.
This preliminary study confirmed the overexpression of
HIF-1α in human gastric cancer. HIF-1α might promote
angiogenesis through increasing VEGF expression in
gastric cancers and be related to clinicopathologic staging.
Therefore, HIF-1 α could be used as an indicator of
prognosis in patients with gastric cancer [27,28]. It might
be a new target for treatment of gastric cancer through
blocking HIF-1α activity[29,30].
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Abstract
AIM: To study susceptibility genes which may play
a potential role in the pathogenesis and etiology of
inflammatory bowel disease (IBD).
METHODS: To identify potential susceptibility genes we
performed global gene expression profiling in patients
with IBD and control specimens. For determination of an
intrinsic gene expression profile in ulcerative colitis (UC)
and Crohn's disease (CD) compared to normal subjects,
mucosal biopsies of non-inflamed regions of the colon
and the terminal ileum were subjected to DNA microarray
analysis. Real-time RT-PCR and immunohistochemistry
were used for verification of selected regulated candidate
genes and a genetic analysis was performed.
RESULTS: We could show that aquaporin-8 (AQP8)
mRNA and protein levels were significantly increased in
the colon of UC patients compared to controls. Genetic
analysis of the six exons and the promoter region of
AQP8, however, revealed no mutations or polymorphisms
in IBD patients.
CONCLUSION: Our results suggest that upregulation of
AQP8 in the colon of UC patients represents a secondary
phenomenon which may, due to altered water exchange
of the distal intestinal mucosa, disturb the physiologic
colonic mucus barrier and thus lead to chronic inflammation and ulceration.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Crohn’s disease (CD) and Ulcerative colitis (UC) are
inflammatory bowel diseases (IBD) with shared clinical
and demographic features. Although, there has been
progress in understanding the pathogenesis of these
diseases in the last decade, the etiology remains unknown.
The current hypothesis suggests that environmental
factors trigger a breakdown in the regulatory constraints
on mucosal immune responses to enteric bacteria in
genetically susceptible individuals [1]. Mapping studies
indicate a strong inherited component but a large number
of putative susceptibility loci has complicated the
identification of IBD genes. So far, several potential IBD
susceptibility loci have been identified in different genomic
regions, containing numerous putative candidate genes[2,3].
In the absence of a priori candidate genes, experimental
techniques like quantitative expression studies, such as
microarray technology, seem to be an useful approach to
genome-wide searches for IBD genes and to narrow down
the number of genes to a reasonable size[4,5]. Reproducible
results were obtained by Dieckgraefe et al[5] who studied
differential gene expression in UC mucosal specimens
exclusively, using the first generation of Affymetrix arrays
(Hum 6000, a set of four chips which contain 256 000
individual oligonucleotide features representing 6500
human genes and Expressed Sequence Tags (ESTs), and
by Lawrance et al[4] who used the second generation of
Affymetrix arrays (HuGene Fl arrays 900160 and 900183)
to screen samples from both CD and UC patients. By
combining information from published IBD linkage
analysis and association studies with our Affymetrix
microarray results (mapping and arraying strategy[6]), we
obtained several genes of interest. Among them, we found
the significantly differentially regulated aquaporin-8 (AQP8)
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gene, which is located on chromosome 16p12.1 and thus
within the IBD locus 8[7]. Therefore, we focused on the
analysis of this gene in the present study.
The aquaporins (AQPs) are a family of small (about
30 kDa) integral membrane proteins that function as
water channels in animals, plants and bacteria. So far, 13
AQP homologues have been identified in mammals and
an increasing number of disturbances have been found
associated to the abnormal function of these proteins[8-11].
Among mammalian aquaporins, two subgroups have been
defined: “aquaporins” and “aquaglyceroporins”. Compared
with the sequence of the aquaporins (e.g. AQP1, AQP2,
AQP4, AQP5, AQP6, and AQP8), the aquaglyceroporins
(e.g. AQP3, AQP7, and AQP9) contain two additional
peptide spans required for the transport of glycerol, urea
and even larger solutes[9,11]. The capability to transport
glycerol as backbone molecule for triglycerides also links
aquaporins to lipid metabolism, thus regional expression
of AQPs may influence fatty acid metabolism in highly
asorptive tissues such as the intestine.
Due to its cellular and subcellular distribution it is
concluded that AQP8 plays an important role in the
absorption of water in the intestine and that AQP8
may also be involved in processes of intracellular
osmoregulation and mucosal fluid fluxes[12].
Moreover, Fischer et al[13] assume that AQP8 is a marker
of normal proliferating colonic epithelial cells because they
failed to detect AQP8 mRNA in de-differentiated colonic
cells during colorectal carcinogenesis. Taken together,
literature data underscore the importance of AQP8 in the
absorption of fluids in the gastrointestinal (GI) tract and
putatively, in intracellular osmoregulation.

MATERIALS AND METHODS
Affymetrix U133 Gene Chip expression analysis of RNA
samples from IBD biopsy samples
In this study we have employed microarray experiments
to screen mucosal gene expression in non-inflamed regions
(10 cm distant from pathological areas, no endoscopic
signs of inflammation) of UC and CD patients and healthy
controls from two different locations, terminal ileum and
transverse colon. Therefore, we used the Affymetrix Human
Genome U133A and U133B Gene Chip set which covers
39 000 transcripts and variants, including more than 33 000
well-substantiated human genes. The microarray experiments
were performed and analyzed according to the Gene Chip
Expression Analysis Technical Manual (Affymetrix, Santa
Clara, USA). The complete data set is publicly available in
the NCBI Gene Expression Omnibus (http://www.ncbi.
nlm.nih.gov/geo/) through the accession number GSE1152.
To correct for interindividual differences and to enrich for
IBD-specific transcriptional events, we pooled four samples
from each RNA source: UC patients, CD patients and
controls, terminal ileum and transverse colon, respectively.
Patients’ characteristics are given in Table 1. Only genes
whose expression differed by a factor ≥ 2 were considered
as significantly regulated and were included in the further
analyses. For pooling, 2.5 µg of total RNA from each sample
were used. This approach allowed to preserve remaining
RNA material, which can be used for real-time RT-PCR
www.wjgnet.com
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Table 1 Patients’ characteristics
Disease

Controls

CD

UC

n
Sex (M/F)
Age, range (yr)
Age, mean (yr)

4
1/3
52-60
56

4
1/3
23-43
32

4
2/2
20-48
35

evaluation of significant and interesting gene candidates[14].
The study was approved by the institutional ethics committee
of the University of Regensburg.
Bioinformatic Steps to retrieve expression data for locuslinked genes
In the first step, a complete search for known IBD loci
in the Online Mendelian Inheritance in Man (OMIM)
database, containing a detailed description of all already
IBD linked susceptibility loci including the connected
sequence-tagged-site (STS) markers has been performed.
These markers were compared to the Human Genome
Project Working Draft (UCSC) database to identify all
known genes located in the particular chromosomal
regions. Based on a critical survey of known databases,
reference sequences were retrieved and a complete list
including mRNA sequences with Unigene numbers was
assembled for these putative IBD candidate genes. Finally,
based on Unigene IDs, it was possible to determine the
expression patterns of all transcripts present on the
Affymetrix U133A and U133B Gene Chips located in IBD
candidate genes.
TaqMan real-time RT-PCR
RNA extraction: Biopsy samples of 4 patients with UC,
4 patients with CD, and of 4 control patients (Table 1),
who underwent colonoscopy for other reasons than IBD,
including tumor staging, were obtained from ileum and
transverse colon, respectively and manually homogenized
in liquid nitrogen by a pestle. Afterwards, RNA extraction
was car ried out according to the manufacturer's
instructions using the RNeasy Midi Kit (Qiagen, Hilden,
Germany). The purity and integrity of the RNA were
assessed on the Agilent 2100 bioanalyzer with the RNA
6000 Nano LabChip reagent set (Agilent Technologies,
USA). The RNA was quantified spectrophotometrically
and then stored at -80℃.
cDNA synthesis: First-strand cDNA synthesis was
performed with the Reverse Transcription System from
Promega. To a master mixture (prepared in house)
containing 5 mmol/Lol/L MgCl2, 1x reverse transcription
buffer, 1 mmol/L deoxynucleotide triphosphate mixture,
1 unit/µL recombinant RNasin® ribonuclease inhibitor,
0.75 U/µL AMV reverse transcriptase and 1 µg of random
hexamer primers, we added 2 µg of total RNA and sterile
H2O to a final volume of 40 µL. The reaction mixture was
incubated at 42℃ for 60 min, followed by heat inactivation
of the enzyme at 95℃ for 5 min. After cooling on ice for
5 min, the cDNA was stored at -20℃.
TaqMan primers and probe design: The mRNA sequence
of the human AQP8 was derived from the NCBI
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Nucleotide database (accession number NM_001169)
a n d p r i m e r s a n d Ta q M a n p r o b e s we r e d e s i g n e d
with PrimerExpress Software, version 2.0 (Applied
Biosystems). All oligonucleotides and 6-carboxyfluorescein
(FAM)-labeled probes for TaqMan expression analysis
were obtained from MWG-Biotech (AQP8 forward
primer: 5’-gcctgaatttggcaatgaca-3’; AQP8 probe: 5’cagggagccgagcgtgggtg-3’; AQP8 reverse primer: 5’-aaaccg
ttcgtaccaggacact-3’). For the normalization of our results,
we used a VIC TM-labeled glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) TaqMan PDAR endogenous
control reagent set (Applied Biosystems). Each of the
probes was quenched by 6-carboxytetramethylrhodamine
(TAMRA) at its 3’ end.
Generation of calibration curves and TaqMan realtime RT-PCR: To quantify the results obtained by realtime RT-PCR, we used a calibration cur ve. For this
purpose, from a stock solution of HT29 cDNA generated
from total RNA, serial dilutions with 50, 25, 12.5, and
6.25 ng of cDNA were prepared. TaqMan PCR assays
were performed on an ABI Prism 7900 HT Sequence
Detection System (Perkin-Elmer Applied Biosystems). For
quantification of the AQP8 gene, we prepared a master
mixture containing 10 µ L of 2 × TaqMan Universal
PCR Master Mix, 1 µ L of both gene-specific forward
and reverse primer (each at 18 µ mol/L), respectively,
1 µL of the gene-specific probe (5 µmol/L) and 2 µL of
sterile water and aliquoted it into the wells of a 384-well
optical plate. A master mixture for the endogenous control
GAPDH containing 10 µL of 2 × TaqMan Universal PCR
Master Mix, 1 µL of predeveloped TaqMan assay reagents
(PDAR) from the endogenous control reagent set and
4 µL sterile water was treated similarly. Finally, triplicates
of cDNA templates equivalent to 50 ng of RNA were
added to a final volume of 20 µL. The thermal cycling
conditions were 2 min at 50℃ and 10 min at 95℃
followed by 45 cycles of 15 s at 95℃ and 1 min at 60℃.
For data analysis the Sequence Detector Software SDS
2.0 (Applied Biosystems) was used and the analysis was
performed as previously described by Langmann et al[15].
AQP8 immunohistochemistry
Immunohistochemical stainings for AQP8 were performed
on 2 µm sections of routinely processed, formalin-fixed
(4% neutral-buffered formaldehyde), paraffin-embedded
tissues using the alkaline phosphatase anti-alkaline
phosphatase technique (APAAP). After dewaxing, the slides
were incubated for 10 min at 90℃ in Target Unmasking
Fluid (TUFTM, Monosan, distributed by Biozol, Eching,
Germany) and washed with distilled water and Tris-buffered
saline (TBS; pH 7.6). The sections were incubated for
48 h at 4℃ with the primary antibody (rabbit polyclonal
anti-AQP8; Chemicon, Temecula, CA, USA), diluted 1:20
in TBS/0.2% acetylated bovine serum albumin (BSA;
Aurion, Wageningen, Netherlands)/0.1% Tween-20 (Carl
Roth GmbH, Karlsruhe, Germany) with addition of
2.5 mg/mL normal human immunoglobulins ( γ -venin;
Behring, Marburg, Ger many). After washing with
TBS/0.2% BSA/0.1% Tween-20, polyclonal mouse antirabit antibodies were added for 30 min (dilution 1:50;
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Table 2 Sequences of primers used for PCR amplification of
AQP8 promoter and coding region
AQP8 fragment Primer designation

5’-3’ sequence

Promotor region Pro-forward
Pro-reverse
Exon 1
Ex1-forward
Ex1-reverse
Exon 2
Ex2-forward
Ex2-reverse
Exon 3
Ex3-forward
Ex3-reverse
Exon 4
Ex4-forward
Ex4-reverse
Exon 5
Ex5-forward
Ex5-reverse
Exon 6
Ex6-forward
Ex6-reverse

CCGTGTTAGCCAGGATGG
GAAACCTGCACCTGCTGTG
CCCTGCCCTGTTGAGATTTA
AGGGAAAAAGGGACAGAGGA
AAGAGTCCGATGTTTGTGCC
CTTTGCTTTCCACACCCAGT
ACACTGTCTCAAGTGCCAGC
CACACCCACATATGCACCTC
GCAGGGTCGCACAGTAAAAT
CTGGCCCCTAATAGCAACTG
AGCCCCTCTGCCTTCTTTAG
TTCCAAACCCAAGTGAGAGC
AGCCTGGAGACATGACGAAG
AGAGCCTCCTCAGCAGTCAG

Dako, Hamburg, Germany), followed by rabbit-anti mouse
bridging antibodies (1:25; Dako) and the APAAP-complex
(1:50; Dako), which were applied in two separate incubation
cycles of 30 and 15 min, respectively. Naphthol ASbiphosphate (Sigma) and new fuchsin (Merck, Darmstadt,
Germany) served as the substrate for alkaline phosphatase.
Finally, the sections were counterstained with hematoxylin
and mounted (Aquatex, Merck, Darmstadt, Germany).
Incubations with use of normal rabbit immunoglobulins
(Dako) instead of the AQP8 specific antibody as the
primary reagent served as negative controls.
Sequencing and TaqMan allelic discrimination of the AQP8
gene in patients with IBD and in healthy controls
DNA isolation: Genomic DNA was extracted from
whole blood EDTA samples using QIAgen Midi Kit.
For single samples, the quality of the DNA was checked
by agarose gel and the concentration was determined by
absorption measurement. For larger sets of samples, the
DNA was pipetted into microtiter plates, the concentration
was determined using a Picogreen Assay (Molecular
Probes) and the DNA was normalized to a concentration
of 10 ng/µL. Normalization was carried out using BFXNormalization Software and Biomek FX pipetting robot
(Beckman Coulter).
DNA sequencing: To identify genetic variants in the
AQP8 gene DNA sequencing of the promoter region
and its six exons was performed on an ABI Prism 3100
Genetic Analyser with Big Dye Terminator technology
in 100 patients with either CD or UC and in 50 healthy
controls. PCR products were generated with the set of
primers presented in Table 2. The Sequencher software
(GeneCodes) was used to align the trimmed sequences to
each other or to the wild type sequence. All electronically
reported abnormalities and heterozygosities were checked
individually in the electropherogram.
TaqMan allelic discrimination: As a genetic casecontrol association study TaqMan allelic discrimination
was performed in 220 patients with UC, in 181 patients
with CD, and in 250 healthy controls to obtain single
nucleotide polymorphism (SNP) frequencies in IBD
patients compared to controls. In brief, this TaqMan assay
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Table 3 Sequences of primer and probes used for TaqMan
allelic discrimination of AQP8 SNPs

Table 4 Selection of differentially expressed genes located in
IBD candidate loci

AQP8 SNP

IBD
candidate
locus/Gene
Chr. 16q11-12
MMP2
TM4SF11
SIAH1
MT1G
NETO2
Chr. 12q13
DGKA
MYO1A
Chr. 5q32
SPARC
TGFBI
CAMLG
TCF7
SLC35A4
SEC24A
SLC26A2
EGR1
PACAP
Chr. 19p13
AES
MAP2K2
Chr. 1p36
CDC42
MFN2
C1QA
Chr. 16p12
MIR16
AQP8
MT1G
LITAF
PRKCB1
USP7
Chr. 7q11
WBSCR22
POR
SEMA3C
CLDN3
WBSCR20A
TMPIT
CLDN4
CD36
HSPB1
Chr. 4q25
ELOVL6
ENPEP
T2BP
SYNPO2
SEC24B
Chr. 3p21
ACY1
Chr. 3q27
AP2M1
TNIK
PRKCI
SI
EIF4G1
KLHL6
FXR1
Chr. 10q22
MYST4
RAI17

Primer designation

AQP8-A212T Forward primer
Reverse primer
FAM-Probe
VIC-Probe
AQP8-A260P Forward primer
Reverse primer
FAM-Probe
VIC-Probe
AQP8-R261Q Forward primer
Reverse primer
FAM-Probe
VIC-Probe

5’-3’ Sequence
CTTGGTGCCTGGGTGTTTG
AGCCAGTAGATCCAGTGGAAGTTC
CATGAATCCCACCCGT
TCCCGCCCGTGCT
GAGATGGGAAGACCCGCC
GGAATCCCACGAGCTCTGC
TCCTGAAGGCTCGGTGA
TCCTGAAGCCTCGGTGA
GGCAGGAAATGCAGGAACTC
GGGAAGACCCGCCTCATC
AGCTCTGCTTCACTGAG
AGTTCTGCTTCACCGAG

Exchanged nucleotides are given in bold.

involves the use of two detection probes, each recognizing
a specific allele. Each probe is labeled with a fluorophore
on its 5’ end (vic or 6-fam) and a non-fluorescent
quencher (nfq) attached to a minor-groove-binder (mgb)
on its 3’ end. The minor-groove-binder increases the
melting temperature of the probe thus allowing a more
stringent annealing. The nfq quenches the fluorescence of
the flurophore as long as both are attached to the same
oligonucleotide. During PCR, a probe with a perfect match
will be cut into pieces by the 5’-3’ exonuclease activity
of the Taq polymerase releasing unquenched fluorphore,
while a mismatched probe will be displaced. End-point
fluorescence intensity was measured in an ABI7900HT
machine (Applied Biosystems) and analyzed by using
the ABI Sequence Detector (SDS) Software version 2.0
(Applied Biosystems). Sequence specific TaqMan primers
and probes were designed by using the PrimerExpress
Software, version 2.0 (Applied Biosystems) and are
presented in Table 3. Standard ABI protocol for TaqMan
SNP analysis was used.
Statistical analysis
All data are expressed as the mean ± standard deviation.
Statistical significance was determined by student’s t-test
for unpaired samples. Frequency table and χ² test were
performed to analyze allelic discrimination data. For both
statistical procedures a value of P < 0.05 was considered
statistically significant.

RESULTS
AQP8 mRNA and protein expression is differentially
regulated in UC patients compared to controls
In this study the expression of more than 33 000 wellsubstantiated human genes in the complex diseases CD
and UC was analyzed by a microarray based system using
Affymetrix Human Genome U133A and U133B Gene
Chips. To identify putative IBD candidate genes within the
large number of known genes, we combined information
from published IBD linkage analysis and association
studies with our Affymetrix microarray results.
Table 4 gives an interesting selection of differentially
regulated genes located in IBD candidate loci in patients
www.wjgnet.com

Control
FC
expression CD
ileum

FC
UC

Control
FC
expression CD
colon

FC
UC

267
194
208
3053
49

1.5
1.3
1.6
-1.1
-1.6

-1.1
1.0
1.2
1.2
-1.7

220
151
156
2356
61

1.5
-2.1
3.5
-1.7
2.5

3.7
-1.7
1.3
-2.0
1.4

427
1008

-1.5
1.1

1.0
1.1

342
811

-2.3
-3.5

-2.6
-4.3

76
236
93
357
535
221
302
256
150

2.6
2.0
2.5
-2.0
-1.5
2.3
2.3
2.3
-2.8

1.5
1.0
1.4
-1.2
-1.5
1.1
-2.5
1.1
-1.7

104
356
91
279
638
211
388
180
138

2.0
1.5
2.1
-1.2
-2.3
1.7
6.5
17.1
-1.6

2.6
2.5
1.4
-1.6
-1.5
1.1
-7.5
3.0
2.0

222
420

-2.1
-2.0

-1,1
-1,1

257
627

-2.5
-2.1

-2.3
-5.7

1428
304
336

1.1
-1,1
1.1

-1.2
1.0
1.1

1429
367
373

2.0
-3.0
-1.6

-1.9
-2.5
-2.5

201
575
3053
500
157
184

-1.7
-8.6
-1.1
-1.2
-2.0
1.6

-1.1
-9.8
1.2
-1.2
1.4
-1.3

277
438
2356
670
95
192

-3.0
4.3
-1.7
1.9
1.1
2.0

-1.2
3.0
-2.0
2.1
-1.2
-1.1

172
213
79
386
323
928
150
153
376

-1.7
-2.1
1.1
-1.4
-1.6
1.1
1.1
2.8
-3.2

-1.1
1.0
1.0
-1.2
1.0
1.1
1.0
1.3
-2.3

207
172
70
618
281
893
232
127
493

-1.9
-2.3
2.3
-2.6
-2.0
-2.3
-1.4
2.3
-1.9

-2.3
-4.9
1.9
-6.5
-1.7
-2.3
-2.3
1.1
-1.5

112
578
322
242
105

1.2
1.7
1.2
2.3
2.0

-1.6
1.6
1.1
1.3
1.6

332
533
224
160
161

2.1
1.1
2.8
2.5
1.6

1.6
-11.3
1.4
1.1
1.1

744

1.1

1.2

485

-2.1

-1.5

417
143
68
1313
292
323
137

-1.6
2.1
2.1
1.3
-2.5
-3.2
1.9

1.0
1.1
1.2
1.1
-1.6
1.0
1.2

503
135
104
963
319
110
105

-2.3
1.4
2.0
1.4
-3.7
1.1
2.1

-3.5
1.0
1.1
-2.0
-6.1
1.7
2.0

73
363

2.0
1.6

1.4
1.0

75
250

2.0
1.7

1.5
2.1

Selection of known genes in IBD candidate loci, which show a two fold
change at least in one comparison. CD or UC samples are referred to control
specimens. The control expression values are given for the terminal ileum
and the colon. At least two fold changes are indicated by bold numbers.
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250

Gene

Control
FC CD
expression
ileum

FC UC

Control
FC CD
expression
colon

FC UC

AQP1
AQP3
AQP8
AQP11

181
473
575
510

1.7
1.5
-9.8
1.0

165
352
438
409

-1.6
-3.2
3.0
-2.0

1.7
1.9
-8.6
1.2

-2.0
-1.4
4.3
-1.9

List of all AQPs whose transcripts were increased or decreased (shown as
minus) in Crohns Disease (CD) or Ulcerative Colitis (UC) samples compared
with control specimens. The control expression values are given for the
terminal ileum and the colon. Genes with an average difference intensity
of 50 are considered as significantly expressed in the given cell type. The
fold change (FC) of gene expression between controls and patient groups is
indicated. No transcripts for AQP0, AQP2, AQP4, AQP5, AQP6, AQP7 and
AQP9 could be detected. AQP10 and AQP12 are not represented on the used
arrays.

with UC or CD compared to healthy controls in
terminal ileum and colon, respectively. It only contains
genes which showed at least a two fold change in one
comparison. Beside AQP8, genes like solute linked carrier
26A2 (SLC26A2), early growth response 1 (EGR1),
mitogen-activated protein kinase kinase 2 (MAP2K2),
protochlorophyllide oxidoreductase (POR), claudin
3 (CLDN3), glutamyl aminopeptidase (ENPEP), and
eukaryotic translation initiation factor 4 gamma 1 (EIF4G1)
showed strong differential regulation. Among the
identified genes AQP8 was of special interest because this
gene displayed strong mRNA expression in normal ileum
and colon. Furthermore, the Gene Chip analysis showed
a specific expression pattern of the AQP8 gene in IBD
patients. We noted that in the ileum the mRNA levels of
AQP8 were severely reduced (-8.6 and -9.8 fold for CD
and UC, respectively), whereas the expression of AQP8
was induced in the colon of both patient groups (4.3 and 3.0
fold for CD and UC, respectively).
Apart from AQP8, only AQP1, AQP3, and AQP11
were expressed remarkably according to microarray data.
For AQP0, AQP2, AQP4, AQP5, AQP6, AQP7, and
AQP9 no transcripts could be detected, whereas AQP10
and AQP12 were not represented on the chip. The mRNA
levels of AQP1, AQP3, and AQP11 were induced in the
ileum of patients with UC or CD and reduced in the colon
of patients with UC or CD (Table 5). Interestingly, this
expression pattern was exactly inverse to the expression
pattern of AQP8.
In order to validate the microarray data, we have
established a TaqMan real-time RT-PCR assay for AQP8
and examined the mRNA expression levels of AQP8 in
each single control subject and patient used for pooling
within the hybridization of the IBD microarrays. As
obvious from Figure 1, the expression and dysregulation
pattern observed in UC patients by microarray analysis
could be confirmed by TaqMan real-time RT-PCR. For
CD patients the microarray data were not reproducible by
TaqMan real-time RT-PCR (data not shown).
The differential mRNA expression observed in the
colon of UC patients by microarray analysis and TaqMan
real-time RT-PCR correlated with protein expression
determined by immunohistochemistry (Figure 2). Normal

Relative mRNA expression

Table 5 Aquaporin gene expression and regulation in IBD

AQP8

200
150
100
  50
0

Control lleum

Colitis lleum

Control colon

Colitis colon

Figure 1 AQP8 mRNA expression in biopsies of controls and UC patients.
Real-time RT-PCR analysis was performed in ileal and colonic biopsy samples
from control individuals and UC patients. TaqMan real-time RT-PCR results are
expressed as relative gene expression referring to GAPDH expression as a
housekeeping gene. The results from 8 individuals are combined. The extremal
values, the mean value and the standard deviation are shown for each group.

A

B

C

D

Figure 2 A: Immunohisto-chemical detection of AQP8 in normal colonic mucosa.
Some subepithelial mononuclear cells (MNC) in the lamina propria are positive
(red immunostaining). Epithelial cells at the mucosal surface display very weak
signals; B: Immunohistochemical detection of AQP8 in an inactive colonic area in
a case with ulcerative colitis. A slight increase in staining intensity is apparent as
compared with A. The intestinal epithelium as well as a subset of lamina propria
MNCs are positive for AQP8; C: Immunohistochemical detection of AQP8 in an
actively inflamed colonic area in a case with ulcerative colitis. A strong expression
of AQP8 is apparent. Intestinal epithelial cells as well as numerous MNCs within
the inflamed lamina propria are immunostained; D: Corresponding negative control
to 2C with use of normal rabbit immunoglobulins as primary reagent. A-C: Alkaline
phosphatase, original magnification x 40, respectively.

colonic mucosa epithelial cells displayed very weak signals
at the mucosal surface whereas a slight increase in staining
intensity in an inactive area in a case with ulcerative colitis
could be found. Both the intestinal epithelium as well as a
subset of lamina propria mononuclear cells (MNCs) were
positive for AQP8. Furthermore, in an actively inflamed
colonic area in a case with ulcerative colitis a strong
expression of AQP8 appeared. Intestinal epithelial cells
as well as numerous MNCs within the inflamed lamina
propria were immunostained.
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Table 6 Allelic contribution of AQP8 SNPs
SNP
AQP8-A212T
GCC -> ACC

AQP8-A260P
GCT -> CCT

APQ8-R261Q
CGG -> CAG

UC
CD
Co
UC
CD
Co
UC
CD
Co

n VIC

% VIC

n FAM

% FAM

n both

% both

G
210
166
232
G
94
56
93
G
205
159
214

G
95.5
91.7
92.8
G
42.7
30.9
37.2
G
93.2
87.8
85.6

A
0
0
0
C
33
26
43
A
0
1
1

A
0.0
0.0
0.0
C
15.0
14.4
17.2
A
0.0
0.6
0.4

G/A
9
9
14
C/G
78
83
107
G/A
13
9
13

G/A
4.1
5.0
5.6
C/G
35.5
45.9
42.8
G/A
5.9
5.0
5.2

Taken together, performing Affymetrix Gene Chip
expression analysis we detected a significant upregulation
of AQP8 mRNA levels in the colon of UC patients. This
finding could be confirmed by both TaqMan RT-PCR and
at protein level by immunohistochemistry.
Sequencing of the AQP8 gene and TaqMan allelic
discrimination in patients with IBD and in healthy controls
Since we identified the altered AQP8 mRNA levels in
IBD and because AQP8 is located within the IBD locus
8, we speculated that genetic variations (mutations or
polymorphisms) in the coding region or the regulatory
region of AQP8 could predispose for the development of
IBD. Therefore, we sequenced the AQP8 gene promoter
region and its six exons in 100 CD patients, 100 UC
patients, and in 50 healthy controls. As a genetic casecontrol association study TaqMan allelic discrimination in
220 patients with UC, in 181 patients with CD, and in 250
healthy controls was performed. Analyzing the sequencing
results of the six exons and the promoter region 3 single
nucleotide polymorphisms (SNPs) could be identified,
each resulting in an amino acid change (Table 6). The
SNP AQP8-A212T we found in the coding sequence of
exon 5 causes an exchange of alanine into threonine in the
AQP8 protein. The first SNP detected in exon 6 AQP8A260P leads to an exchange of alanine into proline, the
second one AQP8-R261Q to an exchange of arginin into
glutamine. However, comparing the frequency of these
SNPs in patients with UC or CD to the frequency in
healthy controls no statistically significant difference could
be found (Table 6).

DISCUSSION
CD and UC are chronic inflammatory disorders of
the gastrointestinal tract, which are thought to result
from the effect of environmental factors in genetically
predisposed individuals. Mapping studies sug gest
a strong inherited component but a large number
of putative susceptibility loci has complicated the
identification of IBD genes. In our approach, we wanted
to study the gene expression of mucosal cells from IBD
patients in order to identify dysregulated target genes for
potential therapy. Therefore, we decided to use DNA
microarray analysis, which is a very powerful tool to
perform large scale transcription profiling. So far, three
www.wjgnet.com
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P -Value

c

0.57
0.98

0.33
0.00

0.26
0.46

2.66
1.55

0.62
0.97

0.97
0.07

groups have performed microarray analyses to examine
gene expression in biopsies of IBD patients. One group
analyzed tissue samples from inflamed mucosa of CD
patients with a very limited cDNA array containing
96 genes and mainly identified aberrant expression of
immune genes [16]. Two recent studies using the first [5]
and the second [4] generation of Affymetrix arrays to
screen samples from UC patients[5] or both CD and UC
patients [4] obtained reproducible results. In our study,
we used the Affymetrix Human Genome U133A and
the U133B Gene Chips, to analyze pooled endoscopic
tissue samples from non-inflamed areas of UC and
CD patients. This array set captures the expression
levels of 39 000 transcripts and variants, including
more than 33 000 well-substantiated human genes.
Pooling of RNA samples in microarray experiments
is a very effective way to minimize biological variation
of gene expression and reduces costs without a loss
of precision [17] . Two important differences between
our approach and that of the above mentioned groups
are obvious. First, we have analyzed non-inflamed
mucosa to avoid secondar y inf lammator y events.
Consequently, this proceeding is suitable for revealing
subclinical defects, because influx of inflammatory cell
populations can profoundly change the transcriptional
profile of the mucosa in IBD. Second, biopsies from
two different gut sections, terminal ileum and colon,
which have a markedly different patter n of g ene
expression were examined. In the context of our
recently published study using the same microarray
data [14] , we could prove that our endoscopic biopsy
samples mainly represented differentially regulated
m R N A l e ve l s i n e p i t h e l i a l c e l l s. C o m b i n i n g t h e
infor mation from published linkag e analysis and
association studies with our Affymetrix microarray
results we found a specific expression pattern of the
AQP8 gene which is located on chromosome 16p12.1
and thus within the IBD locus 8. In the ileum of IBD
patients we obtained severely reduced AQP8 mRNA
levels whereas AQP8 expression was significantly
induced in the colon of IBD patients. These findings
could be confirmed both by TaqMan real-time RTPCR and at protein level by immunohistochemistry for
UC patients. Unfortunately, none of the commercially
available antibodies used for Western Blotting did work
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in human biopsies. Therefore, no quantitative protein
data can be shown. For CD patients the microarray
data were not reproducible by TaqMan real-time RTPCR. Our interpretation of this finding is that CD
not only differs in clinical characteristics from UC but
may also be caused by completely different underlying
pathophysiologic mechanisms.
Although, about 10 liters of water are transported
in the GI tract per day to perform the secretory and
absorptive functions of the GI tract, the molecular basis
of water secretion and absorption is hardly understood.
Important progress in understanding water transport
mechanisms in the GI tract was made by the recent
identification of multiple epithelial AQP water channels
indicating a key role in water secretion and absorption
there[9,18-20]. In contrast to the colon where solutes are
transported actively out of the crypt lumen across a
relatively water-impermeable crypt barrier [21,22], rapid
water movement in small intestine is generally believed
to occur by a paracellular pathway. Furthermore, the
small intestine has been proposed to be highly water
permeable and to contain a highly convolved leaky
epithelium. The cellular and subcellular distribution of
AQP8 suggests physiological roles for this aquaporin
in the absorption of water in the intestine. In addition,
the cytoplasmic localization of AQP8 may also relate
to the involvement in processes of intracellular
osmoregulation[12]. Taking these facts into consideration,
one could speculate that a dysregulation of the AQP8
mRNA expression could lead to disturbed processes
in absorption of fluids in the GI tract as well as to
disturbed processes of intracellular osmoregulation.
An upregulation of AQP8 mRNA in the colon of
UC patients may result in a dehydration and a higher
viscosity of the adherent mucus layer which then
affects the mucus adherence and finally disturbs the
mucus barrier which protects the colonic mucosal cells
against the attack of luminal bacteria by a continuous,
hydrophobic and adherent mucus layer [23,24] . T his
assumption suits well to one of the current hypotheses
concerning the pathophysiology of UC, namely that
colonic commensal bacteria can attack the mucosa
and contribute to the development of inflammation
and ulceration in case of a disturbed mucosal barrier
function [1,25-27]. The downregulation of AQP8 mRNA
in the ter minal ileum of UC patients may be a
compensatory mechanism to avoid further dehydration
of the mucus layer controlled by feedback mechanisms.
Beside us, other authors like Ma and Verkman [28] can
imagine that modulation of aquaporin function by novel
pharmacological agents or gene delivery may alter the
course of IBD or other GI disorders. Moreover, similar
phenomena were described in other illnesses, e.g. cystic
fibrosis (CF) where an alternative view of innate airway
defense has emerged[29] which emphasizes a role for a
chemical shield in protecting the lung against inhaled
bacteria[30]. Especially as, aquaporins play an important
role in lung physiology, it seems conceivable that CF
lung disease reflects chronic depletion of the periciliary
liquid layer volume which predicts adverse interactions

1693

between the mucus layer and the airway epithelial
surface[31].
As one could suppose that genetic variations in the
coding region or the regulatory region of AQP8 could
be the reason for the dysregulation of AQP8 and thus
predispose for IBD, we performed sequencing of the
AQP8 gene and TaqMan allelic discrimination in IBD
patients and healthy controls. In the end, no causal
mutations or SNPs could be identified.
Though, from our data, the development of colonic
inf lammation in UC is associated with an altered
expression of epithelial AQP8, the expression pattern of
the AQP8 gene seems to be a secondary phenomenon
due to another underlying cause. This theory is supported
by our immunohistochemistry results, namely that we
could find a further upregulation of AQP8 expression in
case of inflammation. These changes may be the result
of the inflammation but may nevertheless contribute
to the pathophysiology of UC. Especially as recent
studies suggest that fluid flux may play an important
role in mucosal defense[32,33]. One could imagine that the
upregulation of AQP8 in the colon of UC patients is
due to signalling pathways which are not understood so
far. Although the biopsies have been taken from noninflamed areas cytokine effects are imaginable, since
studies suggest a role for inflammatory mediators in
the regulation of AQPs[34]. Our results are contrary to
those of Hardin et al[35] who used biopsies from inflamed
human colonic tissues. We suppose that the similar
reductions in AQP expression they found in patients with
UC, CD or infectious colitis is an unspecific phenomenon
of inflammation. Even a change of the AQP8 expression
dependent on the course of inflammation is conceivable.
Maybe, at the very beginning of inflammation there is
a downregulation of the AQP8 expression according to
the findings of Hardin et al[35] which may lead to diarrhea
and may be followed by a compensatory increase in
expression.
I n s u m m a r y, we h ave b e e n a b l e t o s h ow t h a t
expression profiling of human tissue biopsies by DNA
microarray technology is capable of identifying genes
which may potentially play an important role in the
pathogenesis of IBD. We could demonstrate a significant
upregulation of the AQP8 gene in the colon of patients
with UC which may be responsible for a disturbed mucus
adherence and may consecutively allow an attack of
luminal bacteria.
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Abstract
AIM: To evaluate computed tomography (CT) findings,
useful to suggest the presence of refractory celiac
disease (RCD) and enteropathy associated T cell
lymphoma (EATL).
METHODS: Coeliac disease (CD) patients were divided
into two groups. GroupⅠ: uncomplicated CD (n = 14)
and RCD typeⅠ(n = 10). Group Ⅱ: RCD type Ⅱ (n = 15)
and EATL (n = 7).
RESULTS: Both groups showed classic signs of CD on
CT. Intussusception was seen in 1 patient in groupⅠvs 5
in group Ⅱ (P = 0.06). Lymphadenopathy was seen in 5
patients in group Ⅱ vs no patients in groupⅠ(P = 0.01).
Increased number of small mesenteric vessels was noted
in 20 patients in groupⅠvs 11 in group Ⅱ (P = 0.02).
Eleven patients (50%) in group Ⅱ had a splenic volume
3
< 122 cm vs 4 in groupⅠ(14%), 10 patients in groupⅠ
3
had a splenic volume > 196 cm (66.7%) vs 5 in group Ⅱ
(33.3%) P = 0.028.
CONCLUSION: CT scan is a useful tool in discriminating
between CD and (Pre) EATL. RCD Ⅱ and EATL showed
more bowel wall thickening, lymphadenopathy and
intussusception, less increase in number of small
mesenteric vessels and a smaller splenic volume
compared with CD and RCDⅠ.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Coeliac disease (CD) is one of the most common immunologically mediated gastrointestinal diseases. The prevalence varies between approximately 1:100 and 1:300
worldwide. Refractory coeliac disease (RCD) is considered
when patients show persistent or relapsing symptoms and
villous atrophy despite adherence to a gluten-free diet
(GFD), especially those over the age of 50 years[1]. Two
forms of RCD can be discriminated. RCDⅠwhich is
defined as RCD with normal intra-epithelial T lymphocytes
(IEL’s) in intestinal biopsies and RCD Ⅱ defined as RCD
with aberrant IEL’s[2,3]. In RCD enteropathy associated
T-cell Lymphoma (EATL) can evolve with a 20 time
higher relative risk compared to the general population[4-6].
Therefore it is necessary to be able to discriminate uncomplicated CD from its malignant complications.
Computed tomography (CT) is one of the first radiological examinations performed for different indications
in patients with CD, especially those with RCD to exclude
malignancy. A variety of findings like jenunoileal fold
pattern reversal[7], small bowel intussusception[8] and (benign)
mesenteric lymphadenopathy[9] have been recognized on
CT images in patients with CD. However, no discriminating
or specific CT signs have been recognized and described
regarding RCD Ⅱ or EATL. Therefore, we evaluated
both the spectrum of abdominal CT findings, useful for
suggesting CD and those findings which might be useful to
suggest the presence of EATL in adult coeliac patients.

MATERIALS AND METHODS
Patients
Between January 2003 and January 2005 a total of 46
patients (18 M, 28 F; mean age 58 years, range 18-88 years)
with proven CD according to UEGW criteria (2001), were
enrolled. All patients were previously diagnosed as having
CD, RCDⅠ, RCD Ⅱ or EATL by clinical evaluation,
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serology and intestinal biopsy[10]. Patients were divided
into two groups: GroupⅠconsisted of 24 patients with
uncomplicated CD (n = 14) and RCD typeⅠ(n = 10),
group Ⅱ consisted of 22 patients with RCD type Ⅱ (n =
15) and EATL (n = 7). Informed consent was obtained
from all the patients who participated in this study. All
procedures followed in this study were in accordance with
the standards of the institutional ethical committee.
Computed tomography.
The indications for CT scan were assessment of unexplained
recurrent abdominal complaints and/or suspicion of EATL.
After overnight fasting, examinations were performed
either on a 4-detector (Somatom 'Volume Zoom', Siemens,
Erlangen, Germany) or on a 64-detector ('Sensation 64',
Siemens, Erlangen, Germany) CT scanner, using either a
2.5 mm or a 0.6 mm collimation, reconstructed in 5 mm
contiguous axial slices. Forty-three out of 46 patients
received an orally administered diluted solution of barium
sulphate suspension (46 mg/g, 49 mg/mL, 900 mL E-ZCAT, E-Z-EM Canada Inc, Montreal Canada) divided into
two doses (450 mL), the night before and the morning of
the investigation. Forthy-five minutes prior to imaging,
patients received an extra 300-500 mL oral contrast. Because
of severe abdominal symptoms or refusal of contrast, 3
patients did not receive oral contrast. Intravenous nonionic contrast [Ultravist, Iopromide (300 mI/L), Schering,
Berlin, Germany] was administered in 42 patients (2 patients
refused intravenous contrast and 2 patients supposed to be
allergic to contrast) at an injection rate of 3 mL/s (maximum
total amount of 100 mL, depending on body weight) with
CT acquisition after 70 s.
CT parameters
The following CT findings were evaluated: (1) abnormalities
of intestinal fold pattern, (2) bowel dilatation, (3) air excess,
(4) fluid excess, (5) bowel wall thickening, (6) intestinal
intussusception, (7) ascites, (8) lymphadenopathy, (9)
increased number of lymph nodes, (10) mesenteric vascular
changes, and (11) splenic size. All CT scans were analyzed by
two dedicated radiologists in consensus (MM and JHvW).
Definition of CT parameters
Abnormalities of the intestinal fold pattern were defined
quantitatively as a decreased number of jejunal folds and/or
an increased number ( 'jejunization' ) of ileal folds, measured
as the mean number of folds per 2.5 cm in three segments
at different locations[7]. Less than 4 jejunal folds per 2.5 cm
were considered to be decreased and more than 4 ileal folds
per 2.5 cm were considered to be increased[7]. The presence
of an equal number of intestinal folds in ileum and jejunum
(ileum/jejunum fold ratio ≥ 1) was defined as 'jejunoileal
fold pattern reversal' (JFPR) [11-13] . In cases of doubt,
abdominal loops in the left upper quadrant were considered
to be jejunal and loops in the right lower quadrant were
considered to be ileal. Intestinal loops were considered
dilated if more than three segments measured equal or more
than 3 cm in diameter on transverse images[14].
Fluid excess and air excess were scored directly in
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patients with dilated intestinal loops on a Likert scale
(none/mild/moderate/severe). Fluid excess was indirectly
assessed by dilution of oral contrast (flocculation). Air
excess was scored as present in case more than 3 segments
were dilated with air.
The bowel wall was considered thickened when it
measured more than 3 mm in the transverse plane of a
fully distended loop[15]. Intussusception was denoted as a
target mass or as a more complex layered mass within the
bowel lumen[16].
Lymph node enlargement was considered present if
nodes measured greater than 1 cm in diameter in their
shortest axis. The number of lymph nodes within the
mesenterium were scored on a Likert scale (none/mild/
moderate/severe). Cavitation of nodes was present by
showing a low-density center within the lymph node.
Ascites was evaluated by visual inspection. Increase
in splanchnic circulation was scored as the transverse
diameter 2-3 cm caudal of the origin of the superior
mesenteric artery. Also an increase of number of small
vessels within the mesenterium was noted on a Likert scale
(none/mild/moderate/severe).
Splenic volume was calculated by the following
formula; (30+0.58*(length × width × height). The longest
axis in the transversal plane is considered as length, the
perpendicular distance is considered the width and the
longest cranio-caudal distance is considered as the height
of the spleen[17].
Statistical analysis
Student’s paired t-test, Mann-Whitney, or Fisher’s exact
test were used for data analysis when indicated. P values of
less than 0.05 were considered to be statistically significant.
All statistical analysis was performed using the Statistical
Software Package version 11.0 (SPSS Inc., Chicago, Illinois,
USA).

RESULTS
Fold pattern and small bowel dilatation
Because of lack of intraluminal contrast or lack of distension of the small bowel loops, jejunal fold pattern could
only be analyzed in 26 patients whereas ileal fold pattern
could be assessed in 29 patients. Ten out of 26 (38%)
patients showed a decreased number of jejunal folds, 16
(62%) showed an increased number of folds. Ileal folds
were found increased in 5 out of 29 (17%) patients and
decreased in 24 (83%) patients. No significant difference
was found in JFPR between who both groups. Small bowel
dilatation ranged from 30-35 mm and was found in 11/46
patients in total (P = NS). All CT findings are summarized
in Table 1.
Fluid and air excess
Excess of air was not visible in 24/46 patients, mild in 13
patients, moderate in 7 patients and severe in 2 patients in
total. Fluid excess and flocculation were scored as none in
20 (43%) patients, mild in 8 (17%) patients, moderate in 12
(26%) patients and severe in 6 (13%) patients. All findings
were equally distributed between the groups.
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Table 1 CT findings: comparison between subgroups in coeliac
disease. All signs are described by number of patients affected
and mentioned otherwise in case of deviation
CT findings
CD and RCDⅠ RCDⅡ and EATL Total
Number of patients
24
22
46
Gender (F/M)
18/ 6
10/12
28/18
Mean age (yr)
56
61
58
Jejunal/ileal fold ratio
4.5/3.0
3.7/2.9
4.1/3.0
(No of folds/2.5 cm)
JFPR
3
6
9
Bowel dilatation
5
6
11
Air excess
14
8
22
Fluid excess
12
14
26
Increased wall thickness
10
14
24
Intussusception
1
5
6
Ascites
0
1
1
Lymphadenopathy
0
5
5
Increased No of lymph nodes
16
12
28
Lymph node cavitation
0
1
1
Increased splanchnic
20
11
31
circulation
CT: Computed tomography; CD: Coeliac disease; RCD: Refractory coeliac
disease; EATL: Enteropathy associated T-cell lymphoma; JFPR: Jejunoileal
fold pattern reversal.

Wall thickness and intussusception
Increased wall thickness ranged from 4 to 11 mm in group
Ⅰ(mean 7.7 mm, median 7 mm) and from 5 to 15 mm
(mean: 9.6 mm, median 10 mm) in group Ⅱ. Nine patients
in group Ⅱ showed a thickness of more than one cm
versus only 4 in groupⅠ(P = NS). Intussusception was
observed in only 1 patient in groupⅠ, compared to 5
patients in group Ⅱ (P = 0.06). Only one patient (RCD Ⅱ,
67 years old male) showed a small amount of intraabdominal fluid in the rectovesical pouch.
Lymph nodes
Enlarged lymph nodes were only found in 5 patients in
group Ⅱ (P = 0.013) Both groups showed an increase in
non-enlarged lymph nodes (P = 0.295) Only one lymph
node showed cavitation (59 year old male with RCD Ⅱ).
Vascular findings
An increase in the number of small mesenterial vessels
was observed in 20/24 (83%) patients in groupⅠvs 11/22
(50%) patients in group Ⅱ (P = 0.02) The diameter of the
superior mesenteric artery was measured in a total of 23
patients and this varied from 4-7 mm.
Splenic volume
Splenic volume of all patients ranged from 37-321 cm3 (mean
162 cm3) in normal distribution. No significant differences
were found between mean volumes in both groupsⅠand Ⅱ
(178 cm3 vs 144 cm3). However, after allocating the patients
into 3 arbitrary groups according to the splenic volume, as
shown in Table 2, the RCD Ⅱ and EATL group showed
significant more patients with a smaller spleen than RCDⅠ
and uncomplicated CD (P = 0.028).

DISCUSSION
In patients clinically suspected of having CD, biopsies
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Table 2 Splenic volume: comparison between subgroups in
coeliac disease n (%)
Splenic volume
CD and RCDⅠ RCDⅡ and EATL Total patients
Group A: 37-122 cm3
4 (27)
11 (73)
15
Group B: 124-196 cm3
10 (63)
6 (38)
16
Group C: 196-321 cm3
10 (67)
5 (33)
15
Mean volume (cm3)
178
144
162
CD: Coeliac disease; RCD: Refractory coeliac disease; EATL: Enteropathy
associated T-cell lymphoma.

are mandatory to confirm or exclude the diagnosis [18].
In uncomplicated cases, radiological examination is not
required. However, in clinical practice pre-malignant and
malignant complications of CD have to be excluded in
patients who have persistent complaints despite strict
adherence to a GFD. Furthermore CT, performed in
patients presenting with atypical abdominal symptoms, can
suggest a diagnosis of CD[13]. The most striking features
found in CD are jejunoileal fold pattern reversal, small
bowel intussusception, and benign mesenteric lymphadeno
pathy[7-9,12,13]. However, to our knowledge, no discriminating
findings between CD/RCDⅠand (Pre) EATL have been
decribed using CT.
Regarding jejunal and ileal fold abnormalities; especially
jejunoileal fold pattern reversal and total loss of jejunal
folds may be considered specific findings in CD[7,12,13]. In
our study, only in 52% (24 out 46 patients) both jejunal and
ileal folds could be assessed because of lack of contrast or
lack in distention of small intestinal loops, probably due
to suboptimal bowel preparation because of progressive
abdominal complaints. In only 9 out 24 (38%) patients a
jejunoileal fold pattern reversal was observed. This is a
low percentage compared to that reported by Tomei
et al[7], however we included a high percentage of patients
with RCDⅠ, RCD Ⅱ and EATL. Furthermore, both
increased ileal folds, decreased jejunal folds, and jejunoileal
fold pattern reversal were equally distributed between the
subgroups, which demonstrates that the number of folds
is not a good discriminator between both groups.
Transient intussusception of the small bowel was
present in 5 patients in group Ⅱ compared to one patient
in groupⅠ(P = 0.06). The majority of patients showed an
increase in the number of nodes (< 1 cm), which was not
significantly unequally distributed between both groups
CD. However, mesenteric lymphadenopathy (short axis >
1 cm) was only found in the (Pre) EATL group, whereas
cavitation, which is considered to be a rare complication
associated with a poor outcome[22-24], was found in one
patient with RCD Ⅱ (Figure 1). In this patient additional
examinations, including 18F-FDG-PET scan and laparascopic mesenteric lymph nodes resection, did not show
any evidence of EATL.
Regarding non-specific signs, bowel dilatation and
excess of fluid (with flocculation of contrast) and air[13,19],
bowel dilatation and increased splanchnic circulation, as
measured using the diameter of the superior mesenteric
artery 2-3 cm distal to its origo, we found no significant
differences between the two subgroups. However mesenteric vascularity, as measured using a semi-quantative scale,
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Figure 1 Coronal reconstruction in a patient
with RCD type
Ⅱshowing
cavitation of
lymphnodes
and smaller
non cavitated
lymphnodes in
combination
with infiltrated
mesenterial fat
(arrows).
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Figure 2 Axial CT image of a patient with RCD typeⅠdemonstrates (A) multiple small lymph nodes
(arrowheads) and (B) thickening of the ileal wall (arrows) and infiltration of the mesenteric fat (*).

B

A

B

C

D

*

Figure 3 Axial CT image (A) demonstrates EATL (arrow) and prestenotic dilatation
of jejunal loops. The coronal reformation (B) demonstrates dilated jejunum with
infiltrated mesenterial fat (*) and multiple enlarged lymph nodes (arrowheads).

A

B

Figure 5 Hyposplenism in a patient with RCD typeⅠ demonstrated on axial
image (A) and coronal (B) reconstruction.

was significantly increased in groupⅠ. We hypothesize
that this increase of small vessels and small lymph nodes
in groupⅠmay be due to the acute inflammatory process
in this group (Figure 2). Also no significant difference
in number of patients with increased wall thickness was
found. However more patients in group Ⅱ showed a wall
thickness of more than 1 cm (P = NS, Figures 1, 3 and 4).
Splenic atrophy occurs frequently in patients with CD
and is related to the severity of the disease and degree of
dietary control and shows a significant correlation with an
impaired function with the incidence rising with increasing
age of starting treatment [26]. Although no correlation
was observed in literature between splenic size and the

Figure 4 Axial CT images demonstrating locations of EATL. A: Duodenal
localization of lymphoma (arrow); B: Mesenterial localization showing “misty
mesenterium” (*) and multiple lymphnodes; C: Jejunal localization of lymphoma
(arrowhead) and multiple lymphnodes; D: Ileal localization (arrowhead).

duration of the GFD as well as the percentage of splenic
size recovery after gluten withdrawal, hyposplenism
in adult CD was improved by a GFD [27]. Furthermore
regarding group Ⅱ, hyposplenism was not related to the
development of malignant disease in small samples [28].
In this study however, significantly more patients in the
RCD Ⅱ/EATL group showed a smaller splenic size
(Figures 4 and 5).
In conclusion, both groups showed classic signs of
CD on CT. Though small groups were analysed, group Ⅱ
showed more bowel wall thickening, lymphadenopathy,
intussusception and more hyposplenism and less increase
in splanchnic circulation than groupⅠ. Therefore, we
conclude that bowel wall thickening, lymphadenopathy,
intussusception and hyposplenism should raise suspicion
for RCD Ⅱ and the development of EATL.
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Abstract
AIM: To study the patients with main pancreatic duct
dilation on computed tomography (CT) and thereby to
provide the predictive criteria to identify patients at high
risk of significant diseases, such as pancreatic cancer,
and to avoid unnecessary work up for patients at low
risk of such diseases.
METHODS: Patients with dilation of the main pancreatic
duct on CT at Emory University Hospital in 2002 were
identified by computer search. Clinical course and
ultimate diagnosis were obtained in all the identified
patients by abstraction of their computer database
records.
RESULTS: Seventy-seven patients were identified in this
study. Chronic pancreatitis and pancreatic cancer were
the most common causes of the main pancreatic duct
dilation on CT. Although the majority of patients with
isolated dilation of the main pancreatic duct (single duct
dilation) had chronic pancreatitis, one-third of patients
with single duct dilation but without chronic pancreatitis
had pancreatic malignancies, whereas most of patients
with concomitant biliary duct dilation (double duct
dilation) had pancreatic cancer.
CONCLUSION: Patients with pancreatic double duct
dilation need extensive work up and careful followup since a majority of these patients are ultimately
diagnosed with pancreatic cancer. Patients with single
duct dilation, especially such patients without any
evidence of chronic pancreatitis, also need careful
follow-up since the possibility of pancreatic malignancy,
including adenocarcinoma and intraductal papillary
mucinous tumors, is still high.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Diseases of the pancreas, such as pancreatitis and
pancreatic cancer, are common, unfortunately, they are
often more difficult to diagnose than those of other
abdominal viscera[1,2].
Diagnostic methods for pancreatic diseases include
blood chemical tests, such as lipase, amylase, etc, and
imaging tests, such as abdominal ultrasound, endoscopic
retrograde cholangiopancreatography (ERCP), magnetic
resonance cholangiopancreatography (MRCP), computed
tomography (CT), etc [1-4] . Among all the diagnostic
modalities, CT has been used with increasing frequency in
clinical practice to diagnose pancreatic diseases[5,6].
Unlike luminal gastrointestinal organs, such as the
esophagus or the stomach, the pancreas is an organ
that has two major parts: pancreatic parenchyma and a
pancreatic duct system. Diseases of the pancreas may
cause changes in the pancreatic parenchyma, such as acute
pancreatitis, or changes in the pancreatic duct system,
such as pancreatic cancer or changes in both pancreatic
parenchyma and pancreatic duct, such as chronic
pancreatitis[1-6].
The pancreatic duct system consists of the main
duct and side branches[1,2]. In clinical practice, it is not
uncommon to encounter CT reports of a dilated main
pancreatic duct. However, the clinical significance of a
dilated main pancreatic duct on CT is not very clear. In our
review of literature, no prior study that specifically linked
clinical outcome with dilation of the pancreatic duct noted
on CT has been found. We conducted a retrospective
study of the significance of a dilated main pancreatic duct
on CT to provide predictive criteria to identify patients at
high risk of significant diseases.

MATERIALS AND METHODS
This is a retrospective study perfor med at Emor y
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Table 1 Diagnoses in 77 patients with pancreatic duct dilation
on CT
Diseases

n

%

Chronic pancreatitis
Pancreatic carcinoma
Idiopathic dilation
IPMT
Cholangiocarcinoma
Acute cholecystitis
CBD + PD stone
CBD stone
Pancreatic sarcoma
Cirrhosis
Total

40
17
10
2
2
2
1
1
1
1
77

52
22
13
3
3
3
1
1
1
1
100

IPMT: Intraductal papillary mucinous tumors; PD: pancreatic duct; CBD:
common bile duct.

University Hospital, a tertiary care facility in Atlanta,
Georgia. The radiology information system IDXRAD
(IDX system, Burlington, Ver mont) was used, and
character string “dilated pancreatic duct” was searched.
Patients at Emory University Hospital, who underwent
abdominal CT in 2002, were included in the search.
Each patient’s clinical course and ultimate diagnosis were
reviewed by abstraction of computer database records
using Powerchart (Cerner Corp, North Kansas City,
MO). All CTs were performed with oral and intravenous
contrast. For intravenous contrast, 150 mL of Omnipaque
(Amersham Health, Princeton, NJ) was given. Detailed
information about oral contrast administration was not
documented in the CT reports. All patients received helical
CT, and images were obtained at 2.5-5 mm increments.
All the patients had more than one abdominal CTs
during the study. The first CT scan showing pancreatic
duct dilation was used for this study. The presence or
absence of a pancreatic mass on the CT scan was reviewed
for each patient. Liver function tests within 30 d of CT
scan were also reviewed.
While there are no strict criteria for diagnosis of main
pancreatic duct dilation, generally if the main pancreatic
duct measures greater than 3 mm in the head and 2 mm in
the body or tail of the pancreas, it is considered enlarged
at Emory University Hospital. For diagnosis of bile duct
dilation, a common bile duct measuring greater than 6 mm
is considered enlarged in a patient who has a gallbladder.
When the gallbladder is absent or the patient is an elderly,
a few mm more is considered within normal limits (up
to 10 mm in selected cases). The diagnosis of pancreatic
cancer was based on pathology, cytology or autopsy. The
diagnosis of chronic pancreatitis was made based on
CT findings at clinical presentation including pancreatic
atrophy, parenchymal calcifications and ductal dilation.
If patients did not have any identifiable pancreatic, liver
or biliary diseases, the dilation was considered to be
idiopathic, even though those patients might have other
significant diseases, such as gastric cancer or renal failure.
Fisher’s exact test was used to evaluate the differences
in percentage of malignancy between patients with single
duct dilation and those with double duct dilation (the
definition of single and double duct dilation was described
www.wjgnet.com
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Table 2 Diagnoses in 51 patients with pancreatic single duct dilation
Diseases

n

%

Chronic pancreatitis
Idiopathic dilation
Pancreatic carcinoma
IPMT
Pancreatic sarcoma
Acute cholecystitis
Total

37
8
2
2
1
1
51

73
15
4
4
2
2
100

in the Results section). A statistical computer program
ELTS (ELTS, Chicago, IL) was used to generate these
values. The Student’s t test (Microsoft Excel, Microsoft
Widows, 1997) was used to test the difference in mean
age between patients with single duct dilation and double
duct dilation. A P value of less than 0.05 was considered
statistically significant.

RESULTS
Seventy-seven patients, including 47 male and 30 female,
were identified with a report of a dilated main pancreatic
duct on CT during this study. The mean age of the patients
was 58 years. The majority were patients with chronic
pancreatitis and/or pancreatic cancer (Table 1). Based on
careful review of the CT reports, the patients were divided
into two groups: (1) patients with only main pancreatic
duct dilation (single duct dilation) and (2) patients with
concomitant biliary duct dilation (double duct dilation).
Isolated main pancreatic duct dilation (single duct dilation,
SDD)
Among the 77 patients, 51 had SDD. In these patients, the
common bile duct (CBD) and the intrahepatic bile ducts
(IHBD) were not dilated. Most of the patients in this
group had chronic pancreatitis. The second most common
diagnosis for this group was idiopathic dilation (Table 2).
About one-third of patients with SDD and without
chronic pancreatitis had pancreatic malignancy.
Main pancreatic duct dilation and concomitant biliary
dilation (double duct dilation, DDD)
The remaining 26 patients had DDD. These patients had
concomitant CBD and/or IHBD dilation. Most of the
patients in this group had pancreatic cancer, followed by
chronic pancreatitis (Table 3). No patient diagnosed with
pancreatic cancer had co-existent chronic pancreatitis.
Pancreatic mass
Seventeen patients had pancreatic mass identified by CT,
including 12 patients in the DDD group and five in the
SDD group. Among the fifteen patients in the DDD
group who had pancreatic cancer, four did not have
a discrete pancreatic mass identified on CT, but had a
prominence of the pancreatic head.
Liver tests
All patients had liver function tests done within 30 d of
the CT, which found abnormal liver in 22 patients. Among
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Table 3 Diagnoses in 26 patients with pancreatic double duct dilation
Diseases

n

%

Pancreatic carcinoma
Chronic pancreatitis
Cholangiocarcinoma
Idiopathic dilation
CBD+PD stone
CBD stone
Cirrhosis
Acute cholecystitis
Total

15
3
2
2
1
1
1
1
26

58
12
8
8
4
4
4
4
100

the 22 patients, 15 had DDD while the other 7 had SDD.
Among the 7 patients with SDD, 5 had elevated alkaline
phosphatase only.
Follow-up
As mentioned in the Methods section, all patients had
more than one abdominal CT in this study. Repeated
CTs were generally obtained 3-6 mo after the initial CT.
Although there were changes from the original radiology,
such as a mass enlargement (cancer) or mass diminution
(inflammation), the main diagnosis of chronic pancreatitis
or pancreatic cancer, remained the same at the follow-up
CT. The five patients with SDD and pancreatic head mass
were proven to have inflammatory masses at follow-up.
Two patients with SDD were proven to have intraductal
papillary mucinous tumors (IPMT).
Statistical analysis
Comparison was perfor med between patients with
SDD and patients with DDD. Patients with DDD had a
significantly higher incidence of pancreatic cancer than
those with SDD (17/26, 65% vs 5/51, 10%) (Table 4).
Patients with DDD also had a much higher incidence of
abnormal liver tests than those with SDD (15/26, 58% vs
7/51, 14%). IPMT was only presented in 2 patients with
SDD but in no patients with DDD.

DISCUSSION
The most interesting finding of this study is that the
majority of patients with SDD had benign pancreatic
diseases. In contrast, more than half of the patients with
DDD had malignant diseases. Among the patients with
DDD who had pancreatic cancer, about one-fourth (4/15)
did not have a discrete pancreatic mass identified on CT.
Another interesting finding is that patients with SDD had
a high possibility of pancreatic malignancy if there was no
evidence of chronic pancreatitis.
CT has been used in clinical practice for more than
two decades[5,6]. It has become an established diagnostic
procedure in a variety of common gastrointestinal
disorders and an important tool in clinical practice. CT
is a major modality in diagnosis of pancreatic diseases,
including pancreatitis and pancreatic cancer[5,6]. Pancreatic
duct width measurements are now used as one of the
major criteria for diagnosing certain pancreatic diseases[5-7].
Although there are no official guidelines for diagnosis
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Table 4 Comparison of single duct dilation and double duct dilation

Number
Age (mean yr)
Diagnosis: n (%)
Benign
Malignant

SDD

DDD

P

51
55

26
65

> 0.05

46 (90)
5 (10)

9 (35)
17 (65)

< 0.05
< 0.05

SDD: Single duct dilation; DDD: Double duct dilation.

of dilation of pancreatic duct, recognition of pancreatic
duct dilation on CT is not difficult. Published studies have
shown that the normal width of the pancreatic duct in a
healthy adult is slightly different in the head, body and tail
of the pancreas[5-7]. Although the width may be affected
by age, variation should not be greater than 1mm in each
part of the pancreas[7,8]. The width of the main pancreatic
duct is similar in population groups studied, such as in
Europe, Asia, and America[9-12]. Furthermore, it is believed
that bile duct dilation may occur after cholecystectomy,
however, there are no enough data to support this.
Although seven patients in this study, four in the SDD
group and three in the DDD group, had documented
histories of cholecystectomy, we did not see any effect of
cholecystectomy in this study.
Although pancreatic duct dilation alone does not
always provide accurate information to distinguish the
normal from the diseased pancreas, chronic pancreatitis
and pancreatic cancer are the two most common diseases
causing main pancreatic duct dilation[5-7].
In this study, we retrospectively reviewed all patients
with main pancreatic duct dilation reported during the
study. In general, chronic pancreatitis was the most
common disease in this group. Fifty-two percent (40/77)
of patients had chronic pancreatitis and 22 percent of
patients (17/77) had pancreatic carcinoma. The dilation
of main pancreatic duct in patients with pancreatic cancer
may be slightly more prominent than that in patients with
chronic pancreatitis. But, it is impossible to differentiate
these two diseases based only on the degree of main
pancreatic duct dilation.
However, patients with concomitant biliary duct
dilation, either involving the common bile duct (CBD) or
involving the intra-hepatic ducts, had more than a 60%
chance of having pancreatic cancer. Patients with SDD
also had a 35% chance of having pancreatic malignancy if
there was no chronic pancreatitis.
There is sparse information in the literature about the
significance of a dilated main pancreatic duct on CT. In
contrast, a study of intra-operative ultrasound indicated
that pancreatic duct dilation, stricture or invasion of the
superior mesenteric vein, and common bile duct dilation
may help to establish a diagnosis of malignancy [13] .
One study from Japan found the presence of a dilated
pancreatic duct to be a sign of high risk for pancreatic
cancer by transabdominal ultrasound, but did not evaluate
any correlation with dilation of the biliary ducts as in this
study[14].
MRCP is rapidly gaining acceptance as a useful noni-
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nvasive tool for evaluation of the pancreatic duct.
Several studies have been published comparing it to
ERCP in diagnostic yield[15-19]. None of these studies has
conclusively validated the predictive power of MRCP in
evaluation of a dilated pancreatic duct.
Dilation of the main pancreatic duct and biliary duct
could be caused by a luminal stricture in the distal bile
duct in many, if not in all of the cases. If this assumption
is true, our results can be compared to studies of the so
called “double duct sign”[20-22]. The double duct sign is
defined as coexistent and adjacent stenosis of the main
pancreatic and CBD as seen on ERCP. Initially, the double
duct sign was thought to predict the presence of pancreatic
carcinoma with a specificity approaching 100%. Recently, a
study indicated that the specificity of the double duct sign
in predicting the presence of pancreatic cancer appears
to be lower than previously reported[22]. In this study, the
specificity of the double duct sign for pancreatic cancer
was 85%. In our study, the specificity of the DDD for
pancreatic cancer is 82%, approaching that of the ERCP
study and reflecting the similarity of the imaging findings.
There are limitations as with all retrospective studies. It
is possible that not all patients with main pancreatic duct
dilation could be captured by the computer search either
because the character string did not appear as searched
in the report or because the dilation was not reported. It
is unclear whether only cases of isolated main pancreatic
duct dilation were missed or if cases of double duct
dilation were also missed. How this would impact the
results of the study is unknown. All patients in this study
were followed up and repeated CTs were performed for
most of the patients. The chance of missing pancreatic
cancer is very low in these patients. In addition, the degree
of dilation of the main pancreatic duct is rarely reported
objectively in millimeters, over- or under-reported cases
may occur as inter-observer variability.
Two-third of patients with SDD had chronic
pancreatitis; the next most common diagnosis was
idiopathic dilation in 15%. CT and ERCP as well as clinical
presentations were used to diagnose chronic pancreatitis
in this study. For the 10 patients with idiopathic dilation,
chemical tests to rule out subtle chronic pancreatitis were
not performed. We do not know the etiology of the
pancreatic duct dilation in these patients. The mean age
of those patients was 63 years, advanced age may not be
a contributing factor. The dilation of the main pancreatic
duct for these patients was stable on follow-up CTs.
Patients with IPMT of the pancreas may present with
SDD[23], we had 2 such patients in the SDD group.
In conclusion, we emphasize that although high
resolution CT images bring us very important information
about the pancreas, there is still no combination of criteria,
including clinical and multi-modality imaging, which
can reliably distinguish between pancreatic cancer and
chronic pancreatitis. Close follow-up in patients with main
pancreatic duct dilation on CT is necessary. There are two
groups of patients with high risk of pancreatic malignancy:
patients with DDD, and patients with SDD but without
chronic pancreatitis. Therefore, repeated CTs or other
imaging tests, such as ERCP, are necessary in these patients
if the initial CT does not show a pancreatic mass.
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Abstract
AIM: to study the effect of combined omeprazole (Ome)
and domperidone (Dom) therapy on asthma symptoms
and pulmonary function in asthmatics with gastroesophageal reflux.
METHODS: We selected 198 asthmatics with gastroesophageal reflux diagnosed by 24-h esophageal pH monitoring to receive ome 20 mg twice daily and dom 10 mg
three times daily or placebo for 16 wk (1:1 double-blind
randomization). Spirometry was done at baseline and after 16 wk of treatment. The primary outcome measures
were: mean daily daytime and nighttime asthma symptom scores. Mean daily reflux symptom scores, albuterol
use as rescue medication (number of puffs), daytime and
nighttime peak expiratory flow rate (PEFR), postbronchodilator forced expiratory volume in 1 second (FEV1) and
postbronchodilator forced vital capacity (FVC) were secondary outcome measures.
RESULTS: Comparison of mean change from baseline
between antireflux therapy and placebo groups revealed
significant reduction in daytime asthma symptom score
(17.4% vs 8.9%), nighttime asthma symptom score
(19.6% vs 5.4%), reflux symptom score (8.7% vs 1.6%)
and rescue medication use (23.2% vs 3.1%) after antireflux therapy compared to mean change in placebo group
(p < 0.001). There was significant improvement in morning PEFR (7.9% vs 0.2%), evening PEFR (9.8% vs 0.5%),
FEV1 (11.1% vs 3.78%) and FVC (9.3% vs 1.52%) in the
antireflux therapy group compared to placebo on compar-

www.wjgnet.com

ing the mean change from baseline after 16 wk (p < 0.01).
CONCLUSION: Combined therapy with ome and dom
in adult asthmatics with gastroesophageal reflux may be
beneficial by reducing asthma symptoms, rescuing medication use, and improving pulmonary function.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) and asthma are
two common diseases that afflict millions of people all
over the world. The exact relationship between GERD and
asthma has been a source of constant debate. GERD is reportedly the most common trigger in difficult-to-control asthma[1]. Various mechanisms contributing to GERD exacerbating asthma include a vagus-mediated reflex[2], a local axonal
reflex[3], heightened bronchial reactivity[4,5], and microaspiration[6,7]. GERD is more prevalent in asthmatics compared with control populations and asthmatics frequently
associate GERD symptoms with their asthma symptoms.
Previous studies have estimated the prevalence of GERD
in adult asthmatics at between 34% and 80%[8-10]. Asthma
symptoms also correlated with esophageal pH events on
24-h esophageal pH monitoring[11].
Previous studies on the effect of antireflux therapy on
asthma have shown inconsistent results[12-24]. Most of these
studies have been done in small groups of patients with
different proton-pump inhibitors and were done for short
durations of anti-reflux therapy. There is limited data on
the use of prokinetic agents in asthmatics with GERD[25]
and so far, only one study has explored the effect of a
combination of a proton pump inhibitor and a prokinetic
agent in asthmatics with GERD [19]. The present study
was done to study the effect of combined therapy with
omeprazole, a proton-pump inhibitor and domperidone,
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a prokinetic agent on asthma symptoms and pulmonary
function in asthmatics with GERD.
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Patients screened and underwent 24-h
esophageal pH monitoring, n = 410
Patients with GERD,

MATERIALS AND METHODS
Patients
A total of 410 adult asthma patients attending the outpatient medicine and pulmonary clinics of Lok Nayak Hospital, a tertiary teaching hospital affiliated with Maulana Azad
Medical College, University of Delhi, India, were screened
after obtaining informed consent. The study was approved
by the Institutional Review Board of the hospital. All patients underwent 24-h esophageal pH monitoring to detect
GERD. The inclusion criteria of the study at screening
included the following: (1) > 18 years of age; (2) > 12%
improvement in FEV1 (in litres) after inhalation of 180 µg
of albuterol; (3) mild-to-moderate persistent asthma; (4)
no exacerbations or significant change in asthma medications during past weeks of screening; and (5) GERD as
diagnosed by 24-hour esophageal pH monitoring. GERD
was defined as positive if the total time for which pH was
< 4 was > 4.5%[26]. Exclusion criteria included the following: (1) any unstable chronic medical condition; (2) history
of smoking in past or present; (3) history of any other
lung disease except asthma; and (4) use of antireflux medications including antacids, histamine-2-receptor antagonists, proton pump inhibitors or prokinetic agents. GERD
was diagnosed in 247 asthmatics after 24-h esophageal
pH monitoring. Of 247 patients with GERD, 18 patients
had history of smoking, 10 patients had history of recent
asthma exacerbation, 8 patients were receiving omeprazole
therapy, 5 patients were receiving antacids and 2 patients
withdrew the consent. After screening, remaining 204
patients for selected for randomization, of which 198
patients completed the study.
Study design
At initial screening (Figure 1), a detailed medical history, physical examination and laboratory tests were done
from July 4, 2001 to August 18, 2003 in all asthmatics
with GERD who met the inclusion and exclusion criteria.
After screening, each patient was given albuterol metereddose inhaler (Ventolin; Glaxo Smithkline Pharmaceuticals
Limited, Mumbai, India) for use as rescue medication, a
peak flow meter and a diary. Patients were instructed to
record daily daytime and nighttime asthma symptoms, reflux symptoms, morning and evening peak expiratory flow
rates more than 3 h after albuterol use and albuterol use as
rescue medication. Asthma symptoms included wheezing,
chest tightness, dysnea and cough and were graded on a
scale of 0-4 (1-none, 2-mild, 3-moderate, 4-severe). Reflux
symptoms included heartburn, regurgitation, dysphagia,
belching and hoarseness and were graded similarly. This
asthma symptom scale has been used in previous studies[27-29]. Randomization was done after initial screening and
all patients received white capsules containing omeprazole
20 mg (Ome; Dr. Reddy’s Laboratories; Hyderabad, India)
to be taken orally 1 h before breakfast and 1 h before the
evening meal and domperidone (Dom; Dr. Reddy’s Laboratories, Hyderabad, India) 10 mg orally 3 times daily (1 h
before breakfast, lunch and evening meal) or identical pla-

n = 247
Qualification
failures, n = 43
Selected for double-blind
randomization, n = 204
Dropouts, n = 6
Patients completing the
study, n = 198

Omeprazole 20 mg bid + Domperidone
10 mg tid, n = 99

Placebo, n = 99

Figure 1 Study design for GERD therapy.

cebo capsules (1:1 double-blind randomization). We used
ome 20 mg twice daily as this dose has been shown to cause
adequate acid suppression in a previous study[30].All patients
underwent flow-volume spirometry at baseline using standard reference values. Inhaled beta-2 agonists were held
for at least 8 h, and oral beta-2 agonists and inhaled anticholinergics were held for at least 12 h before pulmonary
function tests. Spirometry was done before and 30 min
after inhalation of 180 µg of inhaled albuterol and was
repeated after antireflux therapy for 16 wk. The primary
outcome measures were: mean daily daytime and nighttime asthma symptom scores. Mean daily reflux symptom
scores, albuterol use (number of puffs), daytime and nighttime peak expiratory flow rate (PEFR), postbronchodilator
forced expiratory volume in 1 s (FEV1) and postbronchodilator forced vital capacity (FVC) were secondary outcome measures.
Statistical analysis
Statistical analysis was done using SPSS 12.0 (SPSS Inc,
Chicago, Illinois, United States) statistical software. Comparison between baseline and post-treatment parameters
within treatment groups was done using paired t test.
Comparison of mean percentage change from baseline
after 16 wk of therapy between two treatment groups was
done using Fisher’s exact test. p values were two-sided and
were considered significant at < 0.05.

RESULTS
At baseline (Table 1), the antireflux therapy and placebo
groups were matched with no significant difference between various parameters like age, sex, body mass index,
asthma symptoms, reflux symptoms, rescue medication
use, FEV1 and FVC. There was no significant difference in
medication compliance between antireflux therapy and placebo groups based on pill counts (95.2% ± 7.4% vs 96.7% ±
6.3%, p = 0.87).
There was 17.4% reduction in the daytime asthma
symptom score (p = 0.0002), 19.6% reduction in nighttime
asthma symptom score (p = 0.0007) and 8.7% reduction
www.wjgnet.com
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Table 1 16-wk primary and secondary outcome measures of antireflux therapy (mean ± SD)
Variable

Baseline
Antireflux therapy

16 wk therapy
Placebo

Antireflux therapy

Placebo

Age, yr

51.49 ± 9.83

51.48 ± 9.79

Sex, % Male

68.7

68.7

Female

31.3

31.3

BMI, kg/m2

27.33 ± 1.93

27.37 ± 1.96

Daytime

2.48 ± 0.80

2.46 ± 0.79

2.04 ± 0.68)b

2.24 (0.64)

Nighttime

2.60 ± 0.80

2.59 ± 0.79

2.09 ± 0.67b

2.45 (0.71)

Reflux symptom score

2.48 ± 0.76

2.49 ± 0.73

1.52 ± 0.52b

2.45 (0.64)

3.27 ± 1.04

3.25 ± 1.02

2.51 ± 0.69b

3.15 (0.97)

Morning

283.58 ± 43.27

285.45 ± 44.27

306.36 ± 42.19b

286.01 (43.89)

Evening

283.69 ± 54.49

288.06 ± 57.38

311.45 ± 50.85b

286.63 (53.39)

1.89 ± 0.40

1.85 ± 0.40

2.10 ± 0.34b

1.92 (0.41)

68.58 ± 3.56

68.69 ± 3.59

70.66 ± 3.02b

68.89 (3.57)

Asthma symptom score

Albuterol use,
number of puffs/week
PEFR, L/min

FEV1
L
% predicted
FVC
L
% predicted

1.94 ± 0.37

1.97 ± 0.35

2.12 ± 0.31b

1.94 (0.37)

69.24 ± 3.39

69.65 ± 3.45

71.12 ± 2.88b

69.28 (3.42)

b

P < 0.01 vs Baseline, BMI: Body mass index; PEFR: Peak expiratory flow rate; FEV1: Forced vital capacity in 1 s; FVC: Forced vital capacity.

in reflux symptom score after antireflux therapy compared
to baseline (p = 0.0001). Antireflux therapy resulted in
23.2% reduction in rescue medication use (p = 0.0001),
7.9% improvement in morning PEFR (p = 0.005), 9.8%
improvement in evening PEFR (p = 0.003), 11.1% improvement
in FEV1 (L) (p = 0.001) and 9.3% improvement in FVC (L)
compared to baseline (p = 0.002).
Comparison of mean change from baseline between
antireflux therapy and placebo groups revealed significant
reduction in daytime asthma symptom score (17.4% vs 8.94%,
p = 0.0001), nighttime asthma symptom score (19.6% vs 5.4%,
p = 0.0001), reflux symptom score (8.7% vs 1.6%, p = 0.0003)
and rescue medication use (23.2% vs 3.08%, p = 0.0001) after
antireflux therapy compared to mean change in placebo group.
There was significant improvement in morning PEFR (7.9%
vs 0.2%, p = 0.004), evening PEFR (9.8% vs 0.5%, p = 0.002),
FEV1 in L (11.1% vs 3.78%, p = 0.0013) and FVC in L (9.3%
vs 1.52%, p = 0.0023) in the antireflux therapy group compared
to placebo on comparing the mean change from baseline
after 16 wk. These results are demonstrated in table 1.
Improvement in primary and secondary outcome measures
was seen in all 99 patients treated with antireflux therapy.
Maintenance medication and adverse events
All patients were treated with one inhalation of salmetrol
50 µg and fluticasone propionate 250 µg taken two times
everyday at 8:00 and 20:00 (Seretide; Glaxo Smithkline
Pharmaceuticals Limited, Mumbai, India). There was no
significant difference in the maintenance mediation dose
between two treatment groups at baseline. There was no
change in the maintenance medication during the treatment period in two treatment groups.
There was no significant difference in treatmentemergent adverse events between antireflux therapy and
placebo groups over 16 wk of treatment (64% vs 60%, P =
www.wjgnet.com

0.7). The percentages of severe adverse events were similar
in the two treatment groups (10% vs 8%, p = 0.4). The
severe adverse events included myalgia (4%), aggression
(3%), thrombocytopenia (1%), urticaria (1%) and StevenJohnson syndrome (1%) in the antireflux therapy group.

DISCUSSION
This study shows a significant improvement in daytime and
nocturnal asthma symptoms, reflux symptoms, daytime
and nighttime PEFR, FEV1 and FVC after omeprazole
and domperidone therapy for 16 wk compared to placebo.
This is the second study in medical literature investigating
the effect of combined therapy with a proton-pump inhibitor and prokinetic agent in asthmatics. In an earlier
study, Jiang et al[19] used ome 20 mg once daily and dom
10 mg thrice daily for 6 wk in 30 asthmatics. They found
significant improvement in VC, VC%, FVC, FVC%, FEV1,
FEV1%, PEF, PEF% and bronchial hyper-responsiveness
as measured by histamine bronchoprovocation test.
Results of past studies investigating the effect of
proton-pump inhibitor therapy on asthma outcome
have shown variable results. Some recent studies using
different proton pump inhibitors in asthmatics include
those by Calabrese et al[20] using pantoprozole 80 mg daily
in 34 asthmatics for 6 mo (25 patients had a complete
recovery of esophagitis and reflux symptoms and 27
patients had normalization of FEV1), Kiljander et al[21]
using esomeprazole 40 mg twice daily for 16 wk in
350 asthmatics with GERD and nocturnal respiratory
symptoms (significant improvement in morning and
evening PEFR), Littner e����
t al [22] using lansoprozole 30
mg twice daily for 24 wk in 207 asthmatics with acid
reflux symptoms (reduction in asthma exacerbations and
improved asthma quality of life, but no improvement in
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asthma symptoms or pulmonary function), Gopal et al[23]
using ome 20 mg daily for 4 wk in 70 asthmatics with
significant reflux (significant improvement in asthma
symptom scores and pulmonary function), and Eryuksel
et al [24] using pantoprozale 40 mg daily for 3 mo in 28
asthmatics with laryngopharyngeal reflux as shown by
indirect videolaryngoscopy (significant reduction in
asthma and laryngopharyngeal sreflux symptoms). On
reviewing the combined results of 12 studies examining
medical therapy in 326 treated asthmatics with GERD
in a meta-analysis, asthma symptoms improved in 69%,
medication use was reduced in 62%, and evening PEFR
rates improved in 26% of patients; however, pulmonary
function did not improve[25]. A recent Cochrane Database
review examined 12 randomized controlled trials studying
antireflux therapy in asthmatics and noted no overall
improvement in asthma after GERD therapy[31]. However,
they concluded that subgroups of patients may benefit and
pointed out the importance of examining predictors of
asthma response.
The role of non-acid reflux in asthmatics who do
not respond to proto-pump inhibitor therapy has been
described[32]. We speculate that a sub-group of asthmatics
may have increased bronchial responsiveness on exposure
to non-acid reflux including bile acids, bile salts and
pancreatic enzymes. Combined therapy with a proton
pump inhibitor and prokinetic agent may help asthmatics
with gastroesophageal reflux by reducing acid as well as
non-acid reflux. A new technique, esophageal impedance
monitoring makes it possible to detect non-acid reflux and
may provide future directions to exploring the relationship
between non-acid reflux and asthma. A large on-going trial
is exploring the prevalence of acid and non-acid GERD
in moderate to severe asthma children aged 1-18 years
referred for gastrointestinal evaluation[33].
We used dom, a prokinetic agent in addition to
omeprazole to treat GERD in our study. Prokinetics have
been shown to have a definite role in the treatment of
gastroesophageal reflux disease. In short term treatment
of gastro-esophageal reflux disease, cisapride (10 mg four
times a day or 20 mg twice daily) has proved more effective
than placebo and nearly as effective as H 2 blockers in
relieving symptoms and healing esophagitis[34]. Cisapride
(10 mg twice daily or 20 mg at bedtime) also prevents
relapses in patients with mild esophagitis[35]. Studies using
metoclopramide also showed an improvement in reflux
symptoms compared to placebo using metoclopramide 10
mg four times a d[36]. Domperidone, the prokinetic agent
used in our study, is a dopamine antagonist,which does
not cross the blood–brain barrier and thus has a better
safety profile, with no significant CNS side effects and
only a minor incidence of gynecomastia and galactorrhea.
Domperidone acts by increasing lower esophageal
sphincter tone and by enhancing upper gastrointestinal
separately, acting on one of the pathophysiological
mechanisms of GERD. It antagonizes the inhibitory
effect of dopamine, resulting in stimulation of gastric
muscle contraction. This provides a mechanism for the
gastrokinetic effect of domperidone[37]. In a randomized,
double-blind, controlled trial conducted in pediatric
population, dom caused a significant reduction in

vomiting compared to metoclopramide and placebo[38]. A
study comparing different maintenance therapies for reflux
esophagitis has concluded that addition of prokinetic
with antisecretory agent decreases relapse (relapse rate
20% with ome and only 11% with combination of ome
and cisapride)[39]. However, Sekiguchi et al[40] found that
cisapride often actually exacerbated acid reflux in another
study. The use of combination therapy with omeprazole
and domperidone should be monitored closely in
asthmatics.
In conclusion, our data suggests that combined therapy
with ome and dom for 16 wk in asthmatics with GERD
may be beneficial by reducing asthma symptoms and
rescue medication use, and improving pulmonary function.
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Abstract
AIM: To describe the diagnostic criteria for acute
liver failure due to Wilson disease (WD), which is an
uncommon cause of acute liver failure (ALF).
M E T H O D S : We c o m p a r e d f i n d i n g s o f p a t i e n t s
presenting with ALF due to WD to those with ALF of
other etiologies.
RESULTS: Previously described criteria, such as low
alkaline phosphatase activity, ratio of low alkaline
phosphatase to total bilirubin or ratio of high aspartate
aminotransferase (AST) to alanine aminotransferase
(ALT), failed to identify patients with ALF due to WD.
There were significant differences in low ALT and AST
activities (53 ± 43 vs 1982 ± 938, P < 0.0001 and 87 ±
44 vs 2756 ± 2941, P = 0.037, respectively), low choline
esterase activity (1.79 ± 1.2 vs 4.30 ± 1.2, P = 0.009),
high urine copper concentrations (93.4 ± 144.0 vs 3.5
± 1.8, P = 0.001) and low hemoglobin (7.0 ± 2.2 vs
12.6 ± 1.8, P < 0.0001) in patients with ALF caused by
WD as compared with other etiologies. Interestingly, 4
of 7 patients with ALF due to WD survived without liver
transplantation.
C O N C L U S I O N : I n A L F, t h e s e c r i t e r i a c a n h e l p
establish a diagnosis of WD. Where applicable, slitlamp examination for presence of Kayser-Fleischer rings
and liver biopsy for determination of hepatic copper
concentration still remain important for the diagnosis of
ALF due to WD. The need for liver transplantation should
be evaluated carefully as the prognosis is not necessarily
fatal.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Wilson disease (WD) is an autosomal recessively inherited
disorder of copper metabolism with a prevalence
of approximately 1:30 000. Mutations of the copper
transporting ATPase ATP7B can lead to decreased
biliary copper excretion and accumulation of copper
predominantly in the liver and in extrahepatic organs such
as the brain and the cornea[1]. The disease typically begins
with an asymptomatic period with subclinical hepatitis
and progresses to liver cirrhosis and neuropsychiatric
symptoms[2,3]. A small proportion of patients, however,
present with fulminant Wilson disease (FWD) without
clinical signs of pre-existing liver disease fulfilling the
criteria of acute liver failure (ALF).
Typically, diagnosis of WD is based on the finding of a
low serum-ceruloplasmin level (< 20 mg/dL), presence of
Kayser-Fleischer rings, increased hepatic copper content
(> 250 μg/g dry weight) and increased urinary copper
excretion [> 100 μg/24 h (= 1.6 μmol/24 h)][4]. However,
there are limitations to all these criteria, especially in
patients with acute liver failure. A ratio of alkaline
phosphatase (AP) to bilirubin < 2 has been suggested to
be diagnostic for FWD[5].
Clinically FWD patients appear as cases of acute liver
failure. In this patient group, WD is a possible etiology
for ALF amongst others like toxic liver damage, acute
hepatitis or ischemic liver damage [6]. The mortality of
patients is high, and orthotopic liver transplantation (OLT)
often remains the only therapeutic option, which has
been shown to be an effective treatment for patients with
FWD[7].
The purpose of this study is to outline differences in
clinical and biochemical findings between FWD and ALF
of other etiologies that might identify cases of FWD.

MATERIALS AND METHODS
Acute liver failure was defined as new onset liver
disease characterized by coagulopathy [international
normalized ratio (INR) ≥ 1.5] and any grade of hepatic
encephalopathy (HE) in absence of any pre-diagnosed
www.wjgnet.com
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Table 1 Baseline characteristics at initial presentation
Sex

Age ALT
AP
Bilirubin INR
(yr) (U/L) (U/L) (mg/dL)

Creatinine U-Copper
Grade of Bx-Copper
(mg/dL)
(μmol/24 h)
HE
(μg/g)

KFR Mutation

NS Outcome

Yes
No
ND
No
Yes
ND
Yes

4
5
8
7
4
7
5

FWD

F
F
F
F
F
F
F

46
16
18
17
16
18
10

19
45
31
143
44
64
22

118
122
56
n.d.
262
193
19

8.5
10.6
48.0
15.0
11.0
52.0
13.0

2.7
2.0
2.4
1.6
1.7
2.6
1.9

2.20
0.60
4.30
1.00
1.70
0.77
0.60

411.00
104.00
38.00
60.00
3.89
25.00
11.93

2
1
2
2
1
1
1

ALF

F
F
F
F
F
F
M
M

52
85
35
34
59
43
18
32

3188
386
1442
1782
2301
1285
2953
2522

181
99
111
266
59
142
179
79

15.5
3.8
23.2
1.5
4.0
9.4
24.5
38.0

1.5
2.6
1.5
1.7
1.8
1.8
2.4
3.2

0.95
1.18
0.50
0.55
1.25
0.58
0.64
0.89

3.12
5.56
2.23
1.72
0.80
4.22
4.39
5.80

2
3
2
1
4
2
2
1

ND
1276
1500
ND
400
1581
ND
ALF etiology
Fulminant hepatitis B
Toxic (tuberculostatics)
Toxic (venlafaxin)
Unknown
Toxic (acetaminophen)
Toxic (opipramol)
Fulminant hepatitis B
Unknown

ND
ND
H1069Q/H1069Q
H1069Q/IVS4-1:g > a
H1069Q/2299Ins
T977M/T977M
ND

OLT, alive
Alive
OLT, alive
Alive
Alive
OLT, alive
Alive
Alive
Alive
Alive
Alive
Death
Alive
Alive
OLT, alive

FWD: acute liver failure secondary to WD; ALF: acute liver failure; F: female; M: male; ALT: alanine aminotransferase, normal range below 34 and 50 for female
and male, respectively; AP: alkaline phosphatase, normal range below 126 and 130 for female and male, respectively; HE: hepatic encephalopathy; Bx-Copper:
hepatic copper content; KFR: Kayser-Fleischer ring; NS: Nazer-Score; OLT: orthotopic liver transplantation; ND: Not determined.

liver disease[6,8]. For patients with FWD the prognostic
score developed by Nazer et al[9] was calculated.
Seven patients with FWD were analyzed. Diagnosis of
WD was confirmed by the presence of Kayser-Fleischer
rings, hepatic copper content (> 250 μg/g dry weight)
and/or genomic mutation analysis.
A control group of 8 patients with ALF due to other
reasons rather than WD was analyzed. Initial diagnostic
procedures in all patients included serological analysis for
hepatitis A-E, cytomegalovirus (CMV), herpes simplex
virus (HSV), varizella zoster virus (VZV), Ebstein-Barr
virus (EBV), leptospirosis, screening for autoantibodies
and ferritin[6]. Hepatic blood flow was analyzed by Doppler
ultrasound and/or computed tomography. Liver biopsy
was performed percutaneously. Hepatic copper content
was measured in liver biopsies or explanted livers.
Mutational analysis
DNA analysis for presence of ATP7B mutations was
perfor med by Ferenci et al [10] as part of an ongoing
protocol to study genotype-phenotype correlations in
patients with established diagnosis of WD. Mutation
analysis was done by a stepwise procedure. First, a rapid,
semi-nested PCR technique was used to detect the
H1069Q mutation as described previously[11]. Patients not
being homozygous for this mutation were further analysed
exon by exon by denaturating HPLC (WAVE mutation
detection system model 4000, Transgenomics, Crewe, UK).
So far, the analysis has been completed for exons 3 to 20.
Exons were amplified with published primers[12]. Samples
with potential mutations identified by this approach were
sequenced by the ABI Prism 310 Genetic Analyser (Perkin
Elmer; Norwalk, CT, USA).
Statistical analysis
Statistical analyses were perfor med with SPSS for
Windows, release 10.05 (SPSS, Chicago, IL). Comparisons
of quantitative variables were performed by the unpaired
www.wjgnet.com

t test. For urinary copper excretion, log values were used.
Data are expresssed as means ± SD. A P value < 0.05 was
considered statistically significant.

RESULTS
Patients’ characteristics
We have analysed the clinical and biochemical findings of
15 patients meeting diagnostic criteria for ALF. Of these
15 patients, seven had presented with ALF due to WD and
eight with ALF of other etiologies.
Patients with FWD were diagnosed on the basis of a
liver copper content of > 250 μg/g dry weight, presence
of Kayser-Fleischer rings at split-lamp examination and/
or presence of ATP7B-mutations (Table 1). Potential
competing causes of ALF were excluded. Three patients
received high-urgent OLT, and 4 patients survived on
supportive care and initiation of medical therapy with
D-penicillamine (n = 3) or trientine (n = 1). As controls,
8 patients with ALF of other causes were analyzed. One
patient died from acetaminophen intoxication, all other
patients survived on supportive care or on lamivudine
therapy[13] in the cases of fulminant hepatitis B (Table 1).
Patients with ALF due to other causes rather than WD
were significantly older than patients with FWD (44.8 ±
20.9 vs 20.1 ± 11.7 years of age, P < 0.05) (Tables 1 and
2). On admission, all patients had some degree of hepatic
encephalopathy, with no significant difference between
patients with FWD and patients with ALF duo to other
causes (Tables 1 and 2).
Parameters of copper metabolism
Compared with patients who had ALF due to other causes
rather than WD, patients with FWD had a higher urinary
copper (93.4 ± 144.0 μmol/24 h vs 3.5 ± 1.8 μmol/24
h, P < 0.01). Differences in serum ceruloplasmin and
serum copper were not statistically significant between
the two groups, although a trend towards lower serum
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Table 2 Comparison of clinical findings between the groups
FWD
Age (yr)
MELD score
HE (grade 1-4)
Serum ALT (U/L)
Serum AST (U/L)
AST-ALT ratio
Serum AP (U/L)
Serum LDH (U/L)
Serum bilirubin (mg/dL)
AP-bilirubin ratio
INR
Albumin (g/L)
CHE (kU/L)
Hemoglobin (g/L)
Serum copper (μmol/L)
Serum ceruloplasmin (g/L)
Urinary copper (μmol/24 h)

20.1 ± 11.7
27.6 ± 9.5
1.4 ± 0.5
53 ± 43
87 ± 44
2.3 ± 1.5
128 ± 89
535 ± 638
23 ± 19
9.3 ± 8.9
2.1 ± 0.4
29.8 ± 4.7
1.8 ± 1.2
7.0 ± 2.2
28.1 ± 29.4
0.12 ± 0.08
93.4 ± 144.0

ALF
44.8 ± 20.6
20.3 ± 7.0
2.13 ± 1.0
1982 ± 938
2756 ± 2941
1.5 ± 1.2
142 ± 66
1567 ± 2707
15 ± 13
32.5 ± 59.0
2.1 ± 0.6
32.0 ± 3.8
4.3 ± 1.2
12.6 ± 1.8
17.8 ± 2.5
0.19 ± 0.03
3.5 ± 1.8

1713

A

Coeruloplasmin (g/L)

B

Serum-copper (μmol/L)

100

0.3

P
0.016
0.108
0.122
< 0.0001
0.037
0.266
0.749
0.382
0.372
0.363
0.816
0.379
0.005
< 0.0001
0.376
0.07
0.001

FWD: acute liver failure secondary to WD; ALF: acute liver failure; HE:
hepatic encephalopathy; ALT: alanine aminotransferase; AP: alkaline
phosphatase; INR: international normalized ratio; CHE: choline esterase.

ceruloplasmin levels was observed in FWD (Table 2).
Standard laboratory tests
Higher serum alanine aminotransferase (ALT) (53 ±
43 vs 1982 ± 938, P < 0.0001) and ser um aspartate
aminotransferase (AST) (87 ± 44 vs 2756 ± 2941, P <
0.05) were found in the control group than in the FWD
group (Table 2). However, bilirubin, alkaline phosphatase
(AP), albumin, INR, the AP to bilirubin ratio, and the AST
to ALT ratio did not differ significantly between the two
groups (Table 2).
Notably, serum cholinesterase (CHE) activity was
significantly lower in patients with FWD than in patients
with ALF due to other etiologies (1.8 ± 1.2 vs 4.3 ± 1.2, P
< 0.01) (Table 2).
A low hemoglobin value, as the correlate of hemolysis,
was present in all the patients with FWD, but only in 4
of the seven patients with ALF due to other causes. The
mean hemoglobin value was significantly lower in the
FWD group than in the Non-WD-ALF group (7.0 ± 2.2 vs
12.6 ± 1.8, P < 0.0001). However, the serum LDH showed
no significant difference between the two groups.
Outcome
Four of seven patients with FWD were treated with
chelating agents and survived without liver transplantation.
Three patients with FWD underwent successful liver
transplantation. Two of the three FWD patients with liver
transplantation had a prognostic index ≥ 7 based on the
score developed by Nazer et al[9]. All but one FWD patient
surviving without liver transplantation had a score ≤ 7
(Table 1).

DISCUSSION
The lack of sensitive and specific criteria for the rapid
diagnosis of FWD has made this disease quite difficult
to identify. This complicates the potential decisions

75
0.2
50
0.1
25

0.0

FWD

C

ALF

Urin-copper/24 h (μmol)

a

D

ALF

Hemoglobin (g/dL)

12

10

8

1

0.1

FWD

16

1000

100

0

a

4

FWD

ALF

0

FWD

ALF

Figure 1 Comparison of copper metabolism parameters and hemoglobin. The
linear scales in A, B, D and the logarithmic scale in C: Ceruloplasmin (g/L), serumcopper (μmol/L), urine-copper (μmol/24 h), hemoglobin (g/dL). FWD: acute liver
failure secondary to Wilson disease; ALF: acute liver failure. aP ≤ 0.001).

concerning liver transplantation and the initiation of
medical therapy with chelating agents for WD.
In our study, we addressed clinical and biochemical
differences between patients with FWD and those with
ALF of other etiologies rather than WD to characterize
variables for a rapid diagnosis.
Biochemical diagnosis of FWD usually is suggested by
the association of a mild increase of serum transaminase
concentrations compared with the degree of hepatic
insufficiency by high serum bilirubin concentration, high
serum and urinary copper concentration, and the presence
of Coombs-negative hemolytic anemia[14].
Although hemolytic anemia associated with ALF is
strongly suggestive of FWD, it is not pathognomonic.
In our series, a low hemoglobin value, as the correlate of
hemolysis, was present in all the patients with FWD and in
four of the seven patients with ALF due to other causes.
This is in concordance with Hillenbrand et al [15], who
reported that anemia is present in 50% of adult patients
with ALF.
Multiple indices have been used for FWD diagnosis.
Berman et al[5] identified a ratio of AP to total bilirubin
< 2.0 and an AST to ALT ratio > 4.0 for diagnosis of
FWD. In our series, these two ratios showed no significant
differences between the two groups. This is in concordance
with other reports that doubt the validity of the two scores
for diagnosis of FWD[16,17].
In our series, INR, grade of HE, and MELD score
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failed to discriminate FWD from ALF due to other
causes. And, the previously reported low serum alkaline
phosphatase activity in FWD[18] could not be observed in
our FWD patients. However, FWD was characterized by
statistically significant lower hemoglobin values, serum
transaminases, and serum CHE. Low transaminases and
CHE can be explained by the presence of an underlying
chronic subclinical liver disease in FWD patients who may
already have evidence of cirrhosis and impaired organ
function. Typically, the presence of WD is not recognized
before rapid deterioration and onset of FWD. Therefore,
FWD is considered one of the special circumstances
where ALF can still be diagnosed in patients with preexisting liver disease[6,19].
An elevation in urinary copper excretion has been
reported in other forms of ALF and is explained by the
release of copper from necrotic hepatocytes. The urinary
copper excretion was significantly elevated in patients with
FWD. Other parameters of copper metabolism, serum
copper and serum ceruloplasmin, showed no significant
difference between the two groups. However, as shown in
Figure 1, the overlap in serum ceruloplasmin concentration
between FWD group and control group only concerned
two patients. The absence of statistically significant
difference between the two groups might be related to
the small size of the samples. Based on the results in this
series, it seems that by using a threshold value of about 1.5
g/L, serum ceruloplasmin may remain a relatively good
marker. None of the patients in the control group had
serum ceruloplasmin lower than 1.5 g/L as compared with
5 of 7 in the FWD group.
Although copper metabolism parameters remain the
most accurate means for WD diagnosis, it may be of limited
value in the acute setting of FWD. Early FWD diagnosis
could be achieved by identification of Kayser-Fleischer
rings, a strikingly high urinary copper excretion, only
mildly elevated transaminases and a low hemoglobin value.
Although it has been previously stated that FWD has
a uniformly fatal outcome if liver transplantation is not
performed timely [20,21], four out of our seven patients
with FWD survived without liver transplantation. Nazer
et al[9] have proposed a prognostic score for identification
of patients with FWD who will not survive without liver
transplantation (score ≥ 7). In our series only one FWD
patient surviving without liver transplantation had a Nazerscore of 7, the other patients had lower scores.
In conclusion, the prognosis of FWD is not necessarily
fatal. Patients with a Nazer-score of six or less can survive
FWD without liver transplantation. Early consideration of
the diagnosis of WD in patients with ALF is of paramount
importance. Prompt initiation of appropriate treatment
(chelation therapy vs liver transplantation) may be able to
lower the high mortality from FWD.

REFERENCES

ACKNOWLEDGMENTS

20

We are grateful to all physicians and nurses for taking
care of the patients, and to Professor Peter Ferenci for
performing the ATP7B H1069Q mutation analysis.

21

1
2
3

4
5

6
7
8
9
10

11

12
13

14

15

16

17

18
19

Volume 13

Number 11

Scheinberg IH. Wilson's disease. J Rheumatol Suppl 1981; 7:
90-93
Gitlin JD. Wilson disease. Gastroenterology 2003; 125: 1868-1877
Stremmel W, Meyerrose KW, Niederau C, Hefter H,
Kreuzpaintner G, Strohmeyer G. Wilson disease: clinical
presentation, treatment, and survival. Ann Intern Med 1991;
115: 720-726
Gitlin N. Wilson's disease: the scourge of copper. J Hepatol
1998; 28: 734-739
Berman DH, Leventhal RI, Gavaler JS, Cadoff EM, Van Thiel
DH. Clinical differentiation of fulminant Wilsonian hepatitis
from other causes of hepatic failure. Gastroenterology 1991; 100:
1129-1134
Polson J, Lee WM. AASLD position paper: the management of
acute liver failure. Hepatology 2005; 41: 1179-1197
Bellary S, Hassanein T, Van Thiel DH. Liver transplantation
for Wilson's disease. J Hepatol 1995; 23: 373-381
Trey C, Davidson CS. The management of fulminant hepatic
failure. Prog Liver Dis 1970; 3: 282-298
Nazer H, Ede RJ, Mowat AP, Williams R. Wilson's disease:
clinical presentation and use of prognostic index. Gut 1986; 27:
1377-1381
Ferenci P, Caca K, Loudianos G, Mieli-Vergani G, Tanner
S, Sternlieb I, Schilsky M, Cox D, Berr F. Diagnosis and
phenotypic classification of Wilson disease. Liver Int 2003; 23:
139-142
Maier-Dobersberger T, Ferenci P, Polli C, Balać P, Dienes
HP, Kaserer K, Datz C, Vogel W, Gangl A. Detection of the
His1069Gln mutation in Wilson disease by rapid polymerase
chain reaction. Ann Intern Med 1997; 127: 21-26
Thomas GR, Forbes JR, Roberts EA, Walshe JM, Cox DW.
The Wilson disease gene: spectrum of mutations and their
consequences. Nat Genet 1995; 9: 210-217
Tillmann HL, Hadem J, Leifeld L, Zachou K, Canbay A,
Eisenbach C, Graziadei I, Encke J, Schmidt H, Vogel W,
Schneider A, Spengler U, Gerken G, Dalekos GN, Wedemeyer
H, Manns MP. Safety and efficacy of lamivudine in patients
with severe acute or fulminant hepatitis B, a multicenter
experience. J Viral Hepat 2006; 13: 256-263
McCullough AJ, Fleming CR, Thistle JL, Baldus WP, Ludwig
J, McCall JT, Dickson ER. Diagnosis of Wilson's disease
presenting as fulminant hepatic failure. Gastroenterology 1983;
84: 161-167
Hillenbrand P, Parbhoo SP, Jedrychowski A, Sherlock S.
Significance of intravascular coagulation and fibrinolysis
in acute hepatic failure. Scand J Gastroenterol Suppl 1973; 19:
133-134
Sallie R, Katsiyiannakis L, Baldwin D, Davies S, O'Grady
J, Mowat A, Mieli-Vergani G, Williams R. Failure of simple
biochemical indexes to reliably differentiate fulminant
Wilson's disease from other causes of fulminant liver failure.
Hepatology 1992; 16: 1206-1211
Emre S, Atillasoy EO, Ozdemir S, Schilsky M, Rathna Varma
CV, Thung SN, Sternlieb I, Guy SR, Sheiner PA, Schwartz
ME, Miller CM. Orthotopic liver transplantation for Wilson's
disease: a single-center experience. Transplantation 2001; 72:
1232-1236
Shaver WA, Bhatt H, Combes B. Low serum alkaline
phosphatase activity in Wilson's disease. Hepatology 1986; 6:
859-863
Roberts EA, Schilsky ML. A practice guideline on Wilson
disease. Hepatology 2003; 37: 1475-1492
Sternlieb I. Wilson's disease: indications for liver transplants.
Hepatology 1984; 4: 15S-17S
Stampfl DA, Muñoz SJ, Moritz MJ, Rubin R, Armenti VT,
Jarrell BE, Maddrey WC. Heterotopic liver transplantation
for fulminant Wilson's disease. Gastroenterology 1990; 99:
1834-1836
S- Editor Liu Y L- Editor Ma JY E- Editor Lu W

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 21; 13(11): 1715-1722
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Coeliac disease in Dutch patients with Hashimoto’s thyroiditis
and vice versa
Muhammed Hadithi, Hans de Boer, Jos WR Meijer, Frans Willekens, Jo A Kerckhaert, Roel Heijmans,
Amado Salvador Peña, Coen DA Stehouwer, Chris JJ Mulder
M u h a m m e d H a d i t h i , C h r i s J J M u l d e r, Department of
Gastroenterology, Rijnstate Hospital, PO Box 9555, 6800 TA
Arnhem, The Netherlands
Hans de Boer, Department of Endocrinology, Rijnstate Hospital,
PO Box 9555, 6800 TA Arnhem, The Netherlands
Jos WR Meijer, Department of Pathology, Rijnstate Hospital, PO
Box 9555, 6800 TA Arnhem, The Netherlands
Frans Willekens, Laboratory of Biochemistry, Rijnstate Hospital,
PO Box 9555, 6800 TA Arnhem, The Netherlands
Jo A Kerckhaert, Laboratory of Biochemistry Immunology,
Rijnstate Hospital, PO Box 9555, 6800 TA Arnhem, The
Netherlands
Roel Heijmans, Amado Salvador Peña, Laboratory of
Immunogenetics, VU University Medical Center, Amsterdam, PO
Box 7057, 1007 MB Amsterdam, The Netherlands
Coen DA Stehouwer, Department of Internal Medicine,
University Hospital Maastricht, P. Debyelaan 25, 6229 HX
Maastricht, The Netherlands
Correspondence to: M Hadithi, Department of Gastroenterology,
Groene Hart Ziekenhuis, PO Box 1098, 2800 BB Gouda,
The Netherlands. muhammed.hadithi@ghz.nl
Telephone: +31-182-505050 Fax: +31-182-505578
Received: 2006-11-24
Accepted: 2007-03-15

Abstract
AIM: To define the association between Hashimoto’s
thyroiditis and coeliac disease in Dutch patients.
METHODS: A total of 104 consecutive patients with
Hashimoto’s thyroiditis underwent coeliac serological
tests (antigliadins, transglutaminase and endomysium
antibodies) and HLA-DQ typing. Small intestinal biopsy
was performed when any of coeliac serological tests was
positive. On the other hand, 184 patients with coeliac
disease were subjected to thyroid biochemical (thyroid
stimulating hormone and free thyroxine) and thyroid
serological tests (thyroglobulin and thyroid peroxidase
antibodies).
RESULTS: Of 104 patients with Hashimoto’s thyroiditis,
sixteen (15%) were positive for coeliac serology and
five patients with documented villous atrophy were
diagnosed with coeliac disease (4.8%; 95% CI 0.7-8.9).
HLA-DQ2 (and/or -DQ8) was present in all the five
and 53 patients with Hashimoto’s thyroiditis (50%;
95% CI 43-62). Of 184 patients with coeliac disease,
39 (21%) were positive for thyroid serology. Based on
thyroid biochemistry, the 39 patients were subclassified
into euthyroidism in ten (5%; 95% CI 2-9), subclinical

hypothyroidism in seven (3.8%; 95% CI 1.8-7.6), and
overt hypothyroidism (Hashimoto’s thyroiditis) in 22
(12%; 95% CI 8-16). Moreover, four patients with
coeliac disease had Graves’ disease (2%; 95% CI 0.8-5)
and one patient had post-partum thyroiditis.
CONCLUSION: The data from a Dutch population
confirm the association between Hashimoto’s thyroiditis
and coeliac disease. Screening patients with Hashimoto’s
thyroiditis for coeliac disease and vice versa is recommended.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Coeliac disease, an immune-mediated enteropathy that
develops in susceptible individuals upon ingestion of
gluten containing diet, is closely associated with other
autoimmune endocrine disorders, particularly autoimmune
thyroid disease[1]. The relationship between coeliac disease
and autoimmune thyroid disease was first described three
decades ago[2]. Since then, coeliac disease has been found
to be more prevalent in patients with autoimmune thyroid
disease in general and especially in Hashimoto’s thyroiditis
than in the general population, ranging between 3.3% and
8%[3-6].
The term autoimmune thyroid disease encompasses
a number of different entities characterized by varying
degrees of thyroid dysfunction and the presence of serum
autoantibodies against thyroid tissue-specific components,
such as thyroglobulin (TG) and thyroid peroxidase (TPO)[7].
Hashimoto’s thyroiditis is defined by the presence of high
serum thyroid antibody concentrations (TG and/or TPO)
accompanied by hypothyroidism[8] or goiter[9]. Likewise,
several studies reported prevalences ranging from 10% to
www.wjgnet.com
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30%[10-13] for autoimmune thyroid disease, and from 4 to
19% for Hashimoto’s thyroiditis in patients with coeliac
disease[11-14].
Screening patients with autoimmune thyroid disease
for coeliac disease, and vice versa, can give an accurate
perception to this association[1]. However, apart from a
report from Italy[10], studies in this field are scarce in the
literature. We designed a study to examine the association
between Hashimoto’s thyroiditis and coeliac disease from a
Dutch population. Both patient groups attended the same
clinic. Moreover, in view of the apparently conflicting
linkage and association between human leukocyte antigen
(HLA) and Hashimoto’s thyroiditis[5,15], we determined the
prevalence of the coeliac specific HLA-DQ2 and -DQ8 in
patients with Hashimoto’s thyroiditis.

MATERIALS AND METHODS
Screening individuals with Hashimoto’s thyroiditis for
coeliac disease
Between January 2001 and January 2003, 104 consecutive
adults with Hashimoto’s thyroiditis (43 newly diagnosed
and 61 had been on thyroid hor monal replacement
therapy) attending the Outpatient Department of
Endocrinology in Rijnstate Hospital were included in
the study. Hashimoto’s thyroiditis was defined by the
presence of thyroid antibodies and hypothyroidism [8].
This strict criterion was chosen to exclude patients who
could be falsely positive to thyroid antibodies. Thirty-six
patients (35%) with Hashimoto’s thyroiditis had symptoms
suggestive of coeliac disease, including diarrhoea (n =
17), abdominal pain (n = 10), iron deficiency anaemia
(n = 3), and osteoporosis (n = 6), and the remaining 68
(65%) did not have any of these symptoms. The general
characteristics of patients with Hashimoto’s thyroiditis are
described in Table 1.
Coeliac serological tests [serum IgA gliadin antibodies
(AGA-IgA), serum IgG gliadin antibodies (AGA-IgG),
serum IgA transglutaminase antibodies (TGA), and
serum IgA endomysium antibodies (EMA)], and coeliac
heterodimers (HLA-DQ2 and -DQ8) were determined
in all patients. Patients with Hashimoto’s thyroiditis who
were positive for any of coeliac serological tests were
advised to take a small intestinal endoscopy for histological
examination[16, 17].
Screening individuals with coeliac disease for thyroid
dysfunction
Between May 1998 and May 2005, 184 adult patients with
coeliac disease attending the Outpatient Department of
Gastroenterology of Rijnstate Hospital were included in
the study. All patients fulfilled the diagnostic criteria of
the European Society of Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN)[18]. During this
period, coeliac disease was newly diagnosed in 77 patients
(42%) while the other 107 patients (58%) had been already
on gluten free diet for a mean period of 6.3 years (range
1-29 years). The general characteristics of patients with
coeliac disease are also described in Table 1. At time of
inclusion, coeliac serological tests, HLA-DQ typing and
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Table 1 General characteristics of patients with Hashimoto’s
thyroiditis and patients with coeliac disease
Characteristics

Mean (range) age, yr
Mean (range) age at
diagnosis, yr
Men, n (%)
mean ± SD BMI
Caucasians, n (%)
Family history of Hashimoto’s
thyroiditis or coeliac disease

Patients with
Hashimoto’s thyroiditis
n = 104
46 (20-74)
42 (12-72)
13 (13%)
25.9 ± 5.3
90 (86)
19%

Patients with
coeliac disease
n = 184
53 (18-82)
43 (3-76)
46 (25%)
22.2 ± 2.8
168 (92)
21%

small intestinal biopsy were performed.
Thyroid biochemistry [thyroid stimulating hormone
(TSH) and free thyroxin (FT4)] and thyroid antibodies [TG,
TPO and if required thyroid stimulating immunoglobulin
(TSI)] were determined in patients with coeliac disease.
Patients with positive thyroid serology were further
classified according to the American Thyroid Association
Guidelines into overt hypothyroidism (elevated TSH and
decreased FT4) and subclinical hypothyroidism (elevated
TSH and normal FT4)[19]. Patients with positive thyroid
serology and normal TSH were considered to have euthyroid autoimmune thyroiditis [7]. Patients with positive
thyroid serology and hypothyroidism were considered to
have Hashimoto’s thyroiditis according to the study design.
Patients were diagnosed with Grave’s disease when thyroid
biochemistry (low TSH, high serum FT4), and radioactive
iodine 131I thyroid scan were compatible with the diagnosis
of Graves’ disease with or without the presence of TSI[20].
Thyroid biochemistry
Serum TSHs were determined by a Sandwich immunoassay
using an electrochemiluminescence detection method
(ECLIA, reference range: 0.30-4.0 mU/L) [21]. FT 4 was
determined by a competitive immunoassay with the same
detection technique [22,23]. Reference range for FT 4 was
11-22 pmol/L [24]. TSH and FT 4 were measured using
a dedicated automatic analyser (Elecsys 2010, Roche
Diagnostics, Mannheim, Germany).
Serum antibodies
Serum thyroid antibodies including TG and TPO were
detected by the automated immunoassays Immulite 2000
anti-TG Ab and Immulite 2000 anti-TPO Ab (Euro DPC
Ldt, Llanberis, Gweinedd, UK)[25]. And 50 IU/mL and 45
IU/mL cut-off values for TG and TPO were employed
respectively. TSI was detected by the LUMI test (TRAK
human of BRAHMS, Berlin) with a cut-off value of 1.5
IU/L[26]. Serum AGA-IgA and AGA-IgG were measured
by enzyme-linked immunosorbent assay (ELISA)[27], serum
was diluted 1:100 and the results were expressed in Dutch
units per millilitre (DU/mL) (CLB Amsterdam). Titres >
4 DU/mL and > 12 DU/mL were considered elevated for
AGA-IgA and AGA-IgG, respectively. Serum TGA was
determined by ELISA, as described by Dieterich et al[28] and
was expressed as DU/mL using a Dutch reference serum
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(100 DU TGA/mL) for calibration with a cut-off value
of > 5 DU/mL[29]. Serum EMA was determined by means
of indirect immunofluorescence on frozen sections of
commercial slides of primate ileum (EuroIMMUN) with
a cut-off titre of > 8[27]. Seropositivity was defined when
one or more of measured antibody tests were positive.
HLA-DQ typing
Whole blood was obtained for HLA-DQA1 and DQB1
genotyping. PCR-amplified exon 2 amplicons were generated for low to medium resolution typing in a combined
single-stranded conformation polymorphism (SSCP)/
heteroduplex assay by a semi-automated electrophoresis and
gel staining method on the PhastsystemTM (AmershamPharmacia-Biotech, Sweden). Alleles DQA1*05 and
DQB1*02 (encoding the HLA-DQ2 heterodimer) and
alleles DQA1*03 and DQB1*0302 (encoding the HLADQ8 heterodimer) could be reliably characterized in
homozygous and heterozygous states. The method has
been validated using a panel of reference DNA against the
Dynall Allset+TM SSP high-resolution typing kits (Dynal AS
Oslo, Norway)[30].
Histopathology
Small intestinal biopsies (at least 3-4) were obtained during
upper gastrointestinal endoscopy from the third part of
the duodenum with a spike forceps for histology[16]. An
experienced pathologist (JWRM) did the evaluation of
all biopsied material according to the modified Marsh
classification[16].
A normal small intestinal mucosa is characterized by
normal villous architecture. The villous: crypt ratio is 4:1,
and intra-epithelial lymphocyte count is less than 30/100
enterocytes. The first lesion, MarshⅠ, is characterized
by intra-epithelial lymphocytosis defined as the presence
of more than 30 intra-epithelial lymphocytes per 100
enterocytes. Marsh Ⅱ lesion is characterized by crypt
hyperplasia (elongation and branching of crypts) next
to intra-epithelial lymphocytosis. A more severe stage is
Marsh Ⅲa (also called partial villous atrophy) characterized
by intra-epithelial lymphocytosis, crypt hyperplasia, and a
reduced villous/crypt ratio below 1:1. Marsh Ⅲb lesion
(subtotal villous atrophy) is characterized by clearly atrophic villi, but still recognizable. When villi are absent or
rudimentary, the lesion is described as Marsh Ⅲc or total
villous atrophy[31,32]. Marsh Ⅲ with all subtypes of villous
atrophy was considered compatible with coeliac disease.
The Ethical Committee approved the study protocol
and all patients had given informed consent.
Statistical analysis
Continuous data having normal distribution are presented
in means ± SD, and categorical data are presented in frequency rate and percentage. Comparison between groups
was performed by two-tailed t test for continuous data,
and Pearson Chi-Square (χ2) test with Yate’s correction in
cross-tabulations for categorical data. Data not having a
normal distribution were transformed (log) and analyzed
subsequently. For all statistical analyses, a two-tailed P
value < 0.05 was considered significant. The correlation
coefficient for the age at diagnosis of coeliac disease and
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Hashimoto’s thyroiditis in the subgroup with both autoimmune diseases was calculated by the Pearson method.

RESULTS
Coeliac disease in patients with Hashimoto’s thyroiditis
Sixteen (15%) of 104 patients with Hashimoto’s thyroiditis
were positive for one or a combination of four coeliac
serological tests. Eight patients, including three with
coeliac disease, were positive in TGA, while six, including
five with celiac disease were positive in EMA. Except
one patient who declined endoscopy, small intestinal
biopsy from the other 15 patients was normal in nine,
characterized by intraepithelial lymphocytosis (MarshⅠ)
in one, and showed crypt hyperplasia and villous atrophy
in five patients. These five patients with villous atrophy
had gastrointestinal complaints (diarrhoea in four, and
abdominal pain in one) that were resolved upon gluten free
diet. Therefore, coeliac disease was newly diagnosed in five
of 104 patients (4.8%; 95% CI 0.7-8.9) with Hashimoto’s
thyroiditis (Figure 1). The coeliac specific HLA-DQ
heterodimers were present in all five patients who had
villous atrophy and in 50 patients with Hashimoto’s
thyroiditis (50%; 95% CI 43-62).
Thyroid disorders in patients with coeliac disease
High serum thyroid antibody concentrations (TG and/or
TPO) were found in 39 of 184 patients (21%; 95% CI
15-27) with coeliac disease. Of these thyroid seropositive
patients, 10 (5%; 95% CI 2-9) had nor mal thyroid
biochemistry and were considered to have euthyroid
autoimmune thyroiditis. Seven patients (3.8%; 95% CI
1.8-7.6) had subclinical hypothyroidism. The other 22
patients (12%; 95% CI 8-16) had overt hypothyroidism
in combination with positive thyroid serology. They were
considered to have Hashimoto’s thyroiditis (Figure 1). All
22 patients were treated with thyroid hormone replacement
therapy at a median dose of 50 µg/d (range 25-200 µg/d).
Moreover, patients (2%; 95% CI 0.8-5) with coeliac disease
had Graves’ disease, and one patient with coeliac disease
had post-partum thyroiditis.
As a result, abnormal thyroid biochemistry was found
in 34 of 184 patients (18%; 95% CI 13-24) with coeliac
disease, and clinically relevant thyroid disorders (overt
hypothyroidism, 22 and Graves’ disease, 4) that necessitated
medical treatment, were found in 26 patients (14%; 95% CI
9-19).
Patients with both Hashimoto’s thyroiditis and coeliac
disease
Twenty-seven patients (22 from the coeliac group and 5
from the Hashimoto’s thyroiditis group) were recognized
to have both Hashimoto’s thyroiditis and coeliac disease.
Coeliac disease was diagnosed at a median age of 46
years (range 18-74 years) and Hashimoto’s thyroiditis was
diagnosed at a median age of 48 years (range 20-76 years).
The median time interval between the diagnoses of both
diseases was 5 years (range 0-26 years). The correlation
coefficient in the age of diagnosis of coeliac disease and
Hashimoto’s thyroiditis was 0.778 (P < 0.0001). The
frequency of recognized associated autoimmune disorders,
www.wjgnet.com
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104 patients with
Hashimoto’s thyroiditis

16 (15.3%)
9 (8.6%)
7 (6.7%)
8 (7.6%)
6 (5.7%)

Positive HLA-DQ2 and/or HLA-DQ8

53 (50.9%)

Marsh  Ⅲ			

Number 11

184 patients with
coeliac disease

Positive coeliac serology
		
IgA anti-gliadin (IgA-AGA) 		
IgG anti-gliadin (IgG-AGA) 		
IgA anti-tissue transglutaminase (TGA)
IgA anti-endomysium (EMA) 		

Small bowel histology
(15 of 16 coeliac seropositive patients)
Normal 				
MarshⅠ				

Volume 13

Positive thyroid serology 			
Thyroglobulin antibodies (TG)
Thyroid peroxidase antibodies (TPO)
		

39 (21%)
18 (46%)
35 (90%)

Thyroid biochemistry (TSH, FT4)
- In thyroid seropositive patients 		
> Normal thyroid biochemistry
		
(euthothyroid autoimmune thyroiditis)
> Elevated TSH and normal FT4		
(subclinical hypothyroidism)
> Elevated TSH and decreased FT4 		
(overt hypothyroidism)

39 (21%)
10 (5%)
7 (3.8%)
22 (12%)

- In thyroid seronegative patients
> Normal thyroid biochemistry
> Decreased TSH and elevated FT4
(Graves’ hypethyroidism)
> Decreased TSH and normal FT4
(post-partum thyroiditis)

9 (8.6%)
1 (1%)
5 (4.8%)

5 (4.8%; 95% CI 0.7-8.9) coeliac
seropositive and HLA-DQ2 positive
patients with Marsh Ⅲ were diagnosed
with coeliac disease

145 (79%)
140 (76%)
4 (2%)
1 (0.5%)

22 (12%; 95% CI 8-16) thyroid
seropositive patients with overt
hypothyroidism were diagnosed
with Hashimoto’s thyroiditis

Figure 1 Flow diagram of patient recruitment and examination.

Table 2 Clinical characteristics, thyroid biochemistry, thyroid serology, and HLA-DQ data of patients with both
Hashimoto’s thyroiditis and coeliac disease compared to patients with Hashimoto’s thyroiditis only
Characteristics

Presence of goiter, n (%)
Presence of autoimmune diseases, n (%)
Thyroid function test
mean ± SD TSH (normal 0.30-4.00 mU/L)
mean ± SD Free T4 (normal 11-22 pmol/L)
Positive thyroid serological tests, n (%)
Thyroglobulin (TG)
Thyroid peroxidase (TPO)
HLA-DQ 2 and/or -DQ8, n (%)
DQ2 heterozygote
DQ2 homozygote
DQ8 heterozygote
Combined DQ2 & DQ8

Patients with only
Hashimoto’s thyroiditis
n = 99
19 (19)
11 (11)

P

> 0.05
< 0.01

24 (± 7.6)
10 (± 4.1)

16 (± 5.8)
12 (± 5.2)

< 0.05
> 0.05

35 (36)
93 (94)
53 (53)
30 (30)
1 (1)
22 (22)
10 (10)

11 (41)
25 (92)
27 (100)
20 (74)
3 (11)
4 (15)

> 0.05
> 0.05
< 0.01
< 0.01
< 0.01
> 0.05

including diabetes mellitus typeⅠ, Sjögren’s syndrome,
pernicious anaemia and autoimmune endocrinopathy, was
significantly higher in patients with both diseases (26%;
95% CI 13-44) than in those with only coeliac disease (4%;
95% CI 1-8; P < 0.001) or only Hashimoto’s thyroiditis
(11%; 95% CI 6-18; P = 0.006).
Mean serum TSH levels were higher in 99 patients
with Hashimoto’s thyroiditis only than in 27 patients with
both coeliac disease and Hashimoto’s thyroiditis (Table 2).
Table 3 summarizes the coeliac disease make-up of 140
patients with coeliac disease only and 27 patients with both
autoimmune diseases.
www.wjgnet.com

Patients with both coeliac disease
and Hashimoto’s thyroirditis
n = 27
4 (15)
7 (26)

Finally, genetic studies revealed a higher frequency
of HLA-DQ2 heterodimers in patients with both autoimmune diseases than in those with coeliac disease or
Hashimoto’s thyroiditis only. HLA-DQ8 was carried more
often by patients with Hashimoto’s thyroiditis and to a
lesser extent by patients with coeliac disease only, but was
absent in those with both autoimmune diseases.

DISCUSSION
In this study, 4.8% (95% CI = 0.7-8.9) of Dutch patients
with Hashimoto’s thyroiditis had coeliac disease according
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Table 3 Comparison between patients with both Hashimoto’s thyroiditis and coeliac disease compared to patients
with coeliac disease only
Characteristics

Positive any or combinations of coeliac serology, n (%)
IgA anti-gliadin
IgG anti-gliadin
IgA anti-tissue transglutaminase
IgA anti-endomysium
Positive for HLA-DQ 2 and/or 8, n (%)
DQ2 heterozygote
DQ2 homozygote
DQ8 heterozygote
DQ8 homozygote
Combined DQ2 & DQ8
Small bowel histology, n (%)
Marsh 0
Marsh Ⅰ
Marsh Ⅱ
Marsh Ⅲa
Marsh Ⅲb
Marsh Ⅲc
Villous atrophy
Presence of autoimmune diseases, n (%)

P

Patients with only
coeliac disease
n = 140
60 (43)
43 (31)
41 (29)
43 (31)
46 (33)

Patients with both coeliac disease
and Hashimoto’s thyroirditis
n = 27
16 (59)
12 (44)
16 (59)
14 (50)
14 (52)

< 0.05
< 0.05
< 0.01
< 0.01
< 0.01

83 (59)
38 (27)
9 (6)
3 (2)
7 (5)

20 (74)
3 (11)
   4 (15)

< 0.05
< 0.01
< 0.05

13 (9)
13 (9)
6 (4)
49 (35)
42 (30)
17 (12)
108 (77)
5 (4)

2 (7)
2 (7)
12 (44)
6 (22)
5 (19)
23 (85)
7 (26)

> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
> 0.05
< 0.01

to the ESPGAN criteria[18], and 12% (95% CI 8-16) of
patients with coeliac disease had Hashimoto’s thyroiditis
according to the American Thyroid Association guidelines[8].
Positive disease specific antibodies were more common in
our patients than in the corresponding autoimmune disease.
Indirect supportive indications to the association between
coeliac disease and Hashimoto’s thyroiditis included
female sex predominance and the high prevalence of
other autoimmune disorders in the subgroup of patients
with both coeliac disease and Hashimoto’s thyroiditis[33].
Furthermore, 2% of patients with coeliac disease had
Graves’ disease. Because the frequency of coeliac disease
in patients with Hashimoto’s thyroidits is higher than
in patients with Graves’ disease (3.4%-6.4% versus
0%-3.8%)[4,34], we limited the screening for coeliac disease
to patients with Hashimoto’s thyroiditis. Moreover, we
restricted the definition of Hashimoto’s thyroiditis with
hypothyroidism to avoid overestimates.
Studies designed to screen patients with autoimmune
thyroid disease for coeliac disease, and vice versa, are scarce
in literature. A report from Italy described the association
between 152 patients with autoimmune thyroid disease and
185 patients with coeliac disease[10]. Autoimmune thyroid
disease group in this study consisted of 100 patients
with Graves’ disease and 52 patients with autoimmune
thyroiditis. Of 52 patients with autoimmune thyroiditis,
only 26 patients had overt hypothyroidism. We examined
the association between 104 patients with Hashimoto’s
thyroiditis and 184 patients with coeliac disease. We
recruited patients with either coeliac disease or Hashimoto’s
thyroiditis first. Moreover, we restricted the definition
of Hashimoto’s thyroiditis with hypothyroidism to avoid
overestimates. The high prevalence of coeliac disease
in Dutch patients with Hashimoto’s thyroiditis and of
Hashimoto’s thyroiditis in patients with coeliac disease
was in agreement with previous reports [4,13,14,34] . This

supported the evidence of the association between the two
autoimmune diseases. The prevalence of Graves’ disease
in patients with coeliac disease is comparable to that of
the general population, but the prevalence of Hashimoto’s
thyroiditis was at least ten fold higher[35]. In this study,
patients with both autoimmune diseases were older than
those with coeliac disease only (data not shown)[6]. Because
older age at diagnosis of coeliac disease indirectly reflects
the duration of gluten exposure, this finding is supportive
to the presumption that prolonged duration of gluten
exposure in unrecognized patients with coeliac disease
might predispose to other autoimmune diseases such as
diabetes mellitus typeⅠ, autoimmune thyroiditis, and
alopecia[36].
The pooled sensitivity of TGA and EMA in adults
is around 90% and 97%, respectively and the pooled
specificity is around 95% and 100%, respectively [37] .
It is indicated that patients negative to TGA or EMA
could have been overlooked in the screening process.
This outcome results from the inherent pitfall in the
serological screening, and the difference between actual
and the presumptive prevalence of coaliac disease among
patients with Hashimoto’s thyroiditis (4.8% vs 5.5%). This
difference can hypothetically be reflected by a presumptive
number of 5.5 patients instead of actual number of 5
patients with coaliac disease in this study. Our findings,
in agreement with pooled analysis[37], showed that EMA
is better than TGA in screening for coeliac disease and is
associated with less false positive cases as verified by small
bowel histology, although others showed the opposite with
marginal differences[38,39]. The difference in the diagnosis
by serum antibody tests however, can be explained by the
study design and other factors like different commercial
kits with different performances[39].
The HLA-DQ2 heterodimer that confers coeliac
disease susceptibility is formed by a β chain encoded by
www.wjgnet.com
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the allele DQB1*02 (either DQB1*0201 or *0202) and
an α chain encoded by the allele DQA1*05. HLA-DQ2
is present in approximately 90-95% or more of coeliac
disease patients. The HLA-DQ8 heterodimer is formed
by a β chain and α chain encoded by DQB1*0302 and
DQA1*03, respectively, and is present in the remaining
5-10% of patients with coeliac disease[40-42]. HLA-DQ2
is common in the healthy population and is carried by
approximately 30% of Caucasians [43]. HLA-DQ2 and
HLA-DQ8 are present in 91% and 13%, respectively of
our patients with coeliac disease, which are in agreement
with previous rates. This frequency included patients who
were heterozygous or homozygous to the heterodimer,
and those with combined heterodimers (HLA-DQ2/
DQ8). While HLA-DQ2 and -DQ8 are frequently found
in patients with diabetes mellitus Ⅰ or Graves’ disease[44],
HLA studies in autoimmune thyroid disease, specifically in
Hashimoto’s thyroiditis have not been consistent. Linkage
studies of HLA in autoimmune thyroid disease showed
no relationship among populations of different ethnic
backgrounds, including Caucasians[15] or Japanese[45]. On
the other hand, DR3[46,47], DR4[46] and DR5[48] have been
reported to be associated with Hashimoto’s thyroiditis
in Caucasians. With respect to the coeliac specific HLADQ heterodimers, 34% were positive to HLA-DQ2[5] in
a study of 52 children with Hashimoto’s thyroiditis. In
another study of 10 adults with Hashimoto’s thyroiditis,
30% were DQ2 positive and 40% were DQ8 positive[49].
According to our knowledge, this is the largest study to
investigate the prevalence of the coeliac specific HLADQ2/-DQ8 heterodimers in patients with Hashimoto’s
thyroiditis. Either HLA-DQ2 or HLA-DQ8 was present
in 53% of patients with Hashimoto’s thyroiditis. In view
of the apparently conflicting linkage and association
between HLA and autoimmune thyroid disease, the significance of HLA in the etiology of Hashimoto’s thyroiditis
remains unclear. Apart from the HLA of an individual
with an autoimmune disease, additional genetic factors or
genetically based immunological disorders are probably
responsible for development of other autoimmune diseases in the same individual.
A recent guideline recommended screening adults
with osteoporosis or irritable bowel syndrome for coeliac
disease regardless of the presence of symptoms. However,
the same guideline recommended to screen adults with
autoimmune thyroid disorder only when symptoms
suggestive of coeliac disease are present[50]. With respect
to the prevalence, coeliac disease was confirmed by biopsy
examination in 0.9%-3% of patients with osteoporosis[51,52]
and 5% of those fulfilling Rome Ⅱ criteria for a diagnosis
of irritable bowel syndrome [53]. These prevalences are
comparable to that of coeliac disease in patients with
Hashimoto’s thyroiditis. Moreover, coeliac disease is
related to thyroid dysfunction clinically. Both diseases can
present with non-specific symptoms like lethargy, bowel
disturbance, and anaemia[47]. Thus, it is necessary to identify
and treat a coexisting autoimmune disorder in order to
adequately manage the primary disorder. Finally, the
availability of serological screening tools and the possibility
to prevent complications like osteoporosis or lymphoma
in unrecognized patients with coeliac disease, favour the
www.wjgnet.com
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screening of patients with Hashimoto’s thyroiditis for
coeliac disease even in absence of symptoms. One can
argue that screening once in a lifetime is not enough
to detect coeliac disease in patients with high risk like
Hashimoto’s thyroiditis. A strategy was proposed earlier
based on selecting individuals with potential to develop
coeliac disease by HLA-DQ typing and longitudinal
serologic coeliac disease screening[30,54].
In patients with coeliac disease, it is recommended to
perform thyroid function tests at diagnosis and repeated
later if necessary. Thyroid serological tests are helpful
when thyroid function tests are abnormal. Another potential role of thyroid serological tests might be to select
individuals for regular surveillance of thyroid function.
It must be emphasized however, that positive thyroid
and coeliac specific serological tests might represent an
epiphenomenon[55] because serum autoantibodies generally
do not reflect per se a clinical autoimmune disease as
demonstrated in this study. Therefore, caution must be
taken to avoid misdiagnosis and unnecessary treatments.
This study was limited by its cross-sectional nature that
could not provide data about the effect of gluten-free diet
on thyroid biochemistry or thyroid serology in patients
with Hashimoto’s thyroiditis and those newly diagnosed
with coeliac disease. Although it is preferable to determine
thyroid microsome antibodies rather than TG antibodies
because the latter is non-specific [56]. In our study, we
determined both TG and TPO to improve the serological
tests.
In summary, current data confirm the association
between Hashimoto’s thyroiditis and coeliac disease and
screening patients with Hashimoto’s thyroiditis for coeliac
disease and vice versa is recommended.
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Abstract
AIM: To study the role of retrograde terminal ileoscopy
in patients suspected to have ileocolonic tuberculosis.
METHODS: A retrospective analysis was performed
for patients undergoing colonoscopy for suspected
ileocolonic tuberculosis between January 2000 and
June 2004, in whom retrograde ileoscopy had been
performed. Only patients diagnosed with tuberculosis
on the basis of histological findings of either a caseating
granuloma or those having non-caseating granuloma
or a collection of epithelioid cells at a minimum of one
endoscopic lesion (either in the colon or the terminal
ileum) on histology with good responses to conventional
anti-tuberculous drugs were enrolled for the study.
RESULTS: Fifty-three patients were included. The
terminal ileum was involved in only 11 patients. Eight of
these patients had involvement of the cecum too. Two
patients had ileal lesions without cecal involvement;
however, lesions were noted in the ascending colon.
In one patient the whole colon was normal and only
the terminal ileum showed nodularity and ulceration.
Histological examination of the ileal biopsies obtained
from the ileal lesions showed noncaseating granulomas in
five, collection of epithelioid cells in four and nonspecific
histology in two patients. Mucosal biopsies obtained from
the lesion in the terminal ileum, in the patient in whom
mucosal abnormality was observed to be confined to the
ileum, showed noncaseating granulomas. In two other
patients the ileal biopsies alone showed histological
evidence of tuberculosis with biopsies from the colonic
lesions showing non-specific inflammatory changes only.
CONCLUSION: Re t ro g ra d e i l e o s c o py s h o u l d b e
performed in all patients undergoing colonoscopy for
suspected ileocolonic tuberculosis. In some patients
only the terminal ileum may be involved and histological
examination may reveal evidence of tuberculosis only
from the lesions in the terminal ileum. This approach
would lead to additional lesions being picked up and

increasing the chances of well-timed diagnosis of
tuberculosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Even now, colonic tuberculosis is common in the
developing countries[1-8]. More importantly, in the recent
past it has been observed that the disease has been staging
resurgence even in the developed world, with more and
more cases being reported especially in Hispanics, African
Americans, immigrants and refugees and in patients having
acquired immunodeficiency virus infections[9-16].
In clinical practice the diagnosis of colonic tuberculosis
is made mostly by the colonoscopic appearance of the
lesions and the histological findings[1-7]. The colonoscopic
appearance of the lesions includes transverse or linear
ulcers, nodules, deformed ileocecal valve and cecal mucosa,
strictures and polypoid lesions mimicking malignancy[1-7].
More recently, haphazardly arranged fibrous bands forming
irregular pockets have also been described[3,4]. A few cases
of colonic tuberculosis presenting like chronic ulcerative
colitis have also been reported[17-19]. Additionally, a rare
presentation of colonic tuberculosis where colonoscopy
revealed only aphthous ulceration of the colonic mucosa
has been reported recently[20].
Terminal ileoscopy is an integral part of complete
colonoscopy. Retrograde terminal ileoscopy has been
noted to be useful in patients with inflammatory bowel
disease, diarrhea, lymphoma, cytomegalovirus induced
ileitis, tuberculosis, portal hypertension and a host of other
conditions involving the terminal ileum[21-34]. In a recent
study, it has been noted that obtaining blind biopsies
from even a normal-appearing terminal ileum is useful
in patients suspected to have ileocaecal tuberculosis[35].
Retrograde ileoscopy has also been reported to be useful
in patients with hematochezia in whom colonoscopic
examination did not detect any lesions. Interestingly, ileal
tuberculosis was noted to be the cause of bleeding in one
of the patients[36]. However, despite being recommended
www.wjgnet.com
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by several authors[21-36] terminal ileoscopy is not routinely
performed on all patients undergoing colonoscopy[37,38].
However; routine retrograde ileoscopy is very useful and
easy to perform after imparting proper training[38].
Although, there are several studies dealing with the role
of colonoscopy in patients with colonic tuberculosis, the
role of retrograde ileoscopy has not been evaluated in this
condition and, apart from a few stray reports dealing with
ileoscopy in patients with ileocolonic tuberculosis [30,36],
there has been no systematic approach to study this
facet. In this study we attempt to evaluate whether or not
performing retograde ileoscopy in patients with ileocolonic
tuberculosis increases the diagnostic yield in patients with
ileocolonic tuberculosis.

MATERIALS AND METHODS
A retrospective analysis was performed for patients
undergoing colonoscopy for suspected ileocolonic
tuberculosis between January 2000 and June 2004, in
whom retrograde ileoscopy had been performed. Only
patients diagnosed to have tuberculosis on the basis of
histological findings of either a caseating granuloma or
those having non-caseating granuloma or a collection of
epithelioid cells at a minimum of one endoscopic lesion
(either in the colon or the terminal ileum) on histology
with good response to conventional anti-tuberculous drugs
were enrolled in the study. Those having non-specific
histology were not enrolled, even though they responded
well to anti-tuberculous therapy. After colonoscopy and
retrograde ileoscopy, those patients who did not show any
lesions were also excluded.
The clinical details of the patients were noted along
with the colonscopic and ileoscopic findings. Colonoscopy
was performed with an Olympus colonoscope (CF 130 L,
Olympus Optical Co., Tokyo). Colonic preparation was
done using one liter 10% mannitol solution, given 6-8 h
before colonoscopic examination, followed by World Health
Organization oral rehydration solution or a polyethylene
glycol-electrolyte-based solution (Peglec, Tablets India
Ltd, Chennai). The procedure was performed under
conscious sedation with intravenous diazepam (5-10 mg)
and pentazocine (25-50 mg). During colonoscopy a careful
search was made for the presence of ulcers, nodularity,
strictures, mass lesions, fibrous bands and any other
abnormality. If any abnormality was present then multiple
biopsies were obtained from the lesion and the margins for
histopathological examination. After reaching the cecum,
the ileocaecal opening was located and the terminal ileum
intubated. Once in the terminal ileum all attempts were
made to go as far as possible in the ileum. Any abnormality
in the mucosa of the terminal ileum was carefully recorded
and biopsies were obtained from suspicious-looking lesions.
All patients underwent an X-ray of the chest and
ultrasound/CT scan of the abdomen. Sputum examination
for acid-fast bacilli and ascitic/pleural fluid examinations
for acid-fast bacilli and PCR for TB were performed where
indicated.
Patients who were diagnosed to have ileocolonic
tuberculosis were provided anti-tuberculous treatment
(rifampicin, isoniazide, pyrazinamide and ethambutol
www.wjgnet.com
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Figure 1 Retrograde ileoscopy
showing an ulcer in the terminal
ileum.

for two months followed by rifampicin and isoniazid
for a further period of ten months). Monthly followup examinations were perfor med in the outpatient
department.

RESULTS
A total of 55 patients were selected. Two patients were
removed from the final analyses since, although retrograde
ileoscopy had been performed and documented, no
specific mention about the terminal ileum being normal or
abnormal was found. Therefore the final analysis is of 53
patients.
The mean (SD) age of the patients was 39.98 (8.85)
years(range 23-60 years). There were 40 male. X-ray
evidence of tuberculosis was noted in 12 patients. In two
patients, sputum examination showed evidence of acidfast bacilli. Ascites was observed in two patients and
pleural effusion was noted in one patient and the fluid
was positive by PCR for TB in all of them. One patient
had significant cervical lympadenopathy and histology of
the lymph nodes showed caseating Langhans granulomas
with acid-fast bacilli. Two patients had been diagnosed to
have pulmonary tuberculosis in the recent past but had not
taken proper treatment as advised by their physicians.
At colonoscopy, the rectum and the descending colon
were not involved in any patient. The transverse colon was
noted to be affected in 9 patients, the ascending colon in
20 and the cecum in 34 patients. The terminal ileum was
noted to be involved in 11 patients. The overlap is due
to the fact that in some patients, more than one site was
involved. Of the 11 patients in whom endoscopic lesions
were noted in the terminal ileum, eight had involvement of
the cecum too. Two patients had ileal tuberculosis without
cecal involvement. However, in these two patients, lesions
were noted in the ascending colon during colonoscopy.
In one patient the whole colon including the cecum was
normal and only the terminal ileum showed nodularity and
ulceration.
The colonoscopic findings noted were nodules,
ulceration, polypoid lesion, strictures, and deformed cecum
and ileocaecal valve. The findings in the terminal ileum
included ulceration (Figure 1) with or without nodularity
(Figure 2). Strictures, fibrous bands and polypoid lesions
were not observed in the terminal ileum of any patient.
Upon histology of the target lesions, caseating granulomas
were seen in four patients, noncaseating granulomas in 22,
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Figure 2 Ulcers and
nodularity of the terminal
ileal mucosa. The
endoscopic lesions
were confined only to
the terminal ileum and
colonoscopy till the
cecum did not reveal any
abnormality.

and a collection of epithelioid cells in 27 patients.
Histological examination of the ileal biopsies obtained
from the lesions showed noncaseating granulomas in
five (Figure 3), collection of epithelioid cells in four and
nonspecific histology in two patients. Mucosal biopsies
obtained from the lesion in the terminal ileum, in the
patient in whom mucosal abnormality was observed to be
confined to the ileum, showed noncaseating granulomas
(Figure 4). In two other patients the ileal biopsies alone
showed histological evidence of tuberculosis (noncaseating
grauloma in one and collection of epithelioid cells in
another patient). In these patients, although lesions were
noted in the colon, the histological examination of the
colonic target biopsies showed non-specific inflammatory
changes only. Therefore in 3 cases, ileoscopy was useful in
making a positive diagnosis of tuberculosis.
Upon follow-up, two patients developed drug-induced
hepatitis. Rifampicin, pyrazinamide and isoniazid were
stopped and the patients given ethambutol, streptomycin
and sparfloxacin for a period of three months. Thereafter,
rifampicin and isoniazid were reintroduced. There was no
recurrence of hepatitis in either of the patients.

DISCUSSION
The procedure to diagnose colonic tuberculosis is
colonoscopy and targeted biopsies of the lesion seen
during the procedure. Although ileoscopy is considered
as an integral part of colonoscopy, it is not performed in
all patients undergoing colonoscopy[37,38]. This is despite
the fact that a number of studies have demonstrated
the utility of retrograde ileoscopy during colonoscopic
examination of the large bowel [21-36] . A recent study
speculated that perceived difficulty of ileal intubation, time
constraints, and the expectation of a low diagnostic yield
were the likely reasons for the resistance on the part of the
endoscopists in attempting retrograde ileoscopy[38].
The results of this study show that retrog rade
ileoscopy is of additional benefit in patients suspected
to have ileocolonic tuberculosis. In two patients, had
retrograde ileoscopy not been performed, the diagnosis of
tuberculosis would have been conjectural and would have
to been relied upon a positive response to anti-tuberculous
medication. In one patient, the diagnosis would have not
been possible as full-length colonoscopy till the cecum did
not reveal any abnormality and the lesions were confined

Figure 3 Histological appearance of the mucosal biopsies obtained from the lesion
shown in Figure 1. Note the presence of noncaseating granulomas (HE × 40).

Figure 4 Noncaseating granulomas seen upon histological examination of the
mucosal biopsies obtained from the lesion shown in Figure 2 (HE × 80).

to the terminal ileum. Lueng et al [31 had reported two
similar cases earlier].
Another interesting aspect of this study was that
the terminal ileum was more commonly involved if the
cecal area was affected too. Of the 11 cases in which the
terminal ileum was affected, eight had cecal involvement
too. In two other patients, the cecum was normal but
the ascending colon was involved. It is known that the
ileocaecal region is the most common site for involvement
of gastrointestinal tuberculosis. The predilection for the
ileocaecal area is attributed to the relative stasis in this area,
the abundance of lymphoid tissue and the higher rate of
absorption in this area. However, histologically, three of
the patients showed evidence of tuberculosis only in the
terminal ileum and, although lesions were noted in the
colon in two of these patients, the histology did not show
clear-cut evidence of tuberculosis.
Caseating granulomas are considered a hallmark for
the diagnosis of tuberculosis. However, as seen in our
earlier studies[4,34-36], these were rare and were observed in
only four patients and that too from the colonic lesions.
None of the patients showed caseating granulomas
upon histiological examination of biopsies obtained
from the terminal ileal lesions. It is our opinion that this
is due to the fact that with the relative availability of
endoscopic facilities coupled with a high clinical suspicion
of ileocolonic tuberculosis, in our patients, and a low
www.wjgnet.com

1726

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

threshold for performing colonoscopy in these patients,
colonoscopic examinations are being performed earlier in
these patients.
We recruited only patients in whom histology of
target biopsies from at least one site showed presence of
either caseating granuloma or noncaseating granuloma
or collection of epithelioid cells with a good clinical
response to antituberculous drugs and patients in whom
histological examination of the biopsies showed only
non-specific inflammatory changes were excluded. In
most other studies, nonspecific inflammatory changes on
histology coupled with a good response to antituberculous
a g e n t s has been taken to be evidence of colonic
tuberculosis[1-5,7,39,40]. We deliberately did not include these
cases, as that would have led to some speculation about
the diagnosis. In such cases a close monitoring of the
patients is of utmost importance and the approach may
be clinically very relevant if on a close follow-up these
patients show a good response to the drugs[1-5,7,39-40]. The
poor sensitivity of the colonic biopsies is due the fact that
most lesions are located in the submucosa and are not
sampled by the biopsy.
The colonoscopic appearance of lesions noted in this
study were similar to that reported earlier. Lesions of the
terminal ileum have not been described in detail. Although,
the colonoscopic lesions described include transverse
or linear ulcers, nodules, deformed ileocecal valve and
cecal mucosa, strictures, polypoid lesions mimicking
malignancy [1-7], haphazardly arranged fibrous bands [3,4]
and rarely a chronic ulcerative colitis like endoscopic
appearance [17-19]; ulceration with or without nodularity
were the only lesions observed in the terminal ileum.
Other lesions such as polypoid masses, fibrous bands and
strictures were not noted in the terminal ileum of patients
in the present study. However, nothing prevents a stricture
from forming in the terminal ileum. What was interesting,
however, was the fact that of the 11 lesions in the terminal
ileum, five showed formation of noncaseous granulomas
and collection of epithelioid cells were observed in
four patients. In only two patients did the histology of
the targeted biopsies show non-specific inflammatory
changes. Although, this is a highly selected cohort of
patients, the high percentage of patients with a positive
histology from lesions in the ileum makes retrograde
ileoscopy and histological examination of ileal biopsies
very interesting. If terminal ileoscopy is performed in all
patients undergoing colonoscopy for suspected ileocolonic
tuberculosis, additional lesions would be picked up and
the chances of making a diagnosis of tuberculosis would
increase considerably.
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Abstract
AIM: To investigate the pRb expression in a large
group of patients with history of chronic exposure to
the main risk factors for development of squamous
cell carcinoma of the esophagus.
METHODS: One hundred and seventy asymptomatic individuals at high risk for esophageal
squamous cell carcinoma (consumption of more
than 80 g of ethanol and 10 cigarettes/d for at
least 10 years) underwent upper gastrointestinal
endoscopy with biopsies of the esophageal mucosa.
As a control group, specimens of esophageal
mucosa obtained from 20 healthy subjects were also
studied. Immunohistochemical assessment of the
tissues was performed using a monoclonal antibody
anti-pRB protein.
RESULTS: Absence of the pRB staining, indicating
loss of RB function, was observed in 33 (19.4%) of
the individuals at risk for esophageal cancer, but in
none of the healthy controls (P < 0.02). Loss of pRb
expression increased in a stepwise fashion according
to the severity of the histological findings (P < 0.005):
normal mucosa (11/97 or 11.3%), chronic esophagitis
(17/60 or 28.3%), low-grade dysplasia (3/10 or
30%), high-grade dysplasia 1/2 or 50%) and
squamous cell carcinoma (1/1 or 100%).
CONCLUSION: Our findings suggest that abnormal
expression of the pRB protein may be implicated in
the process of esophageal carcinogenesis. Additional
studies are warranted to define the role of the pRB
www.wjgnet.com

protein as a biomarker for development of esophageal
squamous cell carcinoma in individuals at high risk for
this malignancy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
In most countries, the incidence of esophageal squamous
cell carcinoma (ESCC) varies between 2.5 and 5.0/100 000
for men and between 1.5 and 2.5 for women [1]. Brazil
is one of the high-risk countries for esophageal cancer.
Particularly, Rio Grande do Sul (Southern Brazil) is the
state with the highest annual incidence in the country,
approximately 22.5 cases/100 000 for men and 7.5/100 000
for women.
Although several risk factors for development of
oesophageal carcinoma have been identified, such as smoking
and alcohol consumption, the molecular mechanisms
related to the oesophageal carcinogenesis remain under
investigation[2]. In this context, deregulations of the cellcycle-controlling mechanisms, RB-pathway in particular,
have been suggested to be involved in the pathogenesis of
oesophageal cancer[3].
The RB gene, located on chromosome 13q14, encodes
a 110-kd key nuclear phosphoprotein implicated in the
regulation of the transcription control mechanisms
mediating progression throughout G1 phase of the cellcycle[4].�������������������������������������������������
Inactivation of pRB by different mechanisms (homozygous deletion, promoter hypermethylation or point
mutations within the coding sequence) leads to a release
of the pRB-bound E2F-members and transcription of the
S-phase genes, promoting malignant transformation[5,6].
Abnor mal pRB expression has been reported in
different malignant tumours, such as lung, bladder and
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prostate carcinomas[7-10]. In oesophageal cancer, decreased
pRB immunohistochemical nuclear staining indicating
loss of RB gene function has been reported to occur in
a high proportion of cases[11-14]. To date, however, there
is no published study investigating the pRb expression in
oesophageal mucosa of asymptomatic individuals from a
population at high risk for cancer of the����������������
esophagus������
. The
aim of present study was, therefore, to evaluate the pRb
expression in a large group of patients with history of
chronic exposure to the main risk factors for development
of ESCC.

MATERIALS AND METHODS
Patients
This study consisted of 170 male patients (mean age
45 years, range 35 to 69 years) treated at the Drug Abuse
Unit of the Psychiatric University Hospital (Santa Maria
Federal University) and the Drug Abuse Support Group of
the city of Santa Maria. Ninety percent of the patients were
white. All patients presented a past history of alcohol abuse
(80 g of ethanol per day for more than 10 years), being in
abstinence for a period of less than twelve months. They
also reported regular consumption of tobacco (more than
10 cigarettes per day for more than 10 years) and daily
drinking of hot tea (Paraguayan-mate tea for more than
10 years). None of them presented digestive symptoms.
As a control group, 20 healthy volunteers were studied.
There were six males and 14 females with mean age of
45 years (range 29 to 61 years). All controls were white.
None of them was an alcohol, tobacco or mate tea
consumer or had family history of cancer.
The study was performed after approval by the Ethics
and Scientific Committees of the Santa Maria Federal
University. Informed consent was obtained from all
patients and controls before being enrolled in the study.
Tissue sampling
Patients were investigated by a conventional upper
gastrointestinal endoscopy followed by chromoendoscopic
examination with 3% lugol. Biopsies were obtained from
any visible lesion and lugol unstained areas greater than
5 mm in diameter. The collected tissue samples were
stained with haematoxylin-eosin (HE) and submitted to
histological examination. Histolopathologic diagnoses
of the tissues obtained from the 170 patients at risk for
esophageal cancer were: 97 normal mucosas (57%), 57
mild or moderate chronic esophagitis (33.5%), three severe
chronic esophagitis (1.8%), 10 low-grade dysplasias (5.9%),
two high-grade dysplasias (1.2%) and one squamous cell
carcinoma (0.6%)[15].
pRB immunohistochemistry
Immunohistochemical assessment of the 190 paraffinembedded tissues was performed using a monoclonal
antibody anti-pRB protein (DAKO Lab., New York, NY,
USA) diluted at 1:25. To determine the antibody reactivity,
the avidin-biotin peroxidase complex (ABC method;
kit LSAB DAKO) was used. The procedure was carried
out at the Pathology Unit of the Hospital de Clínicas
de Porto Alegre, Federal University of Rio Grande do
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Table 1 Relationship between pRB expression and demographic
characteristics of the subjects at risk for ESCC
Characteristics

pRB – (%)

Age (yr)
Under 50
10 (22.7)
Over 50
23 (18.3)
Race
Caucasian
31 (20.0)
Others
2 (13.3)
Family history of cancer
negative
12 (11.9)
positive
21 (30.4)

pRB + (%)

Total

P

34 (77.3)
103 (81.7)

44
126

NS

124 (80.0)
13 (86.7)

155
15

NS

101 (59.4)
69 (41.6)

0.005

89 (88.1)
48 (69.6)

NS: non-significative.

Sul. Positive cases were identified through visualization
of a strong brownish nuclear granulation stained by the
diaminobenzidine (DAB) chromogen. As positive controls
for the immunohistochemical reaction, breast carcinomas
known to express pRb were used. Reactions conducted
without the primary antibody were used as negative
controls. Cases were identified as positive if more than
5% of the cells in a 400 magnification microscopic field
showed nuclear accumulation of pRB protein (Figure 1)[11,15].
Each slide was analyzed by two independent pathologists.
Statistical analysis
Variables were described by mean and standard error.
Correlation between clinicopathological variables and loss
of pRB immunohistochemical expression was evaluated
by univariate analysis using chi-square or Fisher exact
test. Logistic regression was used to calculate odds ratio
and confidence intervals, with multivariate adjustment for
potential confounding variables. Statistical significance was
accepted at the 5% level.

RESULTS
Nuclear accumulation of pRB protein was observed in
137 (80.6%) of the 170 patients at risk for ESCC. Loss
of the pRB staining was observed in 33 (19.4%) of those
patients, but in none of the 20 healthy controls (P < 0.02).
The pRB immunoreaction was negative in 30% (21/69)
of the patients with a family history of cancer as compared
with only 12% (12/101) of those without family history
(P < 0.005). There was no significant correlation between the
pRB status and age or race of the subjects (Table 1). No
significant correlation between pRB expression and period
or volume of alcohol, tobacco or mate tea consumption was
detected. In contrast, it was observed a linear correlation
between the histological classification of the tissues and
the absence of nuclear pRB staining (P < 0.001). Loss of
nuclear pRB expression significantly increased with the
progression of the histopathologic alterations as follows:
normal mucosa (11/97 or 11.3%), chronic esophagitis (17/60
or 28.3%), low-grade dysplasia (3/10 or 30%), high-grade
dysplasia (1/2 or 50%) and squamous cell carcinoma (1/1
or 100%). Figure 1 presents the histological aspect of the
positive cases after immunohistochemical staining, including
examples of chronic esophagitis, low-grade dysplasia and
squamous cell carcinoma. Figure 2 shows an example
www.wjgnet.com
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Table 2 Odds ratio (OR) for loss of pRB expression by logistic
regression
Feature

OR

95% CI

P

Familial history of cancer
Age
Race
Histology
Lugol staining

3.83
1.28
0.72
3.98
NS

1.62-9.04
0.52-3.15
0.15-3.52
0.90-17.4
NS

0.0021
NS
NS
NS
NS

NS: non-significative.

Figure 1 pRb immunoexpression in chronic esophagitis (A), lowgrade dysplasia (B) and squamous cell carcinoma (C). Positive
cells display nuclear brownish granulation stained by the DAB
chromogen (x 400).

Figure 2 Normal esophageal tissue sample
without nuclear accumulation of pRB protein
(x 200).

of normal esophageal tissue sample without nuclear
accumulation of pRB protein.
In Table 2, we present the odds ratio for loss of
pRB immunohistochemical expression calculated by the
logistic regression model. Family history of cancer and
histopathologic classification were significantly associated
with an increased risk for loss of pRB expression.
Endoscopic examination was apparently normal in all
healthy controls. However, histological examination of
their tissue samples revealed normal mucosa in 75% of
cases and mild chronic esophagitis in 25%. All controls
were positive for pRb staining.

DISCUSSION
Despite recent improvement on surgical techniques
and adjuvant therapies, the prognosis of ESCC remains
grim. The outcome of patients with advanced disease,
the most common clinical presentation, is still very poor,
and survival rates in five years rarely exceed 5%-10%[16].
ESCC is high prevalent in Southern Brazil, where alcohol
consumption, tobacco use and hot “mate” drinking have
been implicated as risk factors. The mortality rate for
ESCC in this region is 14.3 and 4.2 for 100.000 inhabitants
for men and women respectively[17].
Multiple stages of esophageal carcinogenesis have been
defined histologically. It has been established that esophageal
carcinoma usually evolves through a series of progressively
www.wjgnet.com

severe histopathologic changes which involves dysplasia
of the epithelium, carcinoma in situ and, finally, invasive
carcinoma[15,18]. Based on the concept that precancerous
cells may have early alterations at the molecular level,
identification of new potential biomarkers might play
an important role in detection of high-risk lesions for
malignant transformation and early diagnosis of ESCC.
Several genetic alterations have been reported in
ESCC, such as expression of proto-oncogenes, cyclin
D1 amplification, allelic losses and gene mutations [3].
Inactivation of the RB gene has been shown in a variety
of human cancers, including ESCC[5-9]. On the protein
level, Jiang[11] demonstrated loss of pRB expression in 17%
of ESCC, while other researchers reported a loss of pRB
expression in up to 31% of cases[8,14].
Zur Hausen and colleagues analyzed the pRB
expression in samples of normal esophageal epithelium
(n = 10), severe dysplasia (n = 19), carcinoma in situ
(n = 14), invasive ESCC (n = 172), and two continuous
esophageal-carcinoma cell lines by immunohistochemistry.
In normal esophageal epithelium, nuclear pRB expression
was restricted to the parabasal cell layer, whereas, in a
considerable portion of severe dysplasias and carcinomas
in situ, pRb over-expression was found. Among
carcinomas, 161 of 172 cases showed pRb expression,
as did the 2 esophageal-carcinoma cell lines, whereas 11
carcinomas were negative. Expression of pRB among
carcinomas was not correlated with pT category, pN
category or tumor grade. In the univariate survival analysis,
patients with pRB-negative tumors showed lower 2-year
and 5-year survival rates (27.3%/9.1%) than patients with
pRB-positive tumors (42.8%/25.8%; not significant)[12].
Ikeguchi and colleagues[19] studied surgically resected
ESCC through immunohistochemical analysis for
altered pRB expression. Decreased pRB nuclear staining
indicating loss of RB function occurred in 43% of the
cases studied. The incidence of decreased pRB expression
was higher in tumors with invasion to the adventitia (50%)
than in tumors without invasion to the adventitia (33%,
P = 0.0188). In addition, the incidence of decreased
pRB expression was higher in tumors with lymph node
metastasis (50%) than in those without (34%, P = 0.0346).
The 3-year survival rates of 82 patients who had tumors
with decreased pRB expression (30%) was significantly
lower than that of 109 patients who had tumors with
normal pRB expression (52%, P = 0.0032). However,
in the multivariate survival analysis, pRB expression was
not an independent prognostic factor for patients with
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esophageal squamous cell carcinoma.
To the best of our knowledge, this is the first study
investigating the pRB immunohistochemical expression
in esophageal mucosa of asymptomatic individuals who
have been chronically exposed to the main risk factors for
ESCC. We demonstrated the loss of the pRb expression in
19.4% of the individuals at risk for ESCC, but in none of
the healthy controls. These results suggest that abnormal
expression of the pRB protein may be implicated in the
process of esophageal carcinogenesis in individuals at high
risk for development of ESCC.
We were able to demonstrate a linear correlation
between the histological classification of the tissues and the
absence of nuclear pRB staining (P < 0.001), from normal
mucosa (11.3%) to squamous cell carcinoma (100%),
indicating that inactivation of pRB might be involved not
only in the initiation of ESCC but also in its progression.
Similar results were reported by Xu et al [9] in study of
lung carcinomas. RB protein expression was examined
in paraffin and frozen tissue sections of 36 primary nonsmall cell lung carcinomas using immunohistochemistry.
A normal RB protein staining pattern was present in 24
and absent in 10 carcinomas. Two additional RB positive
primary tumors have major foci in which all tumor cells
showed no pRB staining. Significantly more high-stage
(stages Ⅲ and Ⅳ) carcinomas had altered pRB expression
than those with low-stage (stagesⅠand Ⅱ) tumors
(P < 0.05). The authors concluded that absence of the
pRB expression might be associated with the initiation
and/or progression of non-small cell lung carcinomas.
Ishikawa and colleagues conducted a similar study in
specimens of bladder carcinoma[7]. None of their 16 lowgrade noninvasive bladder carcinomas showed an alteration
in RB protein by direct Western blot analysis, whereas 2 of
14 high-grade invasive tumors had no pRB as measured by
both Western blotting and immunohistochemical staining.
An original finding of the present study was the
detection of an association between loss of pRB staining
and positive family history of cancer. This point to a
potential hereditary predisposition to abnormal pRB
expression, which can have influence on the individual
susceptibility to developing ESCC in association with
chronic exposure to major risk factors for the disease.
We considered as positive those samples in which more
than 5% of epithelial basal cells were immunoreactive,
since in normal esophageal epithelium pRB protein is
restricted to basal and parabasal layers [14]. It must be
pointed out, however, that the anti-pRB monoclonal
antibody does not differentiate the hyperphosphorilated
protein from the hypophosphorilated form. Because the
former corresponds to the biologically inactive form,
its detection may potentially overestimate the protein
expression and function in the pRB-positive group[14,19].
In conclusion, we were able to present evidence
for an association between loss of pRB expression
and esophageal carcinogenesis. Our data suggest that
the RB protein might be useful as biomarker of ESCC
in individuals at high risk for this malignancy. It must
pointed out, however, that these observations need to be
substantiated with additional follow-up studies analyzing a
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larger number of individuals with high-grade dysplasia and
squamous cell carcinoma of the esophagus.
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Abstract
AIM: To investigate whether increased intestinal
permeability contributes to the pathogenesis and
progress of nonalcoholic steatohepatitis by observing its
dynamic change in rat models.
METHODS: Rat models of nonalcoholic steatohepatitis
were established by giving a fat-rich diet. The rats were
sacrificed at wk 8, 12 and 16 during the study. Rats
fed with normal diet were taken as control. Plasma
D-lactate, plasma diamine oxidase, serum lipids and liver
transaminases were measured in blood of the femoral
artery. Hepatic steatosis and inflammation were assessed
by haematoxylin-eosin staining.
RESULTS: A rat model of nonalcoholic steatohepatitis
was established successfully. Plasma D-lactate level in
model group at wk 8, 12 and 16 and diamine oxidase
level in model group at wk 12, 16 increased significantly
compared with those in control group. There were
notable differences of D-lactate and diamine oxidase
level in model group between wk 8 and 12 as well as
between wk 12 and 16. Serum lipids, liver transaminases
and liver injury also increased with disease development.
CONCLUSION: Increased intestinal permeability caused
by intestinal bacterial overgrowth and endotoxin-induced
intestinal destruction exists in rats with nonalcoholic
steatohepatitis, which may partially explain the
pathogenesis and progress of this disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The pathogenesis and progress of nonalcoholic steatohepatitis (NASH) remain unclear and the most advocated
theory is “two-hit hypothesis”[1]. Briefly, the first hit is
the deposition of fatty acid in hepatocytes triggered
by different factors which further down-regulate their
flexibility towards other stress changes while the second
hit is the concomitant liver damage induced by oxidative
stress and lipid peroxidation. Nowadays, it is well
accepted that endotoxin from intestinal Gram-negative
bacteria is responsible for the second hit by releasing
inflammatory cytokines and oxygen-free radicals but the
underlying mechanism is still unclear[2-4]. Several researches
demonstrated that the increased intestinal permeability
which may be due to endotoximia and ensuing intestinal
bacterial translocation plays a critical role in different
liver diseases such as alcoholic liver disease[5-8] and liver
cirrhosis[9-11]. Therefore, it seems plausible that despite of
various etiologies, change of intestinal permeability may be
involved in the pathogenesis and progress of liver diseases.
As NASH shares histological similarity to alcoholic
hepatitis, we hypothesize that increased intestinal
permeability is also involved in its pathogenesis and
progress, and allows endotoxin to escape into the portal
circulation and liver where it can initiate a hepatic
necroinflammatory cascade. Wig g and colleagues [12]
reported that there is no significant change of intestinal
per meability in patients with NASH and control
subjects without liver disease. Riordan and coworkers[13]
demonstrated that intestinal per meability in NASH
patients is much higher than that in controls. However,
both studies investigated the static intestinal permeability
at certain stage of NASH instead of the serial change in
intestinal permeability at different stages of NASH. The
conflicting results may be due to the discrepancy of NASH
stage between the selected patients. Furthermore, the dual
lactulose-rhamnose sugar test used to measure intestinal
permeability has its own limitations in the process of urine
collection.
In recognition of the deficiency of above mentioned
experiments, the present study was to test this hypothesis
by evaluating intestinal permeability in rat model of
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NASH, on which it is much easier to obser ve serial
change in intestinal permeability and obtain data on
hepatic histology. Here we used plasma D-lactate and
diamine oxidase (DAO), two well established markers,
to estimate the intestinal permeability. D-lactate is a
product of bacterial fermentation and decomposition
in the gastrointestinal tract and its concentration is low
in plasma[14]. During liver cirrhosis, alcoholic hepatitis,
gut failure or other liver diseases, increased intestinal
permeability leads to efflux of bacteria and their metabolic
products into the circulation, including D-lactate, which
cannot be metabolized in the liver. Therefore, plasma
level of D-lactate is a useful predictor for evaluation of
intestinal permeability [15]. Nevertheless, D-lactate level
may be influenced by the overgrowth of gastrointestinal
bacteria in the absence of increased intestinal permeability.
DAO, a highly active intracellular enzyme existing in
approximately 95% intestinal mucosa and ciliated epithelial
cells but little in plasma of mammals [16], catalyzes and
metabolizes histamine, putrescine and cadaverine. When
small intestinal barrier is injured, intestinal mucosal cells
exfoliate into the bowel lumen and DAO enters the
lymphatic vessel and blood stream in the intracellular
space, thus increasing plasma DAO level.

MATERIALS AND METHODS
Experimental animal model
A total of 61 Sprague-Dawley (SD) rats at the age of 12
wk, weighing 160-170 g were purchased from the Medical
Science Institution of Zhejiang Province (Hangzhou,
China). All rats were maintained in a 12-h light/dark cycle
at controlled room temperature and randomly divided
into model group and control group. Control group (n =
34) was given normal diet (8% rice bran, 50% maize, 30%
soybean powder, 3% bone powder, 1.3% multi-vitamin and
6.7% mineral) while model group (n = 27) was established
by giving fat-rich diet containing 80.5% normal diet, 2%
cholesterol, 7% lard, 10% yolk powder and 0.5% bile
salt. Twelve, 11 and 11 rats from control group and 12, 6
and 9 rats from model group were sacrificed by femoral
exsanguination at wk 8, 12 and 16 during the study. This
study was approved by the University and Hospital Animal
Review Board.
Reagents and methods
Body weight, food and water intake were recorded weekly.
Femoral blood, liver wet weight and hepatic index (liver
weight/body weight) reflecting liver hypertrophy were
obtained and estimated. Serum alanine aminotransferase
(ALT), aspartate aminotransferase (AST), triglyceride (TG),
total cholesterol (TCh) and albumin (ALB) were measured
using an automatic biochemical analyzer 7600-110E
(Hitachi). D-lactate and DAO were measured as previously
described[17,18]. D-lactic dehydrogenase, D-lactate standard
solution, O-dianisidine, cadaverine dihydrochioride,
DAO standard solution and horseradish peroxidase were
purchased from Sigma Chemical Company, USA.
Livers were fixed in 10% for malin, dehydrated
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with ethanol, and embedded in paraffin. Two μm thick
sections were cut, collected sequentially onto glass slides,
and stained with haematoxylin-eosin (HE). Steatosis,
inflammation and necrosis of hepatic cells were observed
under Olympus microscope while the severity of hepatic
injury was estimated according to the extent of hepatic
steatosis (divided as “-, +, ++, +++”) and histological
activation index (HAI)[19,20]. Briefly, HAI was divided into
perisinusoidal inflammation (P), lobular inflammation (L),
patch necrosis (PN) and bridge necrosis (BN), each of
which was scored as 1 (mild), 3 (moderate), 4 (severe). The
average score was calculated according to the equation: (P
+ L + 2PN + 2BN)/4.
Statistical analysis
Normally distributed data were expressed as mean ± SD.
Student’s t test between two groups and one-way ANOVA
among more than two groups were used. Nonparametric
data were presented as the median and the rang e
comprising the lowest and highest values obser ved.
Statistical analyses were performed using SPSS software
(version 11.5) and P < 0.05 was considered statistically
significant.

RESULTS
Establishment of NASH rat model
NASH rat model was established successfully eight
weeks after the rat was fed with fat-rich diet. During
the experiment, the weights of rats in the two groups
increased gradually and no unexpected death occurred.
Compared with the control group, the body weight and
hepatic index in model group were markedly higher (P
< 0.05, Table 1). During the whole study, H-E stained
liver tissues from model group rats demonstrated that
simple fatty liver involved 66% of the whole hepatic cells
(predominantly macrovesicular) at the 8th wk. At the 12th
wk, steatosis became worse with obvious ballooning of
hepatocytes (predominantly in zone 3). Mild to moderate
chronic inflammation of portal and intra-acinar cells was
also noted. At the 16th wk, significant progress in steatosis,
hepatocellular ballooning, lobular and portal inflammation
was observed (Table 1).
TCh in rats of the model group began to increase from
the 8th wk, reached its peak at the 12th wk, and decreased
until the 16th wk. Nevertheless, significant difference was
observed at different time points (8th, 12th, 16th wk) in the
model group compared with the control group. TG in
rats of the model group was markedly decreased at the 8th
wk, which may be attributed to the deposition of TG in
liver. However, there was no significant difference between
the two groups at the 12th and 16th wk (Table 1). Serum
ALT and AST levels in rats of the model group were
remarkably increased from the 8th wk (P < 0.05 vs control
group) and there were also certain differences in the model
group at different time points. ALB was much lower in the
model group at the 8th wk (P < 0.05, Table 2).
Change in intestinal permeability
Plasma D-lactate levels in the model g roup were
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Table 1 Change of body, hepatic and serum lipid parameters in rats
Time
(wk)
8
12
16

Group

Number

Weight

Hepatic
index (%)

TG (mmol/L)

TCh (mmol/L)

Degree of Hepatic
Steatosis
+ ++ +++

HAI mark

Control
Model
Control
Model
Control
Model

12
12
11
6
11
9

307.58 ± 17.04
404.50 ± 13.18a
411.05 ± 16.84
506.16 ± 15.99a
453.55 ± 49.11
554.22 ± 28.37a

2.64 ± 0.09
3.88 ± 0.53a
2.81 ± 0.09
4.58 ± 0.07a
2.77 ± 0.12
4.74 ± 0.13a

0.51 ± 0.07
0.35 ± 0.05b
0.48 ± 0.10
0.49 ± 0.10
0.51 ± 0.07
0.47 ± 0.10

1.62 ± 0.16
2.49 ± 0.36c
1.38 ± 0.24
6.20 ± 2.14d,e,f
1.96 ± 0.45
2.93 ± 0.55g

12
0
11
0
11
0

0.67 ± 0.33
0.68 ± 0.27
0.71 ± 0.12
3.95 ± 0.83h,i
0.69 ± 0.15
5.25 ± 1.39h,j

0
3
0
0
0
0

0
6
0
2
0
1

0
3
0
4
0
9

Values are expressed as mean ± SD. a: P < 0.001 vs corresponding control group; b: t = 6.31, P < 0.001, vs control group at the 8th wk; c: t = 7.67,
P < 0.001, vs control group at the 8th wk; d: t = 5.49, P = 0.003, vs control group at the 12th wk; e: t = 3.60, P = 0.012, vs model group at the
16th wk; f: t = 4.21, P = 0.008, vs model group at the 8th wk; g: t = 3.53, P = 0.002, vs control group at the 16th wk; h: P < 0.05, vs control group
at the same stage of time; i: P < 0.05, vs model group at the 8th wk; j: P < 0.05, vs model group at the 12th wk.

Table 2 Change of hepatic function and intestinal permeability in rats
Time
(wk)

Group

Number

8

Control

12

Model
12

16

ALT (mmol/L)

AST (mmol/L)

ALB (g/L)

D-lactate
(mmol/L)

DAO (U/L)

54.75 ± 7.05

200.33 ± 14.49

30.39 ± 2.33

0.19 ± 0.04

0.74 ± 0.11

12

125.75 ± 34.21a

270.91 ± 45.38d

26.91 ± 2.37g

0.36 ± 0.11h

0.77 ± 0.09

Control

11

56.73 ± 8.46

215.64 ± 31.53

31.09 ± 1.30

0.17 ± 0.03

0.65 ± 0.15

Model

6

149.67 ± 30.81b

311.33 ± 53.33e

29.83 ± 1.72

0.54 ± 0.04i

0.92 ± 0.10k

Control

11

51.59 ± 7.54

195.10 ± 18.72

29.12 ± 2.51

0.20 ± 0.05

0.77 ± 0.17

Model

9

166.56 ± 43.53c

314.22 ± 54.41f

28.98 ± 2.10

0.86 ± 0.12j

1.28 ± 0.19l

Values are expressed as mean ± SD. a: t = 7.04, P < 0.001, vs control group at the 8th wk; b: t = 7.24, P < 0.001, vs control group at
the 12th wk; c: t = 7.83, P < 0.001, vs control group at the 16th wk; d: t = 5.13, P < 0.001, vs control group at the 8th wk; e: t = 4.70, P
< 0.001, vs control group at the 12th wk; f: t = 6.82, P < 0.001, vs control group at the 16th wk; g: t = 5.24, P < 0.001, vs control group
at the 8th wk.; h: t = 5.50, P < 0.001, vs control group at the 8th wk ; i: t = 9.70, P < 0.001, vs control group at the 12th wk; j: t = 7.22,
P < 0.001, vs control group at the 16th wk; k: t = 3.91, P = 0.001, vs control group at the 12th wk; l: t = 6.27, P < 0.001, vs control
group at the 16th wk.

significantly higher than those in the control group at
the 8th, 12th and 16th wk. Plasma DAO levels in the model
group were markedly increased compared with the control
group at the 12th and 16th wk. Both D-lactate and DAO
had a tendency to increase, suggesting that D-lactate and
DAO levels in rats of the model group were much higher
at the 12th wk and 16th wk than at the 8th and 12th wk (Figure
1, Table 2).

DISCUSSION
In 1980, Ludwig et al[21] coined the term NASH to describe
the morphologic pattern of liver injury in 20 patients
who had histological evidence for alcoholic hepatitis on
liver biopsy but no history of alcohol abuse. Since then,
researches on this disease have been booming. However,
the pathogenesis of NASH is still poorly understood and
endotoxin is actively involved.
In this study, we used plasma D-lactate and DAO to
evaluate the intestinal permeability in rats with NASH
and to explore the association of intestinal permeability
with NASH. Eight weeks after the rats were fed with
www.wjgnet.com

fat-rich diet, we successfully established the rat model
of NASH, and observed its serial change in intestinal
permeability at the 8th, 12th and 16th wk. The plasma DAO
level was normal while the plasma D-lactate level increased
significantly in the model group at the 8th wk, suggesting
that this increase may be attributed to the overgrowth of
intestinal bacteria, thus leading to the increased absorption
of D-lactate, instead of increased intestinal permeability.
This finding is consistent with the result of Wigg [12].
Meanwhile, H-E staining also confirmed that rats in the
model group mainly stayed at the stage of simple fatty
liver, implying occurrence of the first hit. The results
obtained at the 12th and 16th wk indicate that impairment
of intestinal barrier and high intestinal permeability
occurred at or even before the 12th wk during which the
histological evidence showed occurrence of the second hit
and stability at the stage of steatohepatitis. The degree of
necrosis and inflammation as indicated by ALT, AST, HAI
and steatosis was paralleled with the change in intestinal
permeability that aggravated from the 12th wk to the 16th
wk. The serial change in D-lactate and DAO showed
that intestinal barrier dysfunction and high intestinal
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permeability play an important role in the progress from
simple fatty liver to nonalcoholic steatohepatitis.
The mechanism of increased intestinal permeability in
NASH is still unknown. Normally, it may be influenced by
genetic and/or environmental factors such as ecological
equilibrium of the intestinal lumen flora[22], mechanical
barrier of intestinal mucosa[23], immune response in the
intestinal tract[24] and the gut-liver feedback axis. Cofactors
for NASH including obesity, insulin resistance and
hyperlipidemia can lead to intestinal dysbacteriosis and
further proliferation of the intestinal flora, thus impairing
mesenteric cell architecture and shortening or exfoliating
intestinal villi[25]. Endotoxins produced by Gram-negative
bacteria pass through intestinal mucosa into blood and
increase intestinal permeability due to hypoxia and acidosis
of the intestinal mucosa, which would create a vicious
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cycle that perpetuates a necroinflammatory cascade and
causes liver damage[26,27]. Intestinal wall edema secondary
to hypertension or hypoalbuminemia might be another
explanation[28]. The ALB level in the 8th wk was significantly
lower in model group, suggesting that hypoalbuminemia
is involved in pathogenesis of NASH at the starting
stage. The underlying mechanism might be the increased
portal pressure which reduces the absorptive capacity
of small intestine and the occurrence of malnutrition
or hypoalbuminemia[29]. However, as hypoalbuminemia
is usually a laboratory feature of advanced cirrhosis and
seldom observed in patients with NASH, reduced ALB
level at the early stage of NASH needs further verification
in large scale experiments. Moreover, further research
on portal tension and morphologic change in intestinal
mucosa is required.
In conclusion, increased intestinal permeability is
associated with the pathogenesis and progress of NASH
in rats. Our study is consistent with the conclusions of
several reports that endotoximia and translocation of
intestinal bacteria may develop a vicious circle in the
liver damage[2,5,6]. Our finding is of clinical significance
for developing a means of reversing increased intestinal
permeability in NASH patients. Though the NASH rat
model established by acute over feeding of high fat diet
may not be fully representative of human NASH mainly
caused by insulin resistance, it can be used in research of
nonalcoholic fatty liver disease[30]. Further studies on the
correlation between intestinal permeability, circulating
levels of endotoxin and portal tension are required.
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The pathogenesis and progress of NASH remain unclear. The most advocated
theory is the “two-hit hypothesis” mainly consisting of hepatic fat deposition as the
first hit and concomitant hepatic inflammation as the second hit. Several potential
pathogenic factors including insulin resistance, mitochondrial dysfunction, lipid
peroxidation, intestinal permeability, have been intensely investigated.

Research frontiers

Many hot spots on NASH have been studied. The search for non-invasive
diagnosis and effective treatment of NASH has been under intensive investigation.
Nevertheless, we still call for the prospective, double blind and placebo-controlled
clinical trials to verify the effect of treatment and the pathogenesis of NASH.

Innovations and breakthroughs

Since previous studies on the intestinal permeability in NASH remain controversial,
the conflicting results may be due to the discrepancy in NASH stage between the
selected patients. In our study, the serial change in intestinal permeability in rat
model of NASH was found to be associated with NASH
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Since increased intestinal permeability may contribute to the development of
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NASH, drugs can be used to prevent the increase in intestinal permeability and to
further alleviate NASH.
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Peer review

This is an experimental dynamic study conducted on rats. Intestinal permeability
was assessed by plasma levels of D-lactate and diamine oxidase. Results of this
study provide evidence for increased intestinal permeability in parallel with degree
of steatohepatitis. This interesting experimental study merits publication in WJG.
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Abstract
AIM: To construct tree models for classification of
diffuse large B-cell lymphomas (DLBCL) by chromosome
copy numbers, to compare them with cDNA microarray
classification, and to explore models of multi-gene,
multi-step and multi-pathway processes of DLBCL
tumorigenesis.
METHODS: Maximum-weight branching and distancebased models were constructed based on the
comparative genomic hybridization (CGH) data of 123
DLBCL samples using the established methods and
software of Desper et al . A maximum likelihood tree
model was also used to analyze the data. By comparing
with the results reported in literature, values of tree
models in the classification of DLBCL were elucidated.
RESULTS: Both the branching and the distance-based
trees classified DLBCL into three groups. We combined
the classification methods of the two models and
classified DLBCL into three categories according to their
characteristics. The first group was marked by +Xq,
+Xp, -17p and +13q; the second group by +3q, +18q
and +18p; and the third group was marked by -6q and
+6p. This chromosomal classification was consistent with
cDNA classification. It indicated that -6q and +3q were
two main events in the tumorigenesis of lymphoma.
CONCLUSION: Tree models of lymphoma established
from CGH data can be used in the classification of
DLBCL. These models can suggest multi-gene, multistep and multi-pathway processes of tumorigenesis.
Two pathways, -6q preceding +6q and +3q preceding

+18q, may be important in understanding tumorigenesis
of DLBCL. The pathway, -6q preceding +6q, may have
a close relationship with the tumorigenesis of non-GCB
DLBCL.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Evidence has indicated that tumorigenesis is a multistep process in humans. It is believed that genetic
alterations occur in tumor genomes at multiple locations
progressively from subtle mutations to alterations of entire
chromosomes. Desper et al[1] have proposed tree models
to define multi-step and multi-pathway processes of
tumorigenesis based on analysis of comparative genomic
hybridization (CGH) data of chromosome alterations.
These methods have been applied successfully on several
tumors. However, to our knowledge, there has been no
report about tree models of diffuse large B-cell lymphoma
(DLBCL). DLBCL is the most common type of malignant
lymphoma, accounting for approximately 30%-59%[2-4]
in adult NHL. By establishing tree models, we have tried
to classify DLBCL using chromosome copy number
alterations, and explored the multi-gene, multi-step and
multi-pathway processes of DLBCL tumorigenesis.
Based on the differences of gene expression profiles,
DLBCL can be divided into two classes: germinal center
B-cell-like (GCB) and non-GCB. The latter class includes
activated B-cell-like (ABC) and type 3 lymphomas. The
prognosis of the CGB subtype is better than non-GCB[5,6].
We compared the tree model classification of DLBCL
using chromosome copy number alterations with a
classification by gene expression profiling.

MATERIALS AND METHODS
Materials
CGH data published in four previous studies were
www.wjgnet.com
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analyzed. The selection criteria are as follows: (1) all the
specimens are primary tumors; (2) all the specimens
were fresh frozen tissues; and (3) a normal ratio range of
chromosome fluorescence signal (0.8-0.85, 1.15-1.25) was
predefined. CGH data of 173 DLBCL cases[7-10] from these
studies were collected, including 138 cases of primary
tumors. Karnan et al[7] analyzed 26 cases of CD5+ and 44
cases of CD5- tumors. CD5+ tumors covered 10%-20%
of DLBCL. We randomly selected 11 cases of CD5+
tumors and 44 cases of CD5- tumors so as to make the
proportions of the data reflect the real status. We collected
123 cases of CGH data, of which 116 had chromosome
abnormalities.
Selection of nonrandom events
Chromosomal alteration data of various regions of the
genome were recorded according to chromosome arms.
Abnormalities from chromosomes 19, 22 and Y, and
chromosomal arms 1p, 13p, 14p, 15p, 16p and 21p, were
excluded because of the high false positive rates in GCH
analysis. We used the established method of Brodeur et al[11]
to select nonrandom events. This method presumes a prior
probability distribution, whereby the gains and losses of
each overlap region occur independently with individual
probabilities proportional to the lengths of the various
chromosome arms. Random simulations were used to
generate 10 000 replicates of the distribution. For each
replicate, a score was computed, relating each event to its
prior probability, and the maximal scores were recorded
for each event. Scores were also computed for each of
the events in the data set, and an event was considered
nonrandom if its score in the real data exceeded the 95th
percentile of the 10 000 maximal scores from the random
replicates.
Maximum-weight branching models
Desper et al[1,12] proposed the construction of a tree model
of oncogenesis based on a computational technique known
as maximum-weight branching, and we refer to the models
based on this method as “maximum-weight branching tree
models”. A model of this type introduces an artificial node
to root the branching (an event occurs in all samples),
and the hereditary events are represented by the other
nodes of the branching. An edge (i, j) in a tree model
represents a probabilistic cause-and-effect relationship
between a pair of events: the occurrence of event i makes
the occurrence of j more likely. The branching tree model
is a generalization of the Vogelstein path model. A tree
model allows multiple edges to come from each node
representing different possible pathways for oncogenesis
while a path model only has one edge from each node. In
the branching construction process, edges were included
into the model tree based on a weight function which takes
into account the number of occurrences of each event and
the number of co-occurrences of each pair of events. The
weight function used is
,
where is the observed probability of event i,
is the
observed probability of event j, and
is the observed
probability of the co-occurrence of events i and j in the
same tumor.
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Desper et al[1] found that, under plausible assumptions
about the stochastic process of oncogenesis and with
enough samples, the tree produced by the maximum
weight branching method converges to the correct tree
model. Although in practice we generally do not have
enough tumor samples for the convergence result, we
would still expect that the maximum weight branching
tree is correct in most of the edges. We used the program
oncotrees designed by Desper to establish the maximumweight branching and the associated tree models.
Distance-based trees
In addition to the maximum-weight branchings, Desper
et al [1] constructed tree models of oncogenesis using
methods borrowed from the field of phylogenetics. They
are known generally as distance methods, since each
branch in the tree has a length assigned to it derived from
the relative probabilities of the nodes on the edge. A
distance-based tree model regards all the events as leaves
of a tree, while the internal nodes of the tree represent
latent and unknown events. This approach is similar to the
techniques used in the construction of phylogenetic tree
models, which regard the known species as leaves while
the inferred common ancestors are represented by internal
nodes. In the figures showing distance trees, the horizontal
distance of each edge is proportional to its distance.
The first step in the construction of such a tree is to
define a distance matrix on the set of events (including the
artificial “root” event in each sample). Given two events i
and j, the distance between event i and event j was set to:
where
and
are defined as in the previous section.
Next, established phylogenetic algorithms were used to
search the space of possible trees to find a tree whose
associated metric fits best the input matrix.
The algorithms used included the programs Fitch[13]
and Neighbor[14] from the PHYLIP package (3.5c edition),
and the minimum evolution software FastME [15]. The
results were further optimized using dynamic programs.
The resulting models may provide a statistically robust
answer to the basic questions: (a) Which is the early event?
Those events are near the root; (b) Which event(s) marks
subclasses of tumors? Those events cluster together in
subtrees.
We also used a resampling method to test the
persistence of the classification signal measured by the
distance methods. We resampled the data by including each
tumor in each replicate with probability 0.5, with all choices
across tumors and replicates being made independently.
This sampling was done without replacement, and did
not guarantee the resulting sample size. Each resampling
produces a subset of the tumors containing approximately
half the original set. We performed the distance analysis on
each subset, producing a distance tree for each replicate.
We then used the PHYLIP program consense to form a
consensus tree.
Likelihood trees
We applied the method of von Heydebreak et al[16] to find
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the maximum likelihood oncogenetic tree model for the
data. The tree search method has been implemented as a
software package for the statistical programming language
R. The method uses a heuristic to search across topologies,
seeking to maximize the likelihood of the data, given the
tree topology and parameters. If the data is generated by
an oncogenetic tree process, the resulting tree should be
similar or identical to the tree produced by the distance
methods.

RESULTS
Gains in DLBCL by CGH were most often seen on
chromosome arms Xq (46.6%), Xp (44%), 3q (28.4%), 18q
(27.6%), 1q (25%), 13q (21.6%), 12q (20.7%), 7q (19.8%),
3p (18.1%), 6p (18.1%), 7p (17.2%), 12p (15.5%), 11q
(15.5%), 5q (14.7%), 9p (14.7%), 5p (8.6%), 2p (8.6%), 18p
(7.8%) Losses were most often seen at 17p (36.2%), 6q
(25.9%), 9q (15.5%), 8p (13.8%). It is common to model
the occurrence of random chromosomal aberrations as
chance events that happen with equal likelihood at any
point in the genome. Thus, because the probability of
a random aberration on a chromosome is related to its
length, we conclude that the events most often seen in
DLBCL were not all nonrandom events. The method of

Brodeur et al[11] was used to select the following thirteen
events as nonrandom in DLBCL cases: -6q, -8p, -17p, +3q,
+6p, +7p, +9p, +12p, +13q, +18p, +18q, +Xp and +Xq.
A plus symbol (+) indicates a gain of a chromosomal
region and a minus symbol (-) a loss. We further confined
our attention to non-random events, eliminating events
-8p, +7p, +9p and +12p, which occurred less than 20%
of the time. The gains +18p and +6p were retained to
examine their relationship to +18q and -6q, respectively.
Both the branching tree and the distance tree classified
DLBCL into subgroups. In branching tree (Figure 1), the
first group was marked by +Xq, +Xp, -17p and +13q;
the second group by +3q, +18q and +18p; and the third
group was marked by -6q and +6p. The distance tree
shows the same subdivisions (Figure 2), and an additional
classification is closely related between the second and
third groups. The values at the internal nodes represent
the number of replicates that contained the subtree to
the right of the node out of 100. Several subtrees have
respectably high numbers, especially the three subtrees
corresponding to pairs of events from the same respective
chromosomes, as well as the +3q/+18 subtree.
The likelihood tree (Figure 3) did not show this
classification. Curiously, the likelihood tree did not group
together the three pairs of events from the same respective
chromosomes. This absence suggests that the likelihood
tree should be kept as an indication that restraint is needed
for any conclusions by the high-weight branching and
the distance tree in stead of suggesting any alternative
hypothesis.

DISCUSSION
CGH[17] and microarray[18] techniques can be applied to
examine the alterations and abnormalities throughout the
whole genome. In tumor cells, the abnormalities of various
chromosomes may tend to occur in certain orders, or to
co-occur in certain groups, as suggested in Vogelstein’s[19]
linear path model. However, in late stage cancers,
abnormalities of chromosomes may occur extensively, and
many of these abnormalities appear to occur randomly
and independently from the progression of the cancers
because of the general phenomenon known as genome
instability. For these reasons, Desper et al[1,12] used the wellwww.wjgnet.com
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Figure 4 Distribution of genes in tree models used in molecular classification in
lymphoma by IHC. Diagram in upper left is the classification of DLBCL by IHC.
Adapted from Hans CP et al. Blood 2004; 103: 275-282.

known method of Brodeur et al[11] to select abnormalities
of chromosomes that are associated with progression
of cancers, and developed two methods, distance-based
trees and branching trees, to determine the co-occurrence
relationships and the typical orders in which various
events occur. Tree models of the multi-step and multipathway processes of oncogenesis were constructed based
on the individual and pairwise probabilities of events.
These methods have previously been used to construct
models for renal cell carcinoma [20] , breast cancer [21] ,
bladder cancer[22], and head-and-neck carcinomas[23]. Early
events and chromosomal classification of oncogenesis of
these carcinomas were analysed. Yin Z et al[24] established
tree models of chromosome arms of nasopharyngeal
carcinoma (NPC) and colorectal carcinoma. Based on the
models of chromosome arms, we[25] established the tree
models of chromosome “overlap regions”, analyzed CGH
data of NPC and constructed tree models of the multistep and multi-pathway process of NPC carcinogenesis,
and classified NPC based on CGH data. To date, there has
been no other established tree model of DLBCL.
With the development of gene chips, DLBCL study
at the molecular level has become a very active field since
2000. Alizadeh et al [5] first found that, using a cDNA
microarray, DLBCL can be divided into two prognostically
distinct subgroups: germinal center B-cell-like (GCB)
and activated B-cell-like (ABC) lymphomas. The GCB
subgroup has a significantly higher survival rate than the
ABC subgroup. Rosenwald et al [6] found a third group
(Type 3) that had a poor outcome in a manner similar to
the ABC group according to statistical analysis. Another
study using an oligonucleotide array conducted by Shipp
et al [26] demonstrated that DLBCL could be divided
into 2 molecularly distinct populations (cured and fatal/
refractory). Although both fresh and frozen specimens
can be used to facilitate the extraction of enough RNA
in microarray detection, this technique cannot be applied
widely because of the high price of chips. Using the
cDNA microarray results as a gold standard, Hans et al[27]
found that the expression of CD10, bcl-6 and MUM1
could form a combination to divide cases of DLBCL into
GCB and non-GCB subgroups, with an outcome closely
related to prognosis.
Using the method of Desper et al [1] , we have
established tree models of chromosomal classification
of DLBCL, which also divided DLBCL into three types.
Does the chromosomal classification relate to molecular
www.wjgnet.com
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classifications of DLBCL? We analyzed the distributions
of CD10 (3q25.1-q25.2), BCL-6(3q27) and MUM1
(6p25-p23) in tree models adopted by Hans et al [27] in
lymphoma classification (Figure 4).
In our study, chromosomal regions with the genes
(CD10，MUM1，BCL-6) crucial to the classification of
DLBCL are present in the tree model. 3q25.1-q25.2 and
3q27, the corresponding chromosomal regions of CD10
and BCL-6, are in the second category of the tree model.
Chromosomal amplifications have characteristics of this
type. 6p, the chromosomal region of MUM1, is in the
third category. 6p showed amplification in this type. This
indicated that there was correlation between tree model
classifications and DLBCL subtypes.
Rosenwald et al [6,28] selected three genes closely
correlated with Germinal-center B-cells using cDNA
chips. DLBCLs with high expressions of these genes had
better prognosis. They were bcl-6 (3q27) and the other
two gene clones: IMAGE clone 1334260 and IMAGE
clone 814622. Genes defined from the latter two clones
are named GCET1 and GCET2[29,30], respectively. GCET1
is in chromosome 14q32 and GCET2 is located in
chromosome 3q13.2. Though GCET1 is absent from the
tree models, the other two genes both correspond to the
second type in the chromosomal classification.
As indicated in both the branching and distance based
trees, -6q is an early event in DLBCL. But the correlation
between this chromosomal mutation and DLBCL is
rarely reported and needs further examination. Our tree
models seem to indicate that this chromosomal segment
is of some importance to the carcinogenesis of non-GCB
lymphoma. Detection of -6q may become a marker in
evaluating the prognosis of lymphoma.
Identification of regions of minimal cytogenetic
deletions (RCDs) has proven to be a useful predictor
of candidate tumor suppressor genes (TSGs). Cigudosa
et al[31] reported 11 RCDs in chromosomes 1, 3, 6, and 7,
and suggested that these regions contain candidate TSGs.
Chromosome 6 was the chromosome most frequently
deleted in their series. Offit et al[32] proposed that deletions
of 6q are associated with a lower CR and survival rate. It is
widely believed that patients of non-GCB have a lower CR
and survival rate[6]. The proposal that both deletions of 6q
and patients of non-GCB are associated with a lower CR
and survival rate is supported by the correlation between
-6q and type non-GCB.
In 1990, Vogelstein proposed a chain of four events in
colorectal carcinogenesis: first was the deletion of the fap
gene in chromosome 5q; second, the mutation of K-ras in
chromosome 12q; third, the deletion of the DCC (deleted
in colorectal carcinoma) gene in 18q; and lastly, the
mutation or deletion of p53 in chromosome 17p. Although
similar pathways have long been sought in other types
of tumors, such searches have been essentially fruitless
because of the difficulty in getting pathological materials
in each step. Our investigation suggests that deletions
of tumor suppressor genes resulting from deletions of
chromosome 6q may cause non-GCB DLBCL. As a result,
a search of this chromosomal region may be of great help
to find important lymphoma-related genes. Offit et al[32]
reached the same conclusion by karyotyping.

Jiang HY� et al . Models for DLBCL

By spectral karyotyping (SKY), Nanjangud] et al [33]
found that, gain of 3 (53%), 7q (65%), 18q21 (41%)
and loss of 6q11-13 (59%) were significantly more
frequent in DLBCL, suggesting that gain and/or loss
of genetic material might play a more proximal role in
the development of this tumor. By a tree model analysis,
we also found that +3q, +18q, -6q play some role in
the tumorigenesis of DLBCL. Tree models can indicate
successive relationships of these mutations. As a result, the
pathway of -6q preceding +6p may be important in nonGCB. Further studies may identify tumor-related genes
involved in this pathway.
Recent research by Silvia Bea et al [34] indicated that
changes of gene copy numbers of DLBCL were related
to molecular subtypes. ABC-DLBCL had frequent trisomy
3, gains of 3q and 18q21-q22, and losses of 6q21-q22,
whereas GCB-DLBCL had frequent gains of 12q12, and
PMBCL had gains of 9p21-pter and 2p14-p16. Parallel
analysis of CGH alterations that -6q was regarded as
the characteristic criterion of non-GCB classification
was consistent with our tree model. Their results also
proved that +3q, +18q, -6q can be used as evidences in
DLBCL classification. Defects exist in the current tree
model classification based on chromosomal data. First,
the minimum units of classification are chromosome
arms. While the methods are amenable to a finer level
of resolution in the genome, such a step would require
considerably more data. Second, regions of loss or gains
with length less than 10Mbp are too small to be detected
by CGH. And third, gene aberrations caused by factors
such as mutations or translocations without copy number
changes cannot be detected. In the research of DLBCL,
decreased major histocompatibility class Ⅱ (MHCII)
expression is associated with poor survival in diffuse large
B-cell lymphoma[6]. Lisa et al[35] show that loss of MHCII
in diffuse large B-cell lymphoma is highly coordinated not
due to chromosomal deletions. As a result, classifications
of tree models are not totally consistent with molecular
classifications of DLBCL. Further experimental evidence
is needed to explore tree models in the classification of
chromosomal CGH data.
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models of lymphoma established from CGH data can be
used in the classification of DLBCL.

Applications

These models can suggest multi-gene, multi-step and multi-pathway processes
of tumorigenesis. Two pathways, -6q preceding +6q and +3q preceding +18q,
may be important in understanding tumorigenesis of DLBCL. The pathway, -6q
preceding +6q, may have a close relationship with the tumorigenesis of non-GCB
DLBCL. Tree modelling may be used in the classification for DLBCL.
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The authors constructed tree models of DLBCL for classification by chromosome
copy numbers. The classifications of tree models are not totally consistent with
molecular classifications of DLBCL. Further experimental evidence is needed
in order to explore the scientific entity of tree models in the classification of
chromosomal CGH.
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INTRODUCTION
Abstract
AIM: To establish a culture system of marrow mesenchymal stem cells (MSCs）from hepatitis B patients
and normal adults and to compare their biological
characteristics.
METHODS: MSCs were isolated from bone marrow in
34 male hepatitis B patients and 15 male normal adults
and cultivated in vitro . Their biological characteristics
including surface markers, shapes and appearances,
growth curves, first passage time and passage generations were compared.
RESULTS: Cultivation achievement ratio of hepatitis
B patients was lower than that of normal adults, no
statistical significance (82.35% vs 100%, P > 0.05).
Compared with MSCs of normal adults, MSCs of hepatitis
B patients presented a statistical lower growth curve,
longer first passage time (13.0 ± 1.6 d vs 11.4 ± 1.5 d,
P < 0.05), fewer passaging generation numbers (10.5
± 1.4 generations vs 12.3 ± 1.7 generations, P < 0.05),
though both shared same appearances, shapes and
surface markers. MSCs in hepatitis B patients would
expand, spread out and age more easily and there were
more refractive particles in the cytoplasm.
CONCLUSION: MSCs from hepatitis B patients can
be cultured in vitro . Although their appearance, shape
and surface marker are similar to those of MSCs from
normal adults, there are differences in their biological
characteristics.
© 2007 The WJG Press. All rights reserved.

Marrow mesenchymal stem cells (MSCs) are characterized
by self-renewal and multi-directional differentiation[1-6].
MSCs have the following merits: ease of isolation and
cultivation, expansion potential, stable phenotype, compatibility by different delivery methods, and slight adverse
reaction after implantation in vivo, and playing an important
role in cellular therapeutics and tissue engineering[7-10].
Autogenetic MSCs do not cause immunological rejections and have been used in France, Germany, Japan, Italy
and China[11,12]. We have used autogetic MSCs in autoplastic
transplantation therapy for severe liver failure and gained
satisfactory therapeutic effects (in press).
However, there is only one MSC among 104-105 mononuclear cells in the bone marrow, which limits its clinical
application. Many researches have proved that MSCs can
be incubated and amplified in vitro[13-15]. Up to now, no
studies on the biological characteristics, cultivation and
amplification in vitro of MSCs in hepatitis B patients are
available.
We tried to establish a cultivation system of in vitro
MSCs from hepatitis B patients to compare their biological
characteristics with those from normal humans.

MATERIALS AND METHODS
Preparation of bone marrow-derived MSCs
MSCs from bone marrow of 34 hepatitis B patients and
15 normal adults were prepared. All the 34 patients at the
age of 35-57 years were inpatients visiting our department
from September 2005 to June 2006. Of the 15 normal
adults at the age of 30-40 years, 5 were volunteers and 10
were patients with external injury after plastic operation in
Department of Orthopaedics.
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Figure 1 Morphology of MSCs from hepatitis B patients and normal humans after incubation for 4 d (A, B) and 8 d (C, D), generations 5 d and 10 d (E-H).

Table 1 Comparison of cultivation ratio of MSCs from hepatitis
B patients and normal humans n (%)
Success
MSCs from hepatitis B patients
MSCs from normal human
Total

28 (82.35)
15 (100)
43 (87.76)

Failure
6 (17.65)
0 (0)
6 (12.24)

Total
34
15
49

Cultivation of MSCs in vitro
Five mL bone marrow was aspirated from anterosuperior
iliac spine, mixed with 5 mL PBS, and centrifuged at
1500 r/min for 5 min. The supernatant was removed and
dispersed in 5 mL PBS. Cell suspension was added to 5
mL Percoll separating medium (Sigma Company, USA)
and centrifuged at 2500 r/min for 30 min. Nucleated cells
in the middle layer were drawn off and washed with 5 mL
PBS, centrifuged at 1500 r/min for 5 min. The supernatant
was removed. Dispersed by Cult-M culture solution (An-Pu
Biochemistry Company, Beijing, China), the cell sediments
were inoculated in a 25 cm2 culture flask and incubated
at 37℃ in an atmosphere containing 5% CO 2 . The
culture medium was changed after 3 d and then every 2 d.
MSCs were digested by 0.25% Trypsin, 0.1% EDTA and
passaged (1:2) when they grew to 70%-80%.
Comparison of MSCs from hepatitis B patients and normal
adults
MSCs from bone marrow of 34 hepatitis B patients and
15 normal adults were inoculated and cultivated. The
cultivation ratios were compared.
The appearance of MSCs was observed under an
inverted phase contrast microscope (M20-35DX, Olympus
Company, Japan) and their differences were comp-ared
on d 4 and 8 after inoculation and at generations 5 and
10, respectively. The 4th passage MSCs from hepatitis B
patients were digested, washed with PBS and adjusted
to the density of 1.0 × 106 cells/mL. After addition of
FITC-CD44 antibody, PerCP-CD45 antibody, PE-CD34
antibody (BD Biosciences Company, USA), they were
detected by flow cytometry using mouse IgG 1 as the
www.wjgnet.com

isotypism contrast. Results were compared with MSCs
from normal adults. P3 MSCs from hepatitis B patients
and normal adults were inoculated in a 24-shadow mask at
the density of 103 cells/hole. The number of cells in two
holes was counted everyday for 10 d, and the growth curve
was plotted. The primary passage time of MSCs from
hepatitis B patients and normal humans was compared
after inoculation at the density of 1.0 × 106 cells/cm2. The
number of passage generations of MSCs from 28 hepatitis
B patients and 15 normal human was also compared.
Statistical analysis
Data were expressed as mean ± SD and analyzed by
SPSS s13.0 software using Chi square test. P < 0.05 was
considered statistically significant.

RESULTS
MSCs from bone marrows of hepatitis B patients and normal
adults were cultivated, the ratio was 82.35% and 100%,
respectively, without statistical significance (Table 1, P > 0.05).
All MSCs had a fusiform shape with a high karyoplasmic ratio
and were integrated into steady colonies, like collagenoblasts.
After observation on differences of appearance between
hepatitis B patients and normal adults on the 4th and 8th d
after inoculation and at the 5th and 10th generations, MSCs
grew slower and were much easier to expand, spread out
and age in hepatitis B patients than in normal adults, and
more refractive particles were found in cytoplasm (Figure
1). CD34-CD44+ and CD44+CD45- cells accounted for
97.83% and 99.38% separately of P4 MSCs from hepatitis
B patients, demonstrating a high purity. CD34-CD44+CD45was expressed on its surface molecules as on MSCs[1] in
the normal adults (Figure 2). The growth curve of MSCs
from hepatitis B patients was lower than that from normal
humans (Figure 3). The primary passage time of MSCs
from hepatitis B patients and normal human was 13.0 ±
1.6 d and 11.4 ± 1.5 d, respectively (P < 0.05). The MSCs
passage amount of MSCs from hepatitis B patients and
normal humans were 10.5 ± 1.4 and 12.3 ± 1.7 generations,
respectively (P < 0.05).
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Figure 2 Expression of surface molecules CD34, CD44, CD45 of MSCs in hepatitis B patients.

Growth curve comparison

Figure 3 Growth curve of MSCs from
hepatitis B patients and normal humans.
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DISCUSSION
A total of 130 million Chinese are infected with HBV
and every year a half million of patients die of terminal
stage liver disease caused by HBV. There are no effective
hepatitis B therapies. Internal medical therapy, anti-virus
therapy and liver transplantation, cannot recover liver
function, improve prognosis and quality of life of such
patients. It is urgent to find effective therapies for HBV
infection.
MSCs are adult stem cells, which can be differentiated
in many tissues like bone, cartilage, muscle, tendon,
myocardial cells, liver, lung, kidney, cranial nerve cells and
spinal cord[16]. In recent years, xenogenic and autogeneic
MSCs have been used in the treatment of hepatitis B
patients [11,12]. Autogeneic MSCs in hepatitis B patients
can avoid immunological rejection and tumorigenesis
caused by cell fusion, although some scholars believe that
MSCs have immunological regulation functions and do
not lead to immunological rejection because MHC-Ⅰ
antigen is not expressed and MHC-Ⅱ antigen has a low
expression[17]. However, there is no evidence that MSCs
do not express MHC-Ⅰ and MHC-Ⅱ antigens and exert
immunological regulation after their differentiation into
mature hepatocytes.
In the present study, we cultivated in vitro MSCs
from hepatitis B patients, observed their bionomics and
compared them with those from normal adults. Their
surface molecules were similar but there were evident
differences in culture ratio, growth curve, primary passage

time, number of passage generations and appearance
change after several passage times between them, suggesting that MSCs from hepatitis B patients are more
difficult to cultivate in vitro, grow more slowly with worse
activity, faster aging process, and less passage generations.
HBV, chemicals and severe liver damage might influence
their growth. It was reported that HBV can refrain the
growth of stroma cells and hematopoietic stem cells in
bone marrow[18,19]. Though MSCs in hepatitis B patients
do not express HBsAg and HBcAg, it is still difficult to
prove whether HBV-DNA is integrated into MSCs and
affects their bionomics. Otherwise, influence of chemical
medication on them cannot be ignored.
In conclusion, it is difficult to cultivate in vitro MSCs
from hepatitis B patients. We should find a safe, quick
and effective transplantation therapy to proliferate MSCs
because of their limited number in the bone marrow.
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INTRODUCTION
Abstract
AIM: To explore the effect of intratumoral expressions
of interleukin-12 (IL-12) and interleukin-18 (IL-18) on
clinical features, angiogenesis and prognosis of gastric
carcinoma.
METHODS: The expressions of IL-12 and IL-18 from
50 samples of gastric cancer tissue were analyzed by
immunohistochemistry, and microvessel density (MVD)
was determined with microscopic imaging analysis
system.
RESULTS: The positive expression rates of IL-12 and
IL-18 were 44% (22/50) and 26% (13/50), respectively.
IL-12 was significantly associated with pathologic
differentiation, depth of invasion, lymph node metastasis,
distant metastasis, and TNM stage, and IL-18 was closely
related to distant metastasis. Intratumoral IL-12 and
IL-18 expressions were not statistically related to MVD
scoring. IL-12-positive patients survived significantly
longer than those with IL-12-negative tumors, but there
was no significant difference between IL-18-positive
patients and IL-18-negative ones. The multivariate
analysis with Cox proportional hazard model revealed
IL-12, MVD and T stage were independent prognostic
factors.
CONCLUSION: The positive expressions of IL-12
and IL-18 can play an important role in progression
and metastasis of gastric cancer, and IL-12 might be
an independent factor of poor prognosis in gastric
carcinoma.
© 2007 The WJG Press. All rights reserved.
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The immune response to cancer is predominantly affected
by cell-mediated immunity[1], involving antigen-presenting
cells, CD4+ and CD8+ T-lymphocytes, and the production
of interleukins (IL), such as IL-2, IL-12, IL-18.
IL-12, mainly secreted by antigen-presenting cells
and B lymphocytes, is a disulfide-linked heterodimer
composed of two subunits, p35 and p40. IL-12 stimulates
T-lymphocytes and natural killer (NK) cells proliferation
and cytotoxic activity, and induces the production of
several cytokines [e.g., interferon- γ (IFN-γ)], therefore
plays an important role in promoting Th1-type response
which favor cell-mediated immunity. Recently IL-12 was
reported to inhibit angiogenesis and upregulate E-cadherin,
thus contributing to antitumor and antimetastatic effects[2].
IL-18 is initially described as IFN- γ -inducing
factor in 1989, which up-regulates several cytokines,
such as IFN- γ , TNF- α , IL-1 β , and promotes Th1 cell
differentiation. IL-18, mainly produced by dendritic cells
and macrophages, has structural homology with IL-1, and
provides a synergistic antitumor immunity in combination
with IL-12. Most of the biological activities of IL-18
overlap with those of IL-12, but these two interleukins
seemed to act in separate mechanisms[3,4].
This study was designed to investigate the status
of IL-12 and IL-18 in g astric cancer, and probe
into the possibility of the cytokines in determining
clinicopathologic features, angiogenesis and prognosis of
gastric cancer.

MATERIALS AND METHODS
Patients
Paraffin-embedded tumor specimens from 50 randomly
selected patients with gastric cancers who underwent
surgery at our institute from June 1997 to December 1998
were examined. All experiments were performed after
obtaining informed consent from patients according to
www.wjgnet.com
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institutional rules. The patients ranged in age from 20
to 77 years (median, 60 years). Thirty-four patients were
male and 16 were female. The median follow-up period
was 68 mo (range, 1-79 mo). Haematoxylin and eosinstained sections of each primary tumor were reviewed
by a gastrointestinal pathologist to ensure uniformity in
the assessment of Tumor Node Metastasis (TNM) stage
and differentiation. We attributed highly or moderately
differentiated adenocarcinoma to “well differentiated”,
and attributed poorly differentiated adenocarcinoma,
mucinous carcinoma and signet cell carcinoma to “poorly
differentiated”. The detailed profiles of patients and tumor
are summarized in Table 1.
Consecutive 4- μ m sections were recut from each
paraffin block, and were immunostained for IL-12, IL-18
and CD31.
Immunohistochemistry
Four-micrometer-thick sections were dewaxed and
subjected to antig en heat retrieval. Endog enous
peroxidase activity and nonspecific binding were blocked
by incubation with 3% H 2O 2 and nonimmune serum,
respectively. After being washed with phosphate-buffered
saline (PBS), they were incubated overnight with primary
antiobodies (anti-human IL-12 monoclonal antibody, R&D
Systems, USA; anti-human IL-18 monoclonal antibody,
Santa Cruz, UK; anti-human CD31 monoclonal antibody,
DAKO, Denmark) at a 1:500 dilution. Next, they were
incubated with Envision+ reagent (DAKO, Denmark) for
30 min at room temperature, then the reaction complex
was visualized with DAB chromogen and nuclei were
counterstained with haematoxylin. Diluted goat serum was
used as negative control for the primary antibody.
Evaluation
The specimens immunostained for IL-12 and IL-18 were
assessed without knowledge of the clinicopathologic
features. At least 500 carcinoma cells were examined
from 5 different fields randomly selected (× 200) within
the same section under light microscopy to determine
the staining status of IL-12 and IL-18, and samples were
considered positive when the unequivocal staining of
cytoplasm and/or nuclear compartment was seen in more
than 10% of the tumor cells.
Tumor sections were scanned under low-power
magnification (× 200) to select most intense vascularization
areas, and the microvessel density (MVD) were determined
by Axioplan 2 imaging system and KS 400 image analysis
software (ZEISS, Germany). Briefly, the signal collected
from the sections by the camera were intensified and
analyzed automatically, and MVD was represented by the
value of CD31-positive staining area over the chosen field.
Statistical analysis
The association between IL-12 or IL-18 and
clinicopathologic features of patients was analyzed by
the Chi-square test or Fisher’s exact probability test. The
relationship between IL-12 or IL-18 expressions and MVD
was calculated by Mann-Whitney test. The concordance
of IL-12 and IL-18 expressions was determined by Kappa
www.wjgnet.com
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Table 1 Relationship between clinicopathologic features and
IL-12 or IL-18 expression in gastric carcinoma (n = 50)
Variables
Gender
Age (yr)
Differentiated
pT category
pN category
pM category
TNM stage

M
F
< 60
≥ 60
Well
Poorly
T1-2
T3-4
N0
N1-3
M0
M1
Ⅰ-Ⅱ
Ⅲ-Ⅳ

n

IL-12
Positive (%) P

IL-18
Positive (%)
P

34
16
25
25

14 (41.2)
8 (50.0)
14 (56.0)
8 (32.0)

0.558

10 (29.4)
3 (18.8)
7 (28.0)
6 (24.0)

0.5081

12
38
24
26
26
24
40
10
28
22

2 (16.7)
20 (52.6)
5 (20.8)
17 (65.4)
6 (30.8)
16 (66.7)
13 (32.5)
9 (90.0)
7 (25.0)
15 (68.2)

0.029

3 (25.0)
10 (26.3)
4 (16.7)
9 (34.6)
6 (23.1)
7 (29.2)
6 (15.0)
7 (70.0)
6 (21.4)
7 (31.8)

1.0001

0.087

0.002
0.002
0.0031
0.005

0.747

0.148
0.624
0.0011
0.406

1

Fisher’s exact probability test.

test. The significance of IL-12 or IL-18 to patient survival
was examined using Kaplan-Meier method and log rank
test. The influence of each variable on survival was
assessed by Cox proportional hazard model. All statistical
analyses were performed using SPSS for Windows (Version
13.0). The accepted level of significance was P < 0.05.

RESULTS
Immunostaining for IL-12 and IL-18 in gastric cancer
Of the 50 specimens examined, 22 (44%) and 13 (26%)
demonstrated positive IL-12 and IL-18 expressions,
respectively. IL-12 was mainly located in the cytoplasm
of carcinoma cells but not in nuclei (Figure 1A), and the
strongly positive expression was also presented in the
germinal center of lymphoid follicles. IL-18 was distributed
in both the cytoplasm and nuclear compartment of the
carcinoma cells (Figure 1B), and the germinal center of
lymphoid follicle. Adjacent normal gastric mucosa was not
immunoreactive with anti-human IL-12 or IL-18 antibody.
Association between IL-12, IL-18 expression and
clinicopathologic features or MVD
Ta b l e 1 s u m m a r i z e s t h e r e l a t i o n s h i p b e t w e e n
clinicopathologic features and IL-12 or IL-18 expressions.
IL-12 expression was directly associated with pathologic
differentiation (P = 0.029), depth of invasion (P = 0.002),
lymph node metastasis (P = 0.002), distant metastasis
(P = 0.003) and TNM stage (P = 0.002). Although there
was no significant association with gender, age, pathologic
differentiation, depth of invasion, lymph node metastasis
and TNM stage, IL-18 tended to be positively stained in
the gastric carcinoma with distant metastasis (P = 0.001).
The median MVD in positive IL-12 gastric cancer
specimens (7.13, 1.40-26.49) was slightly higher than in
negative IL-12 specimens (6.87, 1.76-27.45) (Figure 2A,
P = 0.379). The median MVD in positive IL-18 group
(9.61, 2.99-27.45) was 1.46-fold higher than in negative
IL-18 group (6.58, 1.40-26.49), but the difference was not
statistically significant (Figure 2B, P = 0.215).
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Figure 1 IL-12 and IL-18 expression in gastric cancer tissues (× 400). A: IL-12
expression appears predominantly in the cytoplasm of gastric cancer cells; B:
IL-18 is present in both the cytoplasm and nuclei of gastric cancer cells.

Relationship between immunoreactivity of IL-12 and IL-18
The number of gastric cancer specimen immunostained
by IL-12 or IL-18 is listed in Table 2. The Kappa value
representing the relationship between IL-12 and IL-18
expression was 0.194 (P = 0.139).
Prognostic relevance of IL-12 and IL-18 expressions
Kaplan-Meier product limit estimates of overall survival
are plotted in Figure 3. Patients with positive IL-12
expression had a significantly lower survival rate than
those with negative expressions (P = 0.002), and the
5-year survival rates for IL-12 negative and positive
gastric carcinoma were 82.1% and 37.4%, respectively. No
significant difference was found between IL-18 expressions
and the overall survival (P = 0.342), and the 5-year survival
rates for IL-18 negative and positive gastric carcinoma
were 64.9% and 53.8%, respectively. Cox proportional
hazard model demonstrated that IL-12, MVD and depth
of invasion (T stage) were independent prognostic factors
(Table 3).

DISCUSSION
This study has found immunohistochemically that IL-12
and IL-18 were expressed in normal lymphoid cells and
some tumor cells within gastric cancer tissues, but not
in adjacent normal gastric mucosa. To our knowledge,
no studies to date have demonstrated the intratumoral
expressions of IL-12 or IL-18 in gastric cancer, or have
associated those to patient characteristics and prognosis.

Figure 2 The association between MVD and (A) IL-12, (B) IL-18. Boxes
correspond to interquartile ranges. Lines in boxes represent the median values.
The open circles represent the outliers.

Table 2 Relationship between IL-12 and IL-18 expressions in
gastric carcinoma
Variables
IL-12 (+)
IL-12 (-)
No. of patients

IL-18 (+)
8
5
13

IL-18 (-)
14
23
37

Patients (n )
22
28
50

P
0.139

As a cytokine, IL-12 has multiple functions in tumorrelated immunity, it could direct immune reaction
from a deleterious Th2 to a protective Th1 response.
Overexpression of interleukin-12 enables dendritic
cells to activate NK cells and confer systemic antitumor
immunity [5], and the injured NK activity of peripheral
blood mononuclear cell (PBMC) from patients with
metastatic cancer could be restored by the addition of
IL-12[6]. IL-12 administered in combination with pulse
IL-2 displayed prominent antitumor activity, and induced
rapid and complete regression of primary and metastatic
Renca tumors[7], and IL-12 gene therapy is believed to be
more effective than any other cytokines for induction of
solid tumor regression[2]. The positive rate of IL-12 in this
panel of gastric cancer was 44%, and IL-12 expression
was associated with poorly differentiated type, the depth
of invasion, lymph node or distant metastasis, and TNM
stage. Multivariate survival analysis even suggested that
IL-12 should be a negative independent prognostic factor
besides T stage and MVD, which was contrary to our initial
expectation. Paleri and his colleagues assessed intratumoral
www.wjgnet.com
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Figure 3 Kaplan-Meier survival curves of patients with gastric cancer. A: IL-12-positive tumor has a significantly lower overall survival than those with IL-12-negative tumor
(P = 0.002); B: The positive or negative expression of IL-18 shows no difference in overall survival (P = 0.342).

expression of IL-12 and IL-7 in head and neck squamous
cell cancers (HNSCC), and proved a trend towards better
survival associated with high expression of IL-12[8]. There
could be variable antitumor immune mechanisms in
tumors with different origin and different pathologic type,
and IL-12 seemed not to take participate in antitumor
immunity of gastric cancer. Cell-mediated immunity might
be suppressed in advanced gastric cancer, the polarization
of Th2-type T-cell prevails, and the overexpression of
IL-4 would downregulate β2 subunit of IL-12 receptor,
resulting in the malfunction of IL-12 signal conducting
pathway[9]. Furthermore, deficient antigen presentation by
the downregulation of major histocompatibility complex
(MHC) classⅠexpression, and reduced or lost expression
of T cell epitopes on tumor cells, could interfere in the
antigen presenting pathway[10]. In the absence of antigenic
stimulation, IL-12 would induce FasL mediated and
caspase-3 dependent T cell apoptosis, and Janus kinase
(JAK) was involved in this process[11], thus impairing the
antitumor immunity. These findings might in part explain
in this study that IL-12 tended to be expressed in poorly
differentiated, more aggressive gastric cancers, and related
directly to poor prognosis.
IL-18 was only expressed in 13 (26%) of 50 cases,
and was not associated with pathologic differentiation,
depth of invasion, lymph node metastasis, TNM stage
and prognosis. But IL-18 was presented in 70% of gastric
cancer with distant metastasis (M1), significantly higher
than M0-stage group (15%) (P = 0.001). Merendino et al[12]
reported that serum IL-18 level was significantly higher in
breast cancer patients with liver or bone metastases than in
patients without metastasis or healthy individuals, implying
that IL-18 could be regard as a metastatic marker for
breast cancer, irrespective of its biological activities. The
preoperative serum IL-18 level may represent a significant
postoperative prognostic determinant in patients with
gastric carcinoma, and patients with IL-18 levels over 310
pg/mL experienced a significantly lower survival rate after
surgery than under 310 pg/mL[13]. IL-18 could significantly
increase MMP-9 production at both mRNA and protein
levels[14], thus enhancing the aggressiveness of malignant
tumors, facilitating cancer metastasis through the induction
www.wjgnet.com

Table 3 Multivariate analysis for overall survival in gastric
carcinoma
Variables
IL-12
MVD
T stage

B
0.955
0.897
0.786

SE

Wald

df

P

0.237
0.390
0.349

16.290
5.287
5.076

1
1
1

< 0.001
0.021
0.024

Exp (B) 95% CI
2.599
2.452
2.194

1.634-4.132
1.142-5.268
1.108-4.347

of vascular cell adhesion molecule-1 (VCAM-1), and
promoting cancer cell adhesion and liver metastasis in
vivo[15]. Live metastasis frequently appeared in late stage
gastric cancer, and most of the M1-stage patients in this
study presented liver involvement, which accounted for
the phenomenon of high expression of IL-18 in M1-stage
gastric cancer.
There were several reports suggesting the synergistic
antitumor activity of IL-12 and IL-18 [4,16] , and one
of mechanisms was the inhibition of angiogenesis
through the secretion of IFN-γ. But we did not find any
accordance of intratumor IL-12 and IL-18 expression in
gastric cancer, and microvessel density was not associated
with either of these two cytokines. IL-12 and IL-18 might
have different roles in the regulation of gene expression in
NK and T cells, and IL-18 may act as a strong coinducer
of Th1 or Th2 cytokines depending upon the cell type,
and IL-18 could induce the production of IL-13 in NK
and T cells, thus promoting Th2 polarization[17].
In summary, our findings have shown that IL-12 and
IL-18 were expressed in certain subtypes of gastric cancer,
but these two cytokines seemed not to be associated with
antitumor immunity, but with progression and metastasis
of g astric cancer, and IL-12 was even one of the
independent indicators of unfavorable prognosis. Although
the sample size was relatively small, some general patterns
had clearly emerged, and warranted a further more detailed
study to illuminate the effects of intratumoral cytokines.
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Abstract
A 62-year-old man presented with upper abdominal
discomfort underwent upper gastrointestinal endoscopy.
Gastroscopy and endoscopic ultrasonography revealed a
submucosal tumor (SMT) with homogenous echogenicity
originated from extragastric organs. An abdominal
contrast-enhanced computed tomography (CT) showed
that the well-marginated ovoid mass, approximately 6
cm in diameter, enhanced homogenously to a similar
99m
degree as splenic parenchyma.
Technetium sulfur
colloid scintigraphy revealed the splenic nature of the
mass. A diagnosis of accessory spleen mimicking gastric
SMT was made. Subsequent follow-up was uneventful
without performing splenectomy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Accessory spleens are congenital foci of healthy splenic
tissues that are separate from the main body of the
spleen[1]. They arise from the fusion failure of the splenic
anlage located in the dorsal mesogastrium in the fifth
week of fetal life[2]. Accessory spleen is relatively common
and is seen in 10%-30% of patients at autopsy[3,4], and in
16% of patients undergoing contrast-enhanced computed
www.wjgnet.com

tomography (CT) of the abdomen[3]. Typically, accessory
spleen appears as a well-marginated round solitary nodule
smaller than 2 cm and enhances homogeneously on the
contrast-enhanced image[3,5]. It is located at the splenic
hilum or adjacent to the pancreatic tail in most cases[3,6].
Although it is usually asymptomatic and incidentally
discovered, accessory spleen is clinically important in
certain patients[7-17]. It is likely that some accessory spleens
simulate tumors arising from adjacent organs such as the
kidney, adrenal grand and pancreas[3-10].
In the present case, the accessory spleen was exceptionally large, measuring more than 5 cm and presented a
submucosal tumor (SMT) of the stomach at endoscopy. In
this regard, 99mTechnetium sulfur colloid scintigraphy was
useful for a definite diagnosis.

CASE REPORT
A 62-year-old man presented with a 4-wk duration
of upper abdominal discomfort. His past and family
histories were non-contributory. He did not smoke and
drink alcohol, and received no previous gastrointestinal
surgeries including splenectomy. On admission, physical
examination and laboratory data including peripheral blood
counts and liver function tests were all unremarkable.
Upper gastrointestinal endoscopy revealed a submucosal
tumor (SMT) with a bridging fold at the posterior wall
of the upper gastric fundus (Figure 1). Endoscopic
ultrasonography revealed a tumor having homogenous
echogenicity with central blood vessels, and its origin
being extragastric (Figure 2). An abdominal contrastenhanced computed tomography (CT) showed that a wellmarginated ovoid mass, approximately 6 cm in diameter
(Figure 3A), enhanced homogenously to a similar degree
as splenic parenchyma. It was supplied by a vascular
branch arising from the splenic artery (Figure 3B). An
exceptionally enlarged accessory spleen was suspected, but
for a more definite diagnosis, 99mtechnetium sulfur colloid
scintigraphy was done and the mass was confirmed to be
splenic tissues (Figure 4). A diagnosis of accessory spleen
manifesting as a gastric SMT was made. As complications
associated with an accessory spleen can rarely include
torsion of a wandering accessory spleen or bleeding caused
by spontaneous rupture[14-17], the patient is now carefully
followed in outpatient clinic.

DISCUSSION
We reported herein a quite large accessor y spleen,
approximately 6 cm in diameter, adjoining the stomach,
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Figure 1 Gastroscopy
showing submucosal tumor
at the posterior wall of the
upper corpus.

Figure 4 99mTech-netium sulfur
colloid scintigraphy confirms the
mass to be splenic tissues.

B

←

A

Figure 2 Endoscopic ultrasonography showing extragastric
mass with homogenous
echogenecity with central
vessels.

Figure 3 An abdominal contrast-enhanced CT. A: A well-marginated ovoid mass,
approximately 6 cm in diameter; B: Supplied by a vascular branch arising from the
splenic artery. There are renal cysts.

appearing as a gastric SMT at endoscopy. In a large cohort
of patients, where abdominal CT scans were performed in
1000 consecutive series, the diameters of accessory spleens
varied between 8 and 32 mm, with a mean of 16.8 mm[3].
Beahrs et al[4] observed no accessory spleen larger than 2.5
cm among more than 8000 abdominal CT examinations
of patients with normal-sized intact spleen. It has been
reported that accessor y spleens had compensator y
hypertrophy as a result of previous splenectomy, which
sometimes reached 3-5 cm in size[4]. The accessory spleen
seen in the present case seems to be exceptionally large
despite no history of splenectomy.
CT is the imaging technique most commonly used to
evaluate the abdomen and therefore, familiarity with CT
features of accessory spleens is helpful in the differential
diagnosis[3,6]. They are round or oval and the attenuation
is identical to that of the proper splenic parenchyma both
before and after administration of contrast medium[3,6].
On dynamic CT, supplying vascular branches arising from
the splenic artery were found in less than 43.3%[3], as seen
in our patient. In addition, endoscopic ultrasonography
revealed that the mass with the homogenous parenchymal
texture originated from extragastric tissues. Based on
these findings, an accessory spleen was suspected. Some
accessory spleens, however, can mimic an enlarged lymph
node as well as a tumor arising from adjacent organs such
as the adrenal gland, pancreas and kidney[14-17]. In fact,
differentiation from a hypervascular pancreatic neoplasm
(e.g. islet tumor) is sometimes challenging [3]. Similarly,
accessory spleens may be differentiated from metastatic
lesions or lymphadenopathy when they enhanced to the
same degree as the spleen[3]. In such cases, 99mTechnetium
sulfur colloid scintigraphy provides an easily accomplished

method to establish the identity of ectopic splenic and
hepatic tissues [4-6]. Actually, the large mass mimicking
gastric SMT could be readily identified by the radionuclide
imaging in the present case, leading to the definite
diagnosis of accessory spleen.
Ectopic splenic tissue may be caused by autotransplantation of splenic cells within the peritoneal cavity
resulting from traumatic disr uption of the splenic
capsule[18,19]. It is called splenosis, the nodules are more
numerous and widespread, and often occur in locations
inconsistent with accessory spleens[18,19]. Our patient had
neither historic nor anatomic features of splenosis.
Although an accessory spleen is an incidental finding
with no clinical significance in most patients [3,6] , the
detection and characterization would be occasionally
important in the clinical scenarios[11-17]. Accessory spleens
may become symptomatic because of torsion, spontaneous
rapture, hemorrhage and cystic formation[14-17]. A surgeon's
awareness of their presence may be important when
the intention is to remove functional splenic tissues[11-13].
The return of splenic function caused by compensatory
enlargement of ectopic splenic tissues has been implicated
in the recurrence of hematologic disorders such as
thrombocytopenic purpura[11-13]. For these reasons, the
present patient was to be carefully followed up by imaging
examinations including CT. Since his clinical course is
uneventful and the patient remains asymptomatic without
any abnormalities in physical and laboratory examinations,
splenectomy has not been considered yet.
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Abstract
A 26-year-old woman with ulcerative colitis was
transferred to our hospital with left hemiparesis due
to cerebral infarction. Cervical ultrasonography and
magnetic resonance imaging angiography revealed
thrombosis at the right common carotid artery and
the right internal carotid artery. Antithrombotic and
anticoagulant therapies were commenced. After
about 2 wk of the treatment, the frequency of her
diarrhea increased. She underwent emergency subtotal
colectomy, but 10 d later an abundant hemorrhage from
the remnant rectum occurred, so the remnant rectum
was resected and an ileal pouch anal anastomosis was
performed. Antithrombotic and anticoagulant therapies
were continued, but neither her neurological status
nor magnetic resonance imaging angiography findings
showed subsequent changes. She was discharged 3
mon after operation. This is a rare case of common
carotid arterial thrombosis occurring as a complication
of ulcerative colitis, in which antithrombotic and
anticoagulant therapies are considered to provoke a
deterioration of the patient’s bowel disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ulcerative colitis (UC) is often complicated with various
extra-intestinal manifestations during the course of the
disease. Of the secondary conditions, thromboembolic
events are rare but well-recognized [1-4]. Furthermore,
cerebral infarction due to arterial thrombus occurs as
a very rare complication. However, the treatment of
thrombosis associated with UC is controversial, and the
indications for surgery have not been established. Here, we
report a case of UC in a young woman who suffered from
cerebral infarction due to thrombosis of the common
carotid artery.

CASE REPORT
A 26-year-old woman was admitted to another hospital on
January 23, 2004 for frequent bloody diarrhea. A diagnosis
of UC relapse was made and she was administered soluble
prednisolone. Three days after admission, she was found
lying on the floor. She was conscious and alert, but
physical examination revealed left hemiparesis. Urgent
computed tomography showed an area of low density
in the right temporal lobe (Figure 1), and a diagnosis of
cerebral infarction was made. Because of concerns that
bleeding from the large intestine might increase, she did
not undergo aggressive anticoagulant therapy, but only
received osmotic diuretics. After 1 wk of the therapy,
no improvement was found in her bloody diarrhea and
hemiparesis, so she was transferred to our hospital on
February 3, 2004.
On admission, she was moderately emaciated (48 kg, 162
cm), and her temperature was 37.8℃. She was conscious,
with left hemiparesis but no pathological reflexes. The
conjunctivae were anemic but not icteric. A total dose of
steroids of 8350 mg was administered for about 4 years.
Her electrocardiogram was normal but biochemical tests
revealed severe anemia (hemoglobin, 6.7 g/dL, hematocrit,
21.5%), hypoproteinemia (total protein, 4.6 g/dL, albumin,
2.3 g/dL) and an elevation of her C-reactive protein
levels and erythrocyte sedimentation rate. A coagulation
test revealed no signs of hypercoagulability such as
thrombocytosis. Immunological examination revealed no
autoimmunoantibody, and Lupus anti-coagulant was also
negative. Her protein C level (105%), APL (111%) and PLG
(93%) were within normal range.
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Figure 1 Plain computed tomography of
brain indicates a low-density area in the right
temporal lobe.

Figure 2 Cervical ultrasonography reveals a complete
occlusion at the right internal carotid artery (arrow).
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Figure 4 The right middle cerebral artery was not detectable (arrow).

Cervical ultrasonography found a complete occlusion
of the right internal carotid artery (Figure 2). In magnetic
resonance imaging angiography (MRA), the right common
carotid artery was occluded (Figure 3) and the right middle
cerebral artery was not detectable (Figure 4). Ultrasonic
cardiography did not reveal any thrombus in the left
atrium. It was suspected that the cerebral infarction was
a complication of her UC. Heparin (15 000 units/d) was
administered for the cerebral infarction, and conservative
treatment for UC (soluble prednisolone) was continued.
Fourteen days after admission, remarkable bloody
diarrhea occurred (53 episodes/d), and we decided to
perform an emergency subtotal colectomy. As thrombosis
was still an active disease, we decided to continue the
anticoagulant therapy. Ten days after the first operation,
massive bleeding from the remnant rectum occurred, so
we resected the remnant rectum and colon, and performed
an ileal pouch anal anastomosis, with a diverting ileostomy.
Antithrombotic therapy was continued. No subsequent
changes were observed in the patient’s neurologic status,
including her left hemiparesis. Three months after
operation, she was transferred to another hospital for
rehabilitation.

DISCUSSION
Thromboembolic complications of UC are uncommon
with a reported incidence of 1.2%-7.5%, but well
www.wjgnet.com

Figure 3 MRA shows occlusion at the right
common carotid artery (arrow).

recognized because of their high mortality[1-4]. Cerebral
infarction associated with UC is particularly rare, but is
clinically important because of its high morbidity and
mortality [5-7]. Prior to this case, there had been only 2
reported instances of cerebral infarction caused by carotid
arterial thrombosis in association with UC[8,9].
The pathogenesis of thrombosis in UC remains
u n cl ea r [7,10-15] . M a n y r e p o r ts h ave s u g g e s t ed that
hypercoagulability in UC may predispose patients to
arterial and venous thromboses [11-15]. Previous reports
also indicated that prothrombotic events occur more
frequently during the active phase of UC than during
remission [8,9,11,15]. However, there have been some case
reports of thromboembolic events occurring during the
remission phase of UC. In the present case, the cerebral
infarction occurred during a rapid recurrence of UC, and
the relapse of UC may have triggered the thrombosis.
Antithrombotic therapies for thromboembolism
associated with inflammatory bowel disease (IBD) are
controversial[16,17]. Anticoagulant therapy is considered by
some authors to be unnecessary and potentially dangerous,
because of the possibility that it may promote mucosal
bleeding from the UC lesion. In contrast, others have
suggested that aggressive anticoagulant therapy may be
useful for thrombosis that arises as a complication of
IBD[18,19]. In the present case, only an osmotic diuretic
was used in the early stage of the cerebral infarction.
We should mention that it was late to use heparin for
thrombosis. Although the hemorrhage might deteriorate,
we used ag g ressive anticoagulant therapy because
thrombosis of the common carotid artery was detected
by cerebral ultrasonography and MRA. Unfortunately, her
bloody stool increased markedly, and she twice required
emergency surgery. After ileal pouch anal anastomosis, her
general condition improved, and anticoagulant therapy
was continued safely. However, her left hemiparesis did
not improve and thrombus was still detected at the right
common carotid artery by cer vical ultrasonography
and MRA. Although the thrombus unlikely disappear,
anticoagulant therapy has been continued to prevent
extension of the thrombus. Ongoing rehabilitation will be
needed to improve her mobility.
Several factors may explain thromboembolism in
IBD. Platelets and coagulation cascade abnormalities are
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likely to play a key role in clot formation in IBD[11,12,20].
Thrombophilias are found in 33%-50% of patients in the
general population with venous thromboembolism[21,22],
and factor V Leiden mutation or activated protein C (APC)
resistance is the most frequent genetic abnormality[15]. In
IBD patients, the incidence of APC resistance or factor
V Leiden mutation might no be increased[13,23,24]. While
APC resistance itself is not possibly associated with IBD,
it does appear to increase the risk of thromboembolic
events when present[14]. In this case, the platelet count was
within the normal range, but neither platelet aggregation
nor coagulation cascade activation was examined, and no
thrombophilia evaluation was performed.
Craig et al [15] sug gested that due to the relatively
high frequency of identifiable thrombophilia, all IBD
patients with venous thromboembolism should undergo
a comprehensive thrombophilia evaluation. They also
suggested that the presence of a hypercoagulable condition
might be a relative indication for lifelong anticoagulation
with Warfarin[18].
Some authors have reported that medically treated
patients develop thrombotic complications more often
than surgically treated patients [2,3] . However, a rare
instance of cerebral venous thrombus 10 years after
panproctocolectomy has been recorded [25], and Craig
et al[15] reported that proctocolectomy is not protective
for recurrent thromboembolism. Our patient needed
proctocolectomy for abundant hemorrhage from the
large intestine in poor general condition. It is unlikely that
marked bloody diarrhea is associated with conditions that
promote the development of thrombus. If evaluations
for thrombophilias were performed and at least one of
them was identified, bloody diarrhea might be a relative
indication for proctocolectomy. We consider that early
proctocolectomy should have protected our patient from
thromboembolism.
We have described here our experience with one case
of common carotid arterial embolism associated with
UC. Cervical ultrasonography and MRA were useful
for identification of the thrombus. Further work is
required to clarify the correlation between IBD and the
thrombophilias, and to evaluate the role of anticoagulant
therapy and proctocolectomy in the management of these
patients.
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Abstract
Eosinophilic gastroenteritis is a rare disease of unknown
etiology. It is characterized by eosinophilic infiltration
of the bowel wall to a variable depth and symptoms
associated with gastrointestinal tract. Recently, the
authors experienced a case of eosinophilic gastroenteritis
presenting as small bowel obstruction. A 51-year old
woman was admitted to our hospital complaining of
abdominal pain and vomiting. Physical examination
revealed a distended abdomen with diffuse tenderness.
Complete blood count showed mild leukocytosis
without eosinophilia. Computed tomography confirmed
a dilatation of the small intestine with ascites. An
emergency laparotomy was performed for a diagnosis
of peritonitis due to intestinal obstruction. Segmental
resection of the ileum and end to end anastomosis were
performed. Histologically, there was a dense infiltration
of eosinophils throughout the entire thickness of ileal
wall and eosinophilic enteritis was diagnosed. The patient
recovered well, and was free from gastrointestinal
symptoms at the time when we reported her disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Eosinophillic gastroenteritis is an extremely rare disease,
www.wjgnet.com

involving the entire gastrointestinal tract. It is characterized
by diffuse eosinophilic infiltration in submucosal layer
of the gastrointestinal tract [1-4]. The pathogenesis and
etiology of eosinophilic gastroenteritis remain unclear[5-9].
Diagnostic criteria include demonstration of eosinophilic
infiltration in the bowel wall, lack of evidence of extraintestinal disease, and exclusion of various disorders
that mimic a similar condition[3]. We present a case of
eosinophilic gastroenteritis that underwent emergency
laparotomy for acute intestinal obstr uction due to
eosinophilic enteritis of the ileum.

CASE REPORT
A 51-year old woman presented to the emergency
department with complaints of acute-onset of abdominal
pain and vomiting. She did not receive any abdominal
operation. The patient denied taking any drugs or herbal
medicines. She had no history of drug allergy, asthma,
or allergic rhinitis. Physical examination revealed that her
abdomen was slightly distended and rigid with tenderness.
Laboratory investigation showed a white cell count of
10 800/mm3 with 3% eosinophils. Other laboratory studies
were within normal limit. Abdominal radiograph displayed
multiple air-fluid levels in the small intestine (Figure 1).
Computed tomography demonstrated dilatation of the
small intestine and ascites (Figure 2). With her abdominal
distension and tenderness progressively worsening,
emergency laparotomy was performed with a midline
incision. Exploration revealed a large amount of yellowish
ascites in the peritoneal cavity and focal stricture in the
ileum about 60 cm proximal to the ileocecal valve. The
remaining small bowel was dilated. Further inspection of
the peritoneal cavity did not find any other abnormality.
The stricture site was resected about 10 cm long and end
to end anastomosis was performed. The mucosa of the
specimen was edematous but there was no inflammation
(Figure 3). Histologically, there was a dense infiltration of
eosinophils throughout the entire thickness of ileal wall
(Figure 4). Postoperatively, the patient’s stool was negative
for ova and parasites and skin prick test was negative.
During the follow-up period of 1 year, the patient was
completely free of recurrence.

DISCUSSION
Primary eosinophilic gastroenteritis is defined as a
disorder that primarily affects the gastrointestinal tract
with eosinophil-rich inflammation in the absence of
known causes for eosnophilia, including drug reaction,

Yun MY� et al . Eosinophilic gastroenteritis presenting as small bowel obstruction
Figure 1 Erect abdominal X-ray
showing multiple air-fluid levels in
the small intestine.

Figure 3 Resected specimen showing mucosa thickening.

parasitic infections, and malignancy [10]. Eosinophililc
gastroenteritis was first described in 1937. In 1970, Klein
classified the disease according to the predominance of
eosinophilic infiltration in different layers of the intestinal
wall[11]. Involvement of different layers of the intestinal
wall usually gives rise to different clinical manifestations.
The mucosal form of eosinophilic gastroenteritis (most
common variant) is characterized by vomiting, abdominal
pain, diarrhea, blood loss in stools, iron-deficiency
anemia, malabsorption, and protein-losing enteropathy.
The muscularis form is characterized by infiltration of
eosinophils predominantly in the muscle layer, leading
to thickening of the bowel wall, which might result
in gastrointestinal obstructive symptoms. The serosal
form occurs in a minority of patients with eosinophilic
gastroenteritis, and is characterized by exudative ascites
with higher peripheral eosinophil counts compared with
the other forms[3,10]. In our case, eosinophils infiltrated
all three layers of the intestinal wall. Thickening of the
muscle layers narrowed the intestinal lumen, causing
intestinal obstruction, and serosal involvement produced
ascites without peripheral eosinophilia.
Although eosinophilic gastroenteritis can involve
any part of the gastrointestinal tract, the stomach and
duodenum are the most common sites of involvement[2,3,6-8].
Because the pathogenesis and etiology of the disease
are not well understood, no standards for the diagnosis
of eosinophilic gastroenteritis exist. Talley et al[12] have
identified three main diagnostic criteria: (1) the presence
of gastrointestinal symptoms, (2) biopsies demonstrating
eosinophilic infiltration of one or more areas of the

1759
Figure 2 Computed tomography showing dilatation
of the small intestine.

Figure 4 Microscopy of the resected ileum revealing eosinophilic infiltration from
the submucosa to the subserosa (HE × 40).

gastrointestinal track, and (3) no evidence of parasitic
or extraintestinal disease. It was reported that peripheral
eosinophilia is uniformly associated with eosinophilic
gastroenteritis[6,7]. However, the definitive diagnosis of
eosinophilic gastroenteritis requires histologic evidence
of eosinophilic infiltration [2]. When subserosal disease
involves the small bowel, biopsy of the mucosal layer taken
during gastroscopy or colonoscopy often fails to diagnose
eosinophilic gastroenteritis. Laparotomy or laparoscopic
full thickness biopsy is often required to make a diagnosis
in such case.
Treatment with a steroid is the mainstay in the
management of eosinophilic gastroenteritis. Although
surgeons should avoid unnecessary surgery, surgical
intervention may sometimes be required when a definitive
diagnosis cannot be made or when obstr uction or
perforation occurs, as in this patient.
Because the natural history of eosionphilic
gastroenteritis has not been well documented, long-term
follow-up is required. Moreover, these diseases can often
be a manifestation of another primary disease process,
routine surveillance of the cardiopulmonary systems is
recommended[11].
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TO THE EDITOR
Bitter gourd (Momordica charantia), has received widespread
attention in the scientific community due to its beneficial
effects, including anti-diabetic, anti-cancer and antiinflammatory effects in laboratory studies[1]. However, a
well-defined mechanism by which this important plant
food exerts its beneficial effects has not been elucidated.
We present some of the latest findings on the plant’s
effects against colon cancer.
Bitter gourd seeds are enriched with 9c 11t 13t (9 cis,
11 trans, 13 trans) conjugated linolenic acid (CLN)[2]. CLN
collectively refers to a group of linolenic acid (18:3; c9,
c11, c13) derivatives with positional (double bonds in
carbon 9, 11 and 13 or 8, 10 and 12) and geometric (cis,
Z and trans, E) isomers. Interestingly, 9c 11t 13t CLNenriched bitter gourd seed extracts protect colon from
chemical-induced carcinogenesis in rats[3]. The fatty acid
significantly reduced the incidences as well as multiplicity
of colonic adenocarcinoma. In a separate, short-term
study, bitter gourd seed oil significantly reduced the
number and frequency of aberrant crypt foci (ACF) in
the colon of male F-344 rats treated with azoxymethane[4].
In vitro, bitter gourd seed oil inhibits proliferation and
induces apoptosis of human colon carcinoma DLD-1 and
HT-29 cells[5,6].
In an attempt to elucidate a possible receptor-mediated
mechanism of anti-carcinogenesis, bitter gourd seed oil
has been shown to increase the expression of peroxisome

proliferator-activated receptor gamma (PPARγ), a member
of nuclear hormone receptor superfamily[7]. Furthermore,
9c 11t 13t CLN activated PPAR γ in transfection
experiments [8] , its effect comparable to BRL-49653,
a specific ligand for PPAR γ . These important studies
indicate that bitter gourd’s effect in the colon may be
mediated in part by PPARγ.
Functionally, PPAR is a ligand-activated transcription
factor, which is involved in gene expression in a tissue-,
sex- and species-dependent manner. Upon activation,
PPAR forms a heterodimer with RXRα and regulates gene
expression by binding to PPAR-response elements (PPRE)
on responsive genes. Target genes for PPAR include lipid
metabolizing enzymes and growth regulatory genes. To
date, three subtypes of PPAR ( α , β and γ ) have been
identified in several species including human[9].
PPAR γ is highly expressed in normal human colon
and colon tumors as well as cell lines derived from colon
cancer[10]. Expression of this receptor subtype in colon
cells has been found equal to or even greater than adipose
tissue, where it was originally characterized [10]. PPAR γ
activation has been shown to inhibit cell growth, promote
differentiation and stabilize genes that are altered in
colon cancer[10-12]. The current prevailing belief is that
PPARγ's ability to enhance differentiation and apoptosis
is a positive event, associated with cell-cycle arrest and
reduced proliferation[12]. Similar beneficial effects (growth
inhibition, induction of apoptosis) were observed with
bitter gourd against colon carcinogenesis[3-7].
Taken together, there is an association of PPARγ in
CLN-mediated effects in the colon. Further studies are
required to understand the detailed mechanism.
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Abstract
Colorectal cancer (CRC) is caused by a series of genetic
or epigenetic changes, and in the last decade there has
been an increased awareness that there are multiple
forms of colorectal cancer that develop through different
pathways. Microsatellite instability is involved in the
genesis of about 15% of sporadic colorectal cancers and
most of hereditary nonpolyposis cancers. Tumors with
a high frequency of microsatellite instability tend to be
diploid, to possess a mucinous histology, and to have a
surrounding lymphoid reaction. They are more prevalent
in the proximal colon and have a fast pass from polyp
to cancer. Nevertheless, they are associated with longer
survival than stage-matched tumors with microsatellite
stability. Resistance of colorectal cancers with a high
frequency of microsatellite instability to 5-fluorouracilbased chemotherapy is well established. Silencing the
MLH1 gene expression by its promoter methylation stops
the formation of MLH1 protein, and prevents the normal
activation of the DNA repair gene. This is an important
cause for genomic instability and cell proliferation to the
point of colorectal cancer formation. Better knowledge of
this process will have a huge impact on colorectal cancer
management, prevention, treatment and prognosis.
© 2007 The WJG Press. All rights reserved.
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Colorectal cancer (CRC) is caused by a series of genetic
or epigenetic changes, and in the last decade there has

been an increased awareness that there are multiple forms
of CRC that develop through different pathways. The
common mechanism (more than 50% of sporadic CRCs)
is that of chromosomal instability (CIN)[1-3]. The second
pathway (35% of sporadic CRCs) is caused by epigenetic
inactivation of tumor suppressor genes. Because of the
mechanism involved in this, it is called the CpG island
methylator phenotype (CIMP). A third pathway is caused
by failure of the DNA mismatch repair system, and these
tumors have a characteristic signature mutation called
microsatellite instability (MSI), MSI-high (MSI-H), MSIlow (MSI-L) or MSI-stable (MSS). Recently, Jass classified
CRCs according to CpG island methylator phenotype
and MSI status into 5 new types: (1) CIMP-high, MSI-H,
BRAF mutation; (2) CIMP-high, MSI-L or MSS, BRAF
mutation; (3) CIMP-low, MSS or MSI-L, KRAS mutation;
(4) CIMP-negative, MSS; (5) CIMP-negative, MSI-H
(Lynch Syndrome)[4]. There were clinical, morphological
and prognostic factors characteristic of every type, thus
Jess concluded that this approach will have a tremendous
impact on management, prevention and treatment of
CRC.
Microsatellite instability is involved in the genesis of
about 15% of sporadic CRCs and most of hereditary
nonpolyposis CRCs (HNPCC)[5-7]. The multiple errors in
repetitive DNA sequences (microsatellites) result from a
failure of the DNA mismatch repair (MMR) system to edit
errors made during DNA replication[8]. The DNA MMR
system is inactivated either by hypermethylation of the
promoter, which silences gene transcription of hMLH1
(epigenetic phenomenon; sporadic CRC), or because of
germ-like mutations in MMR genes MLH1, MSH2, MSH6
and others (genetic phenomenon, HNPCC)[9,10]. Recently,
Hitchins and colleagues described an inheritance of a
cancer-associated MLH1 germ-line epimutation[11]. They
found evidence that MLH1 promoter hypermethylation of
one allele was transmitted from a mother to her son but
was erased in his spermatozoa, thus the allele had reverted
to the normal active state.
Tumors with a high frequency of MSI-H tend to be
diploid, to possess a mucinous histology, and to have a
surrounding lymphoid reaction. They are more prevalent
in the proximal colon and have a fast pass from polyp
to cancer. Nevertheless, they are associated with longer
sur vival than stage-matched MSI-L tumors or MSS
tumors[12-18]. It is still unclear if this favorable prognosis
is attributable to the inherently lower aggressiveness of
MSI-H tumors or their greater sensitivity to chemotherapy
www.wjgnet.com
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other than 5-fluorouracil (5-FU).
Resistance of MSI-H CRC to 5-FU based chemotherapy
is well established[19]. A significant overall survival benefit
was noted in patients with CRC who were treated with
5-FU based chemotherapy compared with those who
were not. However, within the MSI-H group, there was
no difference in survival by 5-FU treatment, whereas in
the MSS group, the authors noted a significant difference
in survival between patients given 5-FU and untreated
patients. These findings indicate that the type of genomic
instability within a colorectal tumor might dictate patient
response to 5-FU based chemotherapy[20]. Ribic and coinvestigators[21] used specimens from patients with stage Ⅱ
or Ⅲ CRC who were previously enrolled in prospective,
randomized trials of 5-FU based chemotherapy. Among
the patients who had not received adjuvant chemotherapy,
those with MSI-H tumors had longer overall survival and
higher rates of 5-year disease-free survival than patients
with MSI-L or MSS tumors. MSI-H status in patients who
did not receive 5-FU based adjuvant chemotherapy was
significantly associated with a better survival. However,
among the group with MSI-H tumors, treatment was
associated with a worse outcome for both stage Ⅱ and Ⅲ
cancers.
Recently, an association between JC virus and CRC
has been reported [22]. The virus may act by stabilizing
β -catenin, facilitating its entrance to the cell nucleus
and trig gering proliferation and cancer for mation.
Another possibility is initiation of hMLH1 methylation,
since association between methylation and exposure to
carcinogens such as viruses has been observed[23].
In summary, MLH1 promoter hypermethylation is an
important event, silencing the MLH1 gene expression and
preventing the formation of MLH1 protein and normal
activation of the DNA repair gene. This induces genomic
instability and cell proliferation to the point of CRC
formation. Better knowledge of this process will have
a significant impact on CRC management, prevention,
treatment and prognosis.
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Abstract
Hepatitis B (HBV) and hepatitis C (HCV) viral infection
or co-infection leads to risk of development of chronic
infection, cirrhosis and hepatocellular carcinoma (HCC).
Immigration and globalization have added to the
challenges of public health concerns regarding chronic
HBV and HCV infections worldwide. The aim of this
study is to review existing global literature across ethnic
populations on HBV and HCV related human leukocyte
antigen (HLA) associations in relation to susceptibility,
viral persistence and treatment. Extensive literature
search was conducted to explore the HLA associations
in HBV and HCV infections reported across global
populations over the past decade to understand the
knowledge status, weaknesses and strengths of this
information in different ethnic populations. HLA DR13
is consistently associated with HBV clearance globally.
HLADRB1*11/*12 alleles and DQB1*0301 are associated
with HBV persistence but with HCV clearance worldwide.
Consistent association of DRB1*03 and *07 is observed
with HCV susceptibility and non-responsiveness to
HBV vaccination across the population. HLA DR13 is
protective for vertical HBV and HCV transmission in
Chinese and Italian neonates, but different alleles
are associated with their susceptibility in these
populations. HLA class Ⅰmolecule interactions with
Killer cell immunoglobulin like receptors (KIR) of natural
killer (NK) cells modulate HCV infection outcome via
regulating immune regulatory cells and molecules. HLA
associations with HBV vaccination, interferon therapy
in HBV and HCV, and with extra hepatic manifestations
of viral hepatitis are also discussed. Systematic studies
in compliance with global regulatory standards are
required to identify the HLA specific viral epitope, stage
specific T cell populations interacting with different HLA
alleles during disease progression and viral clearance of

www.wjgnet.com

chronic HBV or HCV infections among different ethnic
populations. These studies would facilitate stage specific
therapeutic strategies for clearance of HBV and HCV
infections or co-infections across global populations and
aid in identification of HBV-HCV combined vaccine. HLA
associations of chronic HBV or HCV development with
confounding host factors including alcohol, drug abuse,
insulin resistance, age and gender are lacking and
warrant detailed investigation across global populations.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatitis B (HBV) together with hepatitis C (HCV)
accounts for 75% of liver diseases and are regarded a
major threat to public health worldwide. Hepatitis B and C
co-infections have raised major concern in HIV, transplant
and other immunosuppressed patients. Intravenous drug
abuse is currently the main risk but nosocomial infection
is also of concern for HBV and HCV infection. Three
independent factors seem to be associated with fibrosis:
age, daily alcohol consumption and male gender. Over two
billion people are expected to be infected with HBV during
their lifetime and about 350 million are estimated to be
chronic carriers[1]. Chronic carriers develop life-threatening
liver cirrhosis or HCC. Hepatitis C infected patients have
greater chances to develop chronic hepatitis and liver
cancer. About 54% to 86% of infected individuals develop
chronic manifestation, and females and children tend to
have lower rate of chronicity. It is estimated that about
200 million people around the world are HCV infected. 4.1
million (1.6%) Americans have been infected with HCV,
of whom 80% are chronically infected[2].
The mechanism of HBV and HCV pathogenesis
remains elusive. Host genetic factors are proposed to
be governing the pathology of disease progression or
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regression along with the viral and environmental factors.
Interplay of HLA restricted T lymphocytes, antibodysecreting B-lymphocytes, NK cells and cytokines,
conditions the immune response to viral infections.
Effective presentation of viral antigens to CD4+ T cells
and CD8+ T cells by HLA class II and class I molecules
respectively, is the key regulation of optimum immune
response against viral infection, and further dictates viral
clearance or persistence. Inconsistency is observed in
response to HBV vaccination and interferon treatment
following HBV and HCV infection. Varied response
to vaccination is implicated to specific combinations
of polymorphic HLA class II alleles that influence the
capacity of HLA class II molecules to bind and present
antigen to CD4+ cells that augment antibody production
and cytotoxic T lymphocytes activation. Numerous clinical
and laboratory investigations have identified several
immunogenetic factors involved in conditioning viral
hepatitis. Gene polymorphisms and heterozygosity at HLA
loci enable HLA molecules to present a wide array of
antigens and diversify the properties of HLA molecules
with respect to antigen binding and presentation[3].
HLA associations with respect to HBV and HCV
infection susceptibility, protection, disease severity,
interferon treatment response and response to vaccination
have been intensively investigated across the global
populations. We have attempted to review the published
literature on HLA associations with HBV and HCV
infections with the purpose of identifying common HLA
allele association with hepatitis B and C. Convergence of
this information would provide but not be limited to (a)
insight into the immunopathogenesis of HBV-HCV coinfections and superinfections, (b) identification of genetic
markers to predict the course of infection/treatment
response and (c) enable designing of combined vaccine
strategies for viral hepatitis B and C.

HLA ALLELE ASSOCIATIONS WITH
HEPATITIS B INFECTION IN GLOBAL
POPULATIONS
Viral persistence and viral clearance
Viral clearance (acute infection) or persistence (chronic
infection) is conditioned by immune response mechanisms
regulated by HLA molecules. HLA associations with
susceptibility and protection from persistent HBV
infection, though robust, are inconsistent even within
the same population. HLA allele associations with HBV
clearance and persistence in global population are outlined
in Tables 1 and 2.
HLA Class I allele associations: susceptibility to HBV
infection and chronicity is attributed to HLA A*0206
allele in Taiwanese, B35 in Chinese [4], B18, B35, B40,
Cw3 allele in Russian, A3 and B18 in Kazakhs [5] B8Cw-7 haplotype in Senegalese[6], and HLA A*01-B*08DRB1*03, B-44-Cw1601 and B*44-Cw*0501 haplotype
in American Caucasians [7] (Table 1). Also, HLAB8 in
European Caucasians is associated with non-response to
HBV vaccination (Table 3) indicating inefficient immune
response against HBV antigen in HLA B8 carriers[7].
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HLA B61 in Taiwanese [4] , A*26 in Japanese [8] and
A*0301 in American Caucasians[7] are protective (Table 2).
HLA A2 and A11 are protective alleles for HBV chronicity
in Russians and Kazakhs respectively[5]. HLA A-24 and
Cw1 are related to lower risk for chronic manifestations of
HBV infection in Turkey[9].
HLA Class II allele associations: HLA class II alleles
HLA DRB1*13 and HLA DRB1*11/*12 are consistently
associated with viral clearance and viral persistence
of HBV infection respectively in major populations
(Table 2). In contrast HLA DRB1*11/*12 alleles are
associated with HBV clearance in Chinese[10,11] and HLA
DRB1*13 is reported as a susceptibility gene for chronic
HBV infection in Turkish populations[9]. HLA DR7 and
DRB1*15 are also protective for HBV infection in Chinese
but associated with chronic infection in Turkish and
Indian populations respectively[9,12-14]. HLA DR15 is also
reported to be associated with responsiveness to HBsAg
vaccine in European Caucasian populations (Table 4).
These variations observed in HLA allele associations are
confounding and suggest influence of other genes on the
effect of these alleles on disease outcome.
HLA DR13 is associated with protection from vertical
transmission of HBV and HCV in Chinese and Italian
infants[15-17] and with HBV clearance across the population
(Table 2). The protectiveness of HLA DR13 is proposed
to be either due to proficient antigen presentation by
DR13 molecules or linked polymorphisms in neighboring
immune regulatory gene.
Hepatitis B viral persistence and disease chronicity is
associated with HLA DQA1*0501 and HLA DQB1*0301
in Chinese and African Americans [10,18] and with HLA
DR9 in Chinese and Koreans[11,19]. In Chinese populations
HLA DR3 is associated with HCV persistence and vertical
transmission[10,15]. Pellegris et al[20]studied HBV and HCV
related HCC in Italian subjects, 73 with liver cirrhosis
and 32 without liver cirrhosis. They have suggested
the possibility of HLA DQ1 allele association with
susceptibility to liver cell destruction and HLA DR3 with
absence of cell destruction in HCC subjects showing liver
cirrhosis and no cirrhosis respectively.
HLA Class III allele associations: Polymorphisms
in cytokine genes influence outcome of HBV infection.
In Chinese populations tumor necrosis factor-alpha
(TNF)alpha-857GG is associated with self-limiting
infection while TNF-alpha-857 CC and -238G/A
polymor phism [21,22] with chronic HBV infection.
Polymorphism at position -238 G/A in TNF alpha is
associated with chronic HBV infection and defective
viral clearance[23] in German Caucasians. The carriers of
the -592A allele in IL-10 promoter and -308G/-238G
haplotype homozygotes in the TNF-alpha promoter region
have higher risk of persistent HBV infection in Koreans[24].
In Italian patients the genotype -308G/G and haplotype
TCGG (-T1031, -C863, -G308, -G238) are associated
with an unfavorable prognosis in those with chronic HBV
infection[25]. TNF-alpha promoter polymorphism -308A is
common in Iranian population but is not associated with
hepatitis B disease chronicity[26]. IL18 polymorphism at
position -137G is associated with chronic HBV infection
while -137C is protective in Chinese. Polymorphism at
www.wjgnet.com
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Table 1 Association of HLA alleles with Chronic HBV infection across global population
HLA
HLAⅠ
HLA A*0206
HLA B-35
HLA A*2
HLA B18, B35, B40, Cw3
HLA A3, B18
HLA: B8-Cw7 haplotype
HLA B*8
HLA A*01-B*08-DRB1*03, B*44-Cw*1601
and B*44-Cw*0501 haplotype

Effect

Country and cases

VP
VP
VP/Disease severity
Susceptibility to chronic
HBV infection
Susceptibility to chronic
HBV infection
Liver cancer associated
with HBV infection
VP
VP

Taiwan (Taiwanese Aborigines)
Taiwan (Han Chinese)
Japan
Russia

VP
VP
VP
VP
VP
VP
VP
VP
Susceptibility to HBV
infection & vertical
transmission
Susceptibility to liver
cirrhosis
Susceptibility to chronic
HBV infection
VP

Taiwan (Han Chinese)
China
China
China
China
Korea (ESRD patients)
India
USA (African American)
China (Pregnant women)

Healthy
controls
34
98

Recovered

Chronic
infection

Reference

229
324

138
98

[4]
[4]
[8]
[5]

Kazakh

[5]

Senegal

96

98

[6]

342
342

194
194

[7]
[7]

324
148 (R), 212 (AC)
30
56

40

98
207
54
30
72
83
26
31
78

[4]
[113]
[10]
[11]
[14]
[19]
[12]
[18]
[15]

108

116

[13]

50

50

[9]

31

[18]

USA (Caucasians)
USA (Caucasians)

HLA II
HLA DRB1*1202#
HLA DQA1*0302
HLA DRB1*0301, DQA1*0501, DQB1*0301
HLA DR9, DQ9
HLA-DRB1*06, DRB1*08, and DRB1*16
HLA DR9
HLA DRB1*11# and DRB1*15
HLA DQA1 *0501, DQB1 *0301
HLA DR3

HLA-DRB1*1201/1202#
HLA B13, B8, DR7, DR13, DQ3
HLA DQA1 0501, DQB1 0301, DRB1
1102# haplotype

China (Cirrhosis subjects from
Hubei area)
Turkey
USA (African American)

98
106
200
946
100

243
60

60

VP: viral persistence/chronic infection; AC: Asymptomatic carriers; Common VP alleles: DQB1*0301, #: DRB1*11/12; ESRD: End stage renal disease; R:
Recovered; HBV Hepatitis B virus.

position -137C may be associated with higher production
of IL18 that augments IFN-gamma production and thus
better immune response against HBV infection[27]. Genetic
ability to produce low levels of IFN-gamma is related to
susceptibility for chronic HBV infection[28]. Polymorphism
of IL10 promoter at position -819T/C and -592A/C is
related to chronic infection[29]. Decreased IL10 production
owing to -819T and -592A allele contributes to the
asymptomatic carrier state and thus is relevant for disease
progression in Japanese[30]. Frodsham et al[31]have identified
an HLA class II cytokine receptor gene cluster as a major
susceptibility locus for HBV infection via genome analysis
in Gambian populations. Polymorphism at the typeⅠ
IFN receptor gene, IFN-AR2, and the IL-10RB gene is
associated with viral clearance. TNF-alpha polymorphism
at position -244G/A is not present in American Caucasian
and Eg yptian hepatitis B patients but is present in
Egyptian healthy individuals suggesting its protective
role[32].
Response to HBV vaccination
Variegated antibody response following standard HBV
vaccination in otherwise healthy individuals is observed,
with 5%-10% showing no response. It is sug gested
that non-responsiveness may also be associated with
antigen-specific HLA determined deficiency in the T cell
www.wjgnet.com

repertoire and not only with defective antigen presentation
or HLA class II affinity for hepatitis surface antigen
(HbsAg) derived peptide [33]. Clinical evidence suggests
strong association of HLA genes with response to HBV
vaccination in the global population, which is outlined
in Tables 3,4 and 5. Martinetti et al [34] explored HBV
vaccination response in neonates to identify the genetic
predisposing factors influencing the response.
HLA class I allele associations: HLA class I and
class II molecules are synergistically involved in the
immune response to recombinant HbsAg, with a stronger
association of HLA DRB1 locus[35]. HLA class I loci (A,
B and C) association with vaccine responsiveness is not
clear and is considered mainly due to its strong linkage
disequilibrium with HLA DR locus. Non-responsiveness to
HbsAg vaccination is reported to be associated with HLA
A1, B15, and B40 in Indians of Asian origin, HLA A1,
A2, B8, and B7 in Caucasians and HLA B54 in Chinese.
Responsiveness is associated with HLA A11 in Indians of
Asian origin and A10, A1 and B7 in Caucasians (Tables 3
and 4).
HLA class II allele associations: HLA DR alleles in
several populations are major determinants of response
to HBV vaccination. Clinical studies have supported
HLA DR3 and DR7 association with non-responsiveness
to HBsAg vaccination (Table 3). HLA haplotype
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Table 2 Association of HLA allele with protection from chronic HBV infection across global population
HLA

Effect

Country and cases

HLAⅠHLA B61

Early HBeAg seroconversion

HLA A*26

No disease progression
in HBV carriers
Low risk for HBV related
chronic disease
VC
VC
VC

Taiwan (chronically infected
children)
Japan

HLA A-24 and Cw1
HLA A2
HLA A11
HLA A*0301
HLA II
HLA DRB1*4001
HLA DRB1*0406, DRB1*0701
HLA DQA1*0301, DQA1*0102
HLA DRB1*1101/ *1104,
DQA1*0301
HLA DR12 (DRB1*1201)
HLA-DRB1*07
HLA DR6 (DRB1*13)
HLA DRB1*13
HLA DRB1*1301 and
DRB1*1302
HLA DRB1*1301/1302
HLA DRB1*1301/1302
HLA DR13 (DRB1*13)
HLA DQB1*0503
HLA DR13
HLA-DRB1*1501/1502
HLA DR5

Turkey

NC

R

CI
81

Reference
[114]
[8]

50

50

[9]

Russia
Kazakh
USA (Caucasians)

342

194

[5]
[5]
[7]

VC
VC
VC/AC
VC

Taiwan (Taiwanese Aborigines) 98
Taiwan (Han Chinese)
98
China
China
106

324
324
148 (R) & 212 (AC)
30

98
98
207
54

[4]
[4]
[113]
[10]

VC
VC/Protection from HBV infection.
VC
VC
VC

China
China
Korea (ESRD patients)
India
Gambia (children & Adult
men)
Spain
Germany
Germany
Taiwan (Chronically infected
children)
China (Pregnant women)

30
72
83
26
185 & 40

[11]
[14]
[19]
[12]
[110]

38
117
32
81

[115]
[116]
[117]
[114]

40

78

[15]

108

116

[13]

VC
VC
VC
Early HBeAg seroconversion
Resistance to HBV infection &
vertical transmission
Protection from liver cirrhosis
No disease progression in HBV
carriers

China (Cirrhosis subjects from
Hubei area)
Japan

56
200
946
100
891 & 25
24
101
208

243
218 & 195
11
33

[8]

VC: Viral clearance/self limiting infection, AC: Asymptomatic carriers; Common VC alleles: DRB1*13; ESRD: End Stage Renal Disease; R: Recovered; HBV:
Hepatitis B virus.

Bw54CREG, C4RFLP (6.5 kb + 12.0 kb)-DR4-DRw53DQw4, (DQA1*0301-DQB1*0401) is in increased
frequency in Japanese non-responders (NR) while HLA
group DR1, DRw6, DQw1 are in low frequency in the
non-responders[36] to HbsAg vaccine. HLA DR3, DR4,
DR7, DR13 (DRB1*1302), DR14, DR16 is associated with
non-responsiveness and HLA DR1, DR5, DR11, DR13
(DRB1*1301) and DR15 with responsiveness (Tables 3
and 4) to HBV vaccination across the population. HLA
DR alleles associations were not reported in Indian (Asian)
populations. Higher frequency of HLA DR4, DR7 and
DR14 is associated with non-responsiveness and HLA DR1
with responsiveness in Japanese, Chinese and Caucasian
populations (Tables 3 and 4). HLA DR10 and DR51
association with HBV vaccine responsiveness is reported
only in Indian (Asian) population [37]. HLA DRB1*13
alleles carriers are hyper responsive to anti measles vaccine
and HLA DR7 with non-responsiveness, resembling the
pattern of response for recombinant HbsAg vaccine[38].
HLA DP alleles -DPB1*1101 with non-responsiveness,
DPB1*0401 with responsiveness- are significant in
determining the HBV vaccination response[39] in Belgian
populations. HLA DQ2 (DQB1*02) is predominantly
associated with non-responsiveness to HBV vaccine in
Indian (Asian) and Caucasian populations (Table 3). HLA
DQB1*0202, DQB1*0502, DQB1*0604 and DQA1*0102
alleles are associated with non-responsiveness and

DQB1*0301, DQB1*0501, DQB1*0603, DQA1*0101
and 0103 with responsiveness in different European
populations to this vaccine. Despite robust association
in wide population HLA DQ2 did not qualify to be a
non-responder marker[40] for HBV vaccine in European
populations. However it was suggested to be an indicator
for sub-optimal response to HBV vaccination in
homozygous subjects.
HLA class III allele associations: HLA class III
complement allele C4AQ0 is strongly associated with
non-responsiveness to anti HBV vaccination[41]. It may
contribute to inefficient complement activation and thus
failure of B cells to secrete anti-HB immunoglobulin[34,42].
Complement protein production is linked to HLA
haplotype[43]. Other HLA class III genes including BfF,
Cw4, Cw2, and C4A6 are associated with responsiveness
to HBV vaccination in the Caucasian population (Table
4). Kramer et al[44] studied the TCR/CD3 density in nonresponders and responders following vaccination in end
stage renal disease (ESRD) patients. In these patients
lower density of TCR/CD3 was reported in responders
carrying C4A*6 and BfF alleles in comparison to noncarriers. Low TCR/CD3 density is related with nonresponsiveness and is found associated with HLA A1-B8DR3 haplotype. The HLA DR3 (associated with HBV
vaccine non responsiveness) positive responders lacked
C4A*6 and BfF alleles. HLA A1, C4A*6 and Bf*F alleles
www.wjgnet.com
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Table 3 HLA allele association with Non-responsiveness to HBsAg vaccine across global population
HLA

Effect

Country

Vaccinees

Non- responsiveness
Non-responsiveness/
antibody production
HLA A1, A10, B15, B40.
Non responsiveness
HLA A10, CW4
Non-responsiveness
HLA A1, B8
Non-responsiveness
HLA B8
Non-responsiveness
HLA A2
Non-responsiveness
Non- responsiveness
HLA II HLA DR7##
HLA DRB1*07##
Non-responsiveness
HLA DR14, DR52
Non- responsiveness
HLA DRB1*0405, DRB1*1101, DR4 Non-responsiveness/
antibody production
HLA DQ2$
Non responsiveness
HLA DR7#
Non-responsiveness
HLA DR3, DQ2$
Non-responsiveness
HLA DR3
Non-responsiveness
HLA DRB1*07#, *DQB1*02$, and Non-responsiveness
DPB1*1101
HLA DRB1*03, DRB1*14
Non-responsiveness
HLA DRB1*1302, DQB1*0604,
Non-responsiveness
DQA1*0102
HLA DRB1*0701#, DQB1*0202$
Non-responsiveness
HLA DRB1*0701#, DQB1*0202$
Non-responsiveness
HLA DQB1*02$
Non-responsiveness
HLA DRB1*1601, DQB1*0502,
Non-responsiveness
DQA1*0102 Haplotype
HLA DR3, DR7#, DQ2$
Non-responsiveness
HLA DRB1*3, DRB1*7, DRB1*14x Non-responsiveness

China
Japan

Healthy vaccinees
Healthy medical students

India
Turkey
Germany, Poland
Belgium
Spain
China
China (Han)
Chinese (Taiwan)
Japan

Healthy volunteers
15 of 87 Rs 15
Health care workers
12
ESRD Patients on hemodialysis 119
34
Homosexual vaccinees
39
9
Hemodialysis patients
Healthy vaccinees
30
29
Healthy vaccinees
145
118
Non responder vaccinees
26
Healthy medical students

[37]
[119]
[44,46]
[120]
[121]
[118]
[122]
[123]
[35]

India
Turkey
Germany, Poland
Belgium
Belgium

Healthy volunteers
Health care workers
ESRD Patients on hemodialysis
Homosexual vaccinees
Vaccinees

15 of 87
119
39
134

15
12
34
9
117

[37]
[119]
[44,46]
[120]
[39]

France
Sweden

Hemodialysis patients
Healthy vaccinees

301
69

114
53

[124]
[48]

UK
UK
Italy
Slovenia

Vaccinees
HBsAg Non responders
Neonates
Health care workers

117

86
49LR, 43SR 19TNR
36

[125]
[45]
[34]
[126]

Spain
Germany

73 & 62

[121]
[127]

HLA-B8, SC01, DR3 and HLA
B44-FC31, DR7#
HLA DRB1*07#
HLA III HLA C4A*6, C4A*Q0##,
Bf*F, Bf*S07
HLA C4AQ0##
HLA C4AQ0##
HLA C4AQ0##

Non-responsiveness

USA

Hemodialysis patients
Healthy adults & Infant
vaccinees
Healthcare worker

20

[33,49]

Non-responsiveness
Non-responsiveness

USA
Healthy vaccinees
Germany, Poland ESRD Patients on hemodialysis

79
34

[128]
[46]

Non-responsiveness
Non-responsiveness
Non-responsiveness

Italy
Italy
Germany

26LR, 21SR, 10TNR
49LR, 43SR 19TNR
73

[41]
[34]
[42]

HLAⅠHLA B54
HLA A*0602, A*1101 and B*35

Rs

Neonates
Neonates
Healthy vaccinees

30

76
60

53 & 56

85
119
40
76
53

NRs
29

Reference
[118]
[35]

Rs: Responders; NRs: Non-responders; ESRD: End stage renal disease; LR: Low responders, SR: Slow responders; TNR: Total non-responders. Common HLA
alleles $: DQ2, #: DR7, ##: C4AQ0, DR3.

are associated with non-responders as well as responders
but occur within different haplotypes in non-responders
and responders for HBV vaccination.
Homozygous individuals for non-responder haplotype
are strongly non-responsive to HBV vaccination when
compared to the heterozygous state[45]. Homozygotes for
HLA A1, B8, DR3, and DQ2 alleles are found exclusively
in non-responders while heterozygotes are mostly nonresponders[46] for HBV vaccination.
Non-uniformity observed in HLA association may be
due to interaction between HLA factors within a haplotype.
In Belgian populations HLA DPB1*0201 is associated
with non-responsiveness to HBV vaccine when it occurs
with haplotype DRB1*0701/DRB4*0101-DQB1*020*[39].
Also interaction with non-HLA genes in addition to HLA
genes may influence responsiveness to HBV vaccination[47].
Presence of certain HLA genes in both responder and
non-responder subjects suggests a role for other genes
(cytokines, T cell receptors etc) in influencing the response
to anti Hepatitis B vaccination and HLA alleles may be
markers for such association[48]. Several susceptibility genes
for immunoglobulin deficiency associated with haplotype
www.wjgnet.com

HLA-B8, SC01, and DR3 are found in higher frequency
in HBV vaccine non-responders[33,49]. Low levels of IL2
cause hypo-response to HBV vaccination[50]. IL10 ACC
haplotype is associated with lower production of IL10 and
thus favor strong humoral immune response to HbsAg[51].

HLA ALLELE ASSOCIATIONS WITH
HEPATITIS C INFECTION IN GLOBAL
POPULATIONS
Viral persistence and viral clearance
Activation of T helper (TH) 1 response is associated
with self-resolving viral infection and that of TH2
with chronicity. The reactivation mechanism of T cells
contributing to activation of particular TH CD4+ cells
during HCV infection is not understood. Since negative
finding by Vitte et al [52] in Caucasians, several HLA
alleles and haplotypes have been found associated with
susceptibility and resistance to hepatitis C infection,
progression to liver damage and cirrhosis, development
of hepatocellular carcinoma and response to interferon
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Table 4 HLA association with responsiveness to HBsAg vaccine across global population
HLA

Effect

Country

Vaccinees

Rs

HLAⅠ, HLA A1, B7, B12
HLA A1, A19, B5, B27, Cw2, Cw4
HLA II , HLA DRB1*02
HLA DRB1*0101, DRB1*08032, DQA1, DQB1,
DPA1 and DPB1
HLA DR4
HLA DRB1*010, DR5, DPB1*040,
DQB1*0301, DQB1*0501.
HLA DRB1*01, *DRB1*15# and
DRB1*16
HLA DRB1*1301, *DR15#, DQA1*0103,
DQA1*0102, DQB1*0603,
HLA DRB1*11, DQB1*0301

Responsiveness (Low)
Responsiveness (High)
Responsive
Responsiveness

Germany Poland
Germany Poland
China (Han)
Japan

ESRD Patients on hemodialysis
ESRD Patients on hemodialysis
Healthy vaccinees
Healthy medical students

119 34
119 34
145 118

[46]
[46]
[122]
[35]

Responsiveness (Low)
Responsiveness

Germany, Poland ESRD Patients on hemodialysis
Belgium
Vaccinees

119 34
134 117

[46]
[39]

Responsiveness

France

Hemodialysis patients

301 114

[124]

Responsiveness

Sweden

Healthy vaccinees

Responsiveness

Italy

Neonates

HLA DRB1*1 DRB1*13, *DRB1*15#
HLA III C4A*6, C4B*2, Bf*F

Responsiveness
Germany
Responsiveness (High) Germany Poland

69

Healthy adults & infant vaccinees
ESRD Patients on hemodialysis

NRs

Reference

53

[48]

76 49LR, 43SR
19TNR
109 135
119 34

[34]
[127]
[46]

Rs: Responders; NRs: Non-responders, ESRD: End stage Renal Disease, LR: Low responders, SR: Slow responders, TNR-total non-responders common HLA
alleles: DRB1*01, #: DR15.

Table 5 Association of HLA haplotypes with response to HbsAg vaccination across global population
HAPLOTYPE
HLA DR4, 1122 (DRB1*0401-22, 1122)DR53 (DRB4*0101101, 0102/3)-DQB4
(DQB1*04)
HLA DR14-DR52

Effect
Non-responsiveness

Country
China

Vaccinees

Rs

NRs

References
[129]

Non-responsiveness

HLA A1, B8, Bfs, C4AQ0, C4B1, DR3, DQ2
and HLA A1, B8, BfF, C4A6, C4B2, DR3, DQ2
HLA DRB4*0101-DRB1*0301/DRB3* *0101 DQB1*0202
and DPB1*0201 DRB1*0701/DRB4*0101, DQB1*020*
HLA DQB1*0604, DQA1*0102, DRB1*1302
haplotype
HLA C4A*Q0, DRB1*0301, DQB1*02
HLA C4AQ0, DQB1*02
HLA B44-DRB1*0701-DQB1*0202
HLA DRB1*1601, DQB1*0502, DQA1*0102
haplotype
HLA B8-DR3

Non-responsiveness
Non-responsiveness

Chinese (Taiwan) Non-responder
vaccinees
Germany, Poland ESRD Patients on
hemodialysis
Belgium
Vaccinees

Non-responsiveness

Sweden

Healthy vaccinees

Non-responsiveness
Non-responsiveness
Non-responsiveness
Non-responsiveness

Italy
Italy
UK
Slovenia

Neonates
Neonates
Vaccinees
Health care workers

40
76
117
60

Non-responsiveness

Germany

109

135

[127]

HLA DQB1*0603, DQA1*0102, DR15
and HLA DQB1*0603, DQA1*0103, DRB1*1301
haplotype
HLA DRB1*11, DQB1*0301

Responsiveness

Sweden

Healthy adult &
infant vaccinees
Healthy vaccinees

69

53

[48]

Responsiveness

Italy

Neonates

76

49LR, 43SR 19TNR [34]

33

[123]

34

119

[46]

134

117

[39]

69

53

[48]

26LR, 21SR 10TNR
49LR, 43SR 19TNR
86
36

[41]
[34]
[125]
[126]

ESRD: End stage renal disease. Rs: Responders; NRs: Non responders; LR Low responders; SR: Slow responders, TNR: Total non-responders.

therapy in several populations. These are outlined in
Tables 6, 7 and 8. Associations with HLA class II genes
are reported more often than HLA class I . HLA class
I allelic diversity is suggested to have little influence on
fibrosis and disease severity associated with chronic HCV
infections[53].
HLA class I allele associations: Susceptibility to HCV
infections is associated with A*19 in Saudi people[54] and
with HLA A*28, A*29, B*14, DR7 in Egyptians[55]. HLA
A11-C*04 is associated with HCV persistence in Ireland[56].
HLA B-35 and B8 are strongly associated with chronic
HCV infection, with HLA B-35 being positively related
to chronic viral infection regardless of viral type[5,57]. In
American whites, HCV persistence is associated with HLA

Cw*04 and HLA B53, homozygosity of HLA Cw*04
have stronger effect on persistence than single copy of the
allele[58].
Protection from HCV infection is associated with
HLA-B51, -B52, -B55, -B56, -B61, B70, -Cw1, -Cw3, and
-Cw4 in Japanese populations[59]. In Ireland HLA B27 and
A*03 have strong association with self-resolving HCV
infection [60]. Spontaneous HCV clearance is associated
with HLA B-27 in German women cohorts[61] and HLA
A*1101, B57 and Cw0102 are reported to be associated
with viral clearance in American whites[58]. HLA C allele
association with HCV clearance is found in Japanese
(Cw1, Cw4)[59], Russian (Cw4)[5] and American populations
(Cw0102) [58] (Table 6). HLA Cw*0602 protects from
www.wjgnet.com
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Table 6 Association of HLA alleles with susceptibility to viral persistence &chronic HCV infection across global population
HLA

Effect

Country

HLAⅠHLA-B61, Cw3,
HLA B54
HLA B55, -B56, B70
HLA A3, B-35, B-46
HLA A28, A29, B14
HLA A-19
HLA-A10, HLA-B35, HLA-B40
and HLA-Cw3
HLA-A30, B35, B41, Cw2,
A1-B35, A9-B8
HLA B8, B18
HLA C*04
HLA B14
HLA B18
HLA-A*2301 and HLA-Cw*04
HLA-Cw*07,

VP/HCV infection
VP with CLD
VP
VP
HCV infection
HCV infection
VP-CLD

Japan
Japan
Japan
Korea
Egypt
Saudi people.
Russia

VP-CLD-LC

Russia

VP-CHC
VP
VP & active hepatitis C
Susceptibility to CLD
VP
Risk factor for vertical
infection
HLA II HLA DR4, DQB1*0401 VP/ HCV infection
DQB1*0402
HLA DRB1*0405, DQB1*0401 VP with CLD
HLA DRB1*0405, DQB1*0401 VP with LC
HLA DQB1*0503
VP with LC
HLA DRB1*0301#, DQB1*0201, VP/CHC
DQB1*0502
HLA, DRB1*0803, DQB1*0601 VP
and DQB1*0604
HLA DRB1*0301#
VP
HLA DR7
HLA-DRB1*0701, DRB1*15,
DRB4*0101
HLA DQB1*0201
HLA DRB1*0701 (HCV 1b)

HCV infection
Viral persistence

HLA DRB1*1001, DRB1*1101
HLA DQB1*0502
HLA DR14, DR17
HLA DRB1*0301
HLA DRB1*07
HLA DR B1*13 and DRB1*14
HLA DR3#
HLA DRB1*13 and DRB1*07

VP/CLD
VP-CLD
VP-CLD
VP-CHC
VP-CLD
Susceptibility to infection
Susceptibility to chronic disease
Necro inflammatory
activity during infection
VP
CLD/LC

VP-CHC
VP

HLA DRB1*13 allele
DRB1*03# and
DQB1*0201(male gender)
HLA G*010401, -DRB1*0701, Risk factor for vertical infection
-DRB1*1401 and homozygosity
for HLA-G 14bp deletion
HLA DRB*4001
High viral load
HLA III MICA-A4
Susceptibility to CLD

NC

R

293
916
172
206

Chronicinfection
Reference
AC
CLD/CHC
33

122

Ireland
Ireland (Whites)
Italy
Spain
USA
Italy (infants born to
HCV+ mothers)
Japan

44 uninfected infants
born to HCV+ mothers
293

Japan
Japan
Japan
Thailand

916
1216
201
140

146

86
86
489
116

48
231

Korea

206

Egypt (Hemophilic and
HCV-, HCC+ patients)
Egypt
UK (European)

15 Healthy & 25 HCV-

Ireland
Ireland (females receiving
HCV 1b contaminated
AntiD immunoglobulin)
Italy
179
Italy
200
Italy
70
Germany
101
German & North Europeans 2045
German & North Europeans 2045
Spain
116
Poland

33
50
43
43 21

Taiwan
Spain

107

[57]

141
139
117
93
444
21

[60]
[56]
[130]
[131]
[58]
[16]

60

[69]

97
67
60
36

[68]
[70]
[132]
[133]

137

[109]

86
84

141
72

[60]
[136]

41
35 42
34

99
107
39
105
99
99
93
134

[137]
[138]
[139]
[140]
[94]
[94]
[131]
[95]

134
233

[95]
[141]

21

[16]

93

[142]
[131]

48

44 uninfected infants
born to HCV+ mothers

116

[69]
[68]
[59]
[109]
[55]
[54]
[5]

10 HCV+ 15 (HCV- [134]
HCC+)
[55]
85
170
[135]

Poland
France
Italy(infants born to
HCV+ mothers)

60
97
113
137

48

VP: Viral persistence/chronic infection; CHC: Chronic hepatitis C; CLD: Chronic liver disease; NC: Normal control; R: Recovered; AC: Asymptomatic carriers;
LC: Liver cirrhosis. Common VP alleles: # DRB1*03, DRB1*0701.

vertical HCV transmission in infants while HLA CW*07 is
the susceptibility allele[16] for HCV.
NK cells mediate direct killing of infected and
transformed cells contributing to viral clearance and
protection from tumor development. This killer activity
is under the control of HLA class I molecule interaction
with inhibitor y and activation receptors-killer cell
immunoglobulin like receptors (KIR) of NK cells. HLA
C molecules interact with KIRs of NK cells and modulate
www.wjgnet.com

their cell killer activity. Activation receptor KIRDL3
and HLA-C1C1 ligand interact directly to influence
viral clearance in HCV infection[62]. KIRDL3 associated
protection is not found in individuals lacking HLA-C1C1
allele[62]. HLA C2C2 interaction with NK cell receptor is
associated with viral persistence in Spanish populations[63].
KIR3DS1-HLA Bw4180 genotype is associated with
protection from development of HCC in HCV carriers[64].
HLA Cw7 inhibitory interaction with NK cells is proposed
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Table 7 Association of HLA alleles with Protection from HCV infection and viral clearance
HLA I

Effect

Country

NC

HLAⅠHLA-B51, -B52, B61,
-Cw1, Cw3, and Cw4
HLA A2
B50 (21)
HLA-B8,

VC

Japan

172

113

[59]

AC
VC
Protection from
infection
Protection from
chronic infection
VC/Protection from
chronic infection
Viral clearance

Japan
Egypt
Saudi people

172

113

122

146

[59]
[55]
[54]

Protection against
vertical infection
HCV carriers

Italy (infants born to
HCV+ ve mothers)
Spain

VC/protection from
infection
Low viral load

UK

HLA II HLA-DR9- DQB1*0301
and DQB1*0303
HLA DRB1*1302, DRB1*1101##
and DQB1*0604 alleles
HLA DRB1*12(1201/1202),
DQBI*0301, DRB3*03
HLA DRB1*0901,DQB1*0303
HLA DRB1*04, DRB1*0701,
DQA1*0201,DQB1*0301
HLA DRB1*0301, DQA1*0501
and DQB1*0201
HLA DRB1*0101##

VC/protection from
HCV infection
AC/no CLD

Japan

293

Japan

916

AC/no CLD

Japan

AC-no LC
VC

Japan
Thailand

VC/protection from
HCV infection
VC

Korea

HLA DRI and DR3

VC/Protection from
infection
VC/Protection from
infection
VC/Protection from
chronic infection
Viral clearance

HLA-Cw4
HLA A*03,B*07,B*27,Cw*01
HLA-A*1101,HLA-B*57
and HLA-Cw*0102
HLA-Cw*0602
HLA Bw4180/KIR3DS1
HLA-C1/KIR2DL3
HLA A*34,B*56

HLA DRB1*11#
HLA DQA1*03 and DQB1*0302
HLA-DRB1*0301,DRB1*1101#,
DRB1*1201# and HLA-DQB1*0301
HLA DRB1*04, DQA1*03
and DQB1*0301
HLA DQB1*0302
HLA DRB1*01##. (HCV 1b)

HLA DRB1*0101##, DRB1*0401,
DRB1*15
HLA DRB1*0101##
HLA DR5#
HLA II HLA DRB1*1601,
DQB1*0502
HLA DRB1*1104, and DRB3*03

HLA DRB1*1104,DQB1*0301
HLA DR 11
HLA DQB1*0301
HLA DRB1*1301 and DQA1*0103
HLA-DRB1*15011
HLA-DRB1*11(DR5) and
HLA-DQB1*03(DQ3)

VC/Protection from
chronic infection
Protection from
infection
VC

VC/Protection from
chronic infection
Viral clearance
Protection from
chronic hepatitis C
Protection from HCV
infection
Protection from
chronic manifestation
/carries
VC
VC/Protection from
infection
Protection from HCV
related HCC
Protection from
chronic HCV infection
Viral clearance/
Protection
Protection from CLD

R

Chronic infection
Reference
AC
CHC/CLD

Russia

[5]

Ireland
USA

86

141

[60]

231

444

[58]

21

[16]

44 uninfected infants
born to HCV+ mothers
116

51
352

47 (LC),
[64]
54 (HCC)
685
[62]

Taiwan

Egypt (Hemophilic and
HCV- HCC+ ve patients)
Saudi people

[142]
60

[69]

33

97

[68]

201

43

60

[132]

1216
140

50
43 21

67
36

[70]
[133]

137

[109]

15 HCVHCC+
146

[134]

206
15 Healthy & 25
HCV122

10 HCV+

[54]

Turkey

43

49

[143]

N.European whites

177

104

[144]

85

170

[135]

UK (European)
UK

134

49

55

[145]

UK

134

49

55

[145]

84

72

[136]

86

141

[60]

73

84
117

[78, 146]
[130]

116

[147]

41

99

[137]

35 42
34

107
29

[138]
[139]

Ireland (females who received
HCV 1b contaminated AntiD
immunoglobulin)
Ireland
Ireland
Italy

489

Sardinia (Thalassemia major
for transfusion)
Italy

606 healthy &
30 HCV- patients
179

Italy
Italy

200
70

Italy

144

29

[148]

Germany

101

105

[140]

49

[149]

108

[150]

Germany
Germany

21
501
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HLA-DR11
HLA DQB1*0301
HLA DRB1*11
HLA DQB1*0301 and DRB1*1101
HLA DQB1*0301 and female sex
HLA DRB1*11

HLA DRB1*11 (female association)
HLA DQB1*0301
HLA DRB1*0101, DQB1*0501
HLA DR13
HLA-DQB1*06, -G*0105N, DRB1*1104
and -DRB1*1302 alleles
HLA DRB1*1502

CN 14-1219/R
AC/Protection from
CLD
Protection from
chronic infection
Mild liver damage
VC
VC
Protection from
progression of liver
disease
AC/less severity of
chronic hepatitis
VC (strongly in Black
subjects)
VC (in white subjects)
Protection against
vertical infection
Protection against
vertical infection
Low viral load

World J Gastroenterol
Spain

116

Poland

103

Poland
France
France
France

800
800

March 28, 2007

Volume 13
48

25
63

France

83

Number 12
93

[131]

129

[108]

134
103
282
233

[95]
[74]
[75]
[141]

233

[76]

USA

200

374

[77]

USA
Italy (infants born to
HCV+ ve mothers)
Italy (infants born to
HCV+ ve mothers)
Taiwan

200
17 (serum
reverted)

374
18

[77]
[17]

21

[16]

44 uninfected infants
born to HCV+ mothers

[142]

VC: Viral clearance; CHC: Chronic hepatitis C; CLD: Chronic liver disease; NC: Normal control; R: Recovered; LC: Liver cirrhosis; AC: Asymptomatic carriers.
Common HLA alleles #: DR5 (DRB1*11, DRB1*12 allele), ##: DRB1*0101, DQB1*0301.

Table 8 HLA Haplotype association with HCV viral clearance and persistence across global population
HLA
Viral persistence
HLA Cw3- DR4-DQB1*0401 or *0402,
and HLA-B61-DR4 -DQB1*0401 or 0402
HLA B54-DRB1*0405-DQB1*0401 haplotype
HLA DRB1*0405-DQB1*0401 haplotype
HLA DRB1*0301, DQA1*0501, DQB1*0201
A*01-B*08-Cw*07-DRB1*03011-DQB1*0201
HLA DRB1*15-DQB1*0602
HLA A*11, C*04
HLA DQA1*0201-DQB1*0201
HLA DR3/MICA-A4/B18
HLA DRB1*0701-DQA1*0201-DQB1*02
and DRB1*1501-DQA1*01-DQB1*0602
HLA DRB1*0301 -DQB1*0201
HLA-Cw*04-B*53
Viral clearance
HLA B44-DRB1*1302-DQB1*0604 and
DRB1*1302-DQB1*0604
HLA DRB1*0901-DQB1*0303
HLA A*03-B*07-DRB1*15-DQB1*0602 and
A*02-B*27-Cw*01-DRB1*0101-DQB1*0501
DRB1*0701 and DQB1*02
HLA DRB1*1104, DQA1*0501, DQB1*0301
haplotype
HLA DRB1*1104, DQB1*0301
HLA DRB1*0101 -DQB1*0501 haplotype

Effect

Country

VP/chronic infection

Japan

VP-CLD
VP with LC
VP
VP-CHC
High viral load/increased
risk for disease severity
VP
Susceptibility to Chronic hepatitis C
Susceptibility to chronic disease
VP-CLD

Japan
Japan
Thailand
Ireland
Ireland (viremic females)

VP
VP

USA
USA

AC/no progression to CLD

Japan

Ireland (Whites)
Italy
Spain
Poland

AC-no LC
Japan
VC/Protection from chronic infection Ireland

NC

R

Chronic infection
AC CLC/CHC

293
916
1216
140

43
86

60

[69]

97
67
36
141
57

[68]
[70]
[133]
[60]
[71]

139
99
93
129

[56]
[151]
[131]
[108]

444

[77]
[58]

33

97

[68]

50

67
141

[70]
[60]

57

[71]

41

99

[151]

42

107
374

[138]
[77]

33
50
21

86
179
116
103

41
48

231
916
1216
86

Stable viral load/slow disease
progression
Protection from Chronic hepatitis

Ireland (viremic females)
Italy

179

VC
Viral clearance (in white subjects)

Italy
USA

200

35
200

Reference

VP: Viral persistence; VC: Viral clearance; CHC: Chronic hepatitis C; CLD: Chronic liver disease; NC: Normal control; R: Recovered; AC: Asymptomatic carriers;
LC: Liver cirrhosis.

to be associated with HCC in Italian patients [20]. It is
notable that HLA B8-Cw7 haplotype is associated with
HBV associated liver cancer[6]. In an in vitro study, HLA E
is shown to inhibit NK cell mediated lysis of HCV infected
cells via interaction with NK cell receptor NKG2A,
contributing to HCV persistence[65]. HLA E expression
on hepatocytes is stabilized by recognition of HCV core
protein by HLA A2 molecules[65]. Increased expression
www.wjgnet.com

of inhibitory receptor CD94/NKG2A on NK cells was
found in chronic hepatitis C patients and is suggested to
contribute to immune resistance towards HCV infection
and HCV mediated cellular transformation via modulating
dendritic cell function and cytokine secretion[66,67].
HLA class II allele associations: HLA DRB1*0405
and DQB1*0401/0402 alleles are associated with viral
persistence and chronic HCV infection in Japanese[68-70].
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Also, DRB1*0405-DQB1*0401/0402 haplotype [59] and
HLA B54-DRB1*0405-DQB1*0401 haplotype are
associated with HCV induced liver injury[68]. In Thailand
and most European Caucasians HLA DRB1*0301,
DQB1*0201 and DQA1*0201 are found associated with
chronic HCV infection and HLA DRB1*0701 is associated
with disease severity throughout the European populations
(Table 6). In Irish viremic females increased risk for HCV
infection related disease severity and high viral load was
associated with HLA DRB1*15-DQB1*0602[71]. In Italy
HLA DQB1*0502 and DR14 and DR 17 are associated
with risk to liver cirrhosis and progressive liver damage
respectively (Table 6).
HLA DRB1*11 alleles and DQB1*0301 is consistently
associated with decreased disease severity of Hepatitis
C worldwide (Table 7) [72,73] . In French populations
DQB1*0301 is associated with viral clearance in females
and DRB1*11 with protection from disease progression in
males[74,75] for hepatitis C infection. In contrast Reno et al[76]
found association of DRB1*11 with HCV clearance in
the French female gender. HLA DQB1*0301 is linked to
HCV clearance in American populations showing stronger
association with African-Americans[77]. Carriers of HLA
DR11 and DQB1*0301 alleles may present the HCV
epitopes more efficiently to CD4+T cells than others and
thus show efficient viral clearance[73]. Viral clearance is
associated with DRB1*0101 and DQB10501 in American
Caucasians and with DRB1*0101 in Irish, Saudi, and
Egyptian populations (Table 7). HLA DRB1*0101 allele
appears to have better HCV specific T cell response[78].
DRB1*0701-DQB1*02 haplotype is associated with low
HCV viral load in Ireland [71]. HLA DR7 is associated
with hepatitis C disease severity in several populations
and also with HBV infection, except for in Thailand
where it is associated with HCV viral clearance along
with HLA DQA*0201. HLA DR13 is protective for
vertical transmission in infants bor n to HCV+ ve
Italian mothers[16,17]. In infants born to infected mothers
HLA DRB1*1104 is associated with seroreversion and
DRB1*1101 with viral persistence[79] for HCV infection.
In Japanese and the DRB1*0901-DQB1*0303 haplotype
is related to protection from cirrhosis in hepatitis C[70] and
HLA B44-DRB1*1302-DQB1*0604 and DRB1*1302DRB1*0604 with asymptomatic carrier phenotype[68].
HLA class III allele associations: HLA class III
and cytokine genes have been reported in influencing
HCV infection outcome. HLA DR3/MICA-A*4, B*18
is increased in patients with HCC but absent in HCV
carriers[64]. Single Nucleotide Polymorphism (SNP)-863A
in TNF alpha gene is associated with HCV clearance in
African American patients, while wild-type haplotype
-863C/-308G is associated with viral persistence in the
same[80]. TNF alpha-308 G is found associated with HBV
persistent infection in Chinese and Koreans but its status
with American populations for HBV is not known. IL10
ATA haplotype possibly influences HCV clearance in
Italians[81]. Positive association is reported between TNF
alpha 238.2 promoter variant and chronic active hepatitis
B and C in Germans[23]. In Indian (Asian) populations the
TNF-beta (A/A) allele is indicated to be associated with
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disease progression[82].

HLA ALLELE ASSOCIATIONS WITH
RESPONSE TO INTERFERON THERAPY IN
HEPATITIS B AND C VIRAL INFECTIONS
Interferon treatment is currently the most adopted
therapy for chronic hepatitis patients. It upregulates the
expression of HLA DR, CD80 and ICAM-Ⅰmolecules
on dendritic cells and thus augmenting the immune
response[83]. Interferon treatment for chronic HBV and
HCV infection is successful only in one third of patients.
HLA DR locus appears to be a prominent immunogenetic
factor influencing interferon treatment response. HLA
association in independent studies on Chinese populations
has reported HLA DRB1*14 and DQA1*0501 and
DQB1*0301 to be associated with responsiveness in
chronic hepatitis B. DRB1*07 allele carriers are prevalent
among chronic hepatitis B patients and associated with
non-responsiveness to anti HBV vaccination and IFNalpha treatment (Tables 1, 3 and 9).
In Chinese populations DRB1*04 is associated with
non-responsiveness to interferon therapy in HCV as well
as HBV infected subjects (Table 9)[84,85]. HLA DRB1*04 is
associated with male non-responders while HLADRB1*07
is reported for female responsiveness in Chinese patients
with chronic HCV infection [84] . Japanese HLA allele
associations with response to interferon treatment is
inconsistent (Table 9) and involve HLA class I and class II
alleles for hepatitis C. HLA A24-B54-DR4 haplotype and
HLA B54 allele are predictors of poor response to IFN
therapy in Japanese hepatitis C subjects[86]. High serum
level of IL10 is also suspected to result in poor response
to interferon treatment in chronic HCV cases [47]. Low
serum levels of IL10 are associated with responsiveness to
HBV vaccination[51].
In Spanish populations HLA B44 is associated with
responsiveness to interferon + ribavirin therapy but not
when interferon therapy is given alone in hepatitis C
cases. Also, HLA class II does not influence response
to interferon treatment in this population [87] . HLA
DRB1*0404 is associated with responsiveness in the
HCV infected Caucasian population[88]. Piekarsha et al[89]
did not find any association of HLA DRB1* alleles with
response to Interferon alpha 2b treatment of Polish HCV
subjects, but in other populations these alleles are reported
to influence the response (Table 9). HLA DRB1*07 is
associated with non-responsiveness for HBV and for
HCV infected subjects from France, but is associated with
responsiveness in HCV cases from Poland and Germany
and females subjects from China (Table 9).
HLA allele association with interferon treatment
response seems to differ for chronic HBV and HCV
infections in global populations. This can be attributed
to differences in the antigenic determinants of these two
different viruses and consequently differences in the HLA
molecules involved. However associations of same HLA
allele for hepatitis B as well as C with respect to therapeutic
response or non-response, though in different population,
warrants explanation. HLA typing for interferon treatment
receiving cohorts in different population would give an
insight towards the mechanism and immune interactions
www.wjgnet.com
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Table 9 HLA association with response to interferon therapy in chronic hepatitis (B and C) patients across global population
HLA
Hepatitis B
HLA DQA1*0501 and DQB1*0301
HLA-DRB1*14
HLA DRB1*04,DQA1*0303
HLA-DRB1*07 (HBV type c)
HLA-DQB1*07
Hepatitis C
Non responsiveness
HLAⅠHLA B54
HLA II , HLA DR9
HLA DR6
HLA DRB1*04 (males and HCV1b)
HLA B1*13
DRB1*07
Responsiveness
HLAⅠHLA B55, B62 and Cw3
HLA B51, CW1
HLA B44
HLA II HLA DRB*10101
HLA DR6
HLA DRB1*07 (females and HCV 2b)
HLA DR2
DQB1*06(HCV genotype 1)
HLA DRB1*0404
Haplotypes
HLA A-24-B54-DR4
HLA B7-DRB10101
DRB1*0701-DQA1*0201-DQB1*02

Effect

Country

R

NR

Responsiveness
Responsiveness
Non-responsiveness
Non-responsiveness
Low response

China
China
China
China
China

32
11
32
7
11

28
24
28

Non responsiveness
Non responsiveness
Non responsiveness
Non responsiveness
Non responsiveness
Non responsiveness

Japan
Japan
Japan
China
Turkey
France

20

47

21
10

32
11

50

120

Responsiveness
Responsiveness
Responsiveness to Interfron + Ribavirin
Responsiveness
Responsiveness
Responsiveness
Responsiveness
Responsiveness
Responsiveness

Japan
Japan
Spain
Japan
Japan
China
Egypt
France
Canada

54

118

53
32
21
10
25
50
6

52
106
32
11
30
120
64

[156]
[153]
[87]
[157]
[154]
[84]
[158]
[75]
[88]

Non responsiveness
Responsiveness
Responsiveness

Japan
Japan
Poland

20
32
29

47
106
26

[86]
[157]
[108]

24

References
[85]
[14]
[85]
[152]
[14]

[86]
[153]
[154]
[84]
[155]
[75]

R: Responders to Interferon therapy; NR: Non-responders to interferon therapy.

involved. Interferon therapy involves adverse effects;
HLA studies will help identifying responder/no responder
markers that would help select patients suitable for
interferon therapy.

HLA ASSOCIATIONS WITH VERTICAL
TRANSMISSION OF HEPATITIS B AND
HEPATITIS C VIRAL INFECTIONS
[92]

Vertical transmission from infected mothers is a major
contributor to increased HCV and HBV infection.
Genetic factors in neonates surely influence the outcome
of vertical transmission. Liu et al[15] reported HLA DR3
carriers to be at risk of vertical transmission of HBV
and DR13 carriers to be resistant in Chinese populations.
In Italian subjects, HLA DR13 (DRB1*1302) and
DRB1*1104 were reported to be protective in neonates for
vertical transmission[16,17,79]. HLA DRB1*1104 is associated
with seroreversion in infants born to infected mothers but
DRB1*1101 is associated with viral persistence in such
infants. The difference in association related to sub allelic
differences could to be due to glycine/valine dimorphism
at position 86 of the antigen binding sites of the DR B1*
molecule. HLA DRB1*86GG was associated with HCV
infected children while DRB1*86VV homozygotes were
seroconverts[79]. HLA-DQB1*06, -G*0105N, -Cw*0602,
DRB1*1104 and -DRB1*1302 alleles are protective while
HLA-Cw*07, -G*010401, -DRB1*0701, -DRB1*1401 and
homozygosity for HLA-G 14bp deletion are risk factors
www.wjgnet.com

for HCV vertical transmission in Italian children[16].

HLA ASSOCIATIONS WITH THE
EXTRA-HEPATIC MANIFESTATIONS OF
HEPATITIS B AND HEPATITIS C VIRAL
INFECTIONS
HLA associations have been described for extra-hepatic
co-morbidities triggered by HCV and HBV infection.
HLA DQB1*0603 is associated with development of
HBV associated membranous nephropathy in South
African black children [90] . HLA DRB1*11 and HLA
DRB1*1302, DQB1*0404, DQB1*0604 are associated
with susceptibility and protection respectively to HBV
related glomerulonephritis in Korea[91]. Sebastiani et al[92]
proposed involvement of HLA DR6 in extra hepatic
manifestation of HCV related diseases. HCV associated
oral lichen planus was reported in HLA DR6 carriers
(DRB1*13/*14 alleles) [93] . HLA DRB1*13 alleles are
reported to be associated with disease severity in chronic
HCV infection in European populations [94,95]. Chronic
HCV infection also shows association between DQB1*11
and DR3 with formation of cryoglobulins[72]. HLA studies
in this aspect would allow finding of HLA marker for extra
hepatic manifestations of hepatic viral infections. Such
studies may help prevent post transplantation associated
liver damage in recipients. A recent study has suggested
donor–recipient mismatch at HLA DRB1 locus and HLA
B14 to be responsible for severe fibrosis development
in the recipient[96]. The knowledge of HLA gene marker
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association with risk for HBV/HCV related disease
progression/cirrhosis may be helpful while seeking donorrecipient HLA match before transplantation.
Czaja et al[97] have suggested that genetic predisposition,
facilitated by viral infection may trigger autoimmune
hepatitis (AIH). Similarities in HLA associations in
viral hepatitis and AIH are obser ved. In European
and North American Caucasians HLA DRB1*0301 is
strongly associated with AIHⅠ[97], and in most European
population DRB1*0301 is associated with HCV persistence
(Table 6). HLA DRB1*0405 is a susceptible allele for AIH
[68,70,97]
. In
Ⅰas well as HCV viral persistence in Japanese
Germans DRB1*07 is a risk factor for AIH II , and is also
found associated with HCV viral persistence[94,97]. Such
associations require an extensive study of HLA association
in AIH and viral hepatitis patients.

HLA ALLELE ASSOCIATIONS WITH
HEPATITIS A, D AND E VIRAL INFECTIONS
HLA restricted virus specific T cells play an essential
role in Hepatitis A related hepatocellular injury, however
limited information about the host HLA association in
HAV infection is available. HLA-A9 was suggested to be
the susceptibility factor in Brazil during an outbreak of
hepatitis A infection[98]. HLA-B27[99] and HLA A1, B8,
DR3[100] associations with fulminant hepatitis A infection
in HCV infected patients is reported. Hepatitis A viral
infection (HAV) is suspected to trigger AIH in genetically
susceptible patients carrying HLA DRB1*0401[101]. Strong
association of DRB1*1301 haplotype with protracted
forms of HAV infection that further developed to AIH in
pediatric patients is reported[102]. Extensive investigation of
HAV infected individuals worldwide will contribute to the
limited information regarding its HLA association and its
relation to HLA associations of HBV and HCV infections.
HLA association with Hepatitis D and E is not known.
Hepatitis E causes acute infections, and Hepatitis D is
associated with Hepatitis B infection. A high risk of
chronic delta (HDV) infection in Russians is associated
with HLA-B8 and HLA-B35, and in K azakhs with
HLA-B35 and HLA-D40[5].

DISCUSSION
Extensive allele diversity is observed in HLA associations
with susceptibility and protection regarding HCV and
HBV infections and disease progression in different
global ethnic populations. HLA loci diversity due to
racial admixture, environment and selection pressure
and by inherent polymorphic nature results in allelic
variation in different ethnic groups, correspondingly we
get different HLA associations with disease in different
populations. Thus association of disease outcome with
HLA alleles appears to depend upon the ethnicity of the
infected individual and therefore is inconsistent across the
populations despite being robust within an ethnic group.
The specific HLA associations with HBV and HCV
infections are different, agreeing to their differences
in viral properties and disease pathogenesis, with few
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exceptions where they share few HLA loci. This could be
due to linkage disequilibrium of HLA alleles with diseaseassociated genes or shared HLA restricted HCV and HBV
T cell viral epitopes. It is intriguing that HLA associations
are oppositely directed and indicate interactions with other
unidentified factors in influencing the HLA mediated
immune signaling. It is also observed that HBV and HCV
infections tend to suppress each other. HBV and HDV
can suppress HCV infection and HCV and HDV can have
negative effect on HBV. HCV super infection is seen to
reduce HBsAg expression and promote its clearance[103].
HLA DR9 is protective for HCV infection in
Japanese [69,70] but is a susceptible factor for chronic
HBV in Koreans and Chinese[11,19] (Tables 1 and 6). In a
comparative study of HBV and HCV infected subjects,
MICA (*) 015 is associated with viral clearance in case
of HCV infection but with chronic infection in case of
HBV[104]. HLA Class II HLA DRB1*11 and DQB1*0301
are protective for HCV infections, but are also associated
with chronic HBV infection. Also, HLA DQB1*0301
is associated with responsiveness to interferon therapy
in chronic HBV infection [85] and also to anti HBsAg
vaccination[39]. Interferon treatment may activate antigen
presentation by aiding generation of more DQB1*0301
responding cytototxic T lymphocytes and thus a protective
response[85]. Constantini et al[105] did not find any association
between HCV clearance and alpha interferon therapy with
IL1, IL10 and TNF alpha genes. This warrants further
investigation with other HLA class III genes to know
the influence of interferon and a protective association
of HLA DQB1*0301 allele in HCV clearance. Cytokine
genes should also be investigated for any synergistic
association with any of these HLA alleles in HBV
infection. Involvement of the same alleles with different
outcomes in response to viral infection in different
population is intriguing. Collaborative studies involving
well-characterized cohorts from different populations are
needed.
The difference in influence of HLA DRB1*11 and
DQB1*0303 in HCV and HBV infection outcome could
be due to variation in viral specific antigen presentation
and thus differences in immune responses. Investigating
the molecular mechanisms involving HLA DR*11 and
DQ*3 associated viral clearance in HCV would provide
better understanding of this aspect. Identifying HLA
DR*11 and DQ* 3 restricted viral HCV epitopes for
CD8+ cells would allow finding or designing similar HBV
specific epitopes. This can further be used therapeutically
to enhance viral clearance in HLA DR*11 and DQ*3
carrying HBV infected subjects. Investigating involvement
of shared e pitopes for HBV/HCV may open up
opportunities for generating combined HBV-HCV vaccine
in the future.
Immunodominant antigenic epitopes have been
identified in HCV and they could be investigated for HLA
restricted stage specific presentation to develop HLA
specific vaccine and peptide-based immunotherapies[106].
HLA B27 restricted HCV specific CD8+ epitope
recovered from female subjects has been identified [61].
Such CD8+ specific HLA restricted peptides have been
proposed as vaccine and have been shown effective against
www.wjgnet.com
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human metapneumovirus infection and disease in mice[107].
Since immunization at present is the most effective
means of combating HBV infection, non-responders
always remain at risk of getting infected. Identifying nonresponding immunogenetic marker could help protect
non-responders by giving them alternative protective
therapy and would also permit avoiding administering
vaccine to identified non-responding groups in a given
population. Designing HLA restricted epitope based antiHBV vaccine is an alternative for non-responding groups.
Association of HLA DR13 alleles is protective in both
HCV and HBV infections in several populations (Tables
2 and 7) and is proposed to be involved in enhancing
immune response to various diseases[17]. In contrast HCV
disease susceptibility and severity is linked to DR13 in
German and Polish populations[94,95], though other reports
from Germany suggest its protective role (Table 7). It
is also protective in vertical transmission of HBV and
HCV infection (Tables 2 and 7). Recognizing HLA DR13
restricted HBV and HCV T cell epitopes could lead to
identification of similar/common antigenic determinants
and open possibilities for designing a combined anti HBVHCV vaccine.
HLA DRB1*07 is positively associated with severe
disease outcome in both HBV and HCV infections (Tables
1 and 6). This allele is related to non-responsiveness to
anti-HBV vaccination and interferon treatment in subjects
with chronic HBV and HCV infections (Table 9), but is
reported with responsiveness to interferon treatment in
individuals with chronic HCV infection from China and
Poland[84,108]. HLA B35 and B40 is associated with chronic
HBV and HCV infection in Russian populations[5,57], and
the authors suggest chronic hepatitis to be associated
with HLA B*35, independent of virus type. HLA B35
involvement is reported with viral persistence of HCV in
Koreans[109], and of HBV in Han Chinese[4]. HLA B8 is
associated with viral persistence and chronicity for both
HBV and HCV infections in Caucasian populations (Tables
1 and 6). HLA Cw*07 is a risk factor for vertical infection
in Italians [16] and is associated with HBV related liver
cancer in Senegalese[6]. Such associations suggest inability
of these alleles to mount efficient immune responses for
viral clearance irrespective of the viral type and warrants
elaborate studies concentrating these alleles in several
populations, to identify predisposing genetic markers for
disease severity.
Studies focusing on viral hepatitis in the United States
(US) in American populations have suggested differences
in HLA allele association for Caucasians and AfricanAmericans. HBV viral persistence is associated with
HLA A*01-B*08-DRB1*03, B*44-Cw*1601 and B844Cw*0501 haplotype in Caucasian Americans while HLA
DQA1*0501, DQB1*0301 and DRB1*1102 haplotype
in African Americans [7,18] . HLA A*0301 and HLA
DRB1*1302 is associated with HBV clearance in Caucasian
Americans, the later being associated with HBV viral
clearance in Gambian populations[7,110]. HCV persistence is
associated with HLA A*2301 in Caucasian Americans and
with the HLA-Cw*04 allele in both Caucasian and African
American populations. Also, two copies of HLA-Cw*04
showed stronger persistence than one copy of the allele[58].
www.wjgnet.com
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Viral clearance showed stronger association with HLA
A*1101 and B*57 alleles in both Caucasians and African
Americans but HLA Cw*0102 showed stronger association
with viral clearance only in Caucasians[58]. Another study by
Thio et al[77] reported HLA DQB1*0301 to be associated
with viral clearance showing stronger associations in
African Americans than Caucasian Americans. Also HLA
DRB1*0101 and DQB1*0501 showed association with
HCV viral clearance, but only in Caucasian Americans.
No information is available on HLA associations with
interferon treatment response and racial differences in US
American populations which needs investigation.
Variations in the immune response to viral insult
appear to be genetically inherited. Reports on HLA gene
associations with viral infections are inconsistent and
contradictory. Several factors including (1) alteration in
antigen binding affinity, (2) ineffective antigen presentation,
(3) ineffective interaction of Ag-MHC and TCRs, (4)
absence of specific T cells, (5) cytokine deficiency and
(6) inadequate complement activation may contribute to
defective/inefficient HLA mediated immune response
mechanisms and various disease manifestations. Indirect
associations of HLA in disease pathology have also been
proposed. Circulating autoantibodies against HLA Class II
and class I molecules have been found, and may represent
autoimmune response against HLA molecules that may
induce HCV related chronic liver damage[111]. Complement
abnormality has been associated with several liver diseases.
Polymorphism of TNF alpha and IL10 promoter has
been implicated to influence HBV and HCV infections
suggesting a vital role for cytokines in disease outcome.
Genes outside the major histocompatibility complex also
play a major role in determining the disease/treatment
outcome of viral hepatitis. Altered expression of CD45
isofor ms inf luence HCV outcome in humans and
transgenic mice studies[112]. NK stimulating and inhibitory
signaling receptor and HLA interaction influence viral
persistence or clearance. Association of viral persistence
and clearance is also reported with chemokine receptors[72].
Due to (1) the highly polymorphic nature of HLA
genes, (2) diversity observed in genetic interactions and (3)
complexity of immune response, it has not been possible
so far to “Tag” any allele or loci as a potential candidate for
a particular disease or disease outcome. However clinical
evidence vividly indicates such associations. Thus, it is
prudent to argue that response to viral hepatitis infection
is immunogenetically governed by multiple candidate
genes (including HLA and non HLA genes) acting either
independently or in association. HLA genes could be
directly involved or may be closely linked to genetic
markers for true susceptibility, protection and treatment
response genes.

CONCLUSION
Racial diversity, variations in the study design, methodology
and complex immune-regulatory mechanisms make it
difficult to find consistent association of HLA alleles with
a given HBV or HCV disease even in the same ethnic
group of the global population.
The host-virus interaction resulting in acute or chronic
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viral infection depends on cellular immune responses
that are regulated by the host’s HLA type and HLA
restricted viral escape mutants. Much research is required
for involving either the CD8 antigenic epitope or NK
cell (involving KIR ligands) based HLA associations
in individuals undergoing acute vs chronic infections in
different ethnic populations. Thus, novel strategies are
needed to combat the escape mechanisms utilized by
viruses in different ethnic populations.
Limited numbers of studies across various ethnic
populations have been conducted in relation to HBV
vaccination outcome or various therapeutic outcomes
against HBV or HCV infections. Thus, global network
studies will be useful for HLA disease associations in
different ethnic global populations in relation to various
therapeutic or HBV vaccination outcome and resulting
in viral clearance. Information on HLA association with
disease outcome holds immense promise for designing
host specific therapeutic strategies. HLA studies involving
collaborative analysis of several immune regulatory host
genes including T cell repertoire variables in cohorts
from around the globe are needed to answer the puzzle
regarding various host related immunogenetic factors in
conditions resulting in varying outcomes of HBV or HCV
hepatitis infection or their co-infections.
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Abstract
AIM: To investigate the synergistic effect of oxymatrine
(OM) and angiogenesis inhibitor NM-3 on modulating
apoptosis in human gastric cancer cell lines SGC-7901,
MKN-45, MKN-74.
METHODS: Human gastric cancer lines SGC-7901,
MKN-45, MKN-74 were treated with OM in the absence
and presence of NM-3. The inhibitory rates were
detected by MTT assay. Synergistic effect of OM and
NM-3 on the growth of survivin, bcl-2, bax and p 53 in
SGC-7901 cells were examined by semiquantitative RTPCR and Western blotting, and their growth inhibitory
effects were also observed on SGC-7901 tumor xenograft
in nude mice.
RESULTS: O M c o m b i n e d w i t h N M - 3 e x h i b i t e d a
synergistic inhibitory effect on the growth of SGC-7901,
MKN-45 and MKN-74 cells in a time-dependent manner.
Twenty-four hours after treatment with OM, NM-3 alone
and their combination, mRNA expression of survivin and
bcl-2 in SGC-7901 cells decreased, p 53 mRNA expression
increased. OM (4 g/L) combined with NM-3 significantly
increased the expression of p 53 mRNA and decreased
the expression of survivin and bcl-2 compared with
either agent alone (193% ± 34% vs 129% ± 12%;
44% ± 18% vs 92% ± 18%; 36 ± 17% vs 93% ± 23%,
P < 0.05). Western blotting showed that the synergistic
effect of OM and NM-3 on protein translation of survivin,
bcl-2 and p 53 was in accordance with their mRNAs.
Furthermore, OM/NM-3 combination obviously exhibited
antitumor growth effect in xenografted human gastric
cancer cells SGC-7901 compared with either agent alone.
CONCLUSION: OM combined with NM-3 has synergistic
inhibitory effects on human gastric cancer cells in vitro
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and can suppress the growth of xenografted human
gastric cancer cells SGC-7901 in vivo .
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
NM-3 is a novel angiogenesis inhibitor isolated from
a culture filtrate of streptoverticillium eurocidicum [1-3].
Studies indicated that NM-3 is an effective inhibitor of
angiogenesis[4]. Subsequent work has shown that NM-3
also exhibits direct cytotoxic effects on endothelial
and carcinoma cells [5] . Moreover, NM-3 has been
found to potentiate the therapeutic effects of certain
chemotherapeutic agents, including 5-fluorouracil,
paclitaxel, and cyclophosphamide [6] . Our previous
study showed that NM-3 combined with carboplatin
can suppress the g rowth of human g astric cancer
SGC-7901 cells xenografted in nude mice[7], suggesting
that NM-3 combined with carboplatin could not only
increase anticancer effect but also aggravate toxicity. In
this study, we selected oxymatrine (OM) to substitute
carboplatin for its lower toxic side-effect and its ability
to kill human cancer cells[8-10]. The purpose of this study
was to investigate whether OM combined with NM-3 has
synergistic inhibitory effects on human gastric cancer cells
and growth of xenografted human gastric cancer cells
SGC-7901.

MATERIALS AND METHODS
Medicine and reagents
NM-3 supplied by Professor Robert (New York University)
was dissolved in PBS sterilized at a stock concentration of
1 mg/mL. For in vivo experiments, NM-3 (10 mg/kg per
d) was administered via i.p. injection. OM was purchased
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from Shanghai Huamei Corporation (China). MTT
purchased from Sigma (USA) was dissolved in 0.01 mol/L
PBS. TRIzol reagent was from Gibico BRL Co (Germany).
M-MuLV reverse transcription-polymerase chain reaction
kit was from TaKaRa (Japan). One-step RNA PCR kit was
obtained from AMV TaKaRa (Japan). Survivin and p53
polyclonal antibodies were purchased from Santa Cruz Co
(USA). Bcl-2 and bax antibodies were obtained from San
Francisco (CA). PCR primers were synthesized in Shanghai
Sangon (China).
Tumor cells
Gastric cancer cell lines SGC-7901 and MKN-45 and
MKN-74 were purchased from Wuhan University and
maintained at 37℃ in DMEM supplemented with 10%
FCS and 2 mmol/L glutamine in a humidified incubator
containing 50 mL/L CO2 until they were amplified to a
certain concentration 6 × 106/mL.
Animals
Thirty-two 6-7 wk old BALB/C-nu/nu mice weighing
18-22 g were obtained from Shanghai Laborator y
Animal Center, Chinese Academy of Sciences (SPF,
NO.SCXK033).
Cell culture and growth assay
Cell growth was assessed by MTT assay. A total of 5 ×
103 cells were seeded into each well of 96-well culture
plates in RPMI 1640 medium for 24 h, treated with scalar
concentrations of OM in the absence or presence of
10 mg/L NM-3, and incubated for 24, 48, 72 and 96 h
respectively. After incubation, 10 μL of MTT solution
(5 g/L) was added to each well, and the plates were then
incubated for 3 h at 37℃. The growth medium was then
replaced with 150 μL of dimethyl sulfoxide (Wako) per
well, and the absorbance at A490 was measured using
Titertek Multiscan. IC50 with SAS statistical software.
Semiquantitative RT-PCR
One μg of total RNA from each sample was resuspended
in a 25 μL final volume of reaction buffer, containing 10 ×
one-step RNA PCR buffer, 25 mmol/L MgCl2, 10mmol/L
dNTP mixture, 20 U RNase inhibitor, 2.5U AMV RTase
XL, 2.5 U AMV-Optimized Taq, 20 μ mol/L forward
primer, 20 μmol/L reverse primer, and RNase-free dH2O.
Following primers were for survivin (349 bp): 5’-GGA
CCA CCG CAT CTC TAC AT-3’, 3’-CC TTT GAC GCT
TCT TTC ACG-5; bcl-2 (292 bp): 5’-TGC ACC TGA CGC
CCT TCA C-3’, 3’-G ACA CTA AAG AGG ACC GAC
AGA-5’; bax (364 bp): 5’-ACC AAG AAG CTG AGC GAG
TGT C-3’, 3’-C CGT CTG GCA CTG GTA GAA ACA-5’;
p53 (396): 5’-CAG CCA AGT CTG TGA CTT GCA CGT
AC-3’, 3’-CT ACT GTC TTT GTG AAA AGC TGT
ATC-5’; β-actin(542 bp): 5’-GCTCCGGCATGTGCAA-3’,
3’-TGATGGAGTACTTCTAGGA-5’.
The PCR conditions were at 94℃ for 5 min, 1 cycle;
at 94℃ for 30 s, at 59℃ (survivin, bcl-2, p53, β-actin) or
at 56℃ (bax)for 30 s, at 72℃ for 45 s, 35 (survivin, bcl-2,
p53, β-actin) or 30 (bax) circles; at 72℃ for 7 min, 1 circle.
The PCR products were electrophoresed on 1.5% agarose
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gels containing ethidium bromide and revealed by a gel
documentation system (FR-200, Shanghai Fu Ri Bio Co.
China). The content of cDNA was semi-quantitatively
normalized with housekeeping gene β-actin as the internal
control.
Western blotting
Gastric cancer SGC-7901 cells were seeded into 250 mL
flasks, grown to confluence and incubated in the presence
of NM-3 either alone or in combination with OM (1, 2,
4 g/L) for 24 h. Cells were then harvested and lysed in a
modified protein lysis buffer (10 mmol/L Tris-HCl, pH
8.0, 135 mmol/L NaCl, 1 mmol/L EDTA, 10mmol/L
CHAPS, 10 mg/L aprotinin, 0.02 mmol/L APMSF), and
the protein concentration of the lysates was measured.
Total cell protein extracts (15 μg/lane) were separated by
SDS-PAGE using ready gels (Bio-Rad Laboratories, Milan,
Italy) and electrophoretically transferred onto PVDF
membranes. The membranes were blocked with 5% dried
non-fat milk in PBS buffer and 0.05% Tween20. The
filters were then incubated with primary antibodies against
survivin, bcl-2, bax and p53. Each of these antibodies
was diluted according to the manufacturer’s instructions.
Membranes were then washed with PBS-T buffer (PBS
with 0.1% Tween 20) and incubated with the appropriate
secondary antibodies. Immunoreactive proteins were
visualized with enhanced chemiluminescence (Amersham
International, Buckinghamshire, UK).
Tumor xenograft studies
Suspensions of tumor cells SGC-7901 (5-10 × 106 viable
cells/mouse) were implanted into the bilateral flank
region of BALB/c-nu/nu mice as previously described[7].
When the tumors grew to 50-100 mm3, the animals were
randomly divide into four groups (n = 9). The animals
were pair matched so that the median tumor volume for
each group was similar: control group: NM-3 (10 mg/
kg per day) via i.p. injection thrice per week; treatment
groups: OM (1, 2, 4 g/L and NM-3 (10 mg/kg per day)
via i.p. injection thrice per week. The tumor volumes were
estimated by V = ab2/2, where a and b are tumor length
and width, respectively. To evaluate the antitumor effects
of OM and NM-3, tumor size and body were measured
thrice per week.
Statistical analysis
The results were expressed as mean ± SD. Statistical
analysis was performed using Chi-square test , Student’s t
test. P < 0.05 was considered statistically significant.

RESULTS
Synergistic growth inhibitory effect of OM and NM-3 on
SGC-7901, MKN-45 and MKN-74 cells
We analyzed the synergistic growth inhibitory effects of
OM and NM-3 on the gastric cancer cell lines SGC-7901,
MKN-45 and MKN-74. MTT assays were performed to
examine the growth inhibitory effect of OM or NM-3
alone (Figure 1A) and OM in combination with NM-3
(Figure 1B). Each cell line was treated with 1, 2 and 4 g/L
www.wjgnet.com
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Figure 1 Growth inhibitory effects of OM alone and in combination with NM-3 on 3 gastric cancer cell lines, SGC-7901, MKN-45 and MNK-74. A: MTT assays were
performed to examine the growth inhibitory effect of OM alone. Clear growth inhibition was observed in a time- and dose- dependent manner in each of the gastric cancer
cell lines; B: Growth inhibitory effects of OM combined with NM-3. The concentrations of OM used are indicated for each symbol.

Table 1 NM-3 IC50 values for gastric cancer cell lines after
treatment with NM-3 alone and in combination with OM (mean
± SD, g/L)

SGC-7901
MKN-45
MKN-74

NM-3 alone
321.21 ± 51.21
245.56 ± 31.34
225.92 ± 33.64

NM-3 plus OM
132.84 ± 21.13
66.07 ± 18.21
71.75 ± 20.11

Fold
2.54
4.13
3.38

NM-3

OM 1

OM 2

OM 4

(mg/mL)
Survivin
bcl-2
Bax

p 53

OM, either alone or in combination with NM-3. The timecourse effects were observed 24, 48, 72 and 96 h after
treatment. MTT assays were performed to analyze the
inhibitory effects of the drugs at each time point, which
were compared to the non-treated control cells. Treatment
with OM alone and combined OM/NM-3 inhibited the
growth of three gastric cancer cell lines in a time- and
dose- dependent manner.
The OM IC50 levels were found to be 2.51, 3.02 and
2.32 mg/mL for SGC-7901, MKN-45 and MKN-74,
respectively. To determine the potent effects of OM on
NM-3 activity, the growth inhibitory effects of NM-3
alone or in combination with OM on three gastric cancer
cell lines were evaluated. After treatments the IC50 of
NM-3 for each cell line was compared with that of NM-3
in combination with 4 g/L OM (Table 1). These values
were significantly reduced by 2.54-, 4.13- and 3.38-fold in
each case, suggesting that OM in combination with NM-3
had synergistic effects on growth of gastric cancer cells.
Changes in expression of survivin, bcl-2,bax and p53
To define the mechanisms of OM and NM-3 in inducing
apoptosis, we first studied the chang es in mRNA
expression of survivin, bcl-2, bax and p53. The mRNA
and protein expression levels in SGC-7901 cells were
www.wjgnet.com

β-actin

Figure 2 After 24 h treatment identification of differentially expressed survivin,
bcl-2, bax, p53, β-actin genes in human gastric cancer line SGC-7901 by means
of semiquantitative RT-PCR. NM-3 signifies NM-3 alone; OM 1 mg/mL signifies
OM 1 mg/mL combined with NM-3; OM 2 mg/mL signifies OM 2 mg/mL combined
with NM-3; OM 4 mg/mL signifies OM 4 mg/mL combined with NM-3.

analyzed by RT-PCR and Western blotting. After treatment
with NM-3 or with OM (1, 2, 4 g/L) for 24 h, both cDNA
and proteins in survivin, bcl-2, bax and p53 in SGC-7901
cells were evaluated.
As shown in Figures 2 and 3, treatment with OM (1
mg/mL, 2 mg/mL, 4 mg/mL) in combination with NM-3
increased the mRNA levels in bax and p53 and decreased
the survivin and bcl-2 levels in a dose-dependent manner.
Combined 4 mg/mL OM and NM-3 significantly
increased p53 mRNA expression (193% ± 34% vs 129%
± 12%, P < 0.05) and significantly decreased survivin and
bcl-2 mRNA expression compared to NM-3 alone (44% ±
18% vs 92% ± 18%, 36% ± 17% vs 93% ± 23%, P < 0.05)
compared to NM-3 alone.
The expression of p53 protein 24 h after treatment
with increased dose of OM was 2.8-fold higher in
OM treatment group than in NM-3 treatment group.
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Figure 3 Differentially expressed mRNA
histograms of survivin, bcl-2, bax, p53,
β-actin genes in human gastric cancer
line SGC-7901 after 24 h treatment. There
are significant differences in expression of
survivin bcl-2 and p53 mRNA between the
NM-3 and NM-3 combined OM 4 mg/mL
groups (P < 0.05).
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Figure 4 Western blotting analysis showing expression of survivin bcl-2 bax and
p53 in human gastric cancer line SGC-7901 after 24 h treatment. NM-3 signifies
NM-3 alone; OM 1 mg/mL signifies OM 1 mg/mL combined with NM-3; OM 2
mg/mL signifies OM 2 mg/mL combined with NM-3; OM 4 mg/mL signifies OM 4
mg/mL combined with NM-3.

Sur vivin expression decreased in a dose-dependent
manner. Moreover, the expression of bax protein was
slightly increased after treatment with NM-3 alone or in
combination with OM. There was a significant difference
in p53, survivin and bcl-2 expression between the two
groups treated with OM (4 mg/mL) in combination with
NM-3 or with NM-3 alone (P < 0.05). These findings
strongly suggest ed that synergism between OM and NM-3
induced apoptosis in more gastric cancer cells than NM-3
alone (Figure 4).
In vivo effects of NM-3 and NM-3 in combination with OM
on human tumor xenografts
To assess the potential synergistic effects of OM and
NM-3 in vivo, human tumor xenograft experiments were
performed. We examined the growth inhibitory effects
of NM-3 alone and in combination with OM on SGC7901cells transplanted into nude mice. The resulting
growth curves for gastric cancer xenografts during various
treatment schedules are shown in Figure 5.
NM-3 alone (10 mg/kg per day) or in combination

3

bcl-2

Tumor volume (mm )

Survivin

NM-3

600

NM-3 + 1 mg/mL OM

500

NM-3 + 2 mg/mL OM

400

NM-3 + 4 mg/mL OM

300
200
100
0

0

8

15
t /d

22

29

36

Figure 5 Curve lines of mean tumor volume (mm3) of nude mice with xenografted
human gastric cancer in different groups, effects of NM-3 alone and 1 mg/mL, 2
mg/mL, 4 mg/mL OM combined with NM-3 on gastric tumor volume in 36 d.

with OM showed a tumor growth inhibitory rate of 9.5%
± 3.1%, 12.3% ± 3.5%, 40.6% ± 9.7% and 52.8% ±
12.4% on d 15, and 18.8% ± 4.8%, 28.6% ± 8.4%, 53.4%
± 13.5% and 75% ± 18.5% on d 36, respectively. OM in
combination with NM-3 had stronger effect than NM-3
alone on tumor growth (P < 0.05). These results further
suggested that combined OM and NM-3 had synergistic
effects on tumor growth. In addition, none of the treated
animals in our experiments showed weight loss due to drug
toxicity, demonstrating that combined OM and NM-3 was
effective against gastric cancer and could be used as a new
therapeutic tool for treatments of tumors. Furthermore,
no increase in toxicity was observed after combined
treatment.

DISCUSSION
When NM-3 is combined with other chemotherapeutic
agents, it could effectively inhibit the growth of tumor[6].
In our previous studies we used NM-3 (10-40 mg/kg)
in combination with carboplatin to treat nude mice
xenografted with SGC-7901 cell lines, and found that
www.wjgnet.com
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some mice became emaciated for diarrhea and anorexia
in early stage and some died[7]. The death rate was higher
than 16% in groups treated with NM-3 (greater than 20
mg/kg). However, all the mice treated NM-3 (10 mg/
kg) showed less severe reaction. We substituted OM for
carboplatin because OM can kill human cancer cells with
less toxic side-effects. It was recently reported that OM
induces apoptosis of human hepatoma SMMC-7721 cells
and human colorectal tumor SW1116 cells[11,8].
In this study, we analyzed the effects of OM and OM
in combination with NM-3 on proliferation of human
gastric cancer lines in vitro. OM alone and in combination
with NM-3 inhibited the growth of each gastric cancer cell
line in a time- and -dependent manner. Moreover, their
striking synergistic effects were observed in three gastric
cancer cells with NM-3 IC50 values being obviously
decreased when combined with OM. Furthermore, in
nude mice with SGC-7901 xenografts, treatment with
OM and NM-3 exhibited significant synergistic antitumor
effects. Our present studies showed that when OM was
used in combination with NM-3, a significant reduction
in xenograft volumes was observed without an apparent
increase in toxicity, demonstrating that combined OM and
NM-3 is more effective against gastric cancer.
To further discuss the exact mechanism of apoptosis
induced by OM and NM-3, we detected the changes
in survivin, bcl-2, bax and p53 genes by semiquantitive
PCR. The result showed that OM in combination with
NM-3 could down-regulate the expression of survivin,
bcl-2 and up-regulate the expression of p53 mRNA. We
also validated the similar results from Western blotting,
showing that the inhibitory effect of OM in combination
with NM-3 is associated with their ability to induce
apoptosis by regulating the transcription and translation of
survivin, bcl-2 and p53 genes.
Cell apoptosis is induced and controlled by many
complicated factors, such as expression changes of
correlative apoptosis genes and blockage of cell cycle.
Survivin belongs to the inhibitory apoptosis protein
family and is a good marker of most cancer cells [12,13].
Various strategies to target survivin in cancer treatment
are currently under investigation with promising results
in vivo and in vitro [14-22] . Bcl-2 is a central apoptotic
suppression gene and overexpresses in most immortal and
cancer cells[23]. Most therapeutic agents act by blocking
the function of anti-death bcl-2 proteins or by enhancing
the activities of pro-death proteins such as bax[24]. Once
the brake provided by anti-death bcl-2 members is
removed, the pro-death protein bax oligomerizes at the
mitochondrial membrane leading to release of apoptogenic
factors into the cytosol, an event initiating a deadly
proteolytic cascade[25].
P53 is a multifunctional protein with multiple
modifications and biochemical properties. p53 has the
ability to bind to specific DNA sequences and functions
as a potent transcription factor, that trans-activates and
trans-represses specific genes involved in controlling cell
cycle and apoptosis [26]. Activation of p53 is associated
with induction of p21 expression, an event regulated in
part by p53-mediated trans-activation. When p21 cells
down-regulate Cdk2 and arrest in G1-S-phase[27,28], p53
www.wjgnet.com
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also acts as a tumor suppression protein opposite to bcl-2.
Recent studies indicate that conventional anticancer drugs
can perform their functions modulating bcl-2 protein
expression, whereas this modulation seems ultimately to
lead to the presence of p53[29,30].
In this study, we focused on the synergistic effects of
OM and NM-3 on human gastric tumor cells and evaluated
their apoptosis regulation in vitro and in vivo. The data
show that OM in combination with NM-3 inhibits growth
and proliferation of tumor cells, and induces apoptosis
of human gastric cancer cells, which is associated with
down-regulation of surviving and bcl-2 expression and
up-regulation of p53 expression in SGC-7901 cells. In
conclusion, our present study strongly indicates that
combined OM and NM-3 is synergistically effective against
gastric carcinomas.

REFERENCES
1
2

3

4

5

6

7

8
9
10
11

12

13
14

Bauta WE, Lovett DP, Cantrell WR, Burke BD. Formal
synthesis of angiogenesis inhibitor NM-3. J Org Chem 2003; 68:
5967-5973
Nakashima T, Hirano S, Agata N, Kumagai H, Isshiki K,
Yoshioka T, Ishizuka M, Maeda K, Takeuchi T. Inhibition of
angiogenesis by a new isocoumarin, NM-3. J Antibiot (Tokyo)
1999; 52: 426-428
Kumagai H, Masuda T, Ohsono M, Hattori S, Naganawa
H, Sawa T, Hamada M, Ishizuka M, Takeuchi T. Cytogenin,
a novel antitumor substance. J Antibiot (Tokyo) 1990; 43:
1505-1507
Salloum RM, Jaskowiak NT, Mauceri HJ, Seetharam S,
Beckett MA, Koons AM, Hari DM, Gupta VK, Reimer C,
Kalluri R, Posner MC, Hellman S, Kufe DW, Weichselbaum
RR. NM-3, an isocoumarin, increases the antitumor effects of
radiotherapy without toxicity. Cancer Res 2000; 60: 6958-6963
Yin L, Ohno T, Weichselbaum R, Kharbanda S, Kufe D. The
novel isocoumarin 2-(8-hydroxy-6-methoxy-1-oxo-1H-2benzopyran-3-yl) propionic acid (NM-3) induces lethality
of human carcinoma cells by generation of reactive oxygen
species. Mol Cancer Ther 2001; 1: 43-48
Reimer CL, Agata N, Tammam JG, Bamberg M, Dickerson
WM, Kamphaus GD, Rook SL, Milhollen M, Fram R,
Kalluri R, Kufe D, Kharbanda S. Antineoplastic effects
of chemotherapeutic agents are potentiated by NM-3, an
inhibitor of angiogenesis. Cancer Res 2002; 62: 789-795
Zhu JS, Shen B, Chen JL, Chen GQ, Yu XH, Yu HF, Zhu ZM.
Molecule action mechanisms of NM-3 on human gastric cancer
SGC-7901 cells in vivo or in vitro. World J Gastroenterol 2003; 9:
2366-2369
Zou J, Ran ZH, Xu Q, Xiao SD. Experimental study of the
killing effects of oxymatrine on human colon cancer cell line
SW1116. Chin J Dig Dis 2005; 6: 15-20
Song G, Luo Q, Qin J, Wang L, Shi Y, Sun C. Effects of
oxymatrine on proliferation and apoptosis in human
hepatoma cells. Colloids Surf B Biointerfaces 2006; 48: 1-5
Zhang LP, Jiang JK, Tam JW, Zhang Y, Liu XS, Xu XR, Liu BZ,
He YJ. Effects of Matrine on proliferation and differentiation
in K-562 cells. Leuk Res 2001; 25: 793-800
Song GB, Qin J, Luo Q, Shen XD, Yan RB, Cai SX. Adhesion
of different cell cycle human hepatoma cells to endothelial
cells and roles of integrin beta1. World J Gastroenterol 2005; 11:
212-215
Marconi A, Dallaglio K, Lotti R, Vaschieri C, Truzzi F, Fantini
F, Pincelli C. Survivin identifies keratinocyte stem cells and
is downregulated by anti-beta1 integrin during anoikis. Stem
Cells 2007; 25: 149-155
Nakayama K, Kamihira S. Survivin an important determinant
for prognosis in adult T-cell leukemia: a novel biomarker in
practical hemato-oncology. Leuk Lymphoma 2002; 43: 2249-2255
Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis

Song MQ et al . Oxymatrine and NM-3 modulate apoptosis in gastric cancer

15
16
17
18
19

20

21
22

gene, survivin, expressed in cancer and lymphoma. Nat Med
1997; 3: 917-921
Yamamoto T, Tanigawa N. The role of survivin as a new
target of diagnosis and treatment in human cancer. Med
Electron Microsc 2001; 34: 207-212
Altieri DC. The case for survivin as a regulator of microtubule
dynamics and cell-death decisions. Curr Opin Cell Biol 2006; 18:
609-615
Altieri DC. The molecular basis and potential role of survivin in
cancer diagnosis and therapy. Trends Mol Med 2001; 7: 542-547
Hoffman WH, Biade S, Zilfou JT, Chen J, Murphy M.
Transcriptional repression of the anti-apoptotic survivin gene
by wild type p53. J Biol Chem 2002; 277: 3247-3257
Mirza A, McGuirk M, Hockenberry TN, Wu Q, Ashar H,
Black S, Wen SF, Wang L, Kirschmeier P, Bishop WR, Nielsen
LL, Pickett CB, Liu S. Human survivin is negatively regulated
by wild-type p53 and participates in p53-dependent apoptotic
pathway. Oncogene 2002; 21: 2613-2622
Lu CD, Altieri DC, Tanigawa N. Expression of a novel
antiapoptosis gene, survivin, correlated with tumor cell
apoptosis and p53 accumulation in gastric carcinomas. Cancer
Res 1998; 58: 1808-1812
Kawasaki H, Altieri DC, Lu CD, Toyoda M, Tenjo T, Tanigawa
N. Inhibition of apoptosis by survivin predicts shorter survival
rates in colorectal cancer. Cancer Res 1998; 58: 5071-5074
Sarela AI, Verbeke CS, Ramsdale J, Davies CL, Markham

23
24
25
26
27

28

29
30

1793

AF, Guillou PJ. Expression of survivin, a novel inhibitor of
apoptosis and cell cycle regulatory protein, in pancreatic
adenocarcinoma. Br J Cancer 2002; 86: 886-892
Cory S, Adams JM. The Bcl2 family: regulators of the cellular
life-or-death switch. Nat Rev Cancer 2002; 2: 647-656
Wolter KG, Hsu YT, Smith CL, Nechushtan A, Xi XG, Youle
RJ. Movement of Bax from the cytosol to mitochondria during
apoptosis. J Cell Biol 1997; 139: 1281-1292
Wei MC. Bcl-2-related genes in lymphoid neoplasia. Int J
Hematol 2004; 80: 205-209
Prives C, Hall PA. The p53 pathway. J Pathol 1999; 187: 112-126
Malerba I, Gribaldo L, Diodovich C, Carloni M, Meschini R,
Bowe G, Collotta A. Induction of apoptosis and inhibition of
telomerase activity in human bone marrow and HL-60 p53
null cells treated with anti-cancer drugs. Toxicol In Vitro 2005;
19: 523-532
Ji ZN, Ye WC, Liu GG, Hsiao WL. 23-Hydroxybetulinic acidmediated apoptosis is accompanied by decreases in bcl-2
expression and telomerase activity in HL-60 Cells. Life Sci
2002; 72: 1-9
Coutts AS, La Thangue N. The p53 response during DNA
damage: impact of transcriptional cofactors. Biochem Soc Symp
2006; (73): 181-189
Erster S, Moll UM. Stress-induced p53 runs a transcriptionindependent death program. Biochem Biophys Res Commun
2005; 331: 843-850
S- Editor Liu Y L- Editor Wang XL

E- Editor Zhou T

www.wjgnet.com

World J Gastroenterol 2007 March 28; 13(12): 1794-1798
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

GASTRIC CANCER

Association of serum vascular endothelial growth factor-C
and lymphatic vessel density with lymph node metastasis and
prognosis of patients with gastric cancer
Tian-Bao Wang, Mei-Hai Deng, Wan-Shou Qiu, Wen-Guang Dong
Tian-Bao Wang, Mei-hai Deng, Wan-Shou Qiu, Department
of General Surgery, the Third Affiliated Hospital, SUN Yat-Sen
University, Guangzhou 510630, Guangdong Province, China
Wen-Guang Dong, Department of Gastrointestinal Surgery, the
First Affiliated Hospital, Sun Yat-Sen University, Guangzhou
510080, Guangdong Province, China
Correspondence to: Wen-Guang Dong, Professor, Department
of Gastrointestinal Surgery, the First Affiliated Hospital, Sun YatSen University, Guangzhou 510080, Guangdong Province,
China. dwgdwy@yahoo.com.cn
Telephone: +86-20-85562842 Fax: +86-20-85262937
Received: 2007-01-23
Accepted: 2007-03-16

Abstract
AIM: To investigate whether serum vascular endothelial
growth factor-C (SVEGF-C), VEGF-C, and lymphatic
vessel density (LVD) in tumor tissues are related to
lymph node metastasis (LNM) and prognosis in gastric
cancer.
METHODS: SVEGF-C levels of 80 gastric cancer patients
and 20 healthy donors were examined using ELISA.
VEGF-C expression and LVD were examined using
immunohistochemical staining. Kaplan-Meier survival
analysis was performed to determine their influence on
the prognosis of the patients.
RESULTS: The SVEGF-C level in gastric cancer patients
(595.9 ± 201.0 ng/L) was significantly higher (P = 0.000)
than controls (360.0 ± 97.4 ng/L). Both SVEGF-C and
LVD were significantly higher in poorly differentiated
adenocarcinomas, T3 and T4, LNM, distant metastasis,
and pTNM groups Ⅲ and IV (P = 0.000). The sensitivity
and specificity of SVEGF-C for predicting LNM were
82.8% and 81.8%, respectively (cut-off = 542.5 ng/L).
The positive expression rate of VEGF-C was significantly
higher in cancerous than in normal tissues (65% vs
20%; P = 0.001). VEGF-C expression up-regulation was
significantly related to differentiation, depth of invasion,
LNM, distant metastasis, and pTNM stage (P = 0.000).
LVD was 10.7 ± 3.1/200 HP in the experimental group
vs 4.9 ± 1.3/200 HP in controls (P = 0.000); LVD in
cancerous tissues with and without LNM was 12.0 ±
2.7/200 HP vs 7.6 ± 0.5/200 HP, respectively (P = 0.000).
SVEGF-C and LVD were significantly higher in VEGF-C
positive than in negative patients (P = 0.000); SVEGF-C
level was related to LVD (P = 0.000). Kaplan-Meier
www.wjgnet.com

survival analysis factors predicating poor prognosis were:
SVEGF-C level (P = 0.001), VEGF-C expression and LVD
(both P = 0.000).
CONCLUSION: SVEGF-C level, VEGF-C and LVD are
related to LNM and poor prognosis of patients with
gastric cancer. SVEGF-C may be a biomarker for LNM in
gastric cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Vascular endothelial growth factor (VEGF) is involved
in the neoangiogenesis of solid tumors [1,2] . VEGF-C
is a member of the VEGF family that can induce
lymphangiogenesis, a critical factor in the progression
of many malignant tumors[3-6]. Although the mechanism
of lymphangiogenesis and the role of the new lymphatic
vessels remain unclear, experimental studies indicate
that lymphangiogenic factor VEGF-C may stimulate
lymphangiog enesis [7-9] . Several re por ts have also
demonstrated a relationship between VEGF-C expression
and lymph node metastasis (LNM) in many cancers,
including gastric cancer, oral squamous cell cancer,
squamous cell cancer of the esophagus, and non-small cell
lung cancer[10-13]. Kitadai et al[14] reported that podoplanin
is a specific antibody for lymphatic vessel density (LVD),
suggesting that LVD correlates with the clinicopathological
factors of patients with gastric cancer. Our research has
also shown that podoplanin can be used to identify LVD
and lymphangiogenesis is related to LNM of colorectal
cancer[15].
In a study of patients with lung cancer, Tamura et al
reported that circulating SVEGF-C levels may provide
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additional information to distinguish between the absence
and presence of LNM[16]. Other studies have shown that
the SVEGF-C level was higher in patients with cervical
cancer than in healthy controls, however, the higher levels
did not correlate with LNM[17,18]. In patients with nonsmall cell lung cancer, both the assay of SVEGF-C, matrix
metalloproteinase-9, VEGF and CT examination has
been shown to be a clinically useful indictor to predict the
presence of LNM[19, 20].
To date, few studies have demonstrated whether
SVEGF-C level, VEGF-C expression and LVD in tumor
tissues indicate the presence of LNM and can predict
survival of patients with gastric cancer. In this study, we
investigated the circulating level of SVEGF-C, VEGF-C
expression and LVD to determine whether they indicate
prognosis in patients with gastric cancer.

MATERIALS AND METHODS
Patients and tumor samples
From October 2002 to October 2003, 80 patients (54 men
and 26 women) with a mean age of 57.1 years (± 16.3
SD; range 19-87 years) underwent radical gastrectomy
for gastric cancer in the third and first affiliated hospitals
of Sun Yat-Sen University. The paraffin embedded
specimens of these 80 gastric cancers and 20 normal
gastric tissue specimens were collected. Of the 80 gastric
cancer specimens, 9 were fungating, 61 ulcerative, and 10
infiltrating; 30 were well differentiated adenocarcinomas,
6 moderately differentiated, and 44 poorly differentiated.
The invasive depths were: 7T1, 29T2, 36T3 and 8 T4.
LNM was found in 58 cases, and 11 patients had distant
metastasis. The patients were staged according to
surgical and pathological findings using the UICC TNM
classification: 19 in stageⅠ, 13 in stage Ⅱ, 36 in stage Ⅲ,
and 12 in stage Ⅳ. Seventy-eight patients followed up for
at least 8 mo (mean 37.1 mo; range 8-49 mo) either by
telephone or mail. Informed consent was obtained from all
of the patients. Twenty patients with benign gastric disease
cases served as a control group.
Blood SVEGF-C level assay with ELISA
Peripheral venous blood samples were collected
according to standard hospital procedure. Serum tubes
were centrifuged at 3500 r/min for 10 min at 4℃ and
then were separated and stored at -70℃. The SVEGF-C
level was deter mined using a quantitative sandwich
enzyme immunoassay technique (Bender MedSystems,
MedSystems Diagnosis, Vienna, Austria) according to the
manufacturer's guidelines. The system uses a solid phase
monoclonal antibody and an enzyme-linked polyclonal
antibody against recombinant human VEGF-C. For each
analysis 100 µ L of serum was used. All analyses and
calibrations were performed in duplicate. The recombinant
human VEGF-C standards were measured to form a
standard curve. Results were expressed in ng/L. The
coefficient of variation of interassay determinations
reported by the manufacturer was < 5.0%. The limits of
sensitivity of the VEGF-C assay were 46.9 ng/L.
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A

B

Figure 1 VEGF-C (A) and podoplanin (B) expression in gastric cancer (S-P, × 200).

VEGF-C and podoplanin expression
Specimens were fixed in a 10% formaldehyde solution
and embedded in paraffin. Sections 4 μ m thick were
cut and mounted on glass slides. Immunohistochemical
staining was performed using the avidin-biotin method.
The podoplanin antibody, rat anti-VEGF-C monoclonal
antibody, rat SP and DAB kits were provided by Beijing
Zhongshan Biotechnology Co., LTD.
The formalin-fixed, paraffin-embedded 4 μm tissue
sections were deparaffinized with xylene, dehydrated in
ethanol, and incubated with 3% hydrogen peroxidase
for 5 min. After being washed with phosphate buffered
saline (PBS), tissue sections were incubated in 10%
nor mal bovine ser um for 20 min, followed by an
overnight incubation with podoplanin (1:100) or antiVEGF-C (1:150) antibody. Biotinylated goat antimouse
immunoglobulins were used as secondary antibodies.
Peroxidase-conjugated avidin was used in a dilution of
1:500. Finally, 0.2 g/L diaminobenzidine and 10 mL/L
hydrogen peroxide in PBS were used as the substrate.
Specimens positive for podoplanin and VEGF-C were
used as positive controls and with the first antibody
substituted by PBS as negative controls.
Brown granules in the cytoplasm of a tumor cell were
considered indicative of a positive cell. For the evaluation
of VEGF-C expression, immunostaining was classified
into two groups, corresponding to the percentage of
immunoreactive cells. The cut-off point to distinguish
negative from positive expression was 30% (Figure 1A).
LVD was deter mined based on brown staining of
endothelial cells with podoplanin under a 200-fold light
microscope field. Any single brown stained cell or cluster
of endothelial cells that was clearly separated from the
adjacent microvessel, was considered a lymphatic vessel
(Figure 1B). A mean lymphatic vessel of 4 different hot
regions was regarded as the LVD of the specimen. Two
pathologists who were blinded to data did the observation.
The average of microvessels with FVIIIRag staining in 10
hot regions was calculated as MVD.
Statistical analysis
The Chi-square test or Fisher exact test was used to
compare the categorical variables. The Student t test
was used to analyze continuous variables. Pearson’s rank
correlation test was used to determine the relationship
between SVEGF-C level and LVD. The cut-off value
of SVEGF-C level to determine LNM was established
according to ROC curve. Kaplan-Meier survival analysis
was used to estimate survival time and the long-rank
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Table 1 Relationship between SVEGF-C level, expressions of
VEGF-C and LVD and pathological features of gastric carcinoma
mean ± SD
Pathological
characteristics

n

Differentiation degree
G1+G2
36
G3
44
Depth of invasion
T1+T2
36
T3+T4
44
LNM
Yes
58
No
22
Distant metastasis
Yes
11
No
69
pTNM stage
32
Ⅰ+ Ⅱ
48
Ⅲ+ Ⅳ

SVEGF-C
(ng/L)

VEGF-C
+
-

LVD(/200HP)

427.9 ± 130.0
733.4 ± 130.0c

9
41

27
3a

7.9 ± 0.9
13.1 ± 2.2c

536.1 ± 227.4
644.9 ± 161.5a

14
36

32
8c

9.8 ± 2.8
11.5 ± 3.2b

650.9 ± 198.6
451.0 ± 115.5c

46
4

12
18c

12.0 ± 2.7
7.6 ± 0.5c

834.3 ± 80.0
558.0 ± 187.0c

10
40

1
29c

14.0 ± 1.2
10.2 ± 3.0c

412.5 ± 130.0
718.2 ± 134.4c

7
43

25
5c

7.7 ± 0.9
12.7 ± 2.4c

a

P < 0.05
differentiation degree of G1 + G2 group and invasion depth of
T1 + T2 group; bP < 0.01 vs invasion depth of T1 + T2 group; cP < 0.001 vs
differentiation degree of G1 + G2 group, invasion depth of T1 + T2 group,
LNM group, distant metastasis group and pTNM stage ofⅠ+ Ⅱ group.

test was used to compare the differences in it. Statistical
analyses were perfor med using the SPSS software
(SPSS 11.5, SPSS Inc., Chicago, IL, USA). Results were
considered statistically significant at P < 0.05.

RESULTS
SVEGF-C level, expression of VEGF-C and LVD in gastric
cancer
The SVEGF-C level was significantly (P = 0.000) higher in
patients with gastric cancer (595.9 ± 201.0 ng/L) than in
healthy donors (360.0 ± 97.4 ng/L). With a cut-off value
for SVEGF-C of 367.5 ng/L, the sensitivity and specificity
for diagnosis of gastric cancer patients was 85% and 80%,
respectively (P = 0.000). VEGF-C positive expression was
significantly (P = 0.001) higher in gastric cancer tissue (50/80)
than in normal gastric tissue (4/20), There was significantly
(P = 0.000) more LVD in the experimental group (10.7 ±
3.1/200 HP) than in control subjects (4.9 ± 1.3/200 HP).
SVEGF-C level, VEGF-C expression, and LVD
were associated with the clinicopathologic features of
gastric cancer (Table 1). The level of SVEGF-C reached
the highest sensitivity (82.8%) and specificity (81.8%) in
diagnosis of LNM when a cut-off value of 542.5 ng/L
was used (P = 0.000).
The SVEGF-C level was significantly (P = 0.000)
higher in VEGF-C positive patients (675.4 ± 153.9 ng/L)
than in negative patients (463.5 ± 200.4 ng/L). There was
a positive correlation between SVEGF-C and LVD (r =
0.728, P = 0.000). LVD in VEGF-C positive and negative
groups was 12.2 ± 2.8/200 HP and 8.3 ± 2.0/200 HP,
respectively (P = 0.000).
Correlation between SVEGF-C level, VEGF-C and LVD and
patient survival
In this study, the 3-year survival rate was 56.3%. The
mean survival of patients with high (> 595.9 ng/L)
www.wjgnet.com
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Figure 2 Kaplan-Meier survival curves in gastric cancer SVEGF-C, LVD and
VEGF-C groups. A: SVEGF-C; B: LVD; C: VEGF-C.

SVEGF-C and low (< 595.9 ng/L) SVEGF-C was 29.1
± 13.3 mo and 44.0 ± 4.6 mo, respectively (P = 0.001;
Figure 2A). Patients in the high (> 10.7/200 HP) LVD
group had a mean survival of 27.4 ± 12.6 mo, while
the mean survival time in low (< 10.7/200 HP) LVD
group was 44.7 ± 3.1 mo (P = 0.000; Figure 2B). The
mean survival time was shorter in the VEGF-C positive
expression group than in the negative expression group
(33.8 ± 13.3 mo vs 42.6 ± 7.4 mo, P = 0.000; Figure 2C).

DISCUSSION
VEGF-C, a member of VEGF family, is known to bind to
vascular endothelial growth factor receptor-3 on lymphatic
endothelial cells and promote lymphangiogenesis[1-3]. Several
studies have found that in many cancers, the positive
expression of VEGF-C is higher in tumor tissue than in
normal tissue and higher in positive LNM groups than in
negative ones[9-12]. Arinaga et al[13] have shown that patients

Wang TB et al . SVEGF-C and LVD in gastric cancer

with non-small cell lung cancer and positive staining for
VEGF-C had unfavorable survival rates. Our early research
showed that VEGF-C expression was stronger in colorectal
cancer tissue than in normal colorectal tissue and that
there was a relationship between VEGF-C expression
and LNM [15]. The higher rate of VEGF expression in
cancerous tissue in the present study clearly demonstrates
that VEGF-C over-expression exists in gastric cancer.
This study also shows that VEGF-C expression is related
to the clinicopathologic features of gastric cancer. These
results strongly indicate that VEGF-C may promote lymph
metastasis and progression of gastric cancer. VEGF-C
produced from cancer cells may increase the expression
of vascular endothelial growth factor receptor-3 on the
lymphatic endothelial cells and promote the formation
of new lymphatic vessels. The present study indicates
that positive expression of VEGF-C in tumor tissue is an
unfavorable factor for the survival of gastric cancer patients.
This is consistent with other studies indicating that VEGF-C
expression is an independent factor in the prognosis of
patients with gastric cancer[21-23]. Given these data, it is
reasonable to assume that a high expression of VEGF-C
may be a biomarker for the development of gastric cancer
and may predict unfavorable survival rates in patients with
this malignancy.
In the present study, the SVEGF-C level is higher in
patients with gastric cancer than in healthy controls, which
is consistent with results from studies in patients with
other cancers, including lung, esophageal, and colorectal
cancer [16,24,25]. Tamura et al [16] found that the SVEGF-C
level was higher in patients with non-small cell lung cancer
with LNM than in the those without. Similarly, KrzystekKorpacka et al[21] observed that SVEGF-C was a biomarker
of LNM in esophageal cancer and Ichikura et al found that
patients with colorectal cancer with LNM had a higher
SVEGF-C level than those without LNM [22]. Another
study, however, conducted in patients with advanced
cer vical cancer did not show a correlation between
pretherapeutic levels of VEGF-C and LNM[18]. It has been
suggested that circulating VEGF-C level might provide
additional information to distinguish between the absence
and presence of LNM in patients with cancer. We found
that SVEGF-C was related to VEGF-C expression in
patients with gastric cancer. Mathur et al[17] reported similar
results in patients with cervical cancer. To the best of our
knowledge, however, this is the first report identifying
SVEGF-C level as a marker for LNM and an unfavorable
factor for the prognosis of patients with gastric cancer.
Neogenesis of lymphatic vessel and lymphatic invasion
is frequently found in the stroma of cancers, while the
presence and role of intratumoral lymphatic vessels
have been controversial. In an earlier study, we found
that LVD was higher in cancerous colorectal tissue than
in normal specimens and a significant correlation with
the pathological features of the disease[15]. The present
study demonstrates similar results in gastric cancer, and
LVD was higher in patients with LNM than without
and higher in the VEGF-C positive group than in the
VEGF-C negative group. We also found a significant
correlation between SVEGF-V level and LVD, and that
LVD predicated a poorer prognosis of patients with
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gastric cancer. Previous research has already demonstrated
that LVD is correlated with LNM in human gastric
carcinoma[14]. Skobe et al[26] demonstrated the occurrence
of intratumoral lymphangiogenesis within human breast
cancers and Munoz-Guerra et al[27] documented a strong
association between LVD and loco-regional recurrence in
patients with oral cancer. Kitadai et al[14] reported that LVD
in patients with gastric cancer was significantly higher in
those with LNM, and the high LVD was highly correlated
with VEGF-C expression, while Massi et al[28] reported that
LVD was significantly higher in melanomas with LNM
metastasis than in non-metastatic melanomas. However,
there has been controversy about the number and role
of LVD in malignant diseases. Brundler et al[29] showed
that LVD was significantly reduced in adenocarcinoma,
being half that in the nor mal stomach. In prostate
adenocarcinoma, LVD was significantly lower than the
peritumoral and normal prostate, and was not significantly
different between patients with and without LNM[30]. Massi
et al[28] found that peritumorous LVD was an independent
variable affecting overall survival.
In summary, SVEGF-C level, VEGF-C expression
and LVD in gastric cancer may be prognostic parameters
to identify patients with poor outcome. Preoperative
SVEGF-C level might be a useful biomarker for judging
the presence of LNM in patients with gastric cancer.

COMMENTS
Background

There are few studies which demonstrated simultaneously whether serum vascular
endothelial growth factor-C (SVEGF-C) level, VEGF-C expression, and lymphatic
vessel density (LVD) indicate LNM and whether this influences the survival of
patients with gastric cancer. The authors investigated the lymphangiogenesis
factor to determine if it was related to the progression and prognosis of patients
with gastric cancer.

Research frontiers

To date, the mechanism of lymphangiogenesis and role of new lymphatic vessel
have been unclear. Many studies indicated that lymphangiogenic factor VEGF-C
could stimulate lymphangiogenesis. Some reports indicated that LVD was related
to the clinicopathological features in many cancers. It has also been reported,
although controversially, that circulating SVEGF-C level may provide additional
information for distinguishing between the absence and presence of LNM in
patients with cancer.

Innovations and breakthroughs

In the present study, the authors examined SVEGF-C, VEGF-C expression and
LVD in gastric cancer using ELISA and immunohistochemical staining. It was
found that not only SVEGF-C but also VEGF-C expression and LVD in tumor
tissues were related to LNM and survival of patients with gastric cancer. These three
factors in gastric cancer have been investigated simultaneously for the first time.

Applications

The results of the present study show that SVEGF-C level, VEGF-C expression,
and LVD in tumor tissue are related to both progression and prognosis of patients
with gastric cancer. These findings may help understand, to some degree, the role
of lymphangiogenesis in this malignant disease. All the three parameters could
provide information on the development and prognosis of patients with gastric
cancer. And preoperatively high SVEGF-C level might be a biomarker for the
occurrence of LNM in gastric cancer.

Terminology

Lymphangiogenesis: the mechanisms of lymphatic vessel formation. The lymphatic
vasculature is important for transporting macromolecules from the interstitial
www.wjgnet.com
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space. The LNM of malignant tumors is perhaps based on the dissemination of
tumor cells via the lymphatic vessels. Studies showed that Prox-1, VEGF-C and
VEGF-A are required for the budding and sprouting of lymphatic vessels. Currently,
the exact mechanism of lymphatic formation is unclear.

15
16

Peer review

Wang and coworkers looked at serum VEGF-C and lymphatic vessel density in
gastric cancer, and found a positive correlation both with lymph node metastasis
and poor prognosis of the patients with gastric cancer. The paper is of some
interest and importance.
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Abstract
AIM: To clone human liver special F protein and to
express it in a prokaryotic system.
METHODS: Total RNA was isolated from human liver
tissue and first-strand cDNA was reverse transcribed
using the PCR reverse primer. Following this, cDNA of
the F protein was ligated into the clone vector pUCm-T.
The segment of F protein’s cDNA was subcloned into the
expression vector pET-15b and transformed into E. coli
BL21 (DE3) pLyss. Isopropy-β-D-thiogalactoside (IPTG)
was then used to induce expression of the target protein.
RESULTS: The cDNA clone of human liver special
F protein (1134bp) was successfully produced, with
the cDNA sequence being published in Gene-bank:
DQ188836. We confirmed the expression of F protein
by Western blot with a molecular weight of 43 kDa. The
expressed protein accounted for 40% of the total protein
extracted.
CONCLUSION: F protein expresses cDNA clone in a
prokaryotic system, which offers a relatively simple
way of producing sufficient quantities of F protein and
contributes to understanding the principal biological
functions of this protein.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
F protein was first isolated from mouse liver by Fravi and
Lindenmann in 1968 [1]. This particular protein can be
divided into F1 and F2[2]. Liver disease is the most serious
disease impairing public health. Although there are many
diagnostic methods to estimate the severity of injury to
the liver, none has been demonstrated to be completely
reliable. It is therefore necessary to develop serological
test methods that can precisely predict the degree of
damage to liver. F protein is mainly concentrated in
hepatic cytoplasm where its expression is 1370-fold higher
than in serum. However, when liver cells are damaged,
F protein is released to increase its serum concentration.
It is therefore possible to establish a correlation between
the concentration of serum F protein and the degree of
hepatocellular damage.
Using affinity-based purification techniques, Oliveira
and colleagues[3,4] were the first to describe the existence
of F protein in mammalian cells. F protein is a substance
within the liver that identifies organ specificity and genus
non-specificity. A large amount of F allelic protein exists
in the liver of rats. Even though its biological function
is unclear, it is thought to be responsible for immune
tolerance and immune response observed in rats following
transplantation[5-11].
At present, only a few laboratories have begun to
elucidate the proper biological function of F protein[5,6,10].
Indeed, no database contains the cDNA sequence of
human variant of F protein. Here, we describe the cloning
and expression of human F-protein from cDNA prepared
from human liver[12].

MATERIALS AND METHODS
Materials
Clone receptor E. coli DH5a was purchased from Dalian
BAO and kept in our laboratory. Clone vector pUCm-T
was purchased from Shanghai Shenggong Company. The
expression vector pET-15b was provided by Professor Lu
Yichen. AMV RNA reverse transcriptase, endonuclease
BamHI, EcoRⅠ, NdeI, Taq DNA polymerase (EX -Taq
premix), X-gal, isopropy-β-D-thiogalactoside (Pharmacia),
DL2000 DNA marker, DL15 000 DNA maker, λDNA/
EcoRⅠ + Hind Ⅲ were all purchased from Dalian
BAO. The primers used for PCR were synthesized by
Beijing AOKE. Ampicillin was purchased from Huamei
and chloramphenicol was purchased from Beijing
DINGGUO.
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Figure 1 Total RNA isolated from
liver tissue of human.
28 s
18 s

1

2000 bp

2

Volume 13
3

Number 12

Figure 2 Gel-PAGE of
PCR products. Lane 1:
DL-2000 marker; lane 2:
PCR reactive product; lane
3: blank control.

1000 bp
750 bp
500 bp

5s

250 bp
100 bp

Isolation of human liver special F protein cDNA
Isolation and detection of total RNA from human
liver: RNA was extracted from approximately 0.4 g of
fresh liver tissue using 4 mL Trizol® reagent. The purity
and integrity of RNA obtained were determined by agar
gel electrophoresis.
RT-PCR amplification of human liver F protein
cDNA: Using the cDNA sequence of rat F protein from
Gene-Bank, primers were designed to amplify the cDNA
of F protein by RT-PCR. The forward primer sequence is
5’ P-TCC AGA CCT CAC ACCGTT-3’ and the reverse
primer sequence is 5’-TCC AGA CCT CAC ACC GTT-3’.
Prior to amplifying the template RNA, cDNA was
produced by reverse transcription at 42℃ for 60 min, and
at 94℃ for 5 min. The products were then amplified for
35 cycles at 94℃ for 5 min, at 94℃ for 30 s, at 55℃ for
30 s, at 72℃ for 1.5 min, and a final extension at 72℃ for
10 min. The PCR products were then analyzed by agarose
gel electrophoresis[13].
Insertion of F gene clone into T-carrier: The PCR
products of F protein were dissolved in 6 μL of sterilized
water under an ultra-violet lamp. DNA fragments were
incorporated into the pUCm-T vector using a T4 DNA
ligase at 16℃ overnight.
Transformation and identification of recombinant
bacteria: Calcium chloride treatment rendered DH5a
bacteria competent for uptake of the pUCm-T vector.
Colonies positive for the exogenous gene were screened
using the blue–white patch method, then isolated and
named pUCm-T-F. Isolated colonies were digested with
NdeI and BamHI and sequenced in Shanghai Shenggong
Company with ABI PRISM 377-96.
Expression, purification and detection of human liver
special F protein
Construction of expression vector: Plasmid pUCm-T-F
was digested using NdeI and BamHI and ligated with the
vector overnight at 16℃. Following this the recombinant
plasmid was transformed into E. coli, BL21 (DE3) pLyss.
The transformed bacteria were selected base on ampicillin
and chloramphenicol resistance. Recombinant plasmids
were analyzed to confirm possession of vector and termed
pET15b-F.
Expression of F protein in bacterial strain: BL21 (DE3)
pLyss containing plasmid pET15b-F was grown overnight
in LB media at 37℃ until the OD was between 0.4 and 0.6.
At this time point, IPTG (1 mmol/L) was added to the
www.wjgnet.com

media and maintained at 37℃ for 3 h. Culture media were
isolated and expressed proteins were analyzed by Western
blot. The blank strain BL21 (DE3) pLyss containing no
pET15b-F expression plasmid and the strain containing
the blank vector pET-15b (i.e no F-protein) were used as
controls.
Purity of expressed protein: Following precipitation
and centrifugation the protein was purified by using a Nicharged IDA agarose affinity chromatography column.
Detection of expressed protein SDS-PAGE: Electrophoresis and Western-blot were used to analyze the
expression of all proteins obtained in this study.

RESULTS
Isolation of gene clone
Gel-PAGE of total RNA from human liver tissue:
Following isolation of RNA, its integrity and purity were
confirmed by agar gel electrophoresis.
As can be seen in Figure 1, lines corresponding to 28s
and 18s rRNA bands gave a ratio of 2:1 for 28S and 18S,
indicating that no degradation of RNA occurred.
RT-PCR: The isolated RNA was then subjected to
RT-PCR with amplified DNA measured by agar gel
electrophoresis. The marker used is DL-2000, each strip
correlated 2000 bp, 1000 bp, 750 bp, 500 bp, 250 bp, 100
bp in the electrophoresis diagram.
As can be seen from Figure 2, the PCR product was
approximately 1.2 kbp, similar to the size of rat F protein
as published in Gene Bank.
Construction of clone vector (pUCmT-F)
The PCR products were separated on agar gel, extracted,
purified and ligated with the pUCm-T vector (Figure 3).
The plasmid vector was then digested using NdeΙ and
BamHΙ and detected on agarose gel in order to analyze
fragment sizes (Figure 4).
The empty vector of pUCm-T was 2773 bp with PCR
product being 1177 bp. Therefore, when digested with
BamHI, there should be a fragment of 3950 bp. From the
polyclonal site of the pUCm-T vector, the BamHI enzyme
digestion site was 14 bp downstream of the PCR product
insertion place. The EcoR1 site was 84 bp downstream of
the PCR product insertion point. Therefore, as can be seen
from Figure 4, when both BamHI and EcoR1 were used,
fragments of 2675 bp and 1275 bp could be obtained.
Sequencing results: The sequencing results were against
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6894 bp

Figure 5 Construction of expression vector.

that of rat F-protein in Genebank with homology to the
sequence of human F-protein, confirming the obtained
cDNA clone of human liver F protein.
Expression, purification and detection of F protein
Construction and identification of expression vector:
The expressing vector was digested using NdeΙ and BamHΙ,
then ligated with the cDNA fragment of F protein (1.3kb).
After analysis through digestion, the expression vector was

termed pET15b-F (Figure 5).
Digestion and identification of expression vector: The
expression strain BL21 (DE3) pLyss contains two plasmids,
one is the expression vector pET15b-F and the other is a
helper plasmid. Following isolation of these plamids from
the expression strain, they were digested with HindⅢ.
Running the digestion products in an agarose gel revealed
two bands (Figure 6), one (6891 bp) corresponding to the
expression vector containing the exogenous gene encoding
for F-protein, the other (5000 bp) to the helper plasmid
pLyss. Double digestion (using BamHI and NdeI) of the
helper plasmid again yielded a single band as expected
whereas double digestion of the expression vector yielded
2 bands, one corresponding to the cDNA of F protein
and the other to the cloning vector.
Expression of F protein: After expression of F-protein
www.wjgnet.com
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Figure 7 SDS-PAGE of pET15b-F under experimental conditions. Lane 1: low
molecular weigh protein marker; lane 2: all strains of proteins after inducing
the expression vector pET15b-F containing the exogenous gene by IPTG;
lane 3: inclusion body precipitation by cleavage after inducing the expression
strain containing the exogenous gene; lane 4: supernatant by centrifugation
after inducing the expression strain containing the exogenous gene; lane 5: all
proteins from strains not induced by IPTG containing the exogenous gene; lane 6:
expression of proteins induced by IPTG containing no exogenous F protein gene;
lane 7: expression of proteins induced by IPTG in a blank strain containing no
expression vector.

Figure 9 Electrophoresis of target protein in all expressed and purified strains
Lane 1: low molecular weight marker; lane 2: whole bacteria induced protein;
lane 3: inclusion body precipitation after cleavage and centrifugation; lane 4:
supernate from all strains cleaved and centrifuged; lane 5: whole bacterial protein
not induced; lane 6: expression strain containing induced blank vector (pET15b);
lane 7: induced expression of proteins not containing the expression vector; l8:
electrophoresis of the target protein taken out from the gels.
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Figure 8 SDS-PAGE of target protein in purity process. Lane 1: protein induced
from bacteria; lane 2: inclusion body precipitation of all bacteria after cleavage and
centrifugation; lane 3: dissolved inclusion granule after preliminary purification;
lane 4: rough protein eluted by affinity chromatography; lane 5: chromatography
effluent before the target protein was eluted; lane 6: first pipe of aim effluent; lane 7:
second pipe of aim effluent; lane 8: last pipe of aim effluent; lane 9: blank control
(the blank strain containing no expression vector).

Figure 10 Western-blot of purified human liver F protein. Lane 1: low molecular
weight marker; lane 2: precipitation of inclusion granule cleavage; lane 3: inclusion
granule dissolved by carbamide; lane 4: supernatant of expression strain after
cleavage and centrifugation; lane 5: expression of strain not induced; lane 6:
protein of induced expression strain containing the blank vector (pET-15b, not
containing exogenous gene F); lane 7: whole proteins of induced blank expression
strain not containing the expression vector; lane 8: protein purified by a His-tag
column; lane 9: Western-blot result of purified human liver F protein.

antibody against human liver F-protein (Figure 10).
was induced using 1 mmol/L IPTG, the media were
subjected to centrifugation in order to collect all secreted
proteins, which were then analyzed using SDS-PAGE
(Figure 7). The collected proteins were then purified using
a Ni-charged IDA affinity chromatography column and
the purified proteins were detected by SDS-PAGE (Figure 8).
As can be seen from Figure 8, there was a substantial
amount of rough protein in the preparation prior to
purification by chromatography. Following this purification
step, pure F protein was obtained.
Electrophoresis of target protein in all expressed
and purified strains: The purified target proteins,
expression strain, blank control and protein marker were
put into SDS-PAGE to detect the size of target protein by
electrophoresis. Figure 9 shows 43 kDa of target F protein
band.
Wester n blot analysis of F-protein: Western blot
showed strong immunoreactivity by using a polyclonal
www.wjgnet.com

DISCUSSION
Since liver specific F protein was isolated in 1960s[1], it
has been used in the diagnosis of hepatic diseases and in
judging the degree of hepatocellular damage. Serum F
protein has been shown to have a close correlation with
the degree of hepatocellular damage[2-4], thus representing
a new sensitive and specific serologic marker which could
reflect the degree of hepatic damage. No age or sex-related
differences have been found in serum F protein levels. Use
of serum F protein as a tool to identify liver damage is of
great importance[1-4,14].
The impor tance to study F-protein function is
highlighted by reports describing it as an organ specific
antigen[4]. It has been previously demonstrated that liver
F protein is directly involved in the immunorejection of
liver transplants in rats[10,15]. Thymus inoculation of liver F
protein has been shown to alleviate the rejection of liver
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transplants, demonstrating that F-protein is an important
antigen against transplantation[10,15]. Due to the difficulties
in separating and purifying tissue cells, the study of tissue
specific antigenicity in this regard has been hindered.
As studies on the expression and distribution of liver F
protein are limited, it is difficult to perform a detailed
analysis of its function. The Mrs of F protein have been
reported to be 40 kDa-45 kDa[16], which is possibly due to
the differences in techniques used to isolate F protein[16].
Due to the difficulties in obtaining sufficient amount of F
protein, it is difficult to show its proper biological function.
At present there are no published studies on the
clone of human liver F-protein gene. No corresponding
gene sequence has been reported. Due to the similarity
between the genes of rodents and humans and the fact
that no published sequence of human liver F-protein is
available, we used the published rodent gene sequence
to design 10 pairs of forward primers and reverse
primers. We subsequently applied them to the RNA
isolated from human liver tissue. The cDNA obtained
from the subsequent RT-PCR was then subjected to
PCR amplification with products analyzed by agarose
gel electrophoresis. The 10 pairs of forward primers and
reverse primers are as follows:
1 F primer: 5’-CGG CAT ATG TAC TGG GAC
AAA GGA CCA AAG CCT GAG AGA-3’
R primer: 5’-TCC AGA CCT CAC ACC GTT
GGT CTC CAG-3’
2 F primer: 5’-CTG GAT CCG GAG GTT TGA
CTA AGA TCA ATC A-3’
R primer: 5’-GCG AAT TCT GGA TCT GGG
ACT TCT TCT TG-3’
3 F primer: 5’-CTG GAT CCG GTG CAC ACG
GAA TAT AGC TC-3’
R primer: 5’-GCG AAT TCT TTA ATC GGG
AGG GCT GGA-3’
4 F primer: 5’-TAT CAT ATG GTA CTG GGA
CAA AGG ACC AAA GCC T3’
R primer: 5’-TAT GGA TCC CAT CTG GGA
AGG CAT CTT TAC TCC A3’
5 F primer: 5’- CAG GCT GCC TCC TTC TAT TG-3’
R primer: 5’- CAG GTG GTC ACC CAT CTC
TT-3’
6 F primer: 5’-AAG AGA TGG GTG ACC ACC TG-3’
R primer: 5’-AGC ACA GCG AAC TTC ACC
TT-3’
7 F primer: 5’-GTA CTG GGA CAA AGG ACC
AAA GCC-3’
R primer: 5’- GAT CTG GGA AGG CAT CTT
TAC TCG –3’
8 F primer: 5’-TCC CTG GAA CAA GAG ATG
G-3’
R primer: 5’-AGC ACA GCG AAC TTC ACC T-3’
9 F primer: 5’-AAG AGA TGG GTG ACC ACC
TG-3’
R primer: 5’-TTC ACC TTC CCG AAT TTG
TC-3’
10 F primer: 5’-TCC CTG GAA CAA AGA GAT
GG3’
R primer: 5’-TTC ACC TTC CCG AAT TTG TC3’
Using these primers we found that only certain primer
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sequences could result in amplification. Therefore, we
selected the pair of forward and reverse primers to inverse
transcript and amplify human liver F-protein cDNA
resulting in RT-PCR products of 1200 bp.
As the size of the cDNA is so large, after ligating
the DNA with the cloning vector a certain number of
base mutations occurred. In order to correct them, the
following primers were designed to repair these mutations:
1 F primer: 5’-CATATCCTACTGGGACAAAG -3’
R primer: 5’-CTTGATGACATGACTGACCACCTC-3’
2 F primer: 5’-TGGTCAGTCATGTCATCAAGCAA
GGG-3’
R primer: 5’-TTCCCTCAAGTGGCGGATCGTT
GTG-3’
3 F primer: 5’-CGATCCGCCACTTGAGGGAACG
AC-3’
R primer: 5’-GGATCCGATCTGGGAAGGCATC-3’
Finally, it was possible to isolate the PCR products with
these three pairs of primers and we used the 1 up stream
and the 3 down stream as the primers to amplify the whole
sequence. After ligating the PCR products with the cloning
vector, the sequencing results from PCR confirmed
isolation of the target gene.
In order to optimize protein expression, we carried out
experiments under certain conditions that may influence
the expression of F protein. The optimal exogenous
protein expression occurred with an E. coli OD600 value of
0.3-0.5 when E. coli was in a state of logarithmic growth.
In this particular stage the expression of proteins could be
influenced by exogenous factors that may promote protein
expression. If the OD600 value exceeds 0.6, the growth of E.
coli enters the telophase stage whereby a number of factors
can negatively influence protein expression, including
accumulation of toxic products such as organic aids, H2O2
and decreased pH. Essentially, bacterial reproduction
decreases while their mortality increases, so the ability to
express exogenous protein significantly decreases. In the
exponential growth phase, protein expression is induced
by IPTG at the concentration of 0.8-1.2 mmol/L. If the
concentration range of IPTG exceeds 0.8-1.2 mmol/L, it
promotes maximum protein expression in a period of 5
h. In summary, the optimal experimental conditions for
inducing maximum expression of proteins were as follows:
E. coli optimum concentration is OD600 = 0.5, Optimum
concentration of inducer IPTG is 1.0 mmol/L, and
Optimum time is 5 h.
Following submission of the gene sequence of human
liver F protein cDNA to GENEBANK (the submission
number was DQ188 836), we proceeded to blast the
sequence and discovered a 99% sequence homology
between human and rat liver F-protein. The bases at 179,
830 and 1133 of human liver F-protein gene sequence was
G, T, A and the corresponding base sequence of rat liver
F-protein gene sequence was A, C, T, respectively.
Western-blot analysis of the obtained protein revealed
that its molecular weight is in agreement with the published
molecular weight of human liver F-protein (approximately
43 kDa). Therefore, we could express F-protein and
confirm its identity in a prokaryotic system, thus laying
a foundation for subsequent studies on elucidating the
proper biological function of F-protein.
www.wjgnet.com
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In conclusion, we report the isolation of total RNA
from the rat liver obtaining the intact sequence of F
protein cDNA through reverse transcription. The PCR
products can be cloned into pUCm-T, confirming that
the cloned fragment is identical to that of the rat liver
F-protein mRNA sequence. F protein is expressed in an
E.coli expression system. Furthermore, the protein has the
same immune specialty as human liver F protein.
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Abstract
AIM: To examine the epidemiology of hepatitis B virus
carrier status (HBVC) and sonographic fatty liver (SFL)
in Taiwanese adults, and to evaluate their possible
interaction in inducing liver damage (LD). From an
epidemiological viewpoint, we analyzed previous studies
which indicated that fatty liver sensitizes host immune
response to HBV infection and enhances liver damage.
METHODS: A cross-sectional retrospective analysis
of health records including medical history, physical
examination, abdominal sonogram, blood biochemistry
and hepatic virological tests. We utilized the Student’
s t -test, chi-square, multivariate logistic regression and
synergy index to assess risks for LD.
RESULTS: Among a total of 5406 Taiwanese adults
(mean age 46.2 years, 51.5% males), the prevalence
of LD, HBVC and SFL were 12.3%, 15.1% and 33.4%,
respectively; 5.1% of participants had SFL plus HBVC.
Multivariate logistic regression analysis demonstrated that
male gender (odds ratio (OR) = 2.8, 95% confidence
interval (CI): 2.3-3.5), overweight state (OR = 1.6, 95%
CI: 1.3-2.0), HBVC (OR = 2.5, 95% CI: 2.0-3.1) and
SFL (OR = 4.2, 95% CI: 2.2-5.3) were independently
associated with LD. Synergism analysis showed that the
adjusted OR for LD in adults with HBVC-alone was 3.3
(95% CI: 2.4-4.6), SFL-alone, 4.7 (95% CI: 3.7-6.1) and
combined HBVC and SFL, 9.5 (95% CI: 6.8-13.3); the
synergy index was 1.4 (95% CI: 1.001-2.0).
CONCLUSION: In Taiwanese adults, SFL plus HBVC
have a significant synergistic association with LD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Fatty liver and hepatitis B virus (HBV) infection are important causes of liver damage (LD)[1-3]. However, only
limited data is available on the interaction of these two risk
factors in inducing liver damage.
Fatty liver, termed histologically as hepatosteatosis,
refers to an accumulation of fat in the hepatocytes. Fatty
liver can be detected non-invasively by sonogram[4]. Several
epidemiological studies have shown that sonographic
fatty liver (SFL) has a strong positive association with
the metabolic syndrome[2,5]. SFL may progress to fibrosis
or cirrhosis and is a growing health problem in many
developing as well as developed countries [2,5,6] . HBV
infection is usually transmitted through blood or sexual
contact with an infected person. Chronic HBV infection
also results in serious sequelae including hepatocellular
carcinoma, and continues to be an important public health
problem in hyperendemic areas including several Asian
countries[3].
Both SFL and HBV car rier status (HBVC) are
commonly encountered by primary health care doctors in
Taiwan[4,7]. According to previous epidemiological studies,
coexistence of SFL and HBVC is not uncommon in
clinical practice[8]. The findings that fatty liver sensitizes
the host immune response to the HBV infection had been
reported in some studies[9,10]; however, little is known as
to whether the damaging effects of SFL and HBVC are
enhanced by the co-existence of the two diseases.
We examined the epidemiology of SFL and HBVC in
Taiwanese adults by analyzing retrospectively the database
of a health care center in Taipei. We focused on whether a
combination of these two liver disorders has a deleterious
effect on the serum alanine aminotransferase levels, which
is a conventional marker of liver damage and is a predictor
of advanced liver disease[11,12].
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Table 1 Demographic data of the total study population and the subgroups defined by HBVC and SFL positive or negative status
mean ± SD
Characteristics

Age (yr)
BMI (kg/m2)
Waist (cm)
AST (U/L)
ALT (U/L)
Male, n(%)
Overweight, n (%)
Central obesity, n (%)
SFL, n (%)
HBsAg-positive, n (%)
HBsAb-negative, n (%)
LD, n (%)

All cases
(n = 5406)

46.2 ± 9.4
23.5 ± 3.3
82.6 ± 9.2
22.8 ± 9.6
25.8 ± 19.9
2760 (51.1)
2237 (41.4)
1038 (19.2)
1803 (33.4)
817 (15.1)
1983 (36.7)
666 (12.3)

All cases classified by HBVC
(n = 5406)

All cases classified by SFL
(n = 5406)

HBVC (-)
(n = 4589)

HBVC (+)
(n = 817)

SFL (-)
(n = 3603)

SFL (+)
(n = 1803)

46.3 ± 9.5
23.5 ± 3.3
82.5 ± 9.1
22.1 ± 8.3
24.3 ± 17
2271 (49.5)
1883 (41.0)
883 (19.2)
1526 (33.3)

45.9 ± 8.8
23.7 ± 3.4
83.2 ± 9.8
26.9 ± 14.0b
34 ± 30.4b
489 (59.9)b
354 (43.3)
155 (19.0)
277 (33.9)

45.3 ± 9.6
22.3 ± 2.7
79.9 ± 8.5
21.6 ± 9.1
21.6 ± 16.5
1598 (44.4)
920 (25.5)
545 (15.1)

48.0 ± 8.7d
25.9 ± 3.1d
87.8 ± 8.3d
25.3 ± 10.1d
34.0 ± 23.3d
1162 (64.5)d
1317 (73.0)d
493 (27.3)d

540 (15.0)
1313 (36.4)
200 (5.6)

277 (15.4)
670 (37.2)
466 (25.9)d

1211 (26.4)
472 (10.7)

174 (21.3)b

HBVC: hepatitis B virus carrier status; HBVC (-)/HBVC (+), non-carrier status/hepatitis B virus (HBV) carrier status. SFL: sonographic fatty liver; SFL (-)/SFL (+),
subject without SFL/subject with SFL. BMI: body mass index = Weight (kg)/Length (m)2; ALT: alanine aminotranferease (U/L); AST: aspartate aminotransferase
(U/L); HBsAg: HBV surface antigen; HBsAb: anti-HBV surface antibody. BMI > 24. Waist circumference > 90 cm for men; > 80 cm for women. LD: liver damage
defined as ALT > 40 (U/L). bP < 0.01 vs reference subjects HBVC (-); Student's t test for continuous variables; χ2 tests for categorical variables. dP < 0.01 vs
reference subjects SFL(-); Student's t test for continuous variables; χ2 tests for categorical variables.

MATERIALS AND METHODS
Subjects
The records of 5899 adult subjects, 18 to 65 years in age
who had visited the Shin Kong Wu Ho-Su Memorial Hospital health center between January 2004 and December
2005 for routine periodic checkups, were collected anonymously.
Methods
A questionnaire on personal medical history, including
alcohol consumption (usage more than once a week in the
recent past 3 mo: yes vs no; yes defined as a habitual drinker),
medication usage and major operations, was filled out by
the examinees. A total of 493 participants were excluded
from the final analysis for following reasons: habitual
drinking, history of major abdominal surgery, diabetes and
long-term use of corticosteroids, hormone replacement
therapy, insulin replacement therapy and oral antidiabetic
agents.
The physical examination data included anthropometrical
evaluation and measurements of systolic and diastolic
blood pressure. Body mass index (BMI) was calculated
as weight (kg) divided by height squared (m 2 ). Waist
circumference was measured midway between the lowest
rib and the iliac crest. Definition of overweight was
BMI > 24 kg/m2, and that of central obesity was waist
circumference > 90 cm for men and > 80 cm for women,
based on Taiwanese criteria[13].
The biochemical blood tests were obtained using
the Hitachi/Roche auto analyzer model 7600 PPEE
(Hitachi Corp, Tokyo, Japan). The tests included aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
fasting plasma glucose, serum triglycerides, and total and
high-density lipoprotein (HDL) cholesterol. The results of
tests for metabolic syndrome (blood glucose and lipids)
are not shown in the tables but were adjusted for the
www.wjgnet.com

multivariate analysis. HBV surface antigen (HBsAg), antiHBV surface antibody (HBsAb) and anti-HCV antibody
were measured by the microparticle enzyme immunoassay
(MEIA) using the Abbott Axsym System instrument
(Abbott Laboratories Ser vices Corporation, Taipei,
Taiwan). LD was defined by cutoff > 40 U/L for ALT[14].
Abdominal sonographic examinations were performed
using convex-type real-time electronic scanners (Toshiba
SSA-340 with 3.75 MHz convex-type transducer) by
four gastrointestinal specialists who were blind to the
examinees’ medical history and blood test results. The
definition of SLF was based on a comparative assessment
of image brightness relative to the kidneys, as described
previously[4,15-17].
SAS software was used for statistical analysis (Version
8.0; SAS Institute, Cary, NC, USA). Student’s t and chisquare tests were used for analyzing continuous variables
and categorical variables, respectively. Multivariate logistic
regression was utilized to evaluate the relationship between
salient risk factors. A program developed in the SAS
computer package for the calculation of synergy index
(SI) was used [18]. ASI value of > 1.0 indicates that the
interaction is more than an additive interaction, i.e. is a
synergism.

RESULTS
The records of a total of 5406 Taiwanese adults (2760
males, 2646 females; aged from 18 to 65 years) were used
for the analysis.
Table 1 summarizes the findings in the total study
population. The mean ± standard deviation of the
different characteristics were: age, 46.2 ± 9.4 years; BMI,
23.5 ± 3.3 kg/m2; waist circumference, 82.6 ± 9.2 cm;
AST, 22.8 ± 9.6 U/L and ALT, 25.8 ± 19.9 U/L. Central
obesity was seen in 19.2% individuals while 41.15% were
overweight. The prevalence rates of LD, HBVC and SFL
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1

Table 2 Results of logistic multivariate regression analysis of
2
LD and tested variables
Risk factors
Gender (male vs female)
Overweight (yes vs no)
Central obesity (yes vs no)
SFL (yes vs no)
HBVC (yes vs no)

All cases
OR

95% CI

2.8
1.6
1.0
4.2
2.5

2.3-3.5
1.3-2.0
0.8-1.3
3.3-5.3
2.0-3.1

1

Data were adjusted for age, gender, blood pressures, sugar, lipids and
hepatitis C virus infection. LD: liver damage defined as ALT > 40; ALT:
alanine aminotranferease (U/L). OR: odds ratio; CI: confidence interval. BMI
> 24; BMI: body mass index = Weight (kg)/Length (m)2. Waist circumference
> 90 cm for men; > 80 cm for women. SFL: sonographic fatty liver. HBVC:
hepatitis B virus carrier status.

were 12.3%, 15.1% and 33.4%, respectively; 5.1% of
participants (277 in 5406) were HBV carriers with SFL.
The results obtained in the subgroups categorized by
HBVC and SFL are shown in Table 1. HBV carriers had
significantly higher levels of AST (26.9 ± 14.0 vs 22.1 ±
8.3 U/L, P < 0.001) and ALT (34.0 ± 30.4 vs 24.3 ± 17.0
U/L, P < 0.001) compared to non-carriers. There were
no significant differences between HBV carriers and noncarriers with respect to age, BMI, and waist circumference.
The proportion of males was higher in HBV carriers
compared to non carriers (59.9% vs 49.5%). Liver function
tests were abnormal significantly more frequently in HBV
carriers compared to non-carriers (21.3% vs 10.7%). No
significant differences were observed between carriers
and non-carries with respect to SFL (33.3% vs 33.9%),
overweight status (41% vs 43.3%) and central obesity (19.2%
vs 19%). The proportion of subjects who were HBsAb
negative was 36.7% in the total population and 26.4% in
non-HBV carriers.
The results of different parameters based on whether
the subjects were positive or negative for SFL are shown
in Table 1. The results showed significant (P < 0.001)
differences between subjects with SFL compared to those
without SFL for all the characteristics: age 45.3 ± 9.6 vs
48 ± 8.7 years, BMI 22.3 ± 2.7 vs 25.9 ± 3.1 kg/m2, waist
circumference 79.9 ± 8.5 vs 87.8 ± 8.3 cm, AST 21.6 ± 9.1
vs 25.3 ± 10.1 U/L, ALT 21.6 ± 16.5 vs 34 ± 23.3 U/L,
overweight status 25.5% vs 73%, obesity 15.1% vs 27.3%
and liver damage, 5.6% vs 25.9%. There were significantly
more males in the subgroup with sonographic fatty liver
compared to those without SFL (64.5% vs 44.4%; P <
0.001). The only exceptions were HBVC (15.0% vs 15.4%,
P = 0.72) and HBsAb-negative rates (36.4% vs 37.2%, P =
0.61), which were similar in the subgroups without or with
SFL.
The results of the following physical findings and
metabolic tests have not been shown in the tables but were
used as potential confounding factors in the multivariate
analysis: systolic blood pressure 15.5 ± 2.4 kPa, diastolic
pressure 9.4 ± 1.5 kPa, fasting sugar 4.9 ± 0.5 mmol/L,
triglycerides 3.2 ± 2.0 mmol/L and HDL-C 1.4 ± 0.4
mmol/L. The prevalence of elevated blood pressure was
23.6%, hyperglycemia 2.7%, hypertriglyceridemia 24.8%,
and hypo-HDL-cholesterolemia 21.1%.
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The results of multivariate analysis and adjusted odds
ratios for LD of the total population are summarized
in Table 2. According to the multiple logistic regression
analysis, risks factors such as male gender (OR = 2.8, 95%
confidence interval (CI): 2.3-3.5), overweight state (OR =
1.6, 95% CI: 1.3-2.0), SFL (OR = 4.2, 95% CI: 2.2-5.3) and
HBVC (OR = 2.5, 95% CI: 2.0-3.1) were independently
associated with LD in total study population.
Table 3 displays the results obtained in the four
subgroups: SFL plus HBVC, SFL-alone, HBVC-alone
and the reference group which consisted of non-carriers
without SFL. Adults in the SFL plus HBVC group had
significantly (P < 0.001) higher values of the following
characteristics: age 48.2 ± 8.3 vs 45.4 ± 9.7 years, BMI 26.1
± 3.2 vs 22.3 ± 2.7 kg/m2, waist circumference 88.9 ± 9.4
vs 79.9 ± 8.5 cm, AST 29.6 ± 16.4 vs 20.9 ± 8.1 U/L, ALT
43.3 ± 39.4 vs 20.3 ± 14.6 U/L, overweight state 73.3% vs
25.1%, central obesity 31.1% vs 15.5% and abnormal liver
function 37.2% vs 4.2%. Likewise, the SFL-alone subjects,
had significantly higher values compared to the reference
group with respect to: age 47.9 ± 8.8 years, BMI 25.9 ±
3.0 kg/m2, waist circumference 87.5 ± 8.0 cm, AST 24.5 ±
8.3 U/L, ALT 32.3 ± 18.5 U/L, overweight state 73.0%,
central obesity 26.7% and liver damage 23.8%. Unlike
the SFL-alone and SLF plus HBVC groups, the HBVCalone subjects had significantly higher levels than the
reference group only with respect to AST 25.6 ± 12.5 U/L,
ALT 29.2 ± 23.3 U/L and liver damage 13.2%, whereas
age, BMI, waist circumference, rates of overweight or
central obesity were not significant (Table 3). There were
significantly more males in the SFL-alone, HBVC-alone
and SFL plus HBVC groups: 63.0%, 53.3% and 72.6%
respectively, compared to the reference group, 42.8%. The
proportion of HBsAb-negative subjects was similar in
non-carriers with or without SFL, 26.0% vs 27.1%.
Table 4 shows the risk of LD in subjects with SFL or
HBVC alone and those with SFL plus HBVC compared
to the reference group. The multivariate-adjusted odds
ratios of liver damage for adults with HBVC-alone, SFLalone and combined SFL plus HBVC were 3.3 (95% CI:
2.4-4.6), 4.7 (95% CI: 3.7-6.1) and 9.5 (95% CI: 6.8-13.3)
respectively, the synergy index of HBV plus SFL for
elevated AST levels was 1.4 (95% CI: 1.006-2.0), indicating
a synergist effect[18].

DISCUSSION
In the present study carried out on a Taiwanese adult
population, the prevalence rates of HBVC and SFL were
15.1% and 33.4% respectively, which are similar to those
reported from other hyperendemic developing and developed Asian countries[3,5,19].
Male gender and an overweight state were
independently associated with liver damage as nonmodifiable and theoretically modifiable risk factors.
Although several workers have shown that males are
vulnerable to HBV infection, hepatosteatosis and liver
damage[20-24], studies on overweight subjects also show that
weight reduction brings about significant improvement
in the liver function tests[6]. The importance of weight
control in the management of liver damage should be
www.wjgnet.com
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Table 3 Characteristics of four subgroups classified by HBVC and SFL positive or negative status mean ± SD
Liver status
Characteristics

HBVC (-) SFL (-)
(n = 3063)

Age (yr)
2

BMI (kg/m )
Waist (cm)

HBVC (-) SFL (+)
(n = 1526)
47.9 ± 8.8b

44.8 ± 8.8

48.2 ± 8.3b

22.3 ± 2.7

b

22.5 ± 2.7

26.1 ± 3.2b

b

79.9 ± 8.5

25.9 ± 3.0
87.5 ± 8.0

b

20.9 ± 8.1

ALT (U/L)

24.5 ± 8.3

32.3 ± 18.5

1310 (42.8)

Overweight, n (%)

769 (25.1)

Central obesity, n (%)

476 (15.5)

961 (63.0)

288 (53.3)

1114 (73.0)

b

151 (28.0)

407 (26.7)

b

69 (12.8)

b

129 (4.2)

363 (23.8)

HBsAb-negative, n (%)

797 (26.0)

414 (27.1)

29.6 ± 16.4b

b

43.3 ± 39.4b

29.2 ± 23.3

b

LD, n (%)

88.9 ± 9.4b
b

25.6 ± 12.5
b

20.3 ± 14.6

Male, n(%)

HBVC (+)SFL(+)
(n = 277)

45.4 ± 9.7
79.9 ± 8.5

AST (U/L)

HBVC (+) SFL (-)
(n = 540)

71 (13.2)

b

201 (72.6)b
203 (73.3)b
86 (31.1)b

a

103 (37.2)b

HBVC, hepatitis B virus carrier status. SFL, sonographic fatty liver. HBVC (-) SFL (-), without SFL nor HBVC; HBVC (-) SFL (+), SFL-alone; HBVC (+) SFL (-),
HBVC-alone; HBVC (+) SFL (+), SFL plus HBVC. BMI, body mass index = Weight (kg)/Length (m)2. 5ALT, alanine aminotranferease (U/L); AST, aspartate
aminotransferase (U/L); HBsAb, anti-hepatitis B surface antibody. BMI > 24. Waist circumference > 90 cm for men; > 80 cm for women. LD: liver damage defined
as ALT > 40 (U/L). aP < 0.01 and bP < 0.01 vs reference subjects HBVC (-) SFL (-); Student's t test for continuous variables; χ2 tests for categorical variables.

Table 4 Prevalence and odds ratio of LD for single or combined states of HBVC and SFL
Liver status
SFL
(-)
(-)
(+)
(+)

HBVC
(-)
(+)
(-)
(+)

Liver damage
rate (%)
4.2
13.2b
23.8b
37.2b

OR

95% CI

SI

95% CI

1.0
3.3
4.7
9.5

Reference
2.4 - 4.6
3.7 - 6.1
6.8 - 13.3

No risk
One risk only
One risk only
1.4

1.001 - 2.0

LD: liver damage defined as ALT > 40 (U/L); ALT: alanine aminotranferease (U/L). HBVC: hepatitis B virus carrier status. SFL: sonographic fatty liver. OR: odds
ratio; CI: confidence interval; data were adjusted for age, gender, blood pressures, sugar, lipids and hepatitis C virus infection. SI: synergy index, Ref [18].
b
P < 0.01 vs reference subjects; data were analyzed by multivariate logistic regression analysis.

emphasized in Taiwanese adults, especially males.
Our findings support previous observations that
both SFL and HBVC have a strong association with liver
damage[6,25]. In addition, our study shows that SFL and
HBVC produce liver injury by different mechanisms. In
hepatosteatosis, the severity of liver injury is closely related
to the amount of lipid accumulation in the hepatocytes[15,16].
Fat accumulation can be semi-quantitatively estimated
by sonograms [5,16,26,27], thus analysis of hepatosteatosis
on sonogram can deter mine the potential for liver
injury[15,16,27-29]. By contrast, the severity of liver injury in
HBV carriers depends on several viral factors including
virus type and viral load[30-33]. Thus, knowledge of HBsAg
carrier status alone, without information on the viral type
and number viral copies, provides only limited information
on the severity of liver injur y [34,35] . In the present
multivariable analysis (Tables 2 and 4), HBVC exhibited
a significant but weaker association with liver injury than
SFL, nevertheless, in future studies the impact of these
risk factors on liver damage should be assessed by analysis
adjusted for virus type and viral copies.
Our study provides an epidemiological analysis on the
influence of combined HBVC and SFL on liver damage,
and indicates a synergistic effect (Table 4). According to
the widely accepted “two-hit theory” of steatohepatitis, the
www.wjgnet.com

“first hit” is excess lipid accumulation in hepatocytes; lipids
in the liver cells are sensitive to the “second hit” involving
factors such as oxidative stress, oxygen-radicals, cytokines,
lipid-peroxidation, which result in steatohepatitis[36-40]. It is
possible that the two hits can exist simultaneously in lipidcontaining hepatocytes infected with HBV.
In the present study, the “first hit”, lipid accumulation
detected by sonogram, showed no significant difference
between HBV carriers and non-carriers (Table 3). These
findings are in agreement with previous observations[41]
that HBVC prevalence is not influenced by the presence
of SFL, and vice versa (Table 1). Despite the insignificant
association of the “first hit” regarding the coexistence of
HBVC and SFL, the “second hit” should be considered as
the candidate causing significant liver injury. Several studies
on HBV infection and fatty liver have reported oxidative
stress-related events such as the assembly of HBV viral
particles[42], the HBV altered lipid peroxidation pathway
and hepatocyte electron transport system by charged
HBV[43-45]. It is reasonable to theorize that these oxidative
stress-related events act together in inducing additional and
potent oxidative stress in the hepatocytes, thus enhancing
the “second hit”, which promotes injury to the vulnerable
lipid-containing hepatocytes, resulting in hepatitis.
In addition, from the view point of molecular biology,
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both hepatosteatosis and HBV infection are associated
with dysfunction of the mitochondria, which are the
producers of metabolic energy, biosensor for oxidative
stress, and effector for liver cell death through the process
of apoptosis[46,47]. Previous studies on hepatitis B virus
have shown that a viral protein, HBx protein, is found
in the mitochondrion and targets mitochondrial calcium
regulation, which results in mitochondrial dysfunction[48,49].
On the other hand, investigations on hepatosteatosis
demonstrate that excess lipid peroxidation plays a role
in triggering mitochondrial membrane permeabilization
and apoptosis [50-53]. Mitochondrial dysfunction caused
simultaneously by HVB infection and hepatosteatosis
should be considered as an important cause of hepatocellular injury, represented by a significant increase in the
frequency of abnormal liver function tests in SFL-affected
HBV carriers.
Although our study shows a statistical association
between HBVC, SFL and LD, a direct biochemical and
biomolecular evidence for the causality and synergism
awaits further investigations.
To date, besides weight reduction and physical exercise,
there are few recommendations for the management of
fatty liver[6,36,39]. At the same time, the use of hepatitis B
vaccine has been shown to effectively reduce the incidence
of new infections, and vaccination is recommended for atrisk, sexually active adult individuals[54]. In our study, 27.1%
of fatty liver-affected non-HBV carriers were HBsAbnegative (Table 1). As SFL is one of the major causes of
liver damage, and is an independent risk factor predicting
advanced liver disease for HBV carriers [3,7], expanding
vaccination recommendations to fatty liver-affected
subjects could be an effective preventive strategy against
advanced liver disease.
To sum up, sonographic fatty liver and HBV carrier
status are the most prevalent liver problems in Taiwanese
adults, with male subjects being more vulnerable to fatty
liver, HBV infection and liver damage than females. Health
promotion strategies such as weight control and use of
HBV vaccination should be emphasized in Taiwanese
adults, especially males. Since HBVC combined with SFL
has a synergistic effect on liver injury, we recommend
HBV vaccination for Taiwanese adults with fatty liver who
do not have adequate protective antibodies.

1809

4
5
6
7
8
9
10

11

12

13
14

15

16

17
18
19

ACKNOWLEDGMENTS
The authors would like to acknowledge the personnel of
the Department of Family Medicine and Health Center,
Shin Kong Wu Ho-Su Memorial Hospital for their full
support and generous assistance.

REFERENCES
1
2

3

Limdi JK, Hyde GM. Evaluation of abnormal liver function
tests. Postgrad Med J 2003; 79: 307-312
Gasbarrini G, Vero V, Miele L, Forgione A, Hernandez AP,
Greco AV, Gasbarrini A, Grieco A. Nonalcoholic fatty liver
disease: defining a common problem. Eur Rev Med Pharmacol
Sci 2005; 9: 253-259
Merican I, Guan R, Amarapuka D, Alexander MJ, Chutaputti

20
21

22
23

A, Chien RN, Hasnian SS, Leung N, Lesmana L, Phiet PH,
Sjalfoellah Noer HM, Sollano J, Sun HS, Xu DZ. Chronic hepatitis B virus infection in Asian countries. J Gastroenterol Hepatol
2000; 15: 1356-1361
Tam KM, Wu JS. Ultrasonographic diagnosis of fatty liver.
Taiwan Yixuehui Zazhi 1986; 85: 45-53
Fan JG, Zhu J, Li XJ, Chen L, Lu YS, Li L, Dai F, Li F, Chen
SY. Fatty liver and the metabolic syndrome among Shanghai
adults. J Gastroenterol Hepatol 2005; 20: 1825-1832
Sass DA, Chang P, Chopra KB. Nonalcoholic fatty liver disease: a clinical review. Dig Dis Sci 2005; 50: 171-180
Chang MH. Hepatitis B virus infection in children: epidemiology, natural course and prevention in Taiwan. J Formos Med
Assoc 1996; 95: 593-598
Gordon A, McLean CA, Pedersen JS, Bailey MJ, Roberts SK.
Hepatic steatosis in chronic hepatitis B and C: predictors, distribution and effect on fibrosis. J Hepatol 2005; 43: 38-44
Shabot JM, Jaynes C, Little HM, Alperin JB, Snyder N. Viral
hepatitis in pregnancy with disseminated intravascular coagulation and hypoglycemia. South Med J 1978; 71: 479-481
Canbay A, Bechmann LP, Best J, Jochum C, Treichel U, Gerken
G. Crohn's disease-induced non-alcoholic fatty liver disease
(NAFLD) sensitizes for severe acute hepatitis B infection and
liver failure. Z Gastroenterol 2006; 44: 245-248
Yuen MF, Yuan HJ, Wong DK, Yuen JC, Wong WM, Chan
AO, Wong BC, Lai KC, Lai CL. Prognostic determinants for
chronic hepatitis B in Asians: therapeutic implications. Gut
2005; 54: 1610-1614
Wong WM, Ho JC, Ooi GC, Mok T, Chan J, Hung IF, Ng W,
Lam YM, Tam WO, Wong BC, Wong PC, Ho PL, Lai CL, Lam
WK, Lam SK, Tsang KW. Temporal patterns of hepatic dysfunction and disease severity in patients with SARS. JAMA
2003; 290: 2663-2665
Chu NF. Prevalence of obesity in Taiwan. Obes Rev 2005; 6:
271-274
Katayama K, Hayashi N, Takehara T, Towata T, Kasahara A,
Fusamoto H, Kamada T. Effects of alpha-interferon on gamma-interferon production of peripheral blood mononuclear
cells in hepatitis B virus carriers. J Clin Immunol 1992; 12:
347-352
Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP,
Hurley M, Mullen KD, Cooper JN, Sheridan MJ. The utility of
radiological imaging in nonalcoholic fatty liver disease. Gastroenterology 2002; 123: 745-750
Steinmaurer HJ, Jirak P, Walchshofer J, Clodi PH. Accuracy
of sonography in the diagnosis of diffuse liver parenchymal
diseases--comparison of sonography and liver histology. Ultraschall Med 1984; 5: 98-103
Yajima Y, Ohta K, Narui T, Abe R, Suzuki H, Ohtsuki M. Ultrasonographical diagnosis of fatty liver: significance of the
liver-kidney contrast. Tohoku J Exp Med 1983; 139: 43-50
Lundberg M, Fredlund P, Hallqvist J, Diderichsen F. A SAS
program calculating three measures of interaction with confidence intervals. Epidemiology 1996; 7: 655-656
Qu JB, Zhang ZW, Shimbo S, Watanabe T, Nakatsuka H,
Matsuda-Inoguchi N, Higashikawa K, Ikeda M. Urban-rural
comparison of HBV and HCV infection prevalence in eastern
China. Biomed Environ Sci 2000; 13: 243-253
Lonardo A, Carani C, Carulli N, Loria P. 'Endocrine NAFLD' a
hormonocentric perspective of nonalcoholic fatty liver disease
pathogenesis. J Hepatol 2006; 44: 1196-1207
Chowdhury A, Santra A, Chaudhuri S, Ghosh A, Banerjee P,
Mazumder DN. Prevalence of hepatitis B infection in the general population: a rural community based study. Trop Gastroenterol 1999; 20: 75-77
Hopkirk N, Moyes CD, Lucas CR. Liver function and hepatitis
markers in carriers of hepatitis B virus in New Zealand. N Z
Med J 2000; 113: 114-116
Tanaka J, Kumagai J, Katayama K, Komiya Y, Mizui M, Yamanaka R, Suzuki K, Miyakawa Y, Yoshizawa H. Sex- and
age-specific carriers of hepatitis B and C viruses in Japan
estimated by the prevalence in the 3,485,648 first-time blood
donors during 1995-2000. Intervirology 2004; 47: 32-40

www.wjgnet.com

1810
24
25
26
27
28

29

30

31

32

33

34
35

36
37
38

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Wright TL. Introduction to chronic hepatitis B infection. Am J
Gastroenterol 2006; 101 Suppl 1: S1-S6
Choi S, Diehl AM. Role of inflammation in nonalcoholic steatohepatitis. Curr Opin Gastroenterol 2005; 21: 702-707
Joy D, Thava VR, Scott BB. Diagnosis of fatty liver disease: is
biopsy necessary? Eur J Gastroenterol Hepatol 2003; 15: 539-543
Riley TR, Kahn A. Risk factors and ultrasound can predict
chronic hepatitis caused by nonalcoholic fatty liver disease.
Dig Dis Sci 2006; 51: 41-44
Colicchio P, Tarantino G, del Genio F, Sorrentino P, Saldalamacchia G, Finelli C, Conca P, Contaldo F, Pasanisi F. Nonalcoholic fatty liver disease in young adult severely obese
non-diabetic patients in South Italy. Ann Nutr Metab 2005; 49:
289-295
Angelico F, Del Ben M, Conti R, Francioso S, Feole K, Maccioni D, Antonini TM, Alessandri C. Non-alcoholic fatty liver
syndrome: a hepatic consequence of common metabolic diseases. J Gastroenterol Hepatol 2003; 18: 588-594
Chan HL, Hui AY, Wong ML, Tse AM, Hung LC, Wong VW,
Sung JJ. Genotype C hepatitis B virus infection is associated
with an increased risk of hepatocellular carcinoma. Gut 2004;
53: 1494-1498
Seo Y, Yoon S, Truong BX, Kato H, Hamano K, Kato M, Yano Y,
Katayama M, Ninomiya T, Hayashi Y, Kasuga M. Serum hepatitis B virus DNA levels differentiating inactive carriers from
patients with chronic hepatitis B. Eur J Gastroenterol Hepatol
2005; 17: 753-757
Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT,
Iloeje UH. Risk of hepatocellular carcinoma across a biological
gradient of serum hepatitis B virus DNA level. JAMA 2006;
295: 65-73
Yu MW, Yeh SH, Chen PJ, Liaw YF, Lin CL, Liu CJ, Shih WL,
Kao JH, Chen DS, Chen CJ. Hepatitis B virus genotype and
DNA level and hepatocellular carcinoma: a prospective study
in men. J Natl Cancer Inst 2005; 97: 265-272
Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ. Predicting
cirrhosis risk based on the level of circulating hepatitis B viral
load. Gastroenterology 2006; 130: 678-686
Luo KX, Zhou R, Liang ZS, Jiang S. Correlation between the
prevalence of serum HBV DNA and immunoserologic HBV
markers in the subjects with or without hepatitis. Immunol Invest 1992; 21: 275-281
Farrell GC, Larter CZ. Nonalcoholic fatty liver disease: from
steatosis to cirrhosis. Hepatology 2006; 43: S99-S112
Bradbury MW. Lipid metabolism and liver inflammation.
I. Hepatic fatty acid uptake: possible role in steatosis. Am J
Physiol Gastrointest Liver Physiol 2006; 290: G194-G198
Sanyal AJ. Mechanisms of Disease: pathogenesis of nonalcoholic fatty liver disease. Nat Clin Pract Gastroenterol Hepatol

39
40

41

42
43

44
45

46
47
48
49
50
51
52
53
54

March 28, 2007

Volume 13

Number 12

2005; 2: 46-53
Jonas MM. Nonalcoholic fatty liver disease. Adolesc Med Clin
2004; 15: 159-173, xi
Wanless IR, Shiota K. The pathogenesis of nonalcoholic steatohepatitis and other fatty liver diseases: a four-step model
including the role of lipid release and hepatic venular obstruction in the progression to cirrhosis. Semin Liver Dis 2004; 24:
99-106
Moritani M, Adachi K, Arima N, Takashima T, Miyaoka Y,
Niigaki M, Furuta K, Sato S, Kinoshita Y. A study of arteriosclerosis in healthy subjects with HBV and HCV infection. J
Gastroenterol 2005; 40: 1049-1053
Desombere I, Willems A, Gijbels Y, Leroux-Roels G. Partial
delipidation improves the T-cell antigenicity of hepatitis B virus surface antigen. J Virol 2006; 80: 3506-3514
Lee YI, Hwang JM, Im JH, Lee YI, Kim NS, Kim DG, Yu DY,
Moon HB, Park SK. Human hepatitis B virus-X protein alters
mitochondrial function and physiology in human liver cells. J
Biol Chem 2004; 279: 15460-15471
Huang CF, Lin SS, Ho YC, Chen FL, Yang CC. The immune
response induced by hepatitis B virus principal antigens. Cell
Mol Immunol 2006; 3: 97-106
Waris G, Huh KW, Siddiqui A. Mitochondrially associated
hepatitis B virus X protein constitutively activates transcription factors STAT-3 and NF-kappa B via oxidative stress. Mol
Cell Biol 2001; 21: 7721-7730
Cottrell DA, Turnbull DM. Mitochondria and ageing. Curr
Opin Clin Nutr Metab Care 2000; 3: 473-478
Medina J, Fernández-Salazar LI, García-Buey L, MorenoOtero R. Approach to the pathogenesis and treatment of nonalcoholic steatohepatitis. Diabetes Care 2004; 27: 2057-2066
Zhang X, Zhang H, Ye L. Effects of hepatitis B virus X protein
on the development of liver cancer. J Lab Clin Med 2006; 147:
58-66
Bouchard MJ, Wang LH, Schneider RJ. Calcium signaling by
HBx protein in hepatitis B virus DNA replication. Science 2001;
294: 2376-2378
Reddy JK. Nonalcoholic steatosis and steatohepatitis. III. Peroxisomal beta-oxidation, PPAR alpha, and steatohepatitis. Am
J Physiol Gastrointest Liver Physiol 2001; 281: G1333-G1339
Pessayre D, Berson A, Fromenty B, Mansouri A. Mitochondria
in steatohepatitis. Semin Liver Dis 2001; 21: 57-69
Pessayre D, Fromenty B, Mansouri A. Mitochondrial injury in
steatohepatitis. Eur J Gastroenterol Hepatol 2004; 16: 1095-1105
Rao MS, Reddy JK. Peroxisomal beta-oxidation and steatohepatitis. Semin Liver Dis 2001; 21: 43-55
Mahoney FJ. Update on diagnosis, management, and prevention of hepatitis B virus infection. Clin Microbiol Rev 1999; 12:
351-366
S- Editor Liu Y L- Editor Anand BS E- Editor Chin GJ

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 28; 13(12): 1811-1815
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CLINICAL RESEARCH

Clinicopathological study of solid and pseudopapillary tumor of
pancreas: Emphasis on magnetic resonance imaging findings
Chi-Chang Yu, Jeng-Hwei Tseng, Chun-Nan Yeh, Tsann-Long Hwang, Yi-Yin Jan
Chi-Chang Yu, Chun-Nan Yeh, Tsann-Long Hwang, Yi-Yin
Jan, Department of Surgery, Chang Gung Memorial Hospital,
Chang Gung University, Kwei-shan, Taoyuan, Taiwan, China
Jeng-Hwei Tseng, Department of Radiology, Chang Gung
Memorial Hospital, Chang Gung University, Kwei-shan, Taoyuan,
Taiwan, China
Correspondence to: Chun-Nan Yeh, MD, Department of
Surgery, Chang Gung Memorial Hospital, Chang Gung University,
5, Fu-hsing Street, Kwei-shan, Taoyuan, Taiwan,
China. ycn@adm.cgmh.org.tw
Telephone: +886-3-3285818
Received: 2007-01-09
Accepted: 2007-01-25

Abstract
AIM: To report the clinicopathological features and
magnetic resonance imaging (MRI) findings of solid and
pseudopapillary tumor (SPT) of pancreas.
METHODS: From 1981 to 2005, 26 surgically treated
cases of SPT were retrospectively reviewed. MRI findings
of the latest 11 consecutive SPT cases were investigated.
RESULTS: There were 25 women and one man having
SPT (median age: 23 year) with a median tumor size
of 7.5 cm. Among them, nine patients developed solid
pseudopapillary carcinoma. During the median follow-up
period of 66 mo, the 5-year survival rate of the 26 SPT
patients was 96.2%. Three MRI features were proposed
including Type 1 image, displaying SPT with completely
solid part. All SPT patients with type 1 image were
detected incidentally. Type 2 image displays of SPT with
solid mass hemorrhage and type 3 image with massive
hemorrhage. All the eight SPT patients with type 2 and 3
images suffered abdominal pain due to hemorrhage from
SPT.
CONCLUSION: SPT had a favorable survival rate
irrespective of surgical procedures, malignancy, and MRI
findings, however, MRI could reliably correlate with its
clinicopathological features.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Solid and pseudopapillary tumor (SPT) of pancreas is a
rare disease entity, occurring mainly in young women[1-4].
The pathologic features of SPT are well characterized[1,2,5].
Since 1959, over 500 cases of SPT of the pancreas
have been reported in literature [3,6]. According to the
World Health Organization’s (WHO) classification, it is
designated as tumors of the exocrine pancreas[1], It is also
well known for its indolent biologic behavior. Despite its
low malignant potential, proximately 15% of patients with
SPT develop metastatic disease, most involving the liver
or peritoneum[2]. Even in the presence of disseminated
disease, the clinical course is usually favorable[1-3].
With recent advances in diagnostic modalities,
including ultrasonography (US), computed tomography
(CT), magnetic resonance imaging (MRI), and fine-needle
aspiration biopsy (FNAB), the tumor was more frequently
reported[1,3,7,8]. CT may help to differentiate between SPTs
and pancreatic cystic neoplasm, whereas MRI may help to
differentiate those from islet cell tumors[7].
Here, we reviewed 26 cases of SPT treated at Chang
Gung Memorial Hospital from 1981 to 2005 with respect
of clinicopathological, radiological, operative findings,
and outcomes. With emphasis on MRI findings, we
proposed three specific MRI features to correlate this
rare disease entity with its clinicopathological features
more precisely.

MATERIALS AND METHODS
Subject
From 1981 to 2005, 26 consecutive patients with SPT
of the pancreas underwent surgical treatment at the
Department of Surgery, Chang Gung Memorial Hospital,
Taipei, Taiwan. Six of these 26 patients had been reported
previously[9]. 20 new patients with SPT were included in
this study.
Evaluation
Preoperative evaluation of SPT included history taking
physical examinations, routine laboratory examinations,
ultrasonography (US), endoscopic ultrasonography (EUS),
www.wjgnet.com
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Table 1 Clinicopathological features of 26 SPT patients
underwent surgical treatment

Gender
Male
Female
Symptom
No symptom
Abdominal pain
Abdominal palpable mass
Jaundice
Epigastralgia
Tumor marker
CEA < 5 (μg/L)
CA 19-9 < 37 (kU/L)
Tumor location
Head
Body
Tail
neck and body
body and tail
Resectability
Resectable
Unresectable
Operation method
Whipple’s operation
Partial pancreatectomy
Distal pancreatectomy
Enucleation of the pancreatic tumor
Bypass surgery
Biopsy only
Tumor behavior
Solid-pseudopapillary neoplasm
Solid-pseudopapillary carcinoma

n

(%)

1
25

3.8
96.2

5
10
5
2
4

19.2
38.5
19.2
7.7
15.4

26
26

100
100

11
3
6
1
5

42.3
11.6
23.1
3.8
19.2

24
2

92.3
7.7

8
3
7
6
1
1

30.8
11.6
26.9
23.1
3.8
3.8

17
9

56.4
34.6

abdominal computed tomography (CT), and magnetic
resonance imaging (MRI). The imaging features of the
latest 11 consecutive SPT cases underwent MRI study by
one of the authors (Tseng JH) (Magnetom Vision; Siemens
Erlangen, Germany; projection technique and multislice
plus maximum intensity projection) were studied. Of the
26 SPT patients discharged from the hospital after surgical
treatment, all of the patients were closely followed up
at regular intervals until death or until the time of this
manuscript writing.
Statistical analysis
Survival was calculated and plotted using the KaplanMeier method from the time of surgical treatment until
the writing of this manuscript. All statistical analyses were
performed utilizing the SPSS computer software (Version
12.0, Chicago, IL, USA).

RESULTS
Demographic, clinicopathological features, and outcomes
Table 1 summarizes the clinicopathological features of
the 26 SPT patients. There were 25 females and 1 male
ranging in ages from13 to 57 (median/mean, 23.0/25.2)
yrs. Abdominal pain comprises the most common
symptom for SPT (38.5%). Five (19.2%) of the 26 SPT
patients were detected incidentally during physical checkup. Two of 26 SPT patients developed jaundice (7.7%).
The size of SPT ranged from 3.8 to 15.0 (median, 7.5) cm.
All known tumor markers including CEA and CA 19-9 are
www.wjgnet.com
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within normal limit, irrespective of malignancy. Pancreatic
head is the most frequent location of tumor (Table 1).
Two of the 26 SPT patients developed into unresectable
status due to multiple liver metastasis and carcinomatosis.
Among 26 SPT patients, nine patients were classified as
solid pseudopapillary carcinoma by the World Health
Organization’s (WHO) classification (Table 2). Four of
nine solid pseudopapillary carcinoma developed duodenal
invasions, while the other three developed portal vein
invasions. The duration of follow-up ranged from 10.1
to 236.8 mo (median, 66.0) mo. During the follow-up
period, 2 patients of 9 malignant SPT (22.2%) had distant
metastasis of SPT after surgical treatment. Two of the 26
patients died of causes unrelated to the tumor or surgical
procedure. One underwent Whipple’s operation and died
of hepatic encephalopathy after a grand mal seizure. The
other one underwent bypass surgery and died of hepatic
failure due to hepatitis exacerbation. All the other cases
have survived until now, whether cases were benign or
malignancy. The five-year survival rate of the 26 SPT
patients was 96.2%.
MRI imaging features
Table 3 summarized the MRI features. MRI was used in
eleven SPT patients with three specific features correlating
well with pathological features. MRI had three specific
features correlating well with pathological features. Three
patients had type 1 image and all the three patients had
incidentally found SPT.
Type 1 image means SPT with completely solid part.
T1W1 image revealed homogenously hypointense and
slightly hyperintense than pancreas parenchyma on T2W1
image. Strong and rapid enhancement and gradually fading
pattern could be observed (Figure 1).
Type 2 imag e means SPT with solid mass with
hemorrhage. T1W1 image revealed hypointense with
heterogeneously hyperintense area. The hyperintense areas
on T1W1 appeared slightly hyperintense on T2W1 image
meaning hemorrhage while enhancement of capsule and
gradual enhancement of solid part (Figure 2).
Type 3 image means SPT with massive hemorrhage.
T1W1 revealed mainly hyperintense with intermediate and
hypointense areas. The hyperintense areas on T1W1 image
appeared slightly hyperintense on T2W1 image. Only
capsular enhancement could be detected (Figure 3). All
the eight SPT patients with type 2 and 3 images suffered
abdominal pain due to hemorrhage from SPT.

DISCUSSION
As shown in our results, solid pseudopapillary tumor
(SPT) of pancreas predominated in adolescent girls and
young women (median/mean: 23.0/25.2 years; rang 13-57
years) and is uncommon in men (1/26; 3.8%). Although
SPT of pancreas is uncommon, it has been recognized
with increasing frequency in recent years, accounting
for approximately 1%-2% of all exocrine pancreatic
tumors [1,3]. Although literature showed no preferential
localization within the pancreas, the head of pancreas
is the preferential site of the occurrence of SPT in this
study with an incidence rate of 42.3% [1]. The etiology
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Table 2 Clinicopathological features of 9 solid pseudopapillary carcinoma patients
No. Age (yr)/ Tumor
Sex
location
1
21
3
4

36/F
34/F
39/F
22/F

5
6
7

18/F
16/F
20/F

8
9

28/F
19/F

Head
Tail
Head
Neck,
body
Head
Head
Body,
tail

Extension

Vascular
invasion

Duodenal wall
-

PV

Duodenal wall
Duodenal wall
Extrapancreatic

-

Head
Head

-

Operation method
Whipple’s operation
Distal pancreatectomy
Whipple’s operation
Partial pancreatectomy,

Metastasis

Metastasis Status Follow-up
(mo)
(mo)

Liver
-

Whipple’s operation
Whipple’s operation
Biopsy only

Liver, omentum
Peritoneum
Pelvic wall
PV
Whipple’s operation
PV, SMA Roux-en-Y cystojejunostomy
-

39
-

Alive
Alive
Alive
Alive

70
12
58
202

0

Alive
Alive
Alive

145
56
75

-

DOC
DOC

66
83

1

means perineural invasion and angioinvasion; PV: Portal vein; SMA: Superior mesenteric artery; DOC: Die of other cause.

Table 3 MRI features of 11 SPT patients
No. Type of
image

Presentation

Age G

Size
(cm)

Location

T1WI

Enhancement

1

Ⅰ

28

F

3.5

Tail

2

Ⅰ

22

F

7.5

3

Ⅰ

22

F

6

Body and
tail
Head

4

Ⅱ

RUQ mass,
incidentally noted
GI upset,
incidentally noted
RUQ mass,
incidentally noted
Abdominal pain

Hypointense
homogenously
Hypointense
homogenously
Hypointense
homogenously
Hyperintense
heterogeneously

Gradual enhancement
of solid component
Gradual enhancement
of solid component
Gradual enhancement
of solid component
Heterogenous

14

F

5

Body

5

Ⅱ

Abdominal pain

29

F

5

Head

Hyperintense
heterogeneously

6

Ⅱ

Abdominal pain

33

F 11

Tail

Hyperintense
heterogeneously

7

Ⅱ

Abdominal pain

29

F

7

Head

Hyperintense
heterogeneously

8

Ⅱ

Abdominal pain

23

F

7.6

Head

Hyperintense
heterogeneously

9

Ⅲ

Abdominal pain

27

F

6

Tail

Hypo and
hyperintense
homogenously

10

Ⅲ

Abdominal pain

36

F

7

Head

Hyperintense
heterogeneously

11

Ⅲ

Abdominal pain

16

F

5

Head

Hyperintense
heterogeneously

T2WI

Hypointense
homogenously
Hypointense
homogenously
Mild
hyperintense
Hyperintense
(hyperintense
areas on T1WI )
Heterogenous
Hyperintense
(hyperintense
areas on T1WI )
Heterogenous
Hyperintense
(hyperintense
areas on T1WI )
Heterogenous
Hyperintense
(hyperintense
areas on T1WI )
Heterogenous
Hyperintense
(hyperintense
areas on T1WI )
Capsular
Hyperintense
enhancement, Gradual (hyperintense
enhancement
areas on T1WI )
of solid compnent
Heterogenous
Hyperintense
(hyperintense
areas on T1WI )
Heterogenous
Hyperintense
(hyperintense
areas on T1WI )

H
(-)
(-)
(-)
(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Ⅰ: Completely solid; Ⅱ: Typical; Ⅲ : Massive hemorrhage; GI: Gastrointestinal; H: Hemorrhage.

and pathogenesis of SPT is unknown [1,3,6] . Very few
women developed a SPT after long-term use of hormone
contraceptives [1]. The striking sex and age distribution
point to genetic and hormonal factors and our previous
report indicated an association with endocrine disturbances
including overproduction of progesterone [1,6]. Usually,
the neoplasm caused abdominal discomfort and pain
(10/26; 38.5%) or they were found incidentally on routine
physical examination (5/26; 19.2%). As shown in this

study, jaundice is rare, even in tumor that originated from
the head of the pancreas, and there is no association with
endocrine function. All known tumor markers including
CEA and CA 19-9 are within normal limit, irrespective of
malignancy.
Regarding the role of endoscopic ultrasound (EUS) in
evaluation of SPTs, Lee proposed that the characteristic
sonographic findings of solid and papillary epithelia
neoplasm were well-encapsulated, cystic and solid masses,
www.wjgnet.com
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Figure 1 Completely solid pattern. A: Abdominal CT with contrast showed a well-defined homogeneous soft tissue mass at the pancreatic head; B: T1-weighted MR image
with Gd-DTPA enhancement revealed a pancreatic head tumor containing homogenous low-signal-intensity with compression the confluence of splenic vein; C: T2-weighted
MR image revealed a well-defined pancreatic head tumor containing slightly high-signal-intensity than pancreas parenchyma.

A

B

C

Figure 2 Typical pattern. A: Abdominal CT with contrast showed a well-defined heterogenous mass in the pancreatic head with part of hyperdensity; B: T1-weighted
MR image demonstrates a pancreatic head mass with low-signal-intensity and heterogeneously high-signal-intensity area; C: T2-weighted MR image demonstrates a
heterogenous hyperintense mass in the pancreatic head with foci hypointensities, high signal intensity means hemorrhage.

A

B

C

Figure 3 Massive hemorrhage pattern. A: Abdominal CT with contrast revealed a well-defined pancreatic body tumor containing heterogenous attenuation; B: T1-weighted
MR image revealed a pancreatic body tumor containing revealed mainly high-signal-intensity with intermediate- and low-signal intensity area and irregular septation; C:
T2-weighted MR image demonstrates a well-defined heterogenous slightly hyperintense mass with foci hypointense part. The high-signal-intensity area on T1W1 image
appeared slightly hyperintense on T2 weighted MR image.

but sometimes the mass was seen as a pure solid-looking
mass or had internal septations or calcification[10]. Fineneedle aspiration (FNA) may have played an important
role in preoperative planning by helping distinguish SPTs
from other pancreatic lesions with a significantly different
prognosis and treatment [11] . EUS-FNA represents a
diagnostic technique commonly used in adults that may
be useful in identifying the rare pediatric patient with
pancreatic malignancy[12]. Thus, accurate diagnosis of the

www.wjgnet.com

special type of pancreatic tumor is obviously important.
Fine-needle aspiration biopsy and cytologic analysis or
excisional biopsy and histologic analysis are sometimes
needed for definitive diagnosis.
Reg arding radiological study, CT may help to
differentiate SPT from other cystic neoplasm whereas
MRI may help to differentiate SPT from islet cell tumors[7].
Regarding radiological features of SPT, MRI revealed an
encapsulated mass lesion with solid and cystic component

Yu CC et al . Clinicopathological study of SPT				

as well as hemorrhage without obvious internal septation
should arouse the suspicion of SPT of pancreas, especially
in a young female patient. As shown in this study, MRI
may be superior to CT in terms of correlation between
radiological and clinicopathlogical findings of SPT.
Furthermore, in the setting of renal insufficiency or
dye allergy when contrast is contraindicated, MRI had
an advantage when compared with CT. We specifically
proposed three MRI features to correlate well with
clinicopathological features. Type 1 image means SPT
with completely solid par t. T1W1 imag e revealed
homogenously hypointense and slightly hyperintense
than pancreas parenchyma on T2W1 image. Strong and
rapid enhancement and gradually fading pattern could
be observed. Type 2 image means SPT with solid mass
with hemorrhage. T1W1 image revealed hypointense with
heterogeneously hyperintense area. The hyperintense areas
on T1W1 appeared slightly hyperintense on T2W1 image,
meaning hemorrhage, while enhancement of capsule and
gradual enhancement of sold part. Type 3 image means
SPT with massive hemorrhage. T1W1 revealed mainly
hyperintense with intermediate and hypointense areas.
The hyperintense areas on T1W1 image appeared slightly
hyperintense on T2W1 image. Only capsular enhancement
could be detected.
As shown in this study, a few SPT could be found to
be attached to the pancreas or even an extrapancreatic
locations. Invasion of the adjacent organs or the portal
vein is not uncommon. As shown in this series, few
metastasizing SPTs (2/26; 7.6%) developed. Common
metastatic sites are regional lymph nodes, the liver,
peritoneum, and greater omentum.
Regarding prognosis, Nishihara reported SPT must be
classified as lesions of uncertain malignant potential due
to varying histological features[13]. As shown in this study,
enucleation and partial pancreatectomy is as good as distal
pancreatectomy, although surgical oncologic principles are
not followed in the former. Based on the clinical follow
up, there does not appear to be any difference in survival
based on resection techniques. So we suggest that SPT
is indolent and surgery for SPT should induce minimal
functional deficit. Furthermore, the prognosis is good with
96.4% 5-year survival rate for 26 SPTs. After complete
removal of SPT, more than 95% of the patients with SPT
are cured. Local spread or dissemination to the peritoneal
cavity has been reported due to abdominal trauma and
rupture of the tumor. Even in patients who had local
spread, recurrent or metastases, long disease-free survival
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has been recorded after initial diagnosis and resection.
Only a few patients have died of metastasizing SPTs.
In conclusion, we present the clinical features and
outcomes of 26 SPT patients with emphasis on MRI
findings. SPT had a favorable survival irrespective of
surgical procedures, malignancy, and MRI pictures. MRI
could reliably correlate with its clinicopathological features
with specific imaging features.
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Abstract
AIM: To evaluate if the guidelines for the appropriateness of performing colonoscopy by American
Society for Gastrointestinal Endoscopy (AGSE) and Italian
Society of Digestive Endoscopy (SIED) yield a good
diagnostic efficacy and do not present risks of missing
important colonic pathologies in an Italian population
sample.
METHODS: A total of 1017 consecutive patients (560
men and 457 women; mean age 64.4 ± 16 years) referred
to an open-access endoscopy unit for colonoscopy
from July 2004 to May 2006 were evaluated according
to ASGE and SIED guidelines for appropriateness of
performing the procedure. Diagnostic yield was defined
as the percentage of relevant colonic pathologies of the
total number of colonoscopies performed.
RESULTS: About 85.2% patients underwent colonoscopy that was considered appropriate based on at least
one ASGE or SIED criterion, while it was considered
inappropriate for 14.8% of patients. The diagnostic yield
of colonoscopy was significantly higher for appropriate
colonoscopies (26.94% vs 10.6%, P < 0.001) than
for inappropriate colonoscopies (5.3%). There was
no missed colorectal cancer following the ASGE/SIED
criteria.
CONCLUSION: ASGE/SIED guidelines have shown a
good diagnostic yield and the rate of missing relevant
colonic pathologies seems very low. Unfortunately, the
percentage of inappropriate referrals for colonoscopy in
an open-access endoscopy system is still high, despite
the number of papers published on the issue and the
definition of international guidelines. Further steps are
required to update and standardize the guidelines to
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INTRODUCTION
Colonoscopy is a widely available diagnostic modality that
has replaced barium enema for colorectal examination[1].
The growing demand of gastrointestinal (GI) endoscopy in
most developed countries has determined an unavoidable
increase of health care costs, therefore health care systems
are experiencing a cost crisis[2,3]. Colonoscopy is relatively
expensive and associated with a small but definite rate of
complications[2]. To maintain or enhance the quality of
care in an increasingly cost-conscious environment, the
ability to determine appropriateness of the care may be
essential[4].
Appropriateness of procedures, such as colonoscopy,
is defined by the fact that the health benefit exceeds the
health risk by a sufficiently wide margin of security [5].
To define the correct use of GI lower endoscopy, the
American Society for Gastrointestinal Endoscopy (ASGE)
has developed indication criteria for diagnostic endoscopic
procedures[6]. However, the exclusive use of these criteria
cannot be considered a safe approach, since many
studies reported that a significant percentage of relevant
pathologies could be found even in colonoscopies defined
as not appropriate by ASGE criteria[4,7].
Approximately 20% of colonoscopies in Italy were
performed with indications not considered appropriate
by ASGE criteria[2,3,7]. More recently, the Italian Society
of Digestive Endoscopy (SIED) supplied different
appropriateness criteria for colonoscopy[8] (Table 1).
The aim of the present study was to evaluate the
appropriateness of performing colonoscopy in an open
access Italian endoscopy unit using the ASGE/SIED
guidelines and the efficacy of the above-mentioned
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guidelines to detect relevant diseases (particularly
neoplasms) without missing relevant pathologies.

MATERIALS AND METHODS
This prospective study was carried out from July 2004 to
May 2006 in an open-access endoscopy unit in Asti, Italy.
All consecutive outpatients referred to our endoscopy unit
for colonoscopy by primary care physicians entered the
study. A written informed consent and confidential medical
information were obtained from all patients before the
procedure, and the study was conducted according to the
local ethical rules following the principles of the Helsinki
Declaration (Edinburgh revision, 2000).
The protocol included: (1) accurate patient interview
and examination, evaluation of previous diagnostic tests
(fecal occult blood, barium contrast enema, anemia, etc.)
and determination of the indication category specified by
the ASGE/SIED guidelines with definition of appropriate
or inappropriate colonoscopy before the procedure; (2)
performance of colonoscopy by an endoscopist while its
appropriateness was determined by another endoscopist.
The study did not include those who could not complete
the colonoscopy because of the presence of a neoplastic
stenosis. Inpatients and asymptomatic outpatients referred
for the government’s colorectal cancer screening program,
therapeutic and emergency colonoscopies were also
excluded from the study.
Statistical analysis was performed with the Chi-square
test; and values of P < 0.05 were considered statistically
significant.

RESULTS
From July 2004 to May 2006, we perfor med 2245
colonoscopies on 1133 inpatients and 95 outpatients
referred for the government’s colorectal cancer screening
program. And 172 were incomplete and excluded. As a
result, a total of 1017 patients entered the study, including
560 (55.1%) men and 457 (44.9%) women. The mean
age was 64.4 years with a range of 16-89 years. In this
series, cecal intubation was not possible in 3.5% of cases
due to neoplastic stenosis. A total of 866 colonoscopies
(85.2%) were defined appropriate based on at least one
ASGE or SIED criterion, while 151 (14.8%) were defined
inappropriate.
The indications for appropriate colonoscopies were
found in 866 patients, and are listed in Table 2. The most
frequent indications were hematochezia (23.7%), presence
of occult fecal blood and/or iron deficiency anemia
(16.7%), and surveillance of polyps (14.8%). Indications
for inappropriate colonoscopies are listed in Table 3. The
most frequent inappropriate indications were surveillance
of colonic polyps and colorectal carcinoma at different
intervals from those recommended (32.4%), and sporadic
non-specific abdominal pain or chronic abdominal pain
with previous endoscopic investigations (19.9%).
T h e r a t e o f c l i n i c a l l y r e l e va n t d i a g n o s i s wa s
significantly higher in patients whose colonoscopy was
classified as appropriate (233 of 866 patients, 26.9%)
than in those with inappropriate indications (16 of 151,
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10.6%, P < 0.001). Aspecific colitis and diverticulosis were
not considered as clinically relevant endoscopic findings.
The most frequent pathologic findings in appropriate
colonoscopies are listed in Table 4, the low grade dysplasia
adenomas and colorectal cancer were more common.
Only 1 case of adenoma with high-grade dysplasia,
2 cases of adenoma with low-grade dysplasia and 5
with unretrieved polyps of less than 5 mm in size had
pathologic findings in inappropriate procedures.

DISCUSSION
Over the recent years the number of colonoscopies has
grown exponentially, due to the increase of the demand
by population and primary care physicians. This has led to
long waiting lists and unavoidable economic consequences
on the management of the Health Care System, which
is experiencing a very severe cost crisis in Italy. Thus,
the appropriateness of colonoscopy performance can
reduce overuse, improve quality of care and decrease
costs[5], especially in those countries where the digestive
endoscopic services function on an open access system
basis. Defining strong criteria for the appropriateness of
endoscopic procedures is therefore needed to face the
health care demand of the population and the government
to reduce costs.
ASGE has developed and published the indication
categories for diagnostic colonoscopy procedures[6]. More
recently, however, authors from different countries[4] have
suggested that the ASGE guidelines require modifications.
Colonoscopies performed following ASGE indications
demonstrated clinically relevant findings only in a slightly
higher prevalence than those performed without these
indications (28.8% versus 20.2%), suggesting that the
exclusive use of these criteria cannot be considered a
safe approach[8]. Charles et al[9] reported that 40% of the
patients undergoing colonoscopy for an ASGE approved
indication have pathological results, compared to 22%
of those with inappropriate indications. Similarly, Morini et
al[10] reported a positive diagnosis of 43% for appropriate
colonoscopies and 16% for inappropriate procedures.
A more recent study indicated that the proportion of
patients in “not listed” category was about 16%, with a
diagnostic yield of 13.4%, about three times higher than
the diagnostic yield of colonoscopy with inappropriate
indications. The two most frequent unlisted indications
in this study were unexplained weight loss and alterations
of bowel habits; the authors conclude that these unlisted
indications must be included in the future version of the
ASGE guidelines[11]. The same opinion has been supported
by Chan [4] in a cross-sectional study performed at the
University of Malaya. These indications are included in the
SIED guidelines for colonoscopy. In fact, three colorectal
carcinomas in our study were diagnosed in patients only
complaining of recent and persistent constipation.
In fact, in our prospective study on an open access
system, based on general practitioners’ demand, the
indications for colonoscopies according to the ASGE
and SIED criteria were appropriate in 85.2% of cases
and inappropriate in 14.8%, with an appropriateness
higher than that reported in literature. We found very
www.wjgnet.com
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Table 1 ASGE and SIED selection criteria for colonoscopies
ASGE

SIED

Abnormality on barium enema, 1Computerized Tomography scan, Magnetic
Resonance Imaging, Ultrasonography
Haematochezia–Fecal occult blood test positivity–melena after negative upper Haematochezia–Fecal occult blood test positivity-Melena after negative upper
GI endoscopy
GI endoscopy
Unexplained iron deficiency anemia
Unexplained iron deficiency anemia
Surveillance for colonic neoplasia and colonic polyps
Surveillance for colonic neoplasia and colonic polyps
1
Clinically significant diarrhea of unexplained origin
Persistent and significant alterations of bowel habits
Surveillance of inflammatory bowel diseases patients
Surveillance of inflammatory bowel diseases patients
Evaluation of inflammatory bowel diseases of colon when colonoscopy will Evaluation of inflammatory bowel diseases of colon when colonoscopy will
influence immediate management
influence immediate management
Chronic abdominal pain: once to rule out disease
Chronic abdominal pain: once to rule out disease
1
Unexplained weight loss
Abnormality on barium enema

1

Different criteria between ASGE and SIED guidelines.

Table 2 921 indications in 866 appropriate colonoscopies
n

%

Haematochezia
Occult faecal blood presence
Surveillance after endoscopic polypectomy
(3-5 yr intervals following adequate clearance of neoplastic polyps)
Persistent change in bowel habits
Surveillance after resection of cancer
(colonoscopy to remove synchronous neoplastic lesion at or around time of curative resection of cancer followed by colonoscopy at 3 yr and 3-5
yr thereafter to detect metachronous cancer)
Chronic abdominal pain

218
154
136

23.7
16.7
14.7

105
100

11.4
10.8

57

6.2

Unexplained iron deficiency anemia

54

5.9

Family history of sporadic colorectal cancer before the age of 60: colonoscopy every 5 yr beginning at the age of 10 yr earlier than the affected
relative or every 3 yr if adenoma is found
Abnormality on imaging

42

4.6

28

3.0

Unexplained weight loss

18

1.9

9

1.0

ASGE/SIED guidelines

Chronic inflammatory bowel disease of colon, if more precise diagnosis or determination of the extent of activity of disease will influence
immediate management
In patients with ulcerative or Crohn’s pancolitis ≥ 8 yr or left sided colitis ≥ 15 yr every 1-2 yr with systematic biopsies to detect dysplasia

Table 3 Indications in 151 inappropriate colonoscopies
Indications

n

%

Surveillance of colonic polyps out of recommended intervals (3-5 yr intervals following adequate clearance of neoplastic polyps)
Transitory or already endoscopically investigated unmodified chronic abdominal pain
Transitory change in bowel habit
Colorectal carcinoma surveillance out of guidelines (colonoscopy to remove synchronous neoplastic lesion at or around time of curative
resection of cancer followed by colonoscopy at 3 yr and 3-5 yr thereafter to detect metachronous cancer)
Melena with upper gastrointestinal source already identified
Screening in patients with family histories of sporadic colorectal cancer before age of 60 out of guidelines (colonoscopy every 5 yr beginning at
the age of 10 yr earlier than the affected relative or every 3 yr if adenoma is found)
Hematochezia in patients < 40 yr without previous rectal evaluation
Follow-up for inflammatory bowel diseases out of recommended intervals. Chronic inflammatory bowel disease of the colon, if more precise
diagnosis or determination of the extent of activity of disease will influence immediate management
In patients with ulcerative or Crohn’s pancolitis ≥ 8 yr or left sided colitis ≥ 15 yr every 1-2 yr with systematic biopsies to detect dysplasia
Anal symptoms
Rectal incontinence
Abnormal serologic markers (CEA, carcino Embriogenic Antigen, Cancer Antigen 19-9)
Metastatic adenocarcinoma of unknown origin without colonic symptoms when it will not influence management
Inguinal hernia

49
30
21
20

32.4
19.9
13.9
13.2

9
6

6.0
4.0

4
3

2.6
2.0

3
2
2
1
1

2.0
1.3
1.3
0.7
0.7

few pathologic elements in the inappropriate series
(10.59% in not indicated versus 25.40% in indicated),
which constitutes a lower percentage than the reported
www.wjgnet.com

percentage[2,3,7,10]. This may be due to the wider criteria
applied or due to the fact that we did not consider as
clinically relevant diagnosis of other diseases, such as
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Table 4 Pathologic findings in appropriate colonoscopies
Pathologic findings

866 appropriate 151 inappropriate

n
Low grade dysplasia adenoma
Colorectal cancer
Undetermined polyps
(unretrieved polyps size < 5 mm)
High grade dysplasia adenoma
Inflammatory bowel diseases
In situ adenocarcinoma

n

92
71
25

%
41.8
32.3
11.0

9
5

%
6.0
3.3

25
17
3
233

11.4
7.7
1.4
26.9

2
16

1.3
10.6

The selection of patients who should undergo endoscopic procedures is one of
the key points of the diagnostic process, which should avoid the excessive use of
invasive and expensive tests as well as the underestimation of potentially harmful
diseases.
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Abstract
AIM: To evaluate the role of hyoscine butyl bromide in
facilitating retrograde ileoscopy.
METHODS: Retrograde terminal ileoscopy was attempted
in 200 consecutive patients undergoing colonoscopy. After
intubation of the cecum and visualization of the ileocecal
valve, hyoscine butyl bromide injection or normal saline
was given intravenously to the patients in a double blind
random fashion. The pulse rate and oxygen saturation
were measured continuously. After completion of the
procedure, endoscopists were then asked to score the
ease of intubation and the ease of visualization of the
terminal ileum on a visual scale of 1 to 10. The patients
were also asked to score the pain after receiving
hyoscine butyl bromide injection on a score of 1 to 10.
RESULTS: Terminal ileoscopy could be performed in
188 patients. The mean (SD) visual analogue score for
the ease of intubation of the cecum was 7.4 (0.65) in
the injection group and 5.9 (0.8) in the placebo group
(P < 0.001). The mean (SD) length of ileum visualized
in the injection group was 14.4 (3.3) cm and 10.4 (2.7)
cm in the placebo group (P < 0.001). The mean (SD)
visual analogue score for ease of visualization of the
terminal ileum was 7.5 (0.69) in the injection group and
5.9 (0.7) in the placebo group (P < 0.001). The pain
score experienced by the patients was 6.5 (0.7) in the
injection group and 6.7 (0.69) in the placebo group (P <
0.008). Although the pulse rate increased significantly
in patients receiving the drug, no statistically significant
difference was noted in the oxygen saturation between
the two groups either before or after administration of
the drug. No complications were observed in either of
the groups.
CONCLUSION: Hyoscine butyl bromide injection is a
useful adjunct in helping the intubation and visualization
www.wjgnet.com

of terminal ileum during colonoscopy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colonoscopy is the procedure of choice for investigating
patients with diseases of the colon and terminal ileum,
such as colonic adenomas or cancer, fecal occult blood
loss, inflammatory bowel disease, iron deficiency anemia,
colonic tuberculosis and hematochezia[1-8].
Terminal ileoscopy is an integral part of complete
colonoscopy. Retrograde terminal ileoscopy has been
noted to be useful in patients with inflammatory bowel
disease, diarrhea, lymphoma, cytomegalovirus-induced
ileitis, tuberculosis, portal hypertension and a host of
other conditions involving the terminal ileum[7-21]. In a
recent study, we have noted that obtaining blind biopsies
from even a normal-appearing terminal ileum is useful
in patients suspected of having ileocaecal tuberculosis[22].
Although terminal ileoscopy has been recommended
by several authors [7-10,22], it is not routinely performed
when colonoscopy is done in all patients undergoing
colonoscopy[3]. A more recent study showed that routine
ileoscopy is very useful and easy to perform after proper
training has been imparted. Except for a study that
found that hyoscine butyl bromide injection is helpful
in performing ileoscopy [23], the role of hyoscine butyl
bromide in facilitating retrograde terminal ileoscopy has
not been evaluated. The present study was therefore
planned to evaluate the role, if any, of hyoscine butyl
bromide injection in performing ileoscopy at colonoscopy.

MATERIALS AND METHODS
Retrograde terminal ileoscopy was attempted in 200
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Table 1 Indications for colonoscopy in two groups of patients

n = 200
Indication

Unexplained abdominal pain
Suspected colonic tuberculosis
Ulcerative colitis
Hematochezia
Fecal occult blood positive
Colon cancer
Occult gastrointestinal bleeding
Colonic polyp
Portal hypertension (colonic bleed)
Crohn’s disease

Group 1
Group 2
(active drug) (placebo)
55
14
11
5
4
2
2
1
2
2

56
12
13
5
6
4
2
2
1
1
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Table 2 Effect of hyoscine N-butyl bromide on the vital
parameters mean ± SD

Total
111
26
24
10
10
6
4
3
3
3

consecutive patients undergoing colonoscopy. Colonic
preparation was performed using a polyethylene glycolelectrolyte-based solution (Peglec, Tablets India, Ltd,
Chennai, India).
Patients with a previous history of abdominal surgery,
glaucoma, obstructive uropathy, autonomic dysfunction
and allergy to hyoscine butyl bromide (Buscopan) were
excluded from the study. All patients received midazolam
for conscious sedation. Colonoscopy was performed using
an Olympus videocolonoscope (CF 130 L, Olympus,
Tokyo) without any attachment.
At colonoscopy, a careful search was made for any
lesion in the colon. After reaching the cecum, attempt
was made to localize the ileocecal opening. Once it was
visualized, 1 mL of hyoscine butyl bromide injection
(German Remedies, Mumbai) containing 20 mg of the
drug or an equal volume of normal saline was administered
intravenously to the patients in a double blind random
fashion by a nursing assistant. Once in the terminal ileum
all attempts were made to go as far as possible in the
ileum. Any abnormality in mucosa of the terminal ileum
was carefully recorded and biopsies were obtained from
suspicious-looking lesions. The endoscopists scored the
ease of intubation and the ease of visualization of the
terminal ileum on a visual analogue score of 1-10. The
length of terminal ileum visualized was also recorded
during withdrawal of the colonoscope, when the length of
the colonoscope inside the ileocecal valve was measured.
The pulse rate and oxygen saturation were measured
continuously using a pulse oximeter. However for the
study purposes the values just before administration of
hyoscine butyl bromide or saline and at the end of the
procedure were taken. After the procedure the patients
scored the pain they felt while the terminal ileum was
intubated or visualized, on a visual analogue score of 1-10.
Statistical analysis was performed using the Student’s
t-test and chi-square test with or without Yates’ correction
as appropriate. All patients gave their informed consent
and IRB clearance was obtained before start of the trial.

RESULTS
During the study period, 200 colonoscopies were
performed. The indications for colonoscopy are given
in Table 1. The cecum could be intubated in all patients.

Placebo

P

85.7 (4.7)
93.2 (4.9)

85.6 (3.8)
86.5 (3.9)

NS
< 0.001

94

92

Drug
Pulse rate before administration
Pulse rate after procedure
Highest pulse rate achieved
before ileoscopy
Highest pulse rate achieved
during ileoscopy
Po2 before administration
Po2 after administration
Minimum Po2 before ileoscopy
Minimum Po2 during ileoscopy

102
95.4 (1.5)
94.4 (1.8)
92
90

92
95 (1.3)
94.6 (1.7)
94
90

NS
NS
NS
NS

Repeat colonoscopy had to be performed in 21 (10.5%)
patients due to poor pre paration during the first
colonoscopy.
Despite all attempts, the terminal ileum could not be
intubated in 12 patients: 4 due to deformed ileocecal valve
and 8 due to non-visualization of the ileocecal opening.
These patients were excluded from the final analysis.
Hyoscine butyl bromide injection was administered to 2
patients and normal saline to 2 patients with deformed
ileocecal valve respectively. As per protocol, injections
were administered only on visualization of the ileocaecal
opening and therefore no injection was given to patients in
whom the ileocecal valve was not visualized.
The mean (SD) age of these patients was 44.7 (10.6)
years (range 25-65 years). There were 147 males and 41
females in the study.
There were 94 patients in both groups. The mean (SD)
visual analogue score for the ease of intubation was 7.4
(0.65) in the injection group and 5.9 (0.8) in the placebo
group. The difference between the two groups was
statistically significant (P < 0.001). The mean (SD) length
of ileum visualized was 14.4 (3.3) cm in the injection group
and 10.4 (2.7) cm in the placebo group (P < 0.001). The
mean (SD) visual analogue score for ease of visualization
of the terminal ileum was 7.5 (0.69) in the injection group
and 5.9 (0.7) in the placebo group (P < 0.001). The mean
(SD) pain score experienced by the patients was 6.5 (0.7)
in the injection group and 6.7 (0.69) in the placebo group.
The difference between the two groups was statistically
significant (P < 0.008).
The effect of the drug on the vital parameters is shown
in Table 2. Although the pulse rate increased significantly
in patients receiving the drug, no statistically significant
difference was noted in the oxygen saturation between the
two groups either before or after administration of the drug.

DISCUSSION
Colonoscopy remains the procedure of choice for most
diseases of the large bowel[1]. Although colonoscopy is
performed routinely for suspected abnormalities of the
colon[1], ileoscopy is not commonly employed in the workup of patients with ileocolonic abnormalities[3]. Despite the
fact that a number of studies have demonstrated the utility
of retrograde ileoscopy during colonoscopic examination
of the large bowel [7-22], a recent study speculated that
www.wjgnet.com
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perceived difficulty of ileal intubation, time constraints,
and the expectation of a low diagnostic yield are the likely
reasons for the resistance on the part of the endoscopists
in attempting retrograde ileoscopy[3].
We did not study the success of ter minal ileal
intubation in the two groups as the rate of terminal
ileal intubation is high in the hands of the experienced
and motivated endoscopists. However, the results of
the present study were encouraging and hyoscine butyl
bromide injection was noted to have a salutary effect on
all the parameters evaluated in the study, including the ease
of terminal ileal intubation and the length of the terminal
ileum visualized. This should be helpful in motivating
endoscopists to perform retrograde terminal ileoscopy.
Even the patients perceived the procedure to be less
painful when hyoscine butyl bromide was administered.
Moreover, adverse effects were not observed, although
the patients receiving the drug had significant tachycardia
compared to those receiving placebo (Table 2).
Injection of hyoscine butyl bromide has been utilized
to achieve aperistalsis in patients undergoing ERCP.
However, its role in colonoscopy is not very clear[24-28]. It
should be noted that in the present study we did not use it
till we achieved cecal intubation and visualized the ileocecal
valve, suggesting that it should not be used to facilitate
colonoscopy but only to make ileoscopy easier for the
endoscopist and patients. An earlier study noted the drug
is a useful adjunct in intubating the terminal ileum during
routine colonoscopy[23].
Glucagon has been used in lieu of hyoscine butyl
bromide for achieving aperistalsis in patients undergoing
ERCP[29,30]. Glucagon has also been evaluated as an adjunct
in facilitating colonoscopy[31,32]. Whether glucagon can be
used in lieu of hyoscine butyl bromide in achieving ileal
intubation in patients undergoing colonoscopy, remains
to be studied. However, since the action of glucagon and
hyoscine butyl bromide are similar, and glucagons has been
used instead of hyoscine, to achieve aperistalsis during
ERCP, we do not foresee any reason why glucagons cannot
replace hyoscine. Although the side effects of glucagon
are less, the cost is a prohibitive factor in its routine use,
especially in the developing countries.
A few earlier studies have raised concern about
the adverse changes in the vital parameters following
administration of hyoscine butyl bromide[25,27] although
not all studies observed such changes[24,26]. However, we
did not observe any untoward incident or adverse changes
in the vital parameters in this study, which might be due to
the very short time required between administration of the
drug and completion of the ileoscopy. It is important to
remember that hyoscine butyl bromide or saline injection
was administered only when the ileocaecal valve could be
identified and the endoscopist was prepared to intubate
the terminal ileum.
We have noted that retrograde terminal ileoscopy
is a useful investigation in patients with ileocolonic
tuberculosis[33] and can diagnose the cause of hematochezia
in patients in whom an earlier colonoscopic examination
fails to reveal any abnormality[34]. Obtaining blind biopsies
from normal appearing cecum and terminal ileum could
yield a positive diagnosis in a select group of patients
www.wjgnet.com
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suspected of having ileocecal tuberculosis [22]. The use
of hyoscine butyl bromide injection would make the
procedure easier and it is expected that more endoscopists
would perfor m retrograde ter minal ileoscopy while
performing colonoscopy.
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Abstract
AIM: To describe the outcome and prognosis in a cohort
of patients with acute liver failure due to autoimmune
hepatitis without liver transplantation.
METHODS: A retrospective trial was conducted in 11
patients with acute liver failure due to autoimmune
hepatitis who attended the Instituto Nacional de Ciencias
Médicas y Nutrición Salvador Zubiran. Demographic,
biochemical and severity indexes, and treatment and
outcome were assessed.
RESULTS: Among the 11 patients, with a median age
of 31 years, 72% had inflammatory response syndrome,
and six patients received corticosteroids. The mortality
rate within four weeks was 56%, and the one-year
survival was 27%. In the survivors, severity indexes
were lower and 83% received corticosteroids.
C O N C L U S I O N : We o b s e r v e d a r e l a t i v e l y h i g h
survival rate in patients with acute liver failure due
to autoimmune hepatitis. This survival rate could be
influenced by severity of the disease and/or use of
corticosteroids.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute liver failure (ALF) is defined as the development
of hepatic necrosis with encephalopathy within eight
weeks of the onset of liver disease. It is a complex
multisystemic event that evolves after a catastrophic insult
to the liver ending in the development of a coagulopathy
and encephalopathy within a short period of time. ALF
is a heterogeneous condition incorporating a range of
clinical syndromes [1]. Several etiologies are involved in
ALF. However, in the USA and UK, paracetamol, hepatitis
A or B and seronegative are the most common ones[2].
The overall mortality varies widely from 10% to 90% in
different cohorts. The higher survival rates were observed
in those subjects who received liver transplantation,
and nowadays ALF accounts for 5%-12% of all liver
transplantations[3].
Autoimmune hepatitis (AIH) is an uncommon cause
of ALF and is usually associated with type 2 autoimmune
hepatitis, particularly in children[4]. In an adult population,
AIH occurs in less than 10% of all cases of ALF[5], and
acute AIH presents with fulminant hepatic failure and
is the last cause of liver transplantation [6]. Few reports
about the clinical characteristics and outcomes in this
rare group of subjects with ALF are available. Clinically,
it is considered a condition that is no longer responsive
to corticosteroid therapy or other immunosuppressive
therapies[1]. However, Miyake et al[7] recently demonstrated
in a Japanese population a survival rate of 45% without
treatment with corticosteroids. The aim of this study was
to describe the clinical outcome and prognoses in a cohort
of adult subjects with ALF due to AIH without liver
transplantation.

MATERIALS AND METHODS
Subjects
Patients admitted to the Instituto Nacional de Ciencias
Médicas y Nutrición Salvador Zubiran (Mexico City) for
ALF, secondary to AIH, from 1984 to 2004 were studied
retrospectively. The autoimmune etiology was defined
according to the biochemical and histological criteria
of the International Auto-immune Hepatitis Group [8].
Diagnosis of ALF was made according to the previous
published criteria[9] which include: the development of
hepatic encephalopathy (≥ grade Ⅱ) within eight weeks
of the onset of initial symptoms, a prothrombin activity of
< 40%, and the absence of previous chronic or alcoholic
liver disease. Hepatic encephalopathy was graded on the
standard scale ofⅠ- Ⅳ.
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Table 1 Clinical features at time of diagnosis
Case
No.
1.3

1
2
2
3
1.2
4
1.2
5
1
6
7
8
1.3
9
10
11
1.2

Age
(yr)

IAHSS

New onset
AIH

BMI
2
(m/kg )

65
17
66
28
52
17
31
25
67
18
33

17
17
17
17
14
20
18
14
13
12
13

Yes
Yes
No
Yes
Yes
Yes
No
No
Yes
Yes
Yes

31.1
22.0
20.0
30.3
27.5
22.5
19.9
35.0
26.9
27.0
23.3

HE

SIRS

Bilirubin
(mg/dL)

ALT
(IU/L)

ALP
(UI/L)

INR

Globulin
(g/dL)

Creatinine
(mg/dL)

ANA

Corticosteroids

2
3
2
2
2
2
4
3
2
3
3

Yes
Yes
Yes
Yes
No
No
Yes
Yes
No
Yes
Yes

21.9
15.3
8.4
22.9
21.2
7.6
22.0
26.8
13.8
22.6
20.1

309
358
31
128
217
414
541
23
683
126
173

274
136
207
262
186
271
138
309
135
120
199

1.60
1.50
1.50
1.90
1.90
1.70
3.60
1.90
8.12
2.20
3.60

4.1
2.5
4.4
5.7
4.5
7.7
2.9
3.1
2.4
2.7
4.3

1.1
0.9
0.9
1.1
0.6
0.8
6.6
2.7
2.3
1.1
1.4

1:40
1:40
1:80
1:80
1:40
1:80
1:80
1:40
1:80
1:40
1:80

Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
No
No

IAHSS: international autoimmune hepatitis scoring system; HE: hepatic encephalopathy grade; SIRS: systemic inflammatory response syndrome; ALT: alanine
aminotransferase; ALP: alkaline phosphatase; INR: international normalized ratio; ANA: antinuclear antibody; BMI: body mass index. 1Cases treated with
corticosteroids, 2Cases that survived one month, 3Cases that survived more than three years.

Other etiologies were excluded by the absence of IgM
anti-hepatitis A virus antibody, IgM anti-hepatitis B virus
core antibody or hepatitis B surface antigen. In addition,
drug-related disease, acute fatty liver of pregnancy,
ischaemic hepatitis, Wilson’s disease, malignant infiltration,
cytomegalovirus, Epstein-Barr virus and herpes simplex
were also excluded.
Baseline clinical characteristics such as age, gender, and
body mass index were recorded; similar biochemical values,
and Acute Physiology And Chronic Health Evaluation
score [10], systemic inflammatory response syndrome [11]
and multiple organ failure were assessed[12]. Mortality was
classified as either in-hospital and out-hospital.
Statistical analysis
All statistical analyses were carried out with the SPSS/PC
v 10.0 program (SPSS Inc, Chicago, IL, USA). Continuous
variables were expressed in terms of median and range.
Statistical significance was set at P < 0.05. Variables were
analysed using the exact Fisher’s test (two-tailed), Mann–
Whitney U test and 95% confidence intervals.

RESULTS
Among 58 subjects with ALF, AIH was the etiology
(19%) in 11 cases. All cases had onset of encephalopathy
within 28 days, and all were not diagnosed previously
with AIH. Ten were females (90.9%), with a median age
of 31 years (range, 17-67 years) and mean body mass
index of 25 ± 4 m/kg2. Liver biopsy was performed in
eight subjects to determine the diagnosis. Eight subjects
(72%) had systemic inflammatory response syndrome.
The baseline biochemical values were: bilirubin 18.4 ±
6.2 mg/dL, alanine aminotransferase 273 ± 219 U/L
(median, 273; range, 31-683), alkaline phosphatase 203
± 67 U/L, international normalized ratio 2.6 ± 1.95
(median, 1.9; range, 1.5-8.12) and creatinine 1.77 ± 1.72
mg/dL (median, 1.1; range, 0.6-6.6) (Table 1). The overall
mortality was 54.5% (n = 6); however, only 16.6% (1/6)
of these subjects received corticosteroids. Corticosteroid
was used based on the initial clues that indicated AIH
as a cause of ALF. Additionally, all patients were treated

with maximal available supportive care according to their
clinical characteristics.
In-hospital mortality was 45.4% (n = 5), the one-month
survival rate was 54% (n = 6), with three subjects (27%)
surviving more than one year, and the longest follow-up
being six years.
When the subjects were analysed according to death/
survival, differences were observed in the prevalence of
severe hepatic coma, APACHE Ⅱ score, SIRS, sepsis,
severe sepsis, and multiorgan failure at baseline (Table 2).
Those subjects who survived more than three years
(cases 1, 2 and 9) had similar characteristics, except for
age, creatinine and INR at presentation. The three subjects
received corticosteroids: 1 g/d methylprednisolone i.v. for
three days, followed by hydrocortisone 100 mg i.v. until
enteral feeding was available, when 40 mg prednisone was
administered. Cases 1 and 9 had the longest follow-up for
six years, and in case 1 all drugs were withdrawn at four
years of follow-up without additional liver function tests;
case 2 was followed for four years, and at the last visit,
treated with 50 mg/d azathioprine; and case 9 continues to
be treated with prednisone.

DISCUSSION
Although liver transplantation can improve the outcome
in ALF, the overall mortality without liver transplantation
is still high [13]. In this study, we presented the clinical
experience of one single referral hospital in subjects with
AIH and ALF.
These findings are particularly interesting, because
we observed a higher prevalence of AIH (about 20%)
compared to other reports[7,14]. Information about AIH in
ALF is scarce. Recently, Miyake et al[7] in a Japanese study
reported the clinical characteristics in 11 subjects with
fulminant AIH. Contrary to our study, their response rate
to corticosteroids without transplantation was low (two of
seven subjects), and an unexpectedly high survival rate was
observed in those with supportive treatment.
In recent years, a better response in subjects with
ALF has been observed. At least two studies showed
higher survival rates (a three-week survival rate without
www.wjgnet.com
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Table 2 Clinical features at d 1 of survivors and non-survivors
Variables

In-hospital survival
(n = 6)
median (range)

In-hospital non-survival
(n = 5)
median (range)

Age (yr)
HE grade (Ⅲ or Ⅳ), n (%)
Body mass index (m/kg2)
APACHE score
Total bilirubin (mg/dL)
Alanine aminotransferase (IU/L)
INR
Creatinine (mg/dL)
Serum sodium (mEq/L)
SIRS (yes), n (%)
Sepsis (yes), n (%)
Severe sepsis (yes), n (%)
Septic shock (yes), n (%)
Multiple organic failure (yes), n (%)
Corticosteroids (yes), n (%)

52 (17-67)
1 (16)
26.9 (22–31.1)
8 (6–13)
15.3 (7.6–21.9)
358 (217–683)
1.7 (1.5–8.12)
0.9 (0.6–2.3)
134 (131–138)
0
1 (16)
1 (16)
0
0
5 (83)

29.5 (18–66)
4 (80)
25.1 (20–35)
20 (11–23)
22.3 (8.4–26.8)
127 (23–541)
2.05 (1.5–3.6)
1.25 (0.9–6.6)
134 (125–149)
1 (20)
2 (33.2)
3 (60)
0
5 (100)
1 (20)

P

0.43
0.10
0.39
0.08
0.35
0.35
0.35
0.20
0.35
0.45
0.42
0.19
NS
0.02
0.06

HE: hepatic encephalopathy grade; APACHE: acute physiology and chronic health evaluation; SIRS: systemic
inflammatory response syndrome.

liver transplantation is 80% in the Miyake et al[7] study
and 54% at a four-week survival in our study) compared
with one initial report (a three-week survival rate without
liver transplantation was approximately 20%). In fact,
the mortality rate observed in all cases of ALF in our
institution was 49% [15]. However, we observed a lower
mortality rate at one month (only with statistic tendency)
in subjects who received corticosteroids (18% vs 80%
in those without corticosteroids), but survivors showed
lower values of severity at baseline. We obser ved a
trend of better prognosis in those subjects treated with
corticosteroids. This could be explained by the fact
that since this therapy is oriented to pathophysiological
process involved in the etiology of ALF, only supportive
management was offered due to lack of transplantation.
Unfortunately, due to the low number of subjects
in reported series [16,17], it is difficult to establish more
categorical conclusions about therapeutic interventions,
and prospectively controlled trials using corticosteroids are
unethical, particularly when the majority of subjects with
acute AIH present with fulminant hepatic failure[18].
In subjects with ALF due to AIH, many pathogenic
events occur; for instance, an important loss of homeostasis
with multiorgan failure as the main outcome, includes
an uncontrolled immune response. Although liver
transplantation is considered the best treatment of choice
in ALF, it is not always available in all centres, and the
clinical usefulness of other non-surgical options directed
to pathogenic mechanisms has not been fully explored.
Corticosteroids are considered the main treatment
of AIH, but their side-effects are often significant. In
the clinical scenario of acute liver failure, the study of
Harry et al[19] demonstrated that the use of high doses of
corticosteroids in subjects with hypotensive acute liver
failure (none with AIH) could help reduce noradrenaline
requirements after 48 h with steroid therapy. However,
no differences were observed in survival, but length of
intensive care unit stay was prolonged in the steroid-treated
group, increasing the length of waiting time for a suitable
www.wjgnet.com

organ donor. Unfortunately, the incidence of infection due
to resistant organisms such as Candida albicans was high
in this group.
In conclusion, we observed in a cohort of subjects
from a clinical setting where transplantation is not feasible,
a relatively high clinical heterogeneity of ALF due to AIH
that showed a high survival rate. These observations may
be influenced by both severity of the disease and the use
of high doses of corticosteroids.

REFERENCES
1
2
3
4
5
6

7

8

9

O'Grady JG. Acute liver failure. Postgrad Med J 2005; 81:
148-154
Bernal W. Changing patterns of causation and the use of
transplantation in the United kingdom. Semin Liver Dis 2003;
23: 227-237
O’Grady JG. Acute Liver Failure. In: Comprehensive clinical
hepatology. O’Grady JG, Lake JR, Howdle PD, editors.
London: Mosby, 2000: 1-20
Squires RH. Autoimmune hepatitis in children. Curr
Gastroenterol Rep 2004; 6: 225-230
Tessier G, Villeneuve E, Villeneuve JP. Etiology and outcome
of acute liver failure: experience from a liver transplantation
centre in Montreal. Can J Gastroenterol 2002; 16: 672-676
Schiodt FV, Atillasoy E, Shakil AO, Schiff ER, Caldwell C,
Kowdley KV, Stribling R, Crippin JS, Flamm S, Somberg KA,
Rosen H, McCashland TM, Hay JE, Lee WM. Etiology and
outcome for 295 patients with acute liver failure in the United
States. Liver Transpl Surg 1999; 5: 29-34
Miyake Y, Iwasaki Y, Terada R, Onishi T, Okamoto R, Sakai N,
Sakaguchi K, Shiratori Y. Clinical characteristics of fulminanttype autoimmune hepatitis: an analysis of eleven cases.
Aliment Pharmacol Ther 2006; 23: 1347-1353
Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK,
Cancado EL, Chapman RW, Cooksley WG, Czaja AJ, Desmet
VJ, Donaldson PT, Eddleston AL, Fainboim L, Heathcote J,
Homberg JC, Hoofnagle JH, Kakumu S, Krawitt EL, Mackay
IR, MacSween RN, Maddrey WC, Manns MP, McFarlane
IG, Meyer zum Buschenfelde KH, Zeniya M. International
Autoimmune Hepatitis Group Report: review of criteria
for diagnosis of autoimmune hepatitis. J Hepatol 1999; 31:
929-938
Trey C, Davidson CS. The management of fulminant hepatic
failure. In: Progress in Liver Disease. Popper H, Schaffner F,

Chavez-Tapia NC et al . Acute liver failure and autoimmune hepatitis

10
11
12

13

14
15

editors. New York: Grune & Stratton, 1970: 282-298
Knaus WA, Draper EA, Wagner DP, Zimmerman JE.
APACHE II: a severity of disease classification system. Crit
Care Med 1985; 13: 818-829
Nyström PO. The systemic inflammatory response syndrome:
definitions and aetiology. J Antimicrob Chemother 1998; 41
Suppl A: 1-7
Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook
D, Cohen J, Opal SM, Vincent JL, Ramsay G. 2001 SCCM/
ESICM/ACCP/ATS/SIS International Sepsis Definitions
Conference. Crit Care Med 2003; 31: 1250-1256
Barshes NR, Lee TC, Balkrishnan R, Karpen SJ, Carter BA,
Goss JA. Risk stratification of adult patients undergoing
orthotopic liver transplantation for fulminant hepatic failure.
Transplantation 2006; 81: 195-201
Gimson AE, O'Grady J, Ede RJ, Portmann B, Williams R. Late
onset hepatic failure: clinical, serological and histological
features. Hepatology 1986; 6: 288-294
Peláez-Luna M, Martinez-Salgado J, Olivera-Martinez MA.

16
17

18

19

1827

Utility of the MAYO End-Stage Liver Disease score, King's
College Criteria, and a new in-hospital mortality score in
the prognosis of in-hospital mortality in acute liver failure.
Transplant Proc 2006; 38: 927-929
Viruet EJ, Torres EA. Steroid therapy in fulminant hepatic
failure secondary to autoimmune hepatitis. P R Health Sci J
1998; 17: 297-300
Ohnishi K, Torimoto Y, Ohhira M, Yasuda A, Matsumoto A,
Murazumi Y, Mizuno M, Murazumi K, Ohta H, Kohda H. A
case of autoimmune hepatitis recovered from a fulminant like
severe hepatic failure. Nihon Shokakibyo Gakkai Zasshi 1994; 91:
1457-1463
Kessler WR, Cummings OW, Eckert G, Chalasani N, Lumeng
L, Kwo PY. Fulminant hepatic failure as the initial presentation
of acute autoimmune hepatitis. Clin Gastroenterol Hepatol 2004;
2: 625-631
Harry R, Auzinger G, Wendon J. The effects of
supraphysiological doses of corticosteroids in hypotensive
liver failure. Liver Int 2003; 23: 71-77
S- Editor Liu Y L- Editor Ma JY E- Editor Che YB

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 28; 13(12): 1828-1832
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Prevalence and risk factors of asymptomatic hepatitis C virus
infection in Egyptian children
MS El-Raziky, M El-Hawary, G Esmat, AM Abouzied, N El-Koofy, N Mohsen, S Mansour, A Shaheen,
M Abdel Hamid, H El-Karaksy
MS El-Raziky, M El-Hawary, N El-Koofy, N Mohsen, S
Mansour, H El-Karaksy, Departments of Pediatrics Cairo
University, Cairo, Egypt
G Esmat, Departments of Tropical Medicine Cairo University,
Cairo, Egypt
AM Abouzied, A Shaheen, M Abdel Hamid, Tropical Medicine
Research Institute, Cairo, Egypt
Supported by the Sustainable Sciences Institute, United States as
part of the small grants program
Correspondence to: Mona El-Said El-Raziky, Associate
Professor of Pediatrics, Faculty of Medicine, Cairo University, 8
street No. 25, El-Mokattam, Cairo11585,
Egypt. mraziky@yahoo.com
Telephone: +202-5083321 Fax: +202-5059040
Received: 2006-12-19
Accepted: 2007-03-08

Abstract
AIM: To identify the prevalence, risk factors and
manifestations of asymptomatic hepatitis C virus (HCV)
infection in Egyptian children.
METHODS: Children at the age of 1-9 years were
screened for HCV antibodies and alanine aminotransferase
(ALT) levels. Every child with elevated ALT and/or
detectable HCV antibodies was tested for HCV RNA by
RT-PCR and compared with two negative controls for risk
factors and signs and symptoms of liver disease.
RESULTS: We screened 1042 children, six of them
had elevated ALT, negative HCV antibody and positive
RNA, likely representing acute hepatitis C cases. Fifteen
children were HCV seropositive, 5 of them were HCV
RNA positive. Asymptomatic HCV infection was present
in 2.02% (positive results for either HCV antibodies
or HCV-RNA or both). Symptoms such as diarrhea,
abdominal pain, history of fatigue and school absence
because of illness and risk factors such as dental care
were significantly more common among HCV positive
cases than among controls. None of the HCV positive
children was diagnosed as having signs of advanced liver
disease upon clinical or ultrasonographic examination.
CONCLUSION: Asymptomatic HCV infection is detectable
in 2.02% Egyptian children.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The prevalence of hepatitis C virus (HCV) infection is
relatively low in children, with an anti-HCV prevalence rate
of 0.2%-0.4% in the Western world[1]. Blood transfusion is
the principal route of transmission of HCV in children[2].
Recent evidence sug gests that new cases are due to
perinatal (vertical) transmission[3].
Eg ypt has the highest prevalence of adult HCV
infection in the world, averaging 15%-25% in rural
communities [4-6] . The main (90%) HCV genotype is
type 4[7-9]. The magnitude of HCV infection in children
is not well understood, apart from subgroups in twocommunity based cross sectional studies[10,11]. In the first
study from upper Egypt[10], 84 (3%) out of 2967 subjects
under 19 years of age screened for HCV antibody using
ELISA technique, were found to be positive. The overall
prevalence in the 6033 screened subjects was 8.7%. In the
second study from Lower Egypt[11], 178 (9%) out of the
2010 screened subjects under 19 years of age were found
to be positive. The overall seroprevalence in the 3999
screened subjects was 24.3%. Analysis of risk factors was
significant for male circumcision by informal health care
provider [11]. Although blood transfusion, circumcision,
vertical transmission, and living in a house with an infected
family member are the established risk factors for HCV
transmission, approximately 70% of acquired infections
are due to unidentified risk factors [11]. A recent study
of intrafamilial transmission showed that the incidence
of offsprings to acquire HCV from anti-HCV–positive
parents is slightly higher (incidence rate of 8.7/1000 per
year) in the positive mother than in the anti-HCV positive
father (6.6/1000)[12].
According to a study by El-Raziky et al [13] HCV
infection is not always benign in the Egyptian children
as ALT levels are elevated in half of the subjects and

El-Raziky MS et al . Asymptomatic HCV in Egyptian children

MATERIALS AND METHODS
Subjects
A hospital-based study of patients was carried out from
January to August 2004 at the General Outpatient Clinics
of Cairo University Pediatric Hospital (CUPH) which
provides medical care to attending children (without
reference or residence area restriction).
Inclusion criteria were attendants to the CUPH
Outpatient Clinics, children at the age of 1-9 years*, children
not known to have liver disease, parent’s infor med
consent to participate in the study. Exclusion criteria were
attendants to the Hepatology Clinic and the Haematology
Clinic, and critically ill patients. Parents of the participants
or legal guardians signed an informed consent approved
by the IRB, if they fulfilled the criteria of screening. Oral
consent, in the presence of a witness, was provided for
illiterate participants. *We excluded participants below the
age of one year due to the expected presence of passively
acquired maternal anti-HCV in children of this age group.
Those older than 9 years were also not included because
inclusion of older children would include adolescents who
might have different risk factors and enough time to follow
them up when they were still in the paediatric age group.
Laboratory, physical and social assessment
Alanine aminotransferase (ALT), antibodies to hepatitis
C virus (anti-HCV) (Axsym system HCV version 3.0
Abbott Diagnostics Division: Germany) were detected in
all children. Any case with elevated ALT and/or positive
HCV antibody was subjected to HCV RNA by an in-house
reverse transcription-polymerase chain reaction (RT-PCR)
on whole sera amplification of DNA by PCR[14] and asked
to fill in a questionnaire about risk factors for transmission
and a questionnaire about symptoms, while the mothers
were blinded to results.
A full general and local abdominal clinical examination
was performed on patients with positive results and 2
randomly selected matched negative controls. Abdominal
ultrasonography was done with ultrasound Toshiba 250,
3.5/5.0 MHz convex probes. The socioeconomic status
was calculated according to Egyptian score including
education of father and mother, crowding index and
sanitation of the house[15].
Sample size and analysis
The sample size was calculated and estimated to be
approximately one thousand children according to the
reported HCV seroprevalence ranging from 0.5%-3% in

ALT (28)

←

histological abnormalities are detectable in three quarters
of HCV-RNA positive cases. It is not clear whether
identification of HCV early in childhood can alter the
course of the disease due to the limitations of current
antiviral therapies. Therefore long-term morbidity of the
disease is a concern. The aim of the present study was
to identify the prevalence and possible risk factors of
asymptomatic HCV infection in Egyptian children and to
detect the underlying signs and symptoms of liver disease
associated with asymptomatic HCV in Egyptian children.
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Figure 1 Abnormal laboratory results from 1042 screened children.

Egyptian children[10].
Univariate statistical results (mean ± SD) were used to
estimate the prevalence of risk factors and liver function
morbidity in the HCV positive cases and HCV negative
controls. Chi-square test or Fischer’s exact test (when
appropriate) was used to assess the statistical significance
of associations between individual risk factors and liver
function morbidity with HCV infection, and Odds ratios
were used to measure the strength of associations (OR >
3). P < 0.05 was considered statistically significant. SPSS
program 12.0 was used for analysis.

RESULTS
A total of 1042 children were enrolled in this study. The
results obtained from these cases were analyzed. The mean
age of screened children was 3.88 ± 2.13 years. Male to
female ratio was 1.1:1. Forty-one out of the 1042 children
had elevated ALT and/or positive HCV antibody. Of
these 41 children, 26 had elevated ALT, 13 positive HCV
antibody alone and 2 both. HCV-RNA was amplified by
RT-PCR revealing positive results in 11 out of the 41
children. The abnormal laboratory results of the 1042
screened children are shown in Figure 1. Among the 41
children, 6 had elevated ALT, negative HCV antibody and
positive RNA, likely representing acute hepatitis C cases
(0.58%). Their mean age was 2.8 years, ranging 2-4 years.
The mean ALT was 231.5 IU + 262.61 IU ranging 43-633
IU. These laboratory results were tested once. Four out of
six children had less than 5-fold elevation of ALT and the
remaining two had more than 10 -fold elevation of ALT.
Fifteen children were HCV seropositive. Of them, 5
were HCV RNA positive, 2 had elevated ALT. Among the
28 children (2.7%) with elevated ALT, 20 were negative
for both markers of HCV, 9 out of these 20 children were
diagnosed as acute hepatitis A in 7 and hepatitis B in 1,
and 1 developed HCV antibodies 4 mo later suggesting
occult acute hepatitis C. Evidence of HCV infection was
present in 21 cases (2.02%) positive for HCV antibodies
and/or HCV-RNA.
Clinical data and possible risk factors for HCV
acquisition were compared between the 18 children
with evidence of HCV infection except for 3 who
were lost in follow-up and 112 age, sex, residence and
socioeconomically matched negative controls. Relevant
and statistically significant clinical data are shown in
Table 1. Symptoms such as diarrhea and abdominal pain,
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Table 1 Comparison of clinical data obtained from HCV cases
and control children
HCV cases

Age at screening in years
(mean ± SD)
Male: female ratio
BMI
Residence
Urban
Rural
Semi rural
Socioeconomic score
High class 20-26
Middle class 15-20
Low class 10-15
Very low class less 10
ALT folds (mean ± SD)
Present history
Dark urine
Diarrhea
Yellowish sclera
Abdominal pain
Past history
Jaundice
School absence
because of illness
Poor general health

Controls

n = 18 (%)

n = 112 (%)

4.00 ± 2.1

3.89 ± 2.0

0.6:1
16.61
16 (88.9)
2 (11.1)
0 (0)

1.4:1
16.76
104 (92.9)
6 (5.4)
2 (1.8)

NS
NS
NS
NS

2 (11.1)
4 (22.2)
9 (50)
3 (16.7)
2.3 ± 4.1

8 (7.1)
36 (32.1)
41 (36.6)
27 (24.1)
0.4 ± 0.1

NS

4 (22.2)
5 (27.8)
1 (5.6)
3 (16.7)

14 (12.5)
12 (10.7)
4 (3.6)
2 (1.8)

NS
0.046
NS
0.002

3 (16.7)
3/7 (42.9)

20 (17.9)
1/48 (2.1)

NS
0.01

6 (33.3)

20 (17.9)

NS

0.045

history of easy fatigue and school absence because of
illness were significantly more common among HCV
positive cases than among controls. These relations were
not significant when the clinical data were compaired
between those who were considered as acute cases and
others with chronic HCV (Table 2).
Risk factors are listed in Table 3. HCV cases were
found to have 3.5 times of exposure to dental care than
their controls. In addition, surgical interventions such as
operations, stitches, catheterization, abscess drainage and
cautery were not statistically significant.
Examination of the 18 cases with evidence of HCV
infection revealed jaundice in 3 cases. None of the HCV
positive children had splenomegaly. Ultrasonographic
examination revealed evidence of periportal thickening in
only one case (5.6%).

DISCUSSION
HCV can cause asymptomatic infection [16] . Children
w i t h ch r o n i c H C V i n f e c t i o n a r e u s u a l l y f r e e o f
symptoms, frequently with normal or borderline alanine
aminotransferase (ALT) values [17] . The worldwide
seroprevalence of HCV ranges 0.2%-2%[18]. Egypt has the
highest prevalence of adult HCV infection in the world.
The natural history of HCV infection in children is illdefined. In our study evidence of HCV infection was
present in 2.02% cases, which is lower than that reported
in other Egyptian studies in rural communities (3% and
9% of subjects under 19 years of age were found to be
positive in two-community based studies respectively)[10,11].
In India, a hospital-based serological survey showed
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Table 2 Comparison of clinical data obtained from acute and
chronic cases of HCV infection

P

NS: P value is nonsignificant.
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n = 4 (%)

n = 14 (%)

Chronic HCV

P

2 (50)
2 (50)
1 (25)
0 (0)

2 (14.3)
3 (21.4)
0 (0)
3 (21.4)

0.20
0.53
0.22
1.0

0 (0)
1 (25)

3 (21.4)
2 (14.3)

1.0
0.43

1 (25)

5 (35.7)

1.0

Likely acute HCV

Present history
Dark urine
Diarrhea
Yellowish sclera
Abdominal pain
Past history
Jaundice
School absence
because of illness
Poor general health

that the prevalence of HCV in children at the age of
0-9 year is 3.6%[16]. Anti-HCV antibodies were detected
in 4.09% hospitalised Pakistani children screened for
markers of HCV[19]. However, a more recent Pakistani
screening showed that the seroprevalence of anti HCV
antibodies in asymptomatic children (3-15 years old) is
0.58%[20]. The prevalence of hepatitis C in children of
developed countries is lower (0.05%-0.4% in USA)[21]. The
seroprevalence in the third national health and nutrition
examination survey (NHANES Ⅲ) was 0.2% in children
aged between 6 and 11 years[22].
Much higher prevalence rates are reported in adult
Egyptians with 12%-24% anti-HCV seropositivity in the
general population[4,5,23]. The higher rate in adults is explained
by the consistent increase of seropositivity with age.
In the present primary health care-based case-control
study, no definite significant risk factor for acquisition of
HCV could be detected both in cases and in controls. Lu
et al[24] reported that no statistically significant difference in
risk factors could be found among HCV antibody positive
and negative children.
Egyptian studies documented that analysis of risk factors
is significant for male circumcision by informal health
care provider[11]. Blood transfusion, circumcision, vertical
transmission, and living in a house with infected family
member are not reported in more than 20% individuals, but
about 70% have infection without identified risk factor in
subjects under 19 years of age[11]. Hyder et al[20] showed that
multiple exposures to unsterilized needle pricks, razors or
dental procedures are responsible for a higher carrier rate in
low socioeconomic groups.
Our results showed that symptoms such as diarrhea,
abdominal pain, history of fatigue and school absence
because of illness were significantly more common
among HCV positive cases than among controls. Jaundice
was present in 3 cases (16.7%) and soft rounded 3 cm
liver enlargement below the costal margin was found in
two of them. Jara et al[25] reported that symptoms such
as anorexia, asthenia or abdominal pain, were present
in only 14% of their patients, while none of them had
jaundice or extrahepatic manifestations. Bortolotti et al[26],
who conducted a clinical study on 77 Italian and Spanish
children, showed that hepatitis C in children is usually
asymptomatic.
None of our HCV positive children had splenomegaly.
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Table 3 Comparison of risk factors for HCV positive and negative children
Risk factor

HCV cases

n = 18 (%)

Circumcision by non medical
3/9 (33.3)
personnel for males and females
Injections by non medical personnel 9/17 (52.9)
History of HCV in family members 3 (16.7)
Ear piercing for females
11/14 (78.6)
Attendance to medical care
11 (61.1)
Dental care
5 (27.8)
Blood transfusion
3 (16.7)
Delivery at home
7 (38.9)
Post natal care
3 (16.7)
Non medically assisted delivery
5 (27.8)
Traditional hair cutting
9 (50)
Exposed to used syringes
2 (11.1)
Exposed to used razors
4 (22.2)
Exposed to blood
1 (5.6)
Associated medical diseases
3 (16.7)

P

Controls

n = 112 (%)

Odds ratio

95% CI
Lower

Upper

39/94 (41.5)

0.63 (NS)

0.71

0.17

2.99

57/111 (51.4)
21 (19.4)
43/53 (81.1)
99 (88.4)
13 (11.6)
7 (6.3)
24 (22.0)
5 (4.6)
15 (13.4)
81 (72.3)
13 (11.6)
12 (10.7)
4 (3.6)
17 (15.2)

0.90 (NS)
0.78 (NS)
0.83 (NS)
0.01 (S)
0.07 (NS)
0.12 (NS)
0.13 (NS)
0.09 (NS)
0.16 (NS)
0.14 (NS)
0.95 (NS)
0.17 (NS)
0.43 (NS)
0.66 (NS)

1.1
1.2
1.2
4.9
3.5
3.0
2.5
0.24
0.42
ND
0.95
2.381
ND
ND

0.38
0.32
0.28
1.60
1.13
0.70
0.85
0.05
0.13
ND
0.20
0.67
ND
ND

2.96
4.55
5.00
14.71
10.82
12.87
7.21
1.1
1.3
ND
4.62
8.41
ND
ND

No urinary catheter or tattoo in cases or controls. ND: not detectable.

Ultrasonog raphy revealed evidence of peripor tal
thickening in only one case (5.6%). Lu et al[24] reported that
none of their HCV children had sonographic parenchymal
changes in the liver when studying an endemic area in
Taiwan.
Comparing the clinical data of those considered as
acute cases and others with chronic HCV (Table 2) as well
as their past history; symptoms were present in acute cases
but not statistically significant. Similarly according to the
AAP[27], acute infections are usually clinically silent and
symptoms if present, are indistinguishable from symptoms
found in patients with hepatitis A or B. Infected children
may complain of anorexia, malaise, fatigue, and abdominal
pain during the acute phase[28]. The acute stage of hepatitis
C remains clinically silent in most infected people, and only
15%-20% of individuals develop symptoms[29]. Symptoms
such as low-grade fever, fatigue, appetite loss, abdominal
pain, nausea, and vomiting usually occur during the sixth
or seventh week after infection and resolve within a few
weeks[29,30].
In our study, fifteen children were HCV seropositive,
5 of them (33.3%) were HCV RNA positive. Vogt
and colleagues [31] found that seventeen years after 67
children were infected with hepatitis C virus from blood
transfusions during cardiac surger y, only 37 (55%)
had detectable HCV RNA. Sehgal et al [28] showed that
most children infected with HCV have no long-term
complications. Persistent infection occurs in 50%-60%
of infected children even in the absence of biochemical
evidence of liver disease [27]. Of these, less than 10%
develop chronic hepatitis, and less than 5% develop
cirrhosis[28]. Hoshiyama et al[32] reported that 60%-80% of
children with HCV infection develop chronic hepatitis
C. The spontaneous clearance of HCV RNA in those
vertically infected with HCV is estimated to be around
20%[8,18,33].
The relatively low prevalence of HCV-related morbidity
in Egyptian paediatric cases is consistent with the reported
result in Egyptian adults[34].

In conclusion, asymptomatic HCV is detectable
in 2.02% of Egyptian children. HCV RNA should be
tested in children with elevated ALT even in absence of
detectable HCV antibodies.
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Abstract
AIM: To evaluate the clinical presentation, response to
prophylactic therapy and outcome of children with cyclic
vomiting syndrome (CVS) in Shiraz, Iran.
METHODS: During a period of 11 years (March 1994
to March 2005), 181 consecutive children with a final
diagnosis of CVS were evaluated, treated and followed
in our center. Patients were randomized to receive either
amitriptyline or propranolol as prophylactic treatments.
RESULTS: There were 88 boys and 93 girls with mean
age of onset of symptoms of 4.9 ± 3.3 years (range,
neonatal period to 14 years), the mean age at final
diagnosis was 6.9 years (range, 1.5 to 14), and the
mean duration between the onset of the first attack and
the final diagnosis of CVS was 2 ± 1.81 years (range,
1/6 to 8). The mean duration of each attack was 4.26
days (range, from few hours to 10 d) and the mean
interval between the attacks was 1.8 mo (range, 1 wk to
12 mo). The time of onset of the attacks was midnight
to early morning in about 70% of cases. Amitriptyline
was effective in 46 out of 81 (56%) patients (P < 0.001).
Propranolol appeared to have a superior action and was
effective in 74 out of 83 (92%) patients (P < 0.0001).
CONCLUSION: There is a significant lag time between the
onset of clinical symptoms and the final diagnosis of CVS
in our area. In patients with typical clinical presentations

of CVS, who are examined by an experienced physician,
invasive workup is not necessary. Propranolol appears
more effective than amitriptyline for prophylactic use in
children with CVS.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cystic vomiting syndrome (CVS) is an idiopathic
disorder, which presents with stereotypic episodes of
severe, intractable non-bilious vomiting[1]. The episodes
have a rapid onset, persist for several hours to days, and
are separated by symptom-free intervals [1,2]. Although
many consider CVS to be a migraine equivalent, little
is known about its etiology or pathogenesis [2-7]. After
gastroesophageal reflux (GER), CVS is the second most
common cause of recurrent vomiting in children[8]. The
disorder usually begins in childhood, mainly in preschool
age children[9-13].
The vomiting is self-limited, and resolves spontaneously
if left untreated, but severe, prolonged attacks can lead
to dehydration and electrolyte disturbances and related
complications. CVS has no specific diagnostic test and no
specific treatment, or generally accepted management[1,2].
The diagnosis of CVS is based on a typical clinical
presentation, and by exclusion of other possible causes
with a similar presentation[1,2,5,14-16]. Consensus diagnostic
criteria proposed in 1994 suggested four essential clinical
features of cyctic vomiting syndrome[17-19]: (1) three or
more recurrent episodes of vomiting; (2) varying intervals
of completely nor mal health between episodes; (3)
stereotypical episodes that are repetitive with regard to
symptom onset and duration; (4) absence of laboratory or
radiographic findings of an alternative diagnosis (absence
of an organic cause).
www.wjgnet.com
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Supportive criteria for the diagnosis of CVS are: selflimited nature of the attacks; accompanying symptoms
of nausea, abdominal pain, headache, motion sickness,
photophobia and lethargy; and with associated signs of
fever, pallor, dehydration, excessive salivation and social
withdrawal. In children, nausea and possibly lethargy are
considered to be key diagnostic features [17]. The most
controversial and challenging aspects of this disorder
are the types of effective treatment, and the duration of
medical therapy. No specific therapy has been proven
to be effective for CVS in controlled trials. However,
despite these controversies, medical therapy remains the
only possible and promising tool to prevent, suppress or
shorten the attacks[2,7]. Several empiric treatments have
been shown to be effective in case series[18]. Treatment can
be considered as abortive, supportive and prophylactic.
Agents that have been used empirically (with variable
success) in children include: sumatriptan, erythromycin,
carnitine, propranolol, cyproheptadine and tricyclic
antidepressant. The aim of this prospective study was to
evaluate the clinical presentation, response to prophylactic
medical therapy, and outcome in children with CVS in
southern Iran.

MATERIALS AND METHODS
Subjects
This prospective study included 181 consecutive children
with a final diagnosis of CVS who were evaluated,
managed and followed in our center between 1994
and 2005. All patients were evaluated by pediatric
gastroenterologists and a neurologist (authors) and the
diagnosis of CVS was based on typical clinical presentation
(three or more episodes of intractable, self limited, nonbilious vomiting, separated by symptom-free intervals)
and by exclusion of other possible causes with similar
presentation (no identifiable organic cau
se). The initial assessment included a complete medical and
family history, physical examination including evaluation
of the patients’ intellectual, motor, emotional and social
development, and current level of functioning.
Methods
In addition to routine workup which was carried out at the
time of the initial presentation, an upper gastrointestinal
series (UGI) and small bowel follow through (SBFT) were
performed in all patients. Sinus series and brain computed
tomography (CT) were done in cases with suspicion of
sinus or CNS problems. Endoscopy was carried out only
in those patients with abnormal findings on UGI studies,
and EEG in those with a history of seizure disorder.
Patients were selected randomly for prophylactic treatment
with either propranolol (1 mg/kg per day) or amitriptyline
(1 mg/kg per day).
In non-responsive patients, the doses of dr ugs
were increased to the maximum recommended level.
If the symptoms did not improve, the medication was
discontinued and was replaced with another drug. Patients
were evaluated regularly in the pediatric GI clinic. The
follow up period ranged from 6 mo to 12 years.
www.wjgnet.com
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Table 1 Concomitant clinical symptoms in 181 children with CVS
Symptoms
Abdominal pain
Abdominal pain + fever
Abdominal pain + fever + headache
Abdominal pain + headache
Abdominal pain + diarrhea
Fever

n (%)
40 (22)
33 (18)
45 (25)
33 (18)
21 (12)
9 (5)

RESULTS
There were 88 boys and 93 girls. The mean age of onset
of symptoms was 5 ± 3.3 years (range, neonatal period to
14), the mean age of diagnosis was 6.9 years (range, 1.5 to
14) and the mean time span between the onset of the first
attack and diagnosis of CVS was 2 ± 1.8 years (range, 1/6
to 8). The mean duration of attacks was 4.25 d (range, few
hours to 10 d) and the mean interval between attacks was 1.8
mo (range, 0.25 to 12). Eighty seven percent of patients
had attacks of fairly uniform duration. Vomiting began
at characteristic times specific for the individuals in 85%
of cases, 70% patients were awakened during the night
and/or had symptoms on arising in the morning and 15%
patients had episodes beginning at other characteristic
times of the day. Ninety percent of patients had attacks
of fairly uniform duration and course. Most patients had
concomitant symptoms in addition to vomiting (Table 1).
Fever was usually of low grade and remitted spontaneously.
Abdominal pain was usually mild to moderate in
intensity and was located in the periumbilical and/or
epigastric area. About 40% of patients had history of
identifiable specific conditions or events (i.e. parents’
conflict, school examination, excitement, common cold)
that seemed to trigger their episodes.
Forty one (25%) patients had a history of motion
sickness and 8 (5%) had a history of seizures, which were
controlled by anticonvulsant drugs. There was no temporal
relation between the seizures and cyclic vomiting. About
55% of older children had history of recurrent headaches;
in 20% the symptoms were typical of migraine. In 24% of
cases, family history was positive for migraine. No patient
had a positive family history of CVS. Barium studies
and sinus series were normal in 97% and 95% patients
respectively. Of the total of 181 patients, 164 (81 on
propranolol and 83 on amitriptyline) had a regular followup. Of the 83 patients who received amitriptyline, 46 (56%)
showed a good response, with decrease in the frequency
and severity of attacks. A significant number of these
cases had side effects of amitriptyline including: irritability,
agitation, insomnia or lethargy.
Seventy four out of 81 (92%) patients who received
propranolol had a good response (P < 0.0001), without
any significant side effects. Patients who were non
responsive to amitriptyline, were treated with propranolol,
and most of them had a satisfactory response. A few
patients who were non-responsive to both drugs, had
repeated, severe attacks with frequent hospital admissions.
This group was non-responsive to other medications as
well including phenobarbital and cyproheptadine. There
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was no explanation for the lack of response in this group.
The medication was discontinued in 52 (31%) patients.
These subjects were > 10 years of age and were symptom
free on prophylactic medication for at least 5 years. They
were followed for one year or more, and only two cases
had recurrence of symptoms.

DISCUSSION
The present report represents one of the largest studies
of CVS in the literature. Although our findings do
not provide further infor mation on the etiolog y or
pathogenesis of this disorders, it does supplement
previous observations concerning the stereotypic nature
of attacks, their precipitants, duration of illness, the time
span between attacks and the time span between symptom
onset and the final diagnosis[1,2]. The overall gender ratio in
our series was equal. A similar gender distribution has been
reported by Abu-Arafeh[9], although many have suggested
a higher frequency in girls[10-12,19,20].
The mean age of onset of symptoms in our series was
5 ± 3.3 years, which is the same as that reported by AbuArafeh[9], but younger than that reported by Fleisher (6.75
years)[2] and older than that reported by Hoyt and Stickler
(3.8 years) [11]. In present series, the first attack began
during the neonatal period in 10 (5.5%) cases and at 14
years of age in 5 cases. In the series reported by Fleisher[2],
the age range was 6 mo to 18 years. None of the patients
reported in the previous series had disease onset in the
neonatal period. Although CVS has been characterized
as beginning in preschool and early school aged children,
our data suggest that the onset in neonatal and preadolescent children is also possible. Adult onset cases have
also been reported[21]. Therefore one cannot exclude the
diagnosis of CVS on the basis of the age. In 85% of our
cases the symptoms of CVS occurred from midnight to
early morning. Further, 90% of the attacks had a uniform
length, which is in agreement with previous studies[17].
For ty percent of our patients had a histor y of
triggering events, which is approximately one-half of
the incidence reported by Fleisher et al[2]. Twenty percent
of our cases had history of motion sickness in early
childhood, which is approximately 50% lower than that
reported by Fleisher et al [2]. Fifty eight percent of our
patients had history of recurrent headaches and of
these 20% were migraine-like, which compares well with
previous findings[2,4].
None of our patients had a family histor y of
CVS, indicating that CVS is unlikely to be hereditary.
Upper gastrointestinal series (UGI) and small bowel
follow through (SBFT) were nor mal in 97% of our
cases, suggesting that a thorough history and physical
examination by an experienced physician can detect most
of the typical cases of CVS without the need for invasive
investigations. Therefore, it is recommended that routine
barium studies are not necessary in typical cases of CVS as
suggested by some authorities[16] and they should only be
done in atypical cases, or in those patients unresponsive to
medical treatment.
A significant number of our patients with a typical
presentation suffered from multiple attacks spread over
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several months and even years with repeated hospital
admissions before they were referred to our center.
They were usually misdiagnosed and received treatment
for other conditions such as food poisoning, metabolic
disorders or acid peptic disease. The significant lag time
between the onset of symptoms and final diagnosis of
CVS in our series indicates that this disorder is usually
not considered in the differential diagnosis of children
with recurrent vomiting in this area. About 92% of our
cases were responsive to propranolol without significant
side-effects, while 56% were responsive to amitriptyline
with considerable side-effects. The present data indicates
that propranolol is much more effective and safe in
comparison with amitriptyline, therefore propranolol is
recommended as the first drug of choice for prophylaxis
in children with CVS. It is concluded that: (1) the age
of onset, sex distribution and clinical presentations of
patients in southern Iran with CVS are similar to those in
other regions of the world; (2) there may be a significant
lag time between the onset of clinical symptoms and final
diagnosis of CVS in our area; (3) in patients with a typical
clinical presentation of CVS, invasive investigations are not
necessary; and (4) propranolol is much more effective and
has fewer side effects than amitriptyline for prophylactic
therapy of children with CVS.
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Abstract
AIM: To investigate the knowledge, attitude and practice
(KAP) in prevention and control of liver fluke infection in
northeast Thailand.
METHODS: A descriptive KAP survey pertaining to
liver fluke infection was carried out in June 2005 to
October 2006 using structured questionnaires. Data
were collected by questionnaires consisting of general
parameters, knowledge, attitude, practice, and a history
of participation in the prevention and control of liver
fluke infection.
RESULTS: A total of 1077 persons who were interviewed and completed the questionnaires were enrolled
in the study. The majority were females (69.5%) and
many of them were 15-20 years of age (37.26%). The
questionnaires revealed that information resources
on liver fluke infection included local public health
volunteers (31.37%), public health officers (18.72%),
televisions (14.38%), local heads of sub-districts
(12.31%), doctors and nurses (9.18%), newspaper
(5.72), internets (5.37%), and others (12.95%). Fiftyfive point eleven percent of the population had a good
level of liver fluke knowledge concerning the mode of
disease transmission and 79.72% of the population had
a good level of prevention and control knowledge with
regards to defecation and consumption. The attitude and
practice in liver fluke prevention and control were also
at a good level with a positive awareness, participation,
and satisfaction of 72.1% and 60.83% of the persons
studied. However, good health behavior was found in
39.26% and 41.42% of the persons studied who had
unhygienic defecation and ate raw cyprinoid’s fish. The

result also showed that 41.25% of the persons studied
previously joined prevention and control campaigns.
CONCLUSION: The persons studied have a high level
of liver fluke knowledge and positive attitude. However,
improvement is required regarding personal hygiene
specifically with hygienic defecation and consumption of
undercooked fish.
© 2007 The WJG Press. All rights reserved.

Key words: Knowledge; Attitude; Practice; Liver fluke;
Northeast Thailand
Kaewpitoon N, Kaewpitoon SJ, Pengsaa P, Pilasri C.
Knowledge, attitude and practice related to liver fluke
infection in northeast Thailand. World J Gastroenterol 2007;
13(12): 1837-1840

http://www.wjgnet.com/1007-9327/13/1837.asp

INTRODUCTION
Liver fluke infection caused by O. viverrini remains a major
public health problem in many parts of Southeast Asia
including Thailand, Lao PDR, Vietnam and Cambodia[1].
Infection is acquired by ingestion of undercooked cyprinoid’
s fish harboring infective metacercariae (Figure 1)[2]. Liver
fluke is endemic among human populations in northeast
and north Thailand, where the most common raw fish
“Koi pla” is frequently consumed[3-6]. In central Thailand
where no indigenous human infection is ever encountered,
cats and dogs are found to be naturally infected with
human liver fluke (Figure 2). In the south, no infection is
encountered. It has been extensively studied in Thailand
where about 6 million people are infected with liver fluke
accounting for 9.4% prevalence within the population in
2001[2,5-8]. The infection is associated with a number of
hepatobiliary diseases, including cholangitis, obstructive
jaundice, hepatomegaly, cholecystitis and cholelithiasis[9].
Moreover, both experimental and epidemiological evidence
strongly implicates that liver fluke infection is the etiology
of cholangiocarcinoma, bile duct cancer development[10,11].
A community-level health education campaign has
been conducted since late 1950s. Liver fluke control has
been started as a small scale helminthiasis control program
in some high risk areas. Presently, the program is operated
in some provinces of the central and all provinces of the
www.wjgnet.com
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northeast and north of Thailand. The main strategies
for liver fluke control comprise three inter related
approaches, namely stool examination and treatment of
positive cases with praziquantel for eliminating human
host reservoir, health education for a promotion of
cooked fish consumption to prevent infection, and
improvement of hygienic defecation for the interruption
of disease transmission. Between 1984 and 1987, the
positive rate of liver fluke infection was 63.6%. In 1988,
the positive rate went down to 35.6%. When the region
wide control program was started in 1989, the annual
positive rate decreased to 9.4% in 2001 [8]. The overall
prevalence indicates a considerable decrease of liver fluke
in the region. However, the positive rates for several
provinces remain high. Published studies provide biology,
disease, diagnosis and treatment but the survey related
to knowledge, attitude and practice (KAP) on liver fluke
infection is weak and inconclusive. KAP on prevention and
control of liver fluke infection are essential for decreasing
the disease and planning of government. Also, no recent
and update study has shown the data on KAP in northeast
Thailand by questionnaires obtaining the general data,
knowledge, attitude, practice, and a history of participation
in the prevention and control of this parasite.

MATERIALS AND METHODS
Study area
The study was conducted in Ubon Ratchathani Province
which is situated 630 km from Bangkok (central region) of
Thailand. This province is located in the northeast broader
line with Laos PDR (Figure 3). The geographic area has
two rivers, namely Moon and Mae Kong where many
people habit at the side of 2 main rivers. The infection
rate of liver fluke in Ubon Rathcathani Province has
been 19.5% in all age groups since 1997[12]. According to
the Department of Communicable Disease Control, the
prevalence of liver fluke infection is 12.8%[13].
Study design, study population and research instrument
A descriptive KAP sur vey pertaining to liver fluke
was carried out in June 2005 to October 2006 using
structured questionnaires administered by the research
officers and trained research assistants. Persons enrolled
in this study were from TaLad, KuMeung, NongKinPen,
BungWai, NonPueng, K amKwang, and Srikai subDistrict of WarinChamRap District, and HuaRue subDistrict of Ubon Ratchathani District, Ubon Ratchathani
Province in the northeast Thailand. Data were collected
by Questionnaires. Before the study, permission and
collaboration of the head of the public health centre
and/or head of the sub-district were obtained. The
questionnaire was tested before the study. The interviewers
received an interview training of 1 d. The study was
conducted at weekends to increase the possibility of
meeting people at home. The staff comprised 3 interview
teams each consisting of 5 interviewers from college of
medicine and public health. Each team was responsible for
a number of households in the sub-district. A supervising
team visited the members of each interview team to check
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Figure 1 Metacercaria
of O. viverrini in cavity
of caudal fin ray of
cyprinid’s fish, Cyclocheilichthys spp (MT =
metacercaria)[2].

Figure 2 Life cycle of adult O. viverrini
in bile duct (A), embryonated egg
of O. viverrini (B), first intermediate
host (Bithynia snail) (C), cercaria (D),
second intermediate host (cyprinoid’
s fish) and metacercaria (E), reservoir
host (dog and cat) (F)[2].
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China
Northern region
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Northeastern region
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Ubon Ratchathani province
Cambodia

Southern region
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Figure 3 Map of Thailand showing location of Ubon Rachathani Province,
northeast Thailand.

their performance and questionnaires were checked for
inconsistencies. When correction was deemed necessary,
the interview team visited the study participants on the
same day again to gather the missing information. All
inhabitants in a study site were asked to participate in the
study. A total of 1077 persons were included. Written
informed consent was obtained (those who could not write
gave a fingerprint). Persons were asked about their KAP
of liver fluke by a structured questionnaire. KAP of liver
fluke were measured by asking questions related to the
disease, mode of disease transmission, treatment, personal
hygiene, and a history of participation in the prevention
and control of Liver fluke. All questions related to KAP
were multiple choices and open questions.
Statistical analysis
Data from structured interviews were analyzed using
SPSS/PC version 5. Knowledge variables were summed
up into a composite score and ranked as poor and good
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Table 1 Characteristics of the 1077 persons older than 14 yr
Characteristic
Sex
Male
Female
Age (yr)
15-20
21-30
31-40
41-50
51-60
> 60
Occupation
Farmer
Trader
Housewife/unemployed
Employee
Student
Other
Education
Illiterate
Can read and write primary
Middle and high

n

%

328
749

30.5
69.5 P < 0.05

401
127
166
129
133
121

37.26 P < 0.05
11.79
15.42
11.96
12.31
11.26

470
52
45
47
414
49

43.67 P < 0.05
4.85
4.16
4.34
38.47 P < 0.05
4.51

47
564
466

4.36
52.37 P < 0.05
43.27

Table 2 Information resources on liver fluke infection
Information resources
Local head of sub-district
Local public health volunteer
Public health officer
Doctor and Nurse
Television
Internet
Newspaper
Others
Total

n
133
338
202
99
155
58
61
31
1077

%
12.31
31.37 P < 0.05
18.72
9.18
14.38
5.37
5.72
2.95
100

scores (lower or higher than the median score) with a
range of 17 to 23. Attitudinal questions were structured
in a 3 point Likert scale responses comprising agreement,
disagreement and unawareness. The resulting score ranged
from 1 to 3. The measure of internal consistency showed
an acceptable level of reliability.

RESULTS
A total of 1077 persons who were interviewed participated
in the study and completed the questionnaires. Females
accounted for 69.5% and males 30.5%. The age of the
majority persons was 15-20 years. Table 1 shows the
characteristics of the persons older than 14 years in the
eight sub-districts of the persons studied. Most of the
persons were farmers (43.67%) and students (38.47%).
Regarding the educational level, 95.64% completed
primary school, middle and higher school education and
could read and write. The questionnaires revealed that
information resources on liver fluke infection included
local public health volunteers (31.37%), public health
officers (18.72%), televisions (14.38%), local heads of subdistricts (12.31%), doctors and nurses (9.18%), newspaper
(5.72), internets (5.37%), and others (12.95%) (Table 2).
In this survey, local public health volunteers were the
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Table 3 Knowledge and attitude level on liver fluke infection of
the persons studied
Level
Knowledge
Good
Fair
Poor
Attitude level
Good
Fair
Poor

n

%

594
306
177

55.11 P < 0.05
28.42
16.47

777
211
89

72.1 P < 0.05
19.58
8.32

Table 4 Health behavior relating to liver fluke infection of the
persons studied
Behavior
Health behavior
Mostly hygienic defecation
Occasionally unhygienic defecation
Frequently unhygienic defecation
Risk behavior: risk food consumption
Low risk
Moderate risk (1 time/mo)
High risk (> 1 time/mo)
Joined the prevention and control campaigns
Yes
No

n

%

655
246
176

60.83 P < 0.05
22.8
16.46

631
295
151

58.58 P < 0.05
27.38
14.04

444
633

41.25
58.75

main information resource. However, improvement was
required regarding liver fluke knowledge especially with
the disease transmission, prevention and control. Of the
persons studied, 55.11% had a good level of liver fluke
knowledge concerning the mode of disease transmission
(Table 3), 79.72% had a good level of prevention and
control knowledge with regards to defecation and
consumption (data not show). Generally, the majority of
the persons studied had a positive attitude towards liver
fluke prevention and control. A good level of liver fluke
prevention and control knowledge was found in 72.1%
of the persons studied with a positive awareness, and
satisfaction. Hygienic defecation was found in 60.83% of
the persons studied, unhygienic defecation in 39.26% of
the persons studied (Table 4). The risk food consumption
was found in 27.38% and 14.04% of the persons studied
who ate raw cyprinoid’s fish 1 time/mo and ≥ 2 times/
mo, the intermediate hosts of liver fluke accounted for
27.38% and 14.04%, respectively. The questionnaire
revealed that 20.12% of the persons studied were infected
with liver fluke, O. viverrini (data not shown). The result
also showed that 41.25% of the persons studied previously
joined prevention and control campaigns.

DISCUSSION
Eating raw or improperly cooked food including meat and
fish is a source of infection with many parasitic zoonoses.
The tradition of eating raw fish is becoming increasingly
fashionable in many countries, principally with foods such
as sushi, sashimi, koi-pla, kinilaw and ceviche. This has led
to a dramatic rise in the incidence of fish borne zoonotic
www.wjgnet.com
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parasitic infections in previously uninfected ethnic groups.
Consumption of raw or improperly cooked or pickled
freshwater fish results in about 70-100 million people
infected with trematodes Clonorchis sp. Opisthorchis spp.
Echinostoma spp. Control is through treatment with
praziquantel, sanitation and education to discourage the
consumption of raw fish. In Southeast Asia the prevalence
is declining slowly due to effective and relatively cheap
drugs and reduction in the use of night soil to fertilize fish
ponds. A better sewage treatment system is required if the
prevalence declines further[14]. A 10-year control program
to alter raw fish eating habits in northeast Thailand has
managed to reduce the regular consumption of raw
fish, but occasional consumption of raw fish remains
unchanged [12]. Opisthorchiasis is one of the diseases
of public health importance in Thailand. It has been
estimated that approximately 6 million people in Thailand
harbor liver fluke[8]. Although the mortality rate is not high,
the morbidity causes increased loss of man power (work
days lost) and economic problems. The infection with liver
fluke is common among the rural people of Northeast
Thailand, which is associated with cholangiocarcinoma[10,11].
The majority of the people in Ubon Ratchathani Province
have no clear-cut knowledge on transmission of liver fluke.
Some (44.9%) still have incorrect knowledge about eating
undercooked cyprinoid’s fish. They also have incorrect
knowledge about cooking raw fish with lemon and ant,
considering that it can lead to infective stage of dead live
fluke. These findings are consistent with the study of risk
food consumption among northeasterner[13]. It might be
one of the possible explanations for the failure to decrease
liver fluke infection in the risk areas. Moreover, they also
have incorrect knowledge about the fact that liver fluke
infection is associated with cholangiocarcinoma. Those
with misbelieve should be considered as the important
target group that needs to promote their knowledge on
transmission of liver fluke and related diseases so as to
remove the potential barriers in control of liver fluke in
the community. A positive attitude towards liver fluke
prevention and control was found in 72.1% of the persons
studied with a positive awareness of and participation in
liver fluke disease prevention and control and participation
in liver fluke disease prevention and control. However,
8.32% of the persons studied still had a poor attitude
towards liver fluke prevention and control with awareness
of and participation in liver fluke disease prevention and
control, suggesting that personal hygiene specifically
with the consumption of undercooked fish and liver
fluke-associated with diseases should be improved. The
percentage of people who have unhygienic defecation is
39.26%. Health history data obtained from questionnaires
and inter views showed that 20.12% of the persons
studied were infected with O. viverrini, which is consistent
with reported data [8]. In the present study, 41.42% of
the persons studied had consumption of undercooked
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cyprinoid’s fish that may infect liver fluke. The result also
showed that 58.75% of the persons did not join prevention
and control campaigns, suggesting that it is necessary to
increase the community awareness of the transmission of
the disease in people who lack the knowledge about liver
fluke. Local public health services with health education
and mobile stool examination should be strengthened.
In conclusion, the population has a good level of liver
fluke knowledge and positive attitude towards liver fluke
prevention and control. However, improvement is required
regarding personal hygiene specifically with hygienic
defecation and consumption of undercooked fish.
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Abstract
AIM: To explore a specific diagnostic method for local
recurrent rectal cancer.
METHODS: Immunoscintigraphy with 99mTc-labeled antiCEA monoclonal antibody (MoAb) CL-58 was performed
for patients suspected of having a postoperative local
recurrent rectal cancer and the findings were compared
with the results of conventional imaging and pathology.
RESULTS: A total of 36 patients with a suspected local
recurrent rectal cancer underwent immunoscintigraphy
99m
with
Tc-conjugated CL58. Local recurrence of rectal
cancer was identified in 31 patients and established
in 30 during operation, endoscopy and pathological
examination. No local recurrence was found in 5 patients
99m
without specific accumulation of
Tc during the followup. Immunoscintigraphy had a positive rate of 86.11%,
a specificity of 83.33%, and a sensitivity of 100%.
CONCLUSION: Immunoscintigraphy has a highly specific
and predictive value for detecting local recurrent rectal
cancer, especially after abdominal perineal resection (APR).
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Surgical intervention is the main therapeutic method for

rectal cancer. However, local recurrence and metastasis
are still two critical factors that determine the long-term
survival and life quality of the patients. Early detection
of any recurrent lesions can provide critical information
for further therapy. Once recurrence or metastasis of
rectal cancer is determined, early surgical intervention may
help to gain long-term survival. Adjuvant chemotherapy,
radiotherapy or other palliative modalities can improve the
quality of life[1].
Based on the National Comprehensive Cancer
Networks (NCCN) standard, serum CEA levels should be
measured every three months in the first 2 postoperative
years to monitor disease progression. For high-risk patients,
CT scan and fibrocolonoscope should be performed
every six months. However, these procedures often do
not provide sufficient evidence for a final diagnosis of
recurrent lesions. Although fibrocolonoscope can provide
the pathological diagnosis, this method is suitable only for
some patients undergoing low anterior resection (LAR).
Ultrasonography or CT-guided needle biopsy is invasive
with a higher risk. Moreover, the experience of different
operators may lead to different outcomes. The advent of
positive emission tomography (PET) can detect both local
recurrent and distant metastatic lesions[2,3].
Monoclonal antibodies (MoAbs) against tumorassociated antigens have been utilized in targeted
delivery of agents to tumor cells either for diagnostic
imaging purposes or for therapeutic purposes [4,5] .
Immunoscintigraphy is a targeted imaging technique that
employs a radiolabeled MoAb specifically bound to a
particular tumor antigen[6]. This approach produces a clear
image of lesions expressing the specific tumor antigen,
thus representing a highly specific method for detecting
tumor recurrence.
This study was to assess whether immunoscintigraphy
with 99mTc-labeled anti-CEA MoAb CL58 can provide
useful information on the diagnosis and treatment of
recurrent rectal cancer.

MATERIALS AND METHODS
Patients
The study group consisted of 36 consecutive patients
(20 males, 16 females, mean age 58.8 + 3.30 years) with a
suspected local recurrent rectal cancer treated at Peking
University School of Oncology from September 2000 to
December 2004. Patients were excluded from this study
if they had bowel obstruction or extra-abdominal disease.
Written informed consent was obtained from each patient.
All the patients underwent total mesorectal excision (TME)
www.wjgnet.com
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in accordance with the R0 criteria during the past 7-26 mo,
of them 24 underwent low anterior resection (LAR) and 12
abdominal perineal resection (APR). Standard pathologic
analysis of rectal specimens was performed. The rectal
tumor was staged according to the American Joint
Committee on Cancer (AJCC) Staging Manual, 6th edition.
Postoperative staging of tumor, node and metastasis (TNM)
showed that 2 cases were in stageⅠ, 5 in stage Ⅱ and 29
in stage Ⅲ. The distance from the anal margin in these
patients ranged 4-15 cm. During the Follow-up (average 34
mo), 4 patients underwent a second operation, 28 adjuvant
chemotherapy, and 14 pelvic radiotherapy. At the end of
this study, 25 patients survived and 11 died. The average
postoperative tumor-free survival time was 32 mo.
Clinical detection of local recurrence
Suspected local recurrence was defined as at least one
lesion detected by radiolog y (CT, ultrasonography,
endorectal ultrasound or PET) and/or fibrocolonoscopy.
Patients after LAR were biopsied via fibrocolonoscopy.
Others with suspected perineal recurrence after APR were
biopsied under ultrasonography guidance if the tumor
was reachable. For those cases post-APR with recurrent
tumors invaded perineal skin, local cell smears or biopsies
were used for pathological diagnosis. Of the 36 patients,
31 were positive and 5 were negative for recurrent
tumors.
Anti-CEA antibody
CL58 is a murine anti-CEA monoclonal immunoglobulin
(Ig)-G1. Hybridoma cell line was produced by cell fusion
of spleen cells from human CEA-immunized Balb/c
mice with SP2/0 myeloma cells. MoAb CL-58 hybridoma
was grown in mouse ascites, CL-58 MoAb was purified
on protein A affinity column (MAPS-100, Bio-Rad) and
high performance hydroxylapatite (HPHT) column (BioRad). Purity was more than 95% as confirmed by SDSPAGE. The affinity constant of CL58 was 7.4 × 10 9
mol/L) as measured by competition ELISA. CL58 bound
to colorectal cell line (CL-187, HT-29 and B-80) with a
high affinity. Normal cells such as mixed lymphocytes, red
blood cells, fibroblasts and bone marrow cells were proved
negative for rectal cancer by ELISA. The specific CEA in
colorectal and normal tissues recognized by CL-58 was
confirmed by immunohistochemistry.
Radio labeling of CL58 McAb
99m
Tc-labeled CL58 was prepared by Schwartz method.
Briefly, CL58 was reduced by 2-mercapthonal and purified
on PD-10 column (Pharmacia, Sweden). One mg of the
reduced CL58 was mixed with 1 mg glucoheptonate,
followed by adding 5-10 μ g of freshly prepared SnCl 2
(Sigma, American). Then about 0.5-1 mL of fresh e
Na99mTcO4 was added to the mixture with slight shake.
The mixture was incubated at room temperature for
15 min before labeling efficacy was tested. When the
labeling efficiency was less than 90%, the mixture was
purified by running through a PD-10 column (Pharmacia,
Sweden) and sterilized by filtration through a 0.22 μm
filter (Millipore, USA). The agents produced by using the
www.wjgnet.com
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one- or two- step freeze drying method could be used to
prepare antibodies for direct 99mTc labeling. Because the
conjugation rate was greater than 90% and the level of
free 99mTc was less than 2%, the produced 99mTc-labeled
antibodies were not further purified for clinical application.
Immunoscintigraphy
Thirty-six patients with suspected recurrence of rectal
cancer received immunoscintigraphy with 99mTc-labeled
CL58. Single photon emission computed tomography
(SPECT) was performed using an E.CAMTM dual-head
emission imaging system (Siemens, Ger many). The
patients needed to have clear fecal residue before imaging.
Head/neck-pelvis tomography was performed 4 and 22 h
after intravenous injection of 1.11 GBq of 99mTc labeled
CL58. To discriminate imaging artifacts in the intestinal
tract, abdomen-pelvis tomography was conducted 28 h
after CL58 injection. In addition, patients received
abdominal CT, ultrasonography, and fibrocolonoscopy.
Two- and three- dimensional immunoscintihtsphy images
were analyzed by at least two experienced radiologists
after completion of immunoscintigraphy. The areas of
specific accumulation of 99mTc were regarded as malignant
tumors. All images on X-ray films, abdominal CT and
ultrasonography were compared except for the normal
imaging sites in liver, spleen, kidney, bladder and major
blood vessels.
Statistical analysis
Statistical evaluation was performed using the Student’s
t test and the positive predictive values were evaluated by
Fisher’s exact test using SPSS 11.0 software. P < 0.05 was
considered statistically significant.

RESULTS
Imaging results
A total of 36 patients underwent immunoscintigraphy with
99m
Tc-labeled CL58. Tumor status and immunoscintigraphy
data are summarized in Table 1. Of the 36 patients, 31
(86.11%) were positive for local tumor recurrence. Forty
lesions were found in the pelvis: 20 in tissues adjacent
to the bladder, 15 in presacral region, 2 in colon and 3
in peritoneal region (Table 2).Ten lesions were distant
metastases: 1 in liver, 2 in sternum, 1 in retroperitoneal
lymph nodes, 1 in free abdominal cavity, 4 in lung and 1
in tissues adjacent to the stomach (Table 3). Focal trace
accumulation was found in bladder and lungs. Fourteen
patients were found to have two lesions.
Tumor recurrence was pathologically confir med
in 30 of the 31 patients. Five patients with negative
immunoscintigraphy had no pathological evidence of
recurrence even though isolated masses were detected in
the pelvis area. The overall positive rate was 86.11%, the
specificity was 83.33%, and the sensitivity was 100%.
Immunoscintigraphy following APR
In this study, 12 patients underwent APR. Immunoscintigraphy showed local recurrence in 11 patients and
negative imaging in 1 patient. Of the 11 patients with a
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Table 1 Surgical procedure, serum CEA level and immunoscintigraphy data
Patients
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Gender
M
F
M
M
M
M
F
F
M
M
M
F
M
F
F
M
F
M
M
F
M
F
M
M
F
M
F
F
M
F
M
F
F
M
M
F

Operation LAR/APR* RⅡ result Serum CEA level
LAR
+
16.4
LAR
+
25.4
APR
+
25.4
LAR
+
16.4
LAR
+
13.3
LAR
+
2.1
APR
+
23.9
LAR
0.9
LAR
+
8.2
LAR
+
6.0
APR
+
52.8
APR
+
9.0
LAR
+
50.0
LAR
+
52.0
LAR
+
500.0
LAR
+
33.9
LAR
+
317.7
APR
+
51.8
APR
+
68.7
LAR
+
17.9
APR
+
14.5
APR
+
27.5
APR
+
34.2
APR
+
6.8
LAR
+
8.9
LAR
+
1.0
APR
+
7.5
LAR
+
6.1
LAR
+
13.7
LAR
1.3
LAR
+
24.9
LAR
7.7
APR
2.4
LAR
+
13.0
LAR
1.5
LAR
+
14.0

positive immunoscintigraphy finding, 7 were pathologically
confirmed to have local recurrence by biopsy, 4 not
confirmed by biopsy were eventually confirmed to have
recurrence by pathology when the tumors invaded skin
(Table 4).
Comparison of immunoscintigraphy with CT, ultrasonography and PET
To assess the reliability of immunoscintigraphy, we
collected the pathological data from all cases which were
compared with conventional diagnostic methods including
CT, ultrasonography and fibrocolonoscope. Of the 31
patients with recurrences, radiolabled immunoscitigraphy
(RⅡ), CT, and fibrocolonoscope identified lesions
in 4 patients, accounting for 12.90%; RⅡ, CT and
ultrasonography suggested recurrence in 20 patients,
accounting for 64.52%; in the remaining 7 patients (22.58%)
only ultrasonography and RⅡ suggested recurrence.
Immunoscintigraphy and serum CEA levels
Of the 31 patients with confirmed recurrence by positive
CL-58 immunoscintigraphy, 29 had elevated serum CEA
levels: 2-fold higher in 2 patients, 3-fold higher in 6
patients, and 4-fold higher in 19 patients.
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DISCUSSION
TME can significantly reduce local recur rence of
rectal cancer its recurrence rate [7]. It is estimated that
approximately 8% of rectal cancer patients would
experience a local recurrence even after TME. Most
local recurrences of rectal cancer present only in the
pelvic area, especially in stage T3 tumor with invaded
serosa[8]. Diagnosis of local recurrence of rectal cancer
in patients having undergone LAR is primarily based on
pelvic CT and transrectal ultrasonography, partially on
biopsy[9,10]. However, all these procedures are limited in the
diagnosis of local recurrence of rectal cancer, especially
following APR. Contrast-enhanced CT scan is difficult
to discriminate small recurrent tumor nodules from
postoperative scars[11]. Percutaneous punctures might injure
adjacent organs. These methods are not sufficient to make
a definitive diagnosis and it is difficult to treat it based
only on conventional imaging and serum CEA levels[12].
About 40% of patients with rectal cancer, especially low
rectal cancer, need to receive APR[13]. Because their rectum
and anus are resected, the diagnosis of local recurrence
of rectal cancer is difficult. Furthermore, a recent study
revealed that the 5-year survival rate of patients with
distant metastasis and local recurrence is 36.1% and 24% ,
respectively[14].
Immunoscintigraphy can obtain important information
about tumors including their size and location. This
technology is based on the principle that radioisotopelabeled anti-tumor antibodies can specifically bind to the
corresponding tumor-specific antigens. It is characterized
by a high specificity and sensitivity, and has been used
in clinical practice [15]. Immunoscintigraphy with 99mTclabeled anti-CEA antibodies appears to produce clear
images and provide the precise location of recurrent rectal
cancer, suggesting that it is an effective method for the
identification of local recurrent rectal cancer, especially
for the suspected local recurrent rectal cancer after APR.
The sensitivity of immunoscintigraphy ranged 70%-100%
for rectal cancer and the detection rate of abdominal and
hepatic lesions is 86%. Our group has successfully used
99m
Tc labeled immuconjugates in more than 200 clinical
cases. Based on previous preclinical experiments that
assessed toxicity, body distribution, stability and availability
of CL58 in animals[6]. we used 99mTc-labeled CL58 to detect
malignancies in patients. In our study, of the 36 patients
with suspected recurrent rectal cancer, 31 (86.1%) had
positive immunoscintigraphy. Of the 54 recurrent lesions
in 30 patients, 40 (74.07%) occurred in the pelvis.
Our data indicate that CL-58 immunoscintigraphy can
detect small local recurrent lesions. Post-APR recurrent
lesions which were too small to be detected by CT could
be diagnosed by immunoscintigraphy in 7 patients. RⅡ
can also be used to detect metastases of rectal cancer in
the liver, lung, and peritoneum, and discriminate between
recurrent malignancies and benign scar in the pelvic cavity.
In addition, the cost of RⅡ is significantly lower than that
of PET.
The detection rate of different methods for recurrent
lesions at various locations is different. Ultrasonography
is difficult to identify relatively small lesions and CT is
www.wjgnet.com
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Table 2 Sites of local recurrence
Patients

Gender

Operation LAR/APR*

RⅡ (+/-)

CEA (+/-)

Parabladder

Presacral

Colon

Perineal

M
F
M
M
M
M
F
M
M
M
F
M
F
F
M
F
M
M
F
M
F
M
M
F
M
F
F
M
M
M
F

LAR
LAR
APR
LAR
LAR
LAR
APR
LAR
LAR
APR
APR
LAR
LAR
LAR
LAR
LAR
APR
APR
LAR
APR
APR
APR
APR
LAR
LAR
APR
LAR
LAR
LAR
LAR
LAR

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

16.4
25.4
25.4
16.4
13.3
2.1
23.9
8.2
6.0
52.8
9.0
50.0
52.0
500.0
33.9
317.7
51.8
68.7
17.9
14.5
27.5
34.2
6.8
8.9
1.0
36.2
6.1
13.7
24.9
13.0
14.0

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
-

+
+
+
-

Operation LAR/APR*
LAR
LAR
APR
LAR
LAR
LAR
APR
LAR
LAR
APR
APR
LAR
LAR
LAR
LAR
LAR
APR
APR
LAR
APR
APR
APR
APR
LAR
LAR
APR
LAR
LAR
LAR
LAR
LAR

CEA (+/-)
16.4
25.4
25.4
16.4
13.3
2.1
23.9
8.2
6.0
52.8
9.0
50.0
52.0
500.0
33.9
317.7
51.8
68.7
17.9
14.5
27.5
34.2
6.8
8.9
1.0
36.2
6.1
13.7
24.9
13.0
14.0

1
2
3
4
5
6
7
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
31
34
36

Table 3 Distant metastases
Patients
1
2
3
4
5
6
7
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
31
34
36

Gender
M
F
M
M
M
M
F
M
M
M
F
M
F
F
M
F
M
M
F
M
F
M
M
F
M
F
F
M
M
M
F

RPLN: Retroperitoneal lymph nodes; FAC: Free abdominal cavity.
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Liver
+
-

Sternum
+
+
-

RPLN
+
-

FAC
+
-

Lung
+
+
+
+
-

Parastoma
+
-
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Table 4 Immunoscintigraphy following APR
Patients Gender Operation LAR/APR*
3
M
APR
7
F
APR
11
M
APR
12
F
APR
18
M
APR
19
M
APR
21
M
APR
22
F
APR
23
M
APR
24
M
APR
27
F
APR

ζ

Path (+/-) CEA (+/-) Parabladder Presacral Colon Perineal Liver Sternum RPLN FAC Lung Parastoma
Puncture
25.4
+
LTS
23.9
+
+
Puncture
52.8
+
FTG
9.0
+
Puncture
51.8
+
Puncture
68.7
+
Puncture
14.5
+
Puncture
27.5
+
LTS
34.2
+
FTG
6.8
+
+
Puncture
36.2
+
-

Puncture: Biopsy and pathological examination; LTS: Local tissue smear tumors invaded skin; FTG: Further tumor growth.

not able to discriminate between recurrent malignancies
and benign postoperative scarring. Compared with these
examination procedures, RⅡ has a higher sensitivity and
specificity for both local recurrent lesions and metastases
following surgery. Immunoscintigraphy in this study
identified some suspected recurrent lesions not detected
by CT, suggesting that RⅡ in combination with CT and
ultrasonography may provide more accurate findings
following tumor resection.
In our study, there was no false negative case, indicating
that this method is highly specific. False positivity occurred
only in the early period of this study mainly due to the
vicinity of the bladder. Patients selected to undergo
immunoscintigraphy were highly suspected of having
recurrence. Since immunoscintigraphy is not routinely
used after operation, there were few negative cases. This
sampling bias limited the diagnostic specificity when it is
routinely used after operation. We expect that 99mTc CL-58
immunoscintigraphy would provide more precise and
specific data.
Serum CEA detection has become an important
follow-up method after rectal cancer surgery[16]. CEA levels
are increased in 75% of patients with rectal tumors[17]. We
subjected 29 patients with suspected tumor recurrence
to immunoscintigraphy because of elevated CEA serum
levels. Immunoscintigraphy successfully identified local
recurrence and metastasis in these patients. Moreover, it
appeared to be more sensitive than blood CEA testing
or other diagnostic modalities in detecting recurrent
rectal cancer. Therefore, even when serum CEA levels
are normal, immunoscintigraphy can be used as a routine
screening method for early detection of recurrence and
metastasis of rectal cancer.
Although immunoscintigraphy is highly specific,
it cannot directly provide a pathological diagnosis.
Furthermore, immunoscintigraphy has toxicity and side
effects.
In conclusion, 99mTc CL-58 immunoscintigraphy after
rectal cancer surgery has a high specificity and provides
early diagnosis of local recurrence and distant metastasis
of rectal cancer especially after APR. The eventual
incorporation of this technique into the postoperative
standard of care for rectal cancer patients may contribute
to the early diagnosis of recurrent rectal cancer and
prolong the survival time of such patients.
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INTRODUCTION
Abstract
AIM: To screen for metronidazole (MTZ)-resistance
associated gene fragments of H pylori by suppression
subtractive hybridization (SSH).
METHODS: Five MTZ-resistant (tester, T) and 1 MTZsusceptible (driver, D) clinical H pylori isolates were
selected. Genomic DNAs were prepared and submitted
to Rsa Ⅰdigestion. Then two different adaptors were
ligated respectively to the 5’-end of two aliquots of the
tester DNA fragments and SSH was made between the
tester and driver DNAs. The specific inserts of tester
strains were screened and MTZ-resistance related gene
fragments were identified by dot blotting.
R E S U LT S : A m o n g t h e r a n d o m l y s e l e c t e d 1 2 0
subtractive colonies, 37 DNA fragments had a different
number of DNA copies (≥ 2 times) in resistant and
susceptible strains and 17 of them had a significantly
different number of DNA copies (≥ 3 times). Among
the sequences obtained from the 17 DNA fragments,
new sequences were found in 10 DNA fragments and
duplicated sequences in 7 DNA fragments, representing
respectively the sequences of depeptide ABC transporter
periplasmic dipeptide-binding protein (dppA), permease
protein (dppB), ribosomal protein S4 (rps4), ribonuclease
Ⅲ (rnc), protease (pqqE), diaminopimelate epimerase
(dapF), acetatekinase (ackA), H pylori plasmid pHP51
and H pylori gene 1334.
CONCLUSION: Gene fragments specific to MTZresistant H pylori strains can be screened by SSH and

H pylori is a bacterial organism causing chronic gastritis
and peptic ulcers. It also plays an important role in the
pathogenesis of gastric cancer and mucosa associated
lymphoid tissue (MALT) lymphoma. Metronidazole (MTZ)
is an important component of many currently used H pylori
eradication regimens. Antibiotic resistance of H pylori
is known as an important cause of treatment failure of
H pylori. The mechanism of MTZ resistance in H pylori
treatment remains unclear, although some genes such as
rdxA, frxA and fdxB have been found to be associated
with MTZ resistance[1-5].
Suppression subtractive hybridization (SSH), one
of the new methods for phenotypic cloning, has been
developed for identifying genomic differences between
the genomes of close relatives[6]. It is a powerful approach
for screening genes associated with drug resistance. Using
SSH, we have identified some DNA fragments which
are specific to the resistant strains. The identified DNA
fragments were sequenced and compared with GenBank
database to search for some genes associated with MTZresistance in H pylori.

MATERIALS AND METHODS
Isolation and identification of clinical H pylori strains
Each of the clinical biopsy specimens was homogenized
with a tissue grinder and then inoculated onto Columbia
agar (bioMérieux) plates supplemented with 8.0% (V/
V) sheep blood, 0.2% (W/V) cyclodextrin, 5 mg/L
trimethoprim (Sigma), 10 mg/L vancomycin (Sigma),
2.5 mg/L amphotericin B (Sigma) and 2500 U/L
www.wjgnet.com
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Figure 1 PCR-amplified different resistant isolates of H pylori subtraction. M: DNA
marker; 1-5: different resistant isolates 60a, 45a, 51a, 28a, and 117a.

polymyxin B (Sigma). The plates were incubated at 37℃
under microaerobic conditions (5% O 2, 10% CO 2 and
85% N 2) for 3-5 d. Isolates were identified as H pylori
according to typical Gram stain morphology, biochemical
tests positive for urease and oxidase.
Determination of minimal inhibition concentration
The minimal inhibition concentration (MIC) was determined
by agar dilution method of the National Committee for
Clinical Laboratory Standards (NCCLS). Agar dilution plates
were prepared with two-fold serial dilution of MTZ, ranging
from 0.25 to 128 mg/L. The inoculation concentration of
H pylori was 1 × 106-7 CFU/5 µL. Results were read after
72 h incubation and the MIC was determined as the lowest
concentration of MTZ in which no visible growth occurred.
Strains with MIC value ≥ 8 mg/L were classified as
resistant[7]. NCTC11637 was used as a reference strain.
DNA extraction
Genomic DNA was extracted from H pylori strains
according to UNIQ-10 genomics DNA isolation kit
user manual provided by Shanghai Sangon Biological
Engineering & Technology and Service Co. Ltd.
SSH
The subtractive DNA library was established according to
Clontech PCR-selectTM bacterial genome subtraction kit
(PT3170-1) user manual. Genomic DNA from five MTZresistant clinical H pylori strains was used as the tester
respectively, and DNA from one MTZ-susceptible clinical
strain was used as the driver. The sequences of adaptors
and primers are as followings: adaptor 1: 5’-CTAATACG
ACTCACTATAGGGCTCGAGCGGCCGCCCGGGCA
GGT-3’; adaptor 2R: 5’-CTAATACGACTCACTATAGG
GCAGCGTGGTCGCGGCCGAGGT -3’; P1: 5’-CTAAT
ACGACTCACTATAGGGC-3’; NP1: 5’-TCGAGCGGC
CGCCCGGGCAGGT-3’; NP2: 5’-AGCGTGGTCGCG
GCCGAGGT-3’. The PCR products were analyzed by 2%
agarose gel electrophoresis, purified by using the 3S PCR
product purification kit (BBST).
T/A cloning and screening
The second PCR products were purified and cloned into
the pUCm-T vector (BBST) following the protocols.
The recombinant plasmids were transformed into E. coli
DH5α, which was then cultured overnight on the selective
agar plates. One hundred and twenty white colonies were
randomly picked and cultured in Luria-Bertani medium
www.wjgnet.com
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containing ampicillin at 37℃ for 8 h. The plasmids were
extracted and used as templates and the inserts were
amplified under condition as in the second PCR for 25
cycles. The sizes of the inserts were identified by 2%
agarose gel electrophoresis.
Dot blotting and DNA sequencing
Each insert PCR-purified products were dotted on the
Hybond N+ membrane (BioRad) in duplicating forms and
DNA fixation was carried out by baking the Hybond N+
membrane at 80℃ for two hours. In addition, 23S rRNA
fragment of H pylori and pBR328 were dotted on the
membrane as positive and negative control respectively.
The RsaⅠ-digested genomic DNA fragments of four
resistant and four susceptible H pylori strains (not tester
and driver strains) were used as probes and dot blotting
was prefor med using the DIG DNA labeling and
detection kit (Roche). Pre-hybridization and hybridization
were carried out in the hybridization oven (HYBAID) at
50℃ for 2 and 20 h respectively. After the Hybond N+
membrane was stringently washed and blocked, the AntiDig-AP mixtures were added and the signals were detected
by colorsubstrate solution (NBT/BCIP). The inserts that
gave positive results (that is, obvious difference in gene
copies between the DNA fragments of resistant and
susceptible strains) were sequenced by BBST Company.
The sequences were then submitted to gene homologous
analysis based on GenBank database.

RESULTS
SSH
After subtractive hybridization of genomic DNA in
resistant and susceptible isolates, PCR amplified products
presented several similar and tight striples, indicating
that most tester sequences formed with the driver were
excluded, while tester-specific sequences were selfhybridized to form amplifiable fragments that were then
enriched by PCR (Figure 1).
T/A cloning and screening
After SSH between the tester and driver DNA fragments,
about 450 colonies grew on the ampicillin plates and
one third of them were white in color. One hundred
and twenty white colonies were randomly chosen and
101 positive colonies containing the target inserts were
confirmed by nested primer PCR. The size of inserts
ranged from 150 to 750 bp (the average was about 280 bp).
Dot blotting
From 101 positive subtractive colonies, 82 with their size
longer than 180 bp were picked out for dot blotting with
genomic DNA fragments of RsaⅠdigested resistant and
susceptible strains. Thirty-seven DNA fragments with a
different number of DNA-copies (≥ 2 times) in resistant
and susceptible strains were obtained and 17 of them
differed significantly in the number of DNA-copies (≥ 3
times) (Figure 2).
DNA sequencing and homologous analysis
Among the sequences obtained from the 17 specific
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Table 1 Homologous analysis of some specific DNA sequences
of MTZ-resistant strains
No. GenBank
Homolog genes
accession No.

N P
R 			

N P

S

Figure 2 MTZ-resistant strain specific inserts screened by dot blotting using the
RsaI digested resistant and susceptible strains as probes (R represents hybridized
susceptible isolates with probe, S represents hybridized resistant isolates with
probe; N: Negative control; P: Positive control).

DNA fragments, new sequences were found in 10
DNA fragments and duplicated sequences in DNA
fragments, representing respectively the sequences of
depeptide ABC transporter permease protein (dppB),
periplasmic dipeptide-binding protein (dppA), ribosomal
protein S4 (rps4), ribonuclease Ⅲ (rnc), protease (pqqE),
diaminopimelate epimerase (dapF), acetatekinase (ackA),
H pylori plasmid pHP51, H pylori gene 1334 and replication
protein B (Table 1).

DISCUSSION
Genes that are present in certain isolates of a given
bacterial species and absent or substantially different
in others can be of great biological interest. Some may
determine strain-specific traits such as drug resistance,
pathogenicity, bacterial surface structure, or restrictionmodification. SSH is a powerful technique that has been
applied to many different fields, such as identification
of PIs/genomic islands, mobile genetic elements,
drug resistance associated genes and variations in gene
expression, etc[8-12]. Here we used this method in H pylori to
search MTZ-resistance associated gene fragments.
In this study, some gene fragments specific for
MTZ-resistant H pylori strains were identified by SSH.
Of them, 10 were identified by dot blotting, including
depeptide ABC transporter permease protein (dppB),
periplasmic dipeptide-binding protein (dppA), ribosomal
protein S4(rps4), ribonuclease Ⅲ (rnc), protease(pqqE),
diaminopimelate epimerase (dapF), acetatekinase(ackA),
H pylori plasmid pHP51, H pylori gene 1334 and replication
protein B. These gene fragments may be associated with
MTZ-resistance of H pylori.
Dipeptide ATP-binding cassette (ABC) transporters
dppA and dppB which are relative to transportation
of bi-peptide and polypeptide, like the multidr ug
resistance protein (MDR), belong to bacterial periplasmic
transport system and ABC transporters or traffic ATPase
superfamily, take part in active efflux of intracelluar
compounds, and function as a drug efflux pump [13]. It
was reported that antibiotic efflux pumps exist in almost
all bacteria and are one of the reasons for MDR. Our
previous study showed that verapamil could reduce the
MIC of MTZ-resistant H pylori, suggesting that drug efflux
pump in the membrane of H pylori might be inhibited

R1

AE000548

R2

AE000548

R3

AE000609

R4

AE000579

R5
R6

AY267368
AB078638

R7

AE000633

R8

AE000635

R9

AE000570

R10 AE000599

DNA matches

Dipeptide ABC transporter
periplasmic dipeptide-binding protein
(dppA), S = 433, E = 0.0, I = 554/591
Depeptide ABC transporter,
permease protein (dppB),
S = 433, E = 0.0, I = 554/591
Protease (pqqE), S = 273, E = e-151,
I = 309/321
Ribonuclease Ⅲ (rnc), S = 216,
E = e-117, I = 265/280
PHP51, S = 115, E = 4e-57, I = 146/154
Replication protein B (REPB),
S = 30, E = 2e-06, I = 55/62
Ribosomal protein S4 (rps4),
S = 354, E = 0.0, I = 406/422
predicted coding region HP1334,
S = 258, E = e-142, I = 457/523
Diaminopimelate epimerase (dapF),
S = 215, E = e-116, I = 247/260
This region contains an authentic
frame shift and is not the result of a
sequencing artifact, acetate kinase
(ackA), S = 99, E = 4e-47, I = 183/210

6142-6349
6349-6728
9322-9642
10907-11185
3018-3169
1320-1381
7294-7714
1529-2050
7955-8214
8555-8764

by verapamil[14]. In this study, the number of gene copies
encoding DppA and DppB was obviously higher in
the resistant H pylori isolates than in susceptible ones,
indicating that DppA and DppB may play an important
role in the active MTZ efflux and result in the resistance to
MTZ.
Plasmid is a close-circular extra-chromosomal DNA
form of bacteria in vitro. Antibiotic resistant plasmids
widely exist in Gram-negative or positive bacteria. The
resistant rate of H pylori to MTZ is very high and has
an increasing trend. Researchers suspect that resistant
plasmids exist in H pylori, but no relative evidence has been
found. Our study showed that the number of gene copies
in cryptic plasmid PHP051 was much higher in MTZresistant isolates, which may be due to its random insertion
into the H pylori DNA, thus leading to some gene shiftcode mutations and MTZ resistance.
In summary, the 10 new gene fragments identified in
this study may be associated with H pylori resistance to
MTZ. However, the relationship between these genes and
their resistance to MTZ needs to be further investigated.

REFERENCES
1

2

3

Goodwin A, Kersulyte D, Sisson G, Veldhuyzen van Zanten
SJ, Berg DE, Hoffman PS. Metronidazole resistance in
Helicobacter pylori is due to null mutations in a gene (rdxA)
that encodes an oxygen-insensitive NADPH nitroreductase.
Mol Microbiol 1998; 28: 383-393
Kwon DH, El-Zaatari FA, Kato M, Osato MS, Reddy R,
Yamaoka Y, Graham DY. Analysis of rdxA and involvement
of additional genes encoding NAD(P)H flavin oxidoreductase
(FrxA) and ferredoxin-like protein (FdxB) in metronidazole
resistance of Helicobacter pylori. Antimicrob Agents Chemother
2000; 44: 2133-2142
Marais A, Bilardi C, Cantet F, Mendz GL, Mégraud F.
Characterization of the genes rdxA and frxA involved in
metronidazole resistance in Helicobacter pylori. Res Microbiol
2003; 154: 137-144
www.wjgnet.com

1850
4
5
6

7
8

9

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Chisholm SA, Owen RJ. Mutations in Helicobacter pylori
rdxA gene sequences may not contribute to metronidazole
resistance. J Antimicrob Chemother 2003; 51: 995-999
Dai N, Zhou G, Yan J. Correlation of rdxA gene mutation
and metronidazole resistance of Helicobacter pylori. Zhejiang
Daxue Xuebao Yixueban 2003; 32: 37-40
Diatchenko L, Lau YF, Campbell AP, Chenchik A, Moqadam F,
Huang B, Lukyanov S, Lukyanov K, Gurskaya N, Sverdlov ED,
Siebert PD. Suppression subtractive hybridization: a method
for generating differentially regulated or tissue-specific cDNA
probes and libraries. Proc Natl Acad Sci USA 1996; 93: 6025-6030
Guidelines for clinical trials in Helicobacter pylori infection.
Working Party of the European Helicobacter pylori Study
Group. Gut 1997; 41 Suppl 2: S1-S9
Agron PG, Macht M, Radnedge L, Skowronski EW, Miller
W, Andersen GL. Use of subtractive hybridization for
comprehensive surveys of prokaryotic genome differences.
FEMS Microbiol Lett 2002; 211: 175-182
Zhang YL, Ong CT, Leung KY. Molecular analysis of genetic
differences between virulent and avirulent strains of Aeromonas
hydrophila isolated from diseased fish. Microbiology 2000; 146
(Pt 4): 999-1009

10

11

12

13

14

March 28, 2007

Volume 13

Bogush ML, Velikodvorskaya TV, Lebedev YB, Nikolaev
LG, Lukyanov SA, Fradkov AF, Pliyev BK, Boichenko
MN, Usatova GN, Vorobiev AA, Andersen GL, Sverdlov
ED. Identification and localization of differences between
Escherichia coli and Salmonella typhimurium genomes by
suppressive subtractive hybridization. Mol Gen Genet 1999;
262: 721-729
Tian HS, Zhu CL, Gao XH, Ma L, Shen B, Li XL, Wu GL. Cloning
and identification of deltamethrin-resistance or susceptibility
associated genes of Culex pipiens pallens. Zhongguo
Jishengchongxue Yu Jishengchongbing Zazhi 2001; 19: 193-197
Han FC, Gong M, Ng HC, Ho B. Identification of H. pylori
strain specific DNA sequences between two clinical isolates
from NUD and gastric ulcer by SSH. World J Gastroenterol 2003;
9: 1747-1751
Ames GF, Mimura CS, Shyamala V. Bacterial periplasmic
permeases belong to a family of transport proteins operating
from Escherichia coli to human: Traffic ATPases. FEMS
Microbiol Rev 1990; 6: 429-446
Dai N, Zhu YL, Qian KD. The effect of Varapamil on
metronidazole resistance in helicobacter pylori. Zhonghua
Xiaohua Zazhi 1998; 18: 352-354
S-Editor Zhu LH L-Editor Wang XL

www.wjgnet.com

Number 12

E- Editor Chin GJ

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 March 28; 13(12): 1851-1856
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

Contribution of mononuclear bone marrow cells to carbon
tetrachloride-induced liver fibrosis in rats
Bao-Qiang Cao, Ji-Zong Lin, Yue-Si Zhong, Shao-Bin Huang, Nan Lin, Zhao-Feng Tang, Rui Chen, Peng Xiang,
Rui-Yun Xu
Bao-Qiang Cao, Ji-Zong Lin, Yue-Si Zhong, Shao-Bin
Huang, Nan Lin, Zhao-feng Tang, Rui-Yun Xu, Department of
Hepatobility Surgery, the Third Affiliated Hospital of Sun Yat-Sen
University, Guangzhou 510630, Guangdong Province, China
Peng Xiang, Rui Chen, Center for Stem Cell Biology and Tissue
Engineering, Sun Yat-Sen University, 74# Zhongshan Road Ⅱ,
Guangzhou 510080, Guangdong Province, China
Supported by the Key Scientific and Technological Projects
of Guangdong Province, No. 2005A30201007, and Guangdong
Provincial Natural Science Fundation, No. 06021343
Correspondence to: Professor Rui-Yun Xu, Department of
Hepatobility Surgery, the Third Affiliated Hospital of Sun Yat-Sen
University, Guangzhou 510630, Guangdong Province,
China. xuruiyun@yahoo.com.cn
Telephone: +86-20-87536260
Received: 2007-01-03
Accepted: 2007-03-18

Abstract
AIM: To study the inhibitory effect of mononuclear
bone marrow cell (BMC) transplantation on carbon
tetrachloride (CCl4) -induced liver fibrosis in rats.
METHODS: Rat liver fibrosis models were induced by
CCl4 and alcohol administration. After 8 wk, twenty rats
were randomly allocated into treatment group (n =
10) and control group (n = 10). BMC were infused into
the rats in treatment group via the portal vein, while
heparinized saline was infused in control group. CCl4
was hypodermically injected into the rats twice a week
for 4 wk. At the end of wk 12, all rats were humanely
sacrificed. Liver samples were taken and stained with
HE or Masson trichrome. The general conditions, liver
fibrosis (hydroxyproline and collagen fibre) and liver
pathological grades in rats were evaluated.
RESULTS: The general conditions of the rats in
treatment group improved markedly, but not in control
group. Hydroxyproline was 504.6 ± 128.8 mg/g in
treatment group, and 596.0 ± 341.8 mg/g in control
group. The percentage of collagen fibre was 3.75%
± 0.98% in treatment group and 5.02% ± 0.44%
in control group. There was a significant difference
between the two groups (P < 0.05). Liver pathological
grade decreased from grade Ⅳ to grade Ⅲ partially
i n t r e a t m e n t g r o u p (P < 0 . 0 5 ) w i t h n o o b v i o u s
improvement in control group (P > 0.05). There was
a significant difference between treatment group and
control group (P < 0.05).

CONCLUSION: Transplantation of BMC can improve
liver fibrosis due to chronic liver injury in rats.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Liver fibrosis is caused by the excessive accumulation of
extracellular matrix (ECM) proteins including collagen in
most types of chronic liver disease[1]. Accumulation of
ECM proteins distorts the hepatic architecture by forming
fibrous scars. The subsequent development of nodules of
regenerating hepatocytes defines cirrhosis. Cirrhosis leads
to hepatocellular dysfunction and increases intrahepatic
resistance to blood flow, resulting in hepatic insufficiency
and portal hypertension [2] , and often requires liver
transplantation. However, donor livers are limited[3,4]. Cell
transplantation has become the better choice of treatment
for liver regeneration.
As a general rule, replication of existing hepatocytes
is the quickest and most efficient way to generate
hepatocytes for liver regeneration and repair. Nevertheless,
there is evidence that the re plicative activity of
hepatocytes diminishes in advanced cirrhosis of humans
and in chronic liver injury of mice, reaching a state of
“replicative senescence”, perhaps as a consequence of
telomere shortening[5-7]. Recent reports have shown that
bone marrow cells (BMC) are able to differentiate into
non-hematopoietic stem cells[8-12]. The ability of BMC to
differentiate into hepatocytes and intestinal cells has been
shown by Y-chromosome detection in autopsy analysis of
human female recipients of BMC from male donors[13,14].
B o n e m a r r ow i s a c o m p l e x t i s s u e c o n t a i n i n g
hematopoietic stem cells, mesenchymal stem cells, and
other kinds of cell factors. Mesenchymal stem cells and
cell factors are precursors of nonhematopoietic tissues.
www.wjgnet.com
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The precursors of nonhematopoietic tissues can serve
as a feeding layer that supports nonhematopoietic stem
cell growth, self-renewing without differentiation, and
become one phenotype, indicating that BMC with
remarkable plasticity have become an attractive cell source
in regenerative medicine.
However, contribution of BMC to the generation of
hepatocytes in liver regeneration remains uncertain. In the
present study, we employed a rat model of fibrosis induced
by CCl4 to evaluate the effect of BMC on fibrosis. Our
results suggest that BMC treatment can improve fibrosis in
rat models.

MATERIALS AND METHODS
Experimental protocol
Wistar rats weighing 200-300 g, purchased from
Experimental Animal Center of Nanfang Medical
University (Guangzhou, China), were housed in cages (5
in each cage) and subjected to 12-d/12-night cycle with
free access to basic food. Rat hepatic cirrhosis model was
induced by CCl4 (Figure 1). On d 0, 3 mL/kg CCl4 dissolved
in paraffin oil (Guangzhou Chemical Factory, China)
was injected subcutaneously into the rats (Guangzhou
Chemical Factory, China) twice a week for 8 wk, with
free access to alcohol gavage and high-fat diet. From the
fourth week, a rat was killed weekly and liver fibrosis
was determined by histopathology. At the end of wk 8,
twenty rats were randomly divided into treatment group
(n = 10) and control group (n = 10). BMC were infused
into the rats in treatment group via the portal vein, while
heparinized saline solution was infused in control group.
CCl4 was hypodermically injected into the rats twice a week
for 4 wk. Then the trial ended, all rats were sacrificed to
assess the extent of liver fibrosis at the end of experiment.
BMC preparation and transplantation
For BMC isolation, Fisher 344 rats (6-wk old) were killed
by cervical dislocation and the limbs were removed. BMC
were flushed with Dulbecco modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS) from medullary cavities of tibias and femurs using
a 25-G needle. According to the blood volume to be
separated, 50 mL centrifuge tubes were filled with either
20 mL lymphocyte separation medium (D= 1077 g/L,
at 20℃), then 25 mL heparinized bone marrow was
diluted with an equal volume of PBS and poured over the
lymphocyte separation solution. The separation process
was performed by centrifugation at 1200 × g for 20 min.
Mononuclear BMC concentrated in the interphase (white
layer) between plasma and separation solution. They
were subsequently extracted with a sterile Pasteur pipette
and washed twice with heparinized saline before final
resuspension in heparinized saline. The concentration
of mononuclear cells was 6 × 10 9/L. After cirrhosis
models induced by CCl4 were confirmed, rats were placed
in a dryer and anaesthetized with ether. Portal vein was
exposed with abdominal midline and right transverse
incision. Mononuclear BMC (0.5 mL, 3 × 106) and 0.5 mL
heparinized saline were infused into liver respectively via
www.wjgnet.com
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Figure 1 Fibrosis model protocol and BMC therapy for liver cirrhosis in rats.

portal vein in treatment group and control group.
This experiment was approved by the Committee
of Animal Experiment Ethics at the Sun Yat-Sen
University School of Medicine and was carried out under
the guidelines for animal experiments at Sun Yat-Sen
University School of Medicine.
Hydroxyproline (hyp) assay
Hyp was determined by the Kivirikko’s method with
modifications. Briefly, liver specimens were weighed, and
0.5 g freeze-dried sample was hydrolyzed in 6 mol/L HCl
at 110℃ in an autoclave at a pressure force of 1.2 kg/cm2
for 24 h, re-dissolved in water, and centrifuged to remove
any impurities. Samples were incubated for 10 min in 0.05
mol/L chloramine-T (Fisher, Fair Lawn, NJ, USA) at room
temperature, followed by 15-min incubation in Ehrlich'sperchloric acid solution at 65℃. Sample absorbency was
measured at 560 nm and resulting values were compared
to a standard hyp curve. Each sample was assayed in
duplicate. The hyp was expressed as micrograms per gram
of wet liver.
Collagen fibre percentage assay
Liver tissues were fixed in formalin and embedded in
paraffin according to standard procedures (glass slide
was cleaned with 950 ml/L ethanol, treated with APES
solution and air dried). The liver tissue from the right
lobes of liver was cut into 5- μ m thick sections using
microtome and applied to slides, deparafinized in xylenes
and changed three times, each for 5 min. Hydrate sections
were gradually passed through graded alcohol, washed
twice in 100% ethanol, then twice in 95% ethanol for 10
min each, and finally washed in deodorized water for 1
min. Hematoxylin and eosin (HE) and masson trichrome
(MT) staining was performed according to the standard
procedure.
The liver fibrosis area with picro-sirius red staining was
quantified under Zeiss Axiotron microscope equipped with
a KY-F30B 3-CCD camera (JVC, Japan). Briefly, the red
area was considered as the fibrotic area and was assessed
by computer-aided image analysis with Meta-Morph
software (Universal Imaging Corporation, Downingtown,
PA) at a magnification of × 400. The semiquantitative data
were expressed as percentage of positive staining. The
average of scores taking from 5 randomly selected fields (4
corners and 1 center) per sample was used as the percent
area of fibrosis.
Histopathological grading
Fibro-proliferation in liver sections was graded as 0:
normal liver; 1: few collagen fibrils extending from the
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Figure 2 Average weekly body mass of rats.

central vein and portal tract; 2: obvious extension of
collagen fibrils without encompassing the whole lobule;
3: collagen fibrils extending and encompassing the whole
lobule; 4: collagen fibrils extending and separating lobule
into pseudo-lobule mainly in square form; 5: formation of
pseudo-lobule mainly in circle form. Two pathologists who
had no knowledge about their sources and each other's
assessment examined the stained slide independently.
Statistical analysis
Results are presented as mean ± SD. Differences between
groups were analyzed by one-way ANOVA using SPSS
13.3. The grade of liver histopathology was examined
using the χ2 test.

RESULTS
General condition of the rats
In rat fibrosis model induced by CCl4, the mean loss body
mass was 40.67 g ± 10.88 g in the first 4 wk. The body
mass increased by 25.93 g ± 8.67 g in the later 4 wk. The
body mass of rats in treatment group was 26.57 g ± 8.58
g from wk 8 to the end of experiments, while body mass
stopped increasing in rats of the control group (Figure 2).
In CCl 4 -induced model, rats became lethargic,
slower in reaction and diarrhea occurred in 40% of the
rats. The fur of rats became gray, ulceration occurred
in the injection area. Up to wk 8, cirrhosis model was
pathologically confirmed with a mortality rate of 20%
(6/30). After infusion of mononuclear bone marrow
cells or heparinized saline, morphological and behavioral
changes were observed in rats of the treatment group
showing improvement in reaction, no diarrhea, fur scar
healing and no ulceration. The rats in control group
showed slow reaction, diarrhea, incurable fur ulceration,
even new ulceration. Their eyes were pale and urine was
yellow, and some animals had labored respiration. The
mortality rate was 10% (1/10) in two groups. Some rats
had a large amount of ascites at the time when they were
killed, which might be a reason for their weight gain.
Liver histology
Two weeks after CCl4 injection, histological examina-tion
revealed fat denaturalization, centrilobular congestion and
hemorrhagic necrosis, but no liver fibrosis (Figure 3A).
Four weeks later, extensive fatty changes, centrilobular

Figure 3 Histopathological changes of liver fibrosis 2 (A), 4 (B), 6 (C), 8 wk (D)
after CCl4 injection, 4 wk after BMC transplantation in treatment group (E) and 4
wk after saline transplantation in control group (F) (HE, × 100).

Table 1 Comparison between liver hyp and collagen fibre in
treatment and control groups mean ± SD
Group

Hydroxyproline (mg/g)

Collagen fibre (%)

Treatment
Control

504.6 ± 128.8a
596.0 ± 341.8

3.75 ± 0.98a
5.02 ± 0.44

a

P < 0.05 vs control group.

necrosis and intense neutrophilic infiltration were observed
(Figure 3B). By 6 wk, liver fibrosis surrounding the central
veins could be seen, with collagen fiber deposition, severe
centrilobular necrosis and bridging necrosis, bile duct
proliferation (Figure 3C). Massive fibrosis, extensive
bridging, pseudolobules formed in the liver after exposure
to CCl4 for 8 wk (Figure 3D).
Surprisingly, 4 wk after BMC transplantation (12
wk after CCl 4 injection), the BMC-transplanted liver
showed that the architecture of liver became better, with
inflammation reduced, pseudolobules resolved, collagen
accumulation and fatty degeneration alleviated, necrosis
of hepatocytes replaced by the regenerated hepatocyres,
and the thickened septal fibrosis became thinner or
disappeared (Figure 3E). The BMC-transplanted liver
showed improvement in liver fibrosis compared with the
liver treated with CCl4 alone (Figure 3F), although CCl4
was injected throughout the experimental period.
BMC treatment decreased collagen deposition
BMC transplantation significantly reduced hydroxyproline
in wet liver to 504.6 ± 128.8 mg/g liver in the treatment
group compared to 596.0 ± 3418.0 mg/g liver in control
group. Hyp was significantly reduced in treatment
group compared with control group (P < 0.05, Table 1).
Quantitative image analysis of liver fibrosis indicated
that the percent area of liver fibrosis 4 wk after BMC
transplantation was 3.75% ± 0.98 % in treatment group
and 5.02% ± 0.44% in control group. Quantification of
MT staining demonstrated that collagen was prominently
decreased in rats of the treatment group compared to
control group (P < 0.05, Table 1).
Moreover, the degree of fibrosis was decreased
in treatment group compared to control group. Liver
www.wjgnet.com
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Table 2 Liver pathological grading in two groups
Group
Treatment
Pre-treatment
Post-treatment
Control
Pre-treatment
Post-treatment

0

1

2

3

4

5

c

0
0

0
0

0
0

0
0

0
4

10
6

10.55 0.005

0
0

0
0

0
0

0
0

0
0

10
10

2

-

P

1.0

pathological grades were improved from grade Ⅳ to grade
Ⅲ in treatment group (P < 0.05) compared to control
group (P > 0.05). There was a significant difference
between treatment and control groups (P < 0.05, Table 2).

DISCUSSION
In this study, experimental fibrosis model was induced by
CCl4 and alcohol administration. The general conditions of
rats improved after infusion of BM-derived mononuclear
cells, suggesting that mononuclear bone marrow cells
can improve liver fibrosis. CCl4-induced liver fibrosis is a
classical experimental fibrosis model. In this experiment,
cirrhosis model was effectively induced by CCl4 combined
with alcohol g avag e. CCl 4 could directly damag e
hepatocytes, thus leading to fatty degeneration and necrosis
of hepatocytes. Alcohol is an enzyme inducer which
damages mitochondria, increases oxygen consumption
and enhances the toxicity of CCl4 on hepatocytes, thus
promoting formation of cirrhosis. During formation of
cirrhosis, the body weight of rats dramatically reduced
within the first 4 wk, then slowly increased within 4-8 wk.
From wk 8, the body weight of rats slightly increased in
treatment group with no obvious change in control group
(Figure 1), showing that rats become adapted to toxicity.
It was reported that this kind of model could undergo
spontaneous resolution of fibrosis after CCl4 challenging
was stopped[15]. So it is necessary to establish a cirrhosis
model to unceasingly inject CCl4. We did not find recovery
of liver fibrosis in this experiment.
BMC administration could repair injured liver by reducing
inflammation, collagen deposition and remodeling[16,17]. In
the current study, transplanted mononuclear bone marrow
cells could degrade collagen fibers and improve liver
fibrosis.
The classical paradigm that intrahepatic cell populations
are replenished from resident oval cells has been revised to
include extrahepatic stem cells[18]. Circulating bone marrow
–derived cells contribute to the regeneration of a wide
variety of organs. There is evidence that bone marrowderived stem cells are able to enter parenchymal organs
and participate in regenerative and structural modeling
of transplanted tissues[8,10,11,19]. However, the mechanism
by which extrahepatic stem cells contribute to the repair
process (including regeneration) following injury remains
controversial. The type of injury seems to play a major
role in determining whether stem cells differentiate
into hepatocytes (the process of stem cell “plasticity”),
fuse with hepatocytes (the process of cell “fusion”), or
change to form other cell lineages (the process of “transwww.wjgnet.com
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differentiation”) [20,21]. Our previous study showed that
BM-derived stem cells can inhibit the proliferation and
activation of hepatic stellate cells by secreting some
cytokines which might protect the liver against fibrosis[22].
In the current study, bone marrow-derived cells were
infused without bone marrow ablation. It was reported
that reconstitution of haematopoietic stem cells following
ablation is necessary for their engraftment in the liver[23].
Additionally, significant engraftment of bone marrowderived cells during liver injury is thought to require in vivo
selection. However, Yamamoto et al[24,25] support the notion
that bone marrow ablation is not required for stem cell
engraftment in the liver. Mononuclear bone marrow cells
include mesenchymal stem cells (MSC), hematopoietic
stem cells (HSC), and many kinds of cell factors. These
cells and cell factors may reduce fibrosis by interations
between them.
Currently stem cells are mostly infused through
peripheral vein in animal experiments of intrahepatic
transplantation. Though this method is simple, the number
of stem cells eventually reaching the liver is extremely
limited, because of powerful macrophage phagocytosis
in the lung. It severely impairs the efficacy of stem cell
therapy. This problem may be solved by direct infusion of
stem cells into the liver. In this experiment, the rats were
anesthetized with ether and BMC were directly injected
into the portal vein, which significantly improved liver
fibrosis. However, Liechty et al[26] reported that BMC bear
immune tolerance to allogenes even in different races.
It may be related with the fact that BMC can inhibit the
proliferation of T cells and induce T cell inaction[27-29].
Immune tolerance offers hope for BMC to be used in
clinical practice.
The therapeutic potential of bone marrow-derived
stem cells has led to increasing research interest in liver
regeneration, especially in models of liver injury. Available
data suggest that bone marrow-derived stem cells play
a limited role in normal liver. The results of the current
study demonstrate that stem cell administration can
improve fibrosis and plays a significant role in liver injury
and fibrogenesis.

ACKNOWLEDGMENTS
The authors thank Professor Chun-Kui Shao for his help
in histopathology and the staff of Center for Stem Cell
Biology and Tissue Engineering, Sun Yat-Sen University.

COMMENTS
Background

Liver fibrosis is due to the excessive accumulation of extracellular matrix (ECM)
proteins including collagen that occurs in most types of chronic liver disease.
Accumulation of ECM proteins distorts the hepatic architecture by forming fibrous
scars, and subsequent development of nodules of regenerating hepatocytes
defines cirrhosis. Cirrhosis leads to hepatocellular dysfunction and increases
intrahepatic resistance to blood flow, which results in hepatic insufficiency and
portal hypertension, and often requires liver transplantation. However, donor livers
are limited. Cell transplantation has been used for liver regeneration.
Recent reports showed that bone marrow cells (BMC) are able to differentiate
into non-hematopoietic cell lineages. The ability of BMC to differentiate into
hepatocytes and intestinal cells has been shown by Y-chromosome detection in
autopsy analysis of human female recipients of BMC from male donors. So, BMC
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have an attractive cell source for regenerative medicine.

Research frontiers

It has recently been recognized that circulating bone marrow-derived cells
contribute to the regeneration of a wide variety of organs. There is evidence that
marrow-derived stem cells are able to enter parenchymal organs and participate in
regenerative and structural modeling of transplanted tissues.
Bone marrow is a complex tissue containing hematopoietic stem cells,
mesenchymal stem cells, and other kinds of cell factors. Mesenchymal stem cells
and cell factors are precursors of nonhematopoietic tissues, indicating that BMC
have become an attractive cell source in regenerative medicine. However, the
contribution of BMC to the generation of hepatocytes in liver regeneration remains
uncertain. In the present study, we employed a model of fibrosis induced by CCl4
to evaluate the effect of BMC on fibrosis. Our results suggest that BMC treatment
could improve fibrosis in rat models.

Innovations and breakthroughs

Bone marrow is a complex tissue containing hematopoietic stem cells,
mesenchymal stem cells, and other many kinds of cell factors. It has been reported
that infusion of hematopoietic stem cells or mesenchymal stem cells can improve
liver fibrosis.
In this study, rats were anesthetized with ether, and portal vein was exposed
by abdominal midline and right transverse incision. BMC were directly injected into
portal vein. The results showed liver fibrosis was significantly improved.
Finally, our experiment used different genetic background rats between the
donor and recipient. However, the results showed that BMC could bear immune
tolerance in allogenes even between different races,suggesting that BMC can
inhibit the proliferation of T cells and inactivate T cells. Immune tolerance offers
hope for use of BMC in clinical practice.

Applications

The current study demonstrated that stem cell administration could improve
fibrosis and BMC play a significant role in liver injury and fibrogenesis. Stem cell
therapy will become the choice of treatment for liver disease in near future.

Terminology

Stem cell therapy: Stem cells have become an attractive cell source in
regenerative medicine. Infusion of stem cells can repair or replace damaged cells.

Peer review

In this manuscript, the authors described the antifibrotic effect of mononuclear
BMC infusion on carbon tetrachloride-induced liver fibrosis in rats. Intraportal
infusion of mononuclear BMC improved the general conditions of rats and
decreased hydroxyproline and the areas of collagen fiber in liver tissue. The
results of this study are of certain importance.
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Abstract

INTRODUCTION

AIM: To study the clinicopathological characteristics of
unsuspected gallbladder carcinoma (UGC).

The difficulty in early diagnosis of gallbladder carcinoma
results from its poor specificity in clinical symptoms
and ambiguous early symptoms, which seriously
affects prognosis[1-6]. Some patients were found having
gallbladder carcinoma only when they were diagnosed
and treated because of other diseases [7-9] . Generally,
gallbladder carcinoma is called unsuspected gallbladder
carcinoma (UGC) when it was found incidentally
during or after cholecystectomy because of gallbladder
benign diseases [7,8,10,11] . We consider that UGC still
includes gallbladder carcinoma found not only during
or after cholecystectomy but also in the course of other
diseases[12-17]. UGC found during cholecystectomy because
of acute or chronic cholecystitis was reported in 1961[18],
but more relative studies and close attention to UGC
became available in the 1990s. To date, diagnosis and
treatment of UGC still remain difficult[19]. This study aims
at defining clinicopathological characteristics of UGC,
which may provide some evidence on its diagnosis and
treatment.

METHODS: We retrospectively studied 23 cases of UGC
in Tongji Hospital, and compared their clinicopathological
characteristics with 33 cases of preoperatively diagnosed
gallbladder carcinoma (PDGC).
RESULTS: The proportion of UGC coexisting with
cholecystolithiasis was significantly higher than that
2
of PDGC (χ = 13.53, P < 0.01). The infection rate of
hepatitis B virus was 21.74% (5/23) in UGC and 30.30%
(10/33) in PDGC. Nine (39.13%) of 23 patients with UGC
and 8/33 (24.24) PDGC had contact with schistosome
pestilent water. The rate of multiple pregnancies was
56.52% (13/23) in the patients with UGC and 42.42%
(14/33) in PDGC. The primary location of the UGC was
mostly in the neck and body of the gallbladder, and that
of the PDGC was often in the body and bottom. The
incidence of Nevin stageⅠand Ⅱ UGC was significantly
2
2
higher than that of PDGC (χ = 4.44, P < 0.05 and χ
= 4.96, P < 0.05) while that of Nevin stage Ⅴ UGC was
2
significantly lower than that of PDGC (χ = 7.59, P < 0.01).
According to the grading of carcinoma, the incidence
of well-differentiated UGC was significantly higher than
2
that of PDGC (χ = 4.16, P < 0.05), and that of poorlydifferentiated UGC was significantly lower than that of
2
PDGC (χ = 4.48, P < 0.05).
CONCLUSION: There are different characteristics
between UGC and PDGC, such as in primary location,
malignant degree and incidence of coexistence with
cholecystolithiasis. Cholecystolithiasis, hepatitis B,
schistosome and multiple pregnancies were high risk
factors for gallbladder carcinoma.
© 2007 The WJG Press. All rights reserved.

MATERIALS AND METHODS
Subjects
We retrospectively studied 23 cases of UGC visiting
Tongji Hospital from 1990 to 2005, and compared the
clinicopathological characteristics with that of 33 cases
of PDGC, which included 15 diagnosed cases and 18
suspected cases.
Methods
All specimens were fixed in 4% formaldehyde solution,
embedded in paraffin and cut into 4 μm thick sections.
And all of them were diagnosed pathologically. Chisquare test and Fisher’s exact probability test were used for
statistical analysis.
www.wjgnet.com

1858

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

March 28, 2007

Volume 13

Number 12

Table 1 Analysis of past history of 23 UGC cases
Indications

UGC

PDGC

Age (yr)
Sex

59.57 ± 11.49
M: 5, F: 18

56.21 ± 11.62
M: 14, F: 19

Signs and symptoms
Jaundice (n)
Stomachache (n)
Febrile (n)
Dyspepsia (n)
Body weight loss (n)
Abdominal mass (n)
Absence of symptoms (n)
Multiple pregnancies (≥ 3 times) (n)
Family malignancy history (n)

4
20
1
4
4
0
1 (preoperative diagnosis is adenoma)
13
1, his father suffered with gastric cancer

1
24
1
5
6
3
3
14
2, their fathers respectively have lung cancer and
hepatoma

Past history
Gastritis (n)
Gastric ulcer (n)
Hepatitis B (n)
Contact with schistosome pestilent water (n)
Coexisted with cholecystolithiasis (n)
Size of cholecystolithiasis (> 1 cm) (n)
Multiple (n)
Complicated with choledoch carcinoma (n)

4
3
5
9
17
7
17
1

3
2
10
8
8a
5
6b
0

Biliary tract diseases found preoperatively
Polypoid lesion of gallbladder wall (n)
Multiple (n)
Size (> 1 cm) (n)
Gallbladder wall thickening (n)
Gallbladder enlargement (n)
Atrophy of gallbladder (n)
Cholestasis (n)
Congenital capsular dilation of bile duct (n)

3
2
2
12
5
2
2
0

7
6
3
9
6
1
0
1

0
0
0
1
1
0
0

4
2
2
5
2
1
3

Coexist with extra-biliary-tract diseases
Splenomegaly (n)
Kidney multiple cystis (n)
Hemangiomas of liver (n)
Heparadiposum (n)
Hepatic cirrhosis (n)
Esophageal hiatal hernia (n)
Lateral ventral hernia (n)
a

P < 0.01 (χ2 = 13.53, vs UGC); bP < 0.01 (χ2 = 17.39, vs UGC).

RESULTS
Analysis of past history
The proportion of UGC coexisting with cholecystolithiasis
was significantly higher than that of PDGC (χ2 = 13.53,
P < 0.01). The infection rate of hepatitis B virus was
21.74% (5/23) in UGC and 30.30% (10/33) in PDGC.
Nine (39.13%) of 23 patients with UGC and 8/33 (24.24)
PDGC had contact with schistosome pestilent water. The
rate of multiple pregnancies was 56.52% (13/23) in the
patients with UGC and 42.42% (14/33) in PDGC. The
primary location of the UGC was mostly in the neck and
body of the gallbladder, and that of the PDGC was often
in the body and bottom. The incidence of Nevin stage
Ⅰand Ⅱ of UGC was significantly higher than that of
PDGC (χ2 = 4.44, P < 0.05 and χ2 = 4.96, P < 0.05) while
that of Nevin stage Ⅴ UGC was significantly lower than
that of PDGC (χ2 = 7.59, P < 0.01). According to the
grading of carcinoma, the incidence of well-differentiated
UGC was significantly higher than that of PDGC (χ2 =
4.16, P < 0.05), and that of poorly-differentiated UGC was
www.wjgnet.com

significantly lower than that of PDGC (χ2 = 4.48, P < 0.05)
(Table 1).
Condition of diagnosis and treatment
All cases of UGC in this study was found during or after
open cholecystectomy, and no case was found during or
after laparoscopic cholecystectomy. The ratios of UGC
in open cholecystectomy and other cholecystectomies
were 0.41% (23/5582) and 0.26% (23/8807), respectively.
Preoperative misdiagnoses included cholecystolithiasis,
adenoma, and hepatoma in order of frequency (Table 2).
Characteristics of pathology
The proportion of UGC with primary location in neck of
gallbladder was significantly higher than that of the PDGC
(P = 0.020) while the number of UGC with primary
location in bottom of gallbladder was significantly lower
than that of PDGC (P = 0.023). The number of UCG in
the bottom and body of gallbladder was significantly lower
than that of PDGC (P = 0.047). According to Nevin
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Table 2 Diagnosis and treatment in 23 UGC cases
Indications

UGC

Final diagnosis during operation
Final diagnosis after operation
Open cholecystectomy
Laparoscopic cholecystectomy
Imergency operation
Main misdiagnosis causes (n)
Hepatoma
Cholecystolithiasis
Adenoma
Cholecystolithiasis coexisted with adenoma
Special examination methods
USG (n)
CT (n)
MRI (n)
USG + CT (n)
USG + MRI (n)
USG + CT + MRI (n)
Laboratory examinations
Carcino-embryonic antigen (n)
Alpha-fetoprotein (n)
Alkali phosphatase (n)
γ-GT (n)
Lactate dehydrogenase (n)
5-nucleophosphatase (n)
Operations
Cholecystectomy (n)
Cholecystectomy + regional lymph clearing (n)
Combined with partial hepatectomy (n)
Combined with partial excision of extrahepatic bile duct (n)
Combined with excision of outer metastasis (n)
Exploratory laparotomy (n)
Adjunctive therapy
Postoperative radiotherapy (n)
Postoperative chemotherapy (n)
Treatment with TCM (n)
TACE with recrudescent tumor (n)

60.87% (14/23)
39.13% (9/23)
0.41% (23/5582)
0% (0/3225)
13.04% (3/23)

PDGC

2
14
3
4
16
1
0
3
2
1
1/2
0/1
0/0
2/2
0/0
0/0
17
2
3
1
0
0

staging, the incidence of stageⅠand Ⅱ was significantly
higher in UGC than in PDGC (χ2 = 4.44, P < 0.05 and
2
χ = 4.96, P < 0.05) while the incidence of stage Ⅴ was
significantly lower in UGC than in PDGC (χ2 = 7.59, P <
0.01). Based on the grading of carcinoma, the incidence
of well-differentiated UGC was remarkably higher than
that of PDGC (χ2 = 4.16, P < 0.05), and the incidence of
poorly-differentiated UGC was significantly lower than
that of PDGC (χ2 = 4.48, P < 0.05) (Table 3).

DISCUSSION
The proportion of UGC in gallbladder carcinoma
ranged from 22% to 37.5%[20-22], and our result is 41.1%
(23/56). The reported incidence of UGC found in open
cholecystectomy were 1.7% in Germany[22] and 2.3% in
Belgium[23], and it was 0.43% in China[11], and our result is
0.41% which is similar with domestic report.
Our results indicate that cholecystolithiasis play a
more important role in the cancerization process of
UGC than in PDGC. And hepatitis B, schistosome and
multiple pregnancies may affect the cancerization process
of gallbladder, which however, needs more evidences
and studies in its mechanism. In diagnosis and treatment,
our study indicates that there is no significant difference

0
4
1
0

14
2
1
12
3
1
0/10
2/10
2/4
2/2
1/1
1/1
11
4
10
2
5 (2 cases proved nontumorous metastasis postop)
1
3
9
3
2

between UGC and PDGC in many aspects, such as
age, sex, symptom, signs and complications. All cases
of UGC in this study was found during or after open
cholecystectomy, and no case was found during or after
laparoscopic cholecystectomy. The ratio of UGC found in
all cholecystectomies was 0.26% (23/8807). Preoperative
misdiagnoses included cholecystolithiasis, adenoma, and
hepatoma in order of frequency. These results indicate
that more attentions should be paid to cholecystolithiasis,
adenoma, and hepatoma in clinical diagnosis.
As for pathological characteristics in our study, the
primary location of UGC was mostly in the neck and body
of the gallbladder, and that of PDGC was often found
in the body and bottom. According to Nevin staging and
the grading of gallbladder carcinoma, the proportion of
UGC was remarkably lower than PDGC when malignancy
degree of carcinoma increased gradually. These results
indicate that there are different characteristics between
UGC and PDGC in primary location, Nevin staging and
tumor grade.
Currently, there are more studies that have began to
focus on UGC [24,25], but early diagnosis of gallbladder
carcinoma is still difficult[26-30]. In order to improve the
diagnosis of gallbladder carcinoma, epidemiological and
clinicopathological studies should be conducted. Our
www.wjgnet.com
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Table 3 Pathological characteristics of 23 UGC cases
Indications
Primary location of gallbladder
carcinoma (n)
Cystic duct
Neck of gallbladder
Body of gallbladder
Bottom of gallbladder
Boundary between neck and body of
gallbladder
Body and bottom of gallbladder
Nevin staging
   Ⅰ
   Ⅱ
   Ⅲ
   Ⅳ
   Ⅴ

Cancerometastasis status (n)
Gallbladder lymph node
Portal lymph node
Common bile duct lymph node
Latero-hepatic artery lymph nod
Nerve boundle in gallbladder wall
Extrahepatic bile duct
Liver
Diaphragmatic muscle
Peritoneum
Omentum
Pathohistological diagnosis
Histological type (n)
Adenocarcinoma
Adenoma canceration
Squamous carcinoma
Undifferentiated carcinoma
Grade (n)
Well differentiated
Moderately differentiated
Poorly differentiated

UGC
(with record
16 cases)
1
8
5
0
2

PDGC
(with record
21 cases)
1
3a
6
6b
0

0

5c

6
5
7
2
3

2d
1e
8
6
16f

1
0
1
0
0
0
3
0
0
0

0
1
4
1
2
2
11
1
1
1

20
2
1
0

27
2
2
2

14
3
6

11g
4
18h

a

P = 0.020, vs UGC; bP = 0.023, vs UGC; cP = 0.047, vs UGC; dP < 0.05 (χ2 = 4.44,
vs UGC); eP < 0.05 (χ2 = 4.96, vs UGC); fP < 0.01 (χ2 = 7.59, vs UGC); gP < 0.05 (χ2
= 4.16, vs UGC); hP < 0.05 (χ2 = 4.48, vs UGC).

study demonstrates that there are different characteristics
between UGC and PDGC in some aspects, which may
hopefully provide some beneficial evidence on early
diagnosis of gallbladder carcinoma.
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Background

The difficulty in early diagnosis of gallbladder carcinoma results from its poor
specificity in clinical symptoms and ambiguous early symptoms, which seriously
affect prognosis. Some patients were found having gallbladder carcinoma only
when they were diagnosed and treated because of other diseases. To date,
diagnosis and treatment in unsuspected gallbladder carcinoma are still difficult.
This study aims at clinicopathological characteristics of unsuspected gallbladder
carcinoma, which may provide some evidence on its diagnosis and treatment.

Research frontiers

Unsuspected gallbladder carcinoma found during cholecystectomy because of
acute or chronic cholecystitis was reported early in 1961, but more relative studies
in and close attention to unsuspected gallbladder carcinoma became available
after the 1990s. However, its epidemiology and clinicopathology are not well
described.
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and preoperatively diagnosed gallbladder carcinoma, such as in primary
location, malignant degree and incidence of coexistence with cholecystolithiasis.
Cholecystolithiasis, hepatitis B, schistosome and multiple pregnancies were high
risk factors of gallbladder carcinoma.

Applications

In order to improve the diagnosis of gallbladder carcinoma, epidemiology and
clinicopathology need be studied. This study indicates that there are different
characteristics between unsuspected gallbladder carcinoma and preoperatively
diagnosed gallbladder carcinoma in some aspects, which hopefully could provide
some beneficial evidence on early diagnosis of gallbladder carcinoma.

Terminology

Unsuspected gallbladder carcinoma (UGC): generally gallbladder carcinoma is
called unsuspected gallbladder carcinoma (UGC) when it was found incidentally
during or after cholecystectomy. We consider that unsuspected gallbladder
carcinoma still includes gallbladder carcinoma found not only during or after
cholecystectomy but also in the course of other diseases.

Peer review

The present study is interesting, well designed, and contained novel findings. The
conclusions are well based and are of clinical value in some aspects.
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Abstract
AIM: To study the effect of hepatitis virus infection
on cirrhosis and liver function markers in HIV-infected
hemophiliacs.
METHODS: We have analyzed the immunological,
liver function and cirrhosis markers in a cohort of
hemophiliacs co-infected with human immunodeficiency
virus (HIV) and hepatitis viruses.
RESULTS: There was no difference in immunological
markers among co-infected patients and patients
infected with HIV only and those co-infected with one or
more hepatitis virus. Although liver function and cirrhosis
markers remained within a normal range, there was a
worsening trend in all patients co-infected with hepatitis
virus C (HCV), which was further exacerbated in the
presence of additional infection with hepatitis virus B
(HBV).
CONCLUSION: Co-infection with HIV, HBV and HCV
leads to worsening of hyaluronic acid and liver function
markers. Increases in serum hyaluronic acid may be
suggestive of a predisposition to liver diseases.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Co-infection with hepatitis virus B and C (HBV and
HCV) is ver y common in individuals with human
immunodeficiency virus (HIV) infection, presumably
due to the shared transmission route of these viruses.
The prevalence of HCV infection among HIV-infected
individuals can be as high as 40% but varies substantially
among risk groups[1]; cirrhosis is an increasingly prevalent
cause of morbidity in such patients[2]. The prevalence of
HCV infection among HIV-infected drug users (IDUs)
is 50%-90%[1,3]. HCV co-infection increases the risk of
cirrhosis by 10-20 fold in people infected with HIV [4].
This is especially apparent in the era of highly active
antiretroviral therapy (HAART), possibly due to the
improved survival rate. HAART itself may also influence
liver diseases[4]. Co-infection with HBV and HIV is also
common, and 70%-90% of HIV-infected individuals
had past or active infection with HBV[5]. The prevalence
of HIV within a cohort of IDUs in Yunnan, China was
found to be 71.9%, 99.3% of them being co-infected
with HCV[6]. In another Chinese study, HCV and HIV
prevalence was 75% and 18.5% in IDUs, with 58% HCV
patients being co-infected with HIV[7]. Treatment with
contaminated blood products prior to 1990 resulted in a
high prevalence of HIV, HBV and HCV in hemophiliacs;
85% of persons infected with HIV are co-infected with
HCV[1,3]. In a multi-center hemophilia cohort study, 30%
of HCV seropositive survivors had HIV and 4.6% were
HBV carriers [8]. Co-infection data is not available for
hemophiliacs in China.
Our data show that in a cohort of HIV-infected
hemophiliacs, co-infection with HBV or HCV or both
leads to worsening of a key cirrhosis marker, hyaluronic
acid (HA). Taken together with recent literature[9], our data
suggest that HA levels may be suggestive of progression
to liver diseases in these patients.

MATERIALS AND METHODS
Patients
Laboratory data from the first visit of all hemophiliacs
(previously diagnosed with HIV) reported to Shanghai
Public Health Center between May and October 2004 were
analyzed.
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Table 1 Blood viral load, immune and biochemical markers in hemophiliac patients mean ± SEM
Hemophiliac patients
No.
HIV viral load1
HBV viral load
HCV viral load
CD42 count
CD4/CD8
ALT (U/L)
AST (U/L)
TBIL (mol/L)
ALP (U/L)
γ-GT (U/L)
A/G
HA (ng/mL)
CG (μg/dL)
PC3 (μg/L)
LN (ng/mL)
IVC (ng/mL)

HIV/HBV

HIV/HCV

HIV/HBV/HCV

HIV

5
6.6 × 102 (< 50-105)
Not detectable
Not applicable
19.4 ± 3.4
0.45 ± 0.13
18.2 ± 2
24.2 ± 2
7.5 ± 1
188.2 ± 42
39.2 ± 17
1.41 ± 0.1
56.8 ± 12
183 ± 15
108.3 ± 8
121.2 ± 19
55.5 ± 22

17
3.12 × 102 (< 50-105)
Not applicable
2.51 × 105 (< 103-107)
21.56 ± 1.9
0.46 ± 0.06
46 ± 8
44.8 ± 9
10.4 ± 2
214 ± 16
103.5 ± 23
1.4 ± 0.07
73.8 ± 4.5
230 ± 65
106.6 ± 3.2
111.7 ± 4
46.5 ± 1.5

22
2.12 × 102 (< 50-105)
Not detectable
8.07 × 104 (103-107)
18.05 ± 1.7
0.41 ± 0.06
47.6 ± 7.5
53.8 ± 9
11.3 ± 1
207.3 ± 15
145.7 ± 25
1.7 ± 0.4
93 ± 15
257 ± 15
107 ± 2.5
114 ± 3
46 ± 1

6
1.4 × 102 (< 50-104)
Not applicable
Not applicable
25.17 ± 1.5
0.63 ± 0.06

1

Geometric mean viral loads and range of HIV RNA, HBV DNA and HCV RNA; 2Represented as percent of the total T cell
(CD3+) population.

All patients were infected with HIV-1, group M and
subgroup B and were on HAART at the time of data
collection as per the guidelines issued by China Center
for Disease Control (The National AIDS Anti-viral
Treatment Guidelines, stavudine (d4T), lamivudine (3TC),
and efavirenz). Patients are started on antiretrovirals if
their CD4 count is < 200/mm3 or HIV-RNA is > 30 000
copies/mL.
All patients co-infected with HCV were on 180 mg
PEGylated interferon weekly and ribavirin > 10.6 mg/kg
daily. Patients are started on the therapy if their anti-HCV
antibody is detected in the serum or HCV-RNA is > 1000
copies/mL, or if they have consistently abnormal aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) values.
Patients with HBV co-infection were all on lamivudine
therapy as part of HAART; and at the time of analysis,
HBV DNA was below the limit of detection.
Patients infected with HIV only were compared with
those co-infected with hepatitis viruses and patients coinfected with either HBV or HCV were compared with
patients co-infected with both HBV and HCV.
Data was also collected from a control group of nonhaemophiliac patients infected with either HIV or HCV
or HBV. These control patients were not on any antiviral
therapy at the time of data collection. Data from the
control groups were compared with that from co-infected
patients.
Laboratory analysis
HIV infection was diagnosed by a screening test on 50 L
whole blood (immunogold silver staining kit, Dainablot
Co. Ltd, Tokyo, Japan); confirmatory Western blot was
performed at the Center of Disease Control, Shanghai.
HBV and HCV infections were diagnosed by real time
PCR on 200 L serum (PG Biotec, China, Bio-Rad iCycler).
Anti-HBV and anti-HCV antibodies were estimated in 1
mL patient serum by microparticle enzyme immunoassay

(ABBOT Diagnostics Division, USA) and ELISA
(HENAN Sino-American Bio, China), respectively.
Cell markers were analyzed by FACS on a BD
FACSCalibur using 50 μL whole blood and antibodies to
CD3/CD8/CD45/CD4 (Becton and Dickinson Co. Ltd).
Cirrhosis markers (HA; cholylglycocholic acid, CG;
N-terminal peptide of type Ⅲ collage, PC3; laminin, LN
and collagen IV, IVC) were analyzed by radioimmunoassay
(Tongji Unversity Shanghai Radioimmunological
Technology Co. LTD). Liver function tests (ALT; AST;
alkaline phophatase, ALP; glutamyl transferase, GT; ratio
of albumin to globulin, A/G; total bilirubin, TBIL; proalbumin, PA) were performed using the Roche multianalyzer.
Statistical analysis
Unless otherwise stated, values are expressed as mean ±
standard error (SEM). Comparisons were done using oneway ANOVA, with statistical software in Microsoft Excel.
Statistical significance was accepted at P < 0.05.

RESULTS
Patients
The patient data are shown in Table 1. Of the 50 HIVinfected hemophiliacs, 22 (44%) were co-infected with
HBV, 39 (78%) with HCV, and 17 (34%) were co-infected
with both HBV and HCV. All patients were males, with
age ranging from 14 to 68 years (mean = 38.08) at the
time of data collection in 2004. No liver function data
were available for those with HIV mono-infection (n = 6).
Genotype data was available for 31 of the 39 patients coinfected with HCV; 16 were infected with genotype 1b, 10
with 2a and 5 with 2a/2b.
Viral load
HIV viral load in patient blood varied from undetectable
(< 50 copies) to 100 000 copies/mL and was not different
www.wjgnet.com
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Table 2 Blood viral load, immune and biochemical markers in
non-hemophiliac patients mean ± SEM

Number 12

P = 0.009
P = 0.036
P = 0.001

70
60

HCV

HIV

17
Not applicable

14
Not applicable

HBV viral load

Not applicable

HCV viral load

8.8 × 106
(2.6 × 103-108)
Not applicable

20
1.4 × 102
(< 50-104)
Not applicable

CD42
CD4/CD8
ALT (U/L)
AST (U/L)
TBIL (mol/L)
ALP (U/L)
γ-GT (U/L)
HA (ng/mL)
CG (μg/dL)
PC3 (μg/L)
LN (ng/mL)
IVC (ng/mL)

53.53 ± 4.15
1.93 ± 0.3
266.6 ± 79.4
297.5 ± 108
113.4 ± 36
110 ± 7.9
95.9 ± 17.8
323.2 ± 64.6
2678 ± 409
196 ± 21
122.6 ± 7.2
100 ± 11

ALT, AST (U/L)

HBV
No.
HIV viral load1

AST
ALT

P = 0.005

40
30
20
10
0

18.25 ± 1.83
0.63 ± 0.06
34.35 ± 11.7
30.15 ± 3.82
14.18 ± 1.42
45.44 ± 0.63
26.75 ± 5.52
83.9 ± 15.25
410 ± 61
159.6 ± 28.4
106.65 ± 5.24
74 ± 11.7

γ-GT (U/L)

Not applicable

180
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140
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100
80
60
40
20
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HIV/HBV

HIV/HCV
Patient groups

Geometric mean viral loads and range of HIV RNA, HBV DNA and HCV
RNA; 2Represented as percent of the total T cell (CD3+) population.

P = 0.04

HIV/HBV

HIV/HCV
Patient groups

Immunological markers
All three groups of co-infected patients had low CD4
counts; CD4 cells formed less than 22% of the total T cell
population (Table 1). These levels were lower than, but
not significantly different from the CD4 counts of HIV
mono-infected hemophiliac patients. The mean ratio of
CD4 to CD8 cells in peripheral blood was below 0.5 and
did not differ between patient groups (Table 1).
Non-hemophiliac patients infected with HBV or
HCV had higher CD4 levels, and CD4 cells formed more
than 40% of the total T cell population. These levels
were higher than those in non-hemophiliac HIV infected
patients (18.25%). Similarly, the ratio of CD4 to CD8
cells was higher than 1.9 in HCV and HBV infected nonhemophiliac patients but only 0.63 in HIV infected nonhemophiliacs. When all patients were considered together,
the CD4 to CD8 ratio differed significantly between HIVinfected and non-infected patients.
Liver function markers
Liver function data in hemophiliacs were available only for
co-infected patients. Although all liver function markers
analyzed were within normal range, there was a clear trend
toward deterioration, i.e., patients co-infected with both

HA (ng/mL)

HIV/HBV/HCV

P = 0.004
P = 0.0005

120
100

significantly between mono- and co-infected patients, as
well as among all three co-infected patient groups. HCV
co-infected patients had moderate to high levels of HCV
viral load, ranging from below 1000 to 10 million copies/mL
(Table 1), there was no significant difference between
HIV/HCV and HIV/HBV/HCV infected patients.
Patients infected with HCV and not on antiviral
therapy (Table 2) had generally higher viral loads, ranging
from more than 2600 to 10 million copies/mL but did not
differ significantly from viral loads in co-infected patients.

HIV/HBV/HCV

P = 0.003

1
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(2.6 × 103-107)
41.43 ± 3.04
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92.64 ± 22.6
77.5 ± 10
31 ± 5.8
118 ± 19.7
87.6 ± 22
424.14 ± 78
2050 ± 485
236 ± 36
118 ± 11
124 ± 15.6
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Figure 1 Liver disease markers in HIV patients co-infected with HBV, HCV or both.

HCV and HBV had poorer indicators than those with
either HCV or HBV co-infection; liver function markers
in patients with HCV co-infection were worse than in
those with HBV co-infection. There was a significant
difference in ALT between groups with and without HCV
co-infection (HIV/HBV vs HIV/HBV/HCV, P = 0.001;
HIV/HBV vs HIV/HCV, P = 0.005), but no significant
difference between groups with HCV co-infection,
although a trend toward further worsening of markers
was observed in those with additional HBV co-infection.
A similar progressive trend was also found in AST and
γGT values (Figures 1A and B). There was no significant
difference in ALP, TBIL and A/G among the three groups
(Table 1).
Patients infected with HBV or HCV, prior to treatment
with antivirals, had overall worsened liver function
markers, but similar ALP and γGT levels to co-infected
patients during treatment (Tables 1 and 2). All markers
were higher in HBV-infected than HCV-infected patients.
Liver function markers in non-hemophiliac HIV patients
were within normal range and not different from those in
hemophiliacs.
Cirrhosis markers
Among the five markers of cirrhosis measured and
analyzed in this study, four were not different among

Shen F et al . Liver disease markers in HIV/hepatitis coinfection

patient groups (Table 1). Serum HA was lower in patients
with HIV/HBV infection than in those with HIV/HCV,
with significant difference (P = 0.06), and was significantly
lower than in patients with HIV/HBV/HCV infection
(P = 0.0005, Figure 1C). Patients with HIV/HCV coinfection had significantly lower serum HA levels than
those with HIV/HBV/HCV infection (P = 0.00004). The
HA always remained within normal range, suggesting no
fibrosis[10] except for one patient with HCV co-infection
who had a very high serum HA level. This data were not
included in the analysis.
Four of the five cirrhosis markers were considerably
elevated in non-hemophiliac patients infected with HBV
or HCV, and 2-10 fold that in hemophiliac patients (Tables
1 and 2). Only CG was increased in non-hemophiliac HIV
infected patients compared with hemophiliacs.

DISCUSSION
Our study of a cohort of hemophiliacs infected with HIV
show that co-infection with HCV leads to deterioration
in liver function and cirrhosis markers, and HA is further
worsened in the presence of additional HBV infection.
Our data add to the accumulating literature, suggesting that
serum HA levels may be used in initial test for progression
to cirrhosis.
The prevalence of HCV co-infection within this group
was similar to that previously reported in cohorts of
IDUs and hemophiliacs[7,8]. Although the prevalence of
HBV was lower than HCV (44%), it was higher than the
previously reported prevalence of HBs antigenemia within
a Chinese population and lower than any other markers
of HBV infection[11]. HBV co-infection rates in our study
may reflect the endemic nature of the disease rather than
transmission via a common route with HIV and HCV. The
high incidence (34%) of co-infection with all three viruses
argues against this probability.
All patients were treated with lamivudine and HBV
viral load was below the detection limit[12]. HCV viral load
varied substantially and was below the detection limit
in three patients with HCV co-infection only. The three
patients also had undetectable HIV viral loads. There
was no correlation in viral load or liver function markers
between HCV and HIV. In contrast to previous studies[13],
HCV infection did not appear to affect CD4 recovery
as there was no difference in CD4 levels and CD4/CD8
ratios among the patient groups. Our data could not be
used to evaluate the effect of HAART in liver diseases as
all co-infected patients were on HAART throughout the
study. HCV viral load did not differ significantly between
patients on HAART or not, suggesting that HIV infection
and HAART in these patients did not have any effect on
HCV viral load.
Since the advent of HAART, liver disease has emerged
as the major cause of morbidity and mortality in HIV
patients co-infected with hepatitis viruses [14] . In our
study, there was a trend towards deterioration of liver
function associated with infection with HCV. Patients coinfected with HBV had the best results within the group.
Patients co-infected with both HBV and HCV had the
worst liver function indices, suggesting that HBV and
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HCV co-infection may have a synergistic effect on disease
progression. Both AST and ALT values in HIV/HCV
infected patients improved with ribavirin PEG-interferon
therapy, reaching levels different from HIV/HBV infected
patients after 3-5 mo (data not shown). The same markers
in the serum of HIV/HBV/HCV infected patients did
not respond to the therapy within a similar time frame.
Antiviral therapy was obviously effective in improving
the liver function of HBV and HCV infected individuals
as non-treated patients had significantly worse markers of
liver disease.
HA levels have shown to correlate with fibrosis and
may be used as diagnostic markers[10]. Higher serum HA
levels were associated with HCV co-infection, and were
further increased in the presence of additional HBV
infection. Interestingly, serum HA increased in HIV/
HBV/HCV co-infected patients at the time of the data
collection from 129.8 ± 12 ng/mL to 210 ± 47 ng/mL,
suggesting progression towards fibrosis while no such
increase was observed in patients co-infected with HBV or
HCV only. As none of the patients progressed to clinically
evident cirrhosis during this study (based on normal liver
ultrasound results), and liver biopsies were not performed,
and we therefore, cannot directly correlate HA levels with
cirrhosis. However, our data is in agreement with recent
studies showing that some HIV patients co-infected with
HCV and having normal liver function, have significant
fibrosis as evidenced by liver biopsy[9,15]. Similar to the liver
function tests, cirrhosis markers were significantly worse
in those infected with either HBV or HCV but not treated
with antiviral therapy, showing the efficacy of antiviral
therapy in hepatitis patients.
To the best of our knowledge, this is the first study
of the effect of hepatitis virus infection on cirrhosis and
liver function markers in HIV-infected hemophiliacs from
China, marking an important first step towards a better
understanding of hepatitis virus co-infection in HIV
patients. The cohort analyzed here represents a special
group within China, they have free access to the best
medical care through a special initiative of the government
and may not reflect the situation in the general population
of HIV infected persons.
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Abstract
AIM: To explore the relationship between metastasis and
vagina vasorum in the progress of gastric carcinoma and
to find some facts and references for gastric surgeons.
METHODS: One hundred and seven specimens of left or
right gastric arteries (55 left and 52 right) were gathered
from 59 patients undergoing radical gastrectomy for
gastric carcinoma. All the frozen specimens were cut
into 3 μm-thick sections and stained with hematoxylineosin (HE) and immunohistochemical method separately.
Cytokeratin (CK) and mesothelial cells (MC) were stained
with immunohistochemical method. Cancer cells inside
vagina vasorum were detected and the structure of
artery wall was observed under microscope.
RESULTS: Metastatic cancer cells or tubercles were
found inside vagina vasorum in some stage Ⅲ or Ⅳ
specimens, but not in stageⅠor Ⅱ specimens. Tumor
cells in vagina vasorum were CK positive in 26 specimens
of 14 tumors. Among them, stage Ⅲ was found in 4
specimens of 2 tumors, and stage Ⅳ in 22 specimens
of 12 tumors. None of these specimens was positive for
MC. The positive rate of CK increased with TNM staging.
Compared with the lower part, tumors in the upper and
middle parts of stomach were more likely to metastasize
into vagina vasorum.
CONCLUSION: Vagina vasorum dissection should be
performed during D2 lymphadenectomy for TNM stage
Ⅲ or Ⅳ gastric carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Whether vagina vasorum should be dissected is a hot
problem. Extended lympathadenetomy (D2) is the
standard radical gastrectomy for gastric carcinoma [1,2].
Now more and more gastric surgeons want to reach a
consensus on this. However, vagina vasorum is a layer
with tough dense connective tissue surrounding vessels.
We want to know the function of vagina vasorum around
gastric arteries during the progress of gastric carcinoma.
We designed this study to elucidate the function of vagina
vasorum around gastric arteries during the progress of
gastric carcinoma and to find the relationship between
vagina vasorum and metastasis of gastric cancer cells.

MATERIALS AND METHODS
Materials
One hundred and seven specimens of left or right gastric
arteries (55 left and 52 right) were collected consecutively
from 59 gastric cancer patients. All patients underwent
radical gastrectomy for gastric carcinoma in the First
Affiliated Hospital of Sun Yat-Sen University. These
cases included TNM stagesⅠ-Ⅳ gastric cancer. Thirtythree patients were male (55.93%) and twenty-six were
formale (45.07%). Their average age was 55.2 ± 13.4 years.
Pathologic grading was done after each radical gastrectomy
for gastric cancer (Table 1).
Methods
All the 107 frozen specimens were cut into 3 μm–thick
sections. The sections were divided into 3 groups (A-C).
All the specimens were stained with hematoxylin-eosin
(HE) to find metastatic cancer cells inside vagina vasorum
of the left and right gastric arteries. Cytokeratin was
used in immuno-histochemical method for its sensitivity
to epithelial tumor. At the same time, we also used
mesothelial cells (MC) to eliminate mesothelial cell cancer.
www.wjgnet.com
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Patients (n )

Ⅰ

6
13
17
23

Ⅱ
Ⅲ
Ⅳ

Gastric arteries
GLA
GRA
5
5
11
12
16
14
23
21

Number 12

Figure 1 HE staining
showing vagina vasorum
and the structure of artery
wall (× 200).

Table 1 Pathologic grading of specimens
TNM stage

Volume 13

%
10.2
22.0
28.9
38.9

GLA: Gastric left artery; GRA: Gastric right artery.

Figure 2 CK positive
gastric cancer cells
metastasized into vagina
vasorum (IHC × 200).

Table 2 CK positive rate in different stages of gastric cancer
TNM
staging
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Total

CK
Positive Negative
0
6
0
13
2
15
12
11
14
45

Total

CK positive
rate (%)

6
13
17
23
59

0
0
11.8
52.2
23.7

P

P

< 0.05
< 0.05

Table 3 CK positive rate for lymph nodes
Lymph node

CK
Positive Negative
12
12
2
33

Positive
Negative

Total

CK positive
rate (%)

P

24
35

50.0
5.7

< 0.01

Table 4 CK positive rate for different locations of stomach
Location
Upper
Middle
Lower
Total

CK
Positive

Negative

4
4
5
13

8
9
28
45

Total

CK positive
rate (%)

12
13
33
58

33.3
30.8
15.2
22.4

P

< 0.01

The sections were examined under light microscope.
Statistical analysis
All data were analyzed with SPSS11.0 for windows. The
comparison of two sets of discrete differential counts
was done with chi square test. P < 0.05 was considered
statistically significant.

RESULTS
HE staining
Vagina vasorum structure and red blood cells in vessels
could be found in 107 specimens with HE staining. Even
metastatic cancer tubercles were found inside vagina
vasorum (Figure 1).
Immunohistochemistry staining
Metastatic cancer cells or tubercles inside vagina vasorum
were cytokeratin (CK) positive in 26 specimens of 14
tumors. Among them, stage Ⅲ was found in 4 specimens
of 2 tumors, and stag e Ⅳ in 22 specimens of 12
www.wjgnet.com

tumors (Figure 2). No cancer cell was found in stageⅠ
or Ⅱ specimens of vagina vasorum. All the cancer cells
were stained brown with CK. However, no malignant
mesothelium was found, as none of them was MC
positive.
With the progression of gastric cancer, cancer cells
would move into the vagina vasorum around gastric
arteries. In this study, we compared CK positive rates in
different TNM stages (Table 2). Fifty-nine specimens met
the criteria for the TNM staging in CK positive cases.
The positive rate of CK was higher in stages Ⅲ and Ⅳ
than in stagesⅠand Ⅱ (P < 0.05). Moreover, there was a
significant difference between stages Ⅲ and Ⅳ (P < 0.05).
D2 lymphadenectomy is to dissect lymph nodes.
Lymph nodes in the left gastric artery, common hepatic
artery and celiac artery were dissected during extended
lymphadenectomy. The dissected lymph nodes were
counted. The criteria for positive and negative lymph
nodes were metastatic cancer cells found in any lymph
node and no cancer cells found in lymph nodes,
respectively. The CK positive rate in positive lymph
nodes was higher than that in negative lymph nodes
(Table 3).
The stomach is anatomically divided into upper,
middle, and lower thirds. Cases were divided into three
groups according to the location of the tumors, except
for one case of diffuse infiltrative gastric cancer (Table
4). Metastasis of vagina vasorum tumor in the upper and
middle thirds was more common than that in the lower
third.

DISCUSSION
Several factors can produce a good prognosis of gastric
cancer. However, the only way to improve survival rate
is to remove the carcinoma tissues thoroughly. During
radical gastrectomy for gastric carcinoma, en bloc excision
of tumor, dissection of lymph nodes and elimination
of dissociative cancer cells in abdominal cavity are the

Peng JJ et al . Vagina vasorum in D2 gastrectomy for gastric carcinoma

three goals[3]. The Japanese Gastric Cancer Association
advised that D2 lymphadenectomy is the standard
operation for gastric cancer[1,2]. This has been approved by
more and more surgeons in the world. The comparison
between D2 and less D2 lymphadenectomy has been
reported[4-7]. The 5-year overall survival rate for patients
treated with D2 lymphadenectomy is higher than that for
those not treated with D2 lymphadenectomy[7-9]. It was
reported that modified D2 lymphadenectomy sparing
the spleen and pancreas could be performed safely and
may prolong the survival of patients [10]. However, the
postoperative mortality and morbidity are corresponding
in two groups[5,11]. Whether the vagina vasorum of gastric
artery should be removed during D2 lymphadenectomy
remains controvisial. The vagina vasorum is a layer
with tough dense connective tissue surrounding vessels
containing a large number of capillaries, lymphangion
and a few of neurofibrae[12]. It was reported that if the
vagina vasorum was reserved, metastatic cancer cells
inside vagina vasorum may be residual, although whether
gastric cancer cells metastasize through vagina vasorum
cannot be confirmed [3,13]. Rovertson et al [14] reported a
prospective randomizaed trial comparing R1 with R3
gastrectomy in 1994, showing that skeletonization of the
vessels in R3 gastrectomy for gastric cancer could lead to
a high morbidity because of intra-abdominal sepsis. Dong
et al[15] presumed that pseudoaneurysm of gastroduodenal
artery following radical gastrectomy for gastric carcinoma
is caused by the weakness in arterial wall due to the
skeletonization resulting from lymphadenectomy.
In the earlier stage of gastric cancer, no cancer cells
could be found inside vagina vasorum of gastric artery.
However, tumor cells appeared in stage Ⅲ or Ⅳ vagina
vasorum tumors, and even cluster of cancer cells could be
found in vagina vasorum of artery in some more advanced
cancer samples, suggesting that tumor cells have the
tendency to metastasize into vagina vasorum during the
progression of carcinoma. By comparing results in Table
2 and 3, metastasis of cancer cells inside vagina vasorum
increased with the development of gastric carcinoma,
especially in patients accompanying lymph node metastasis.
Tumors in the upper and middle thirds of stomach
had a greater tendency to metastasize into vagina vasorum
compared to gastric cancer in the lower third of stomach.
Though we cannot explain the differences, the prognosis
of tumors in the lower third of stomach is better than
that in any other locations of stomach[16-18]. We presume
that the prognosis of gastric cancer is associated with the
metastasis of gastric cancer cells into the vagina vasorum.
In conclusion, vagina vasorum around gastric arteries
should be dissected during D2 lymphadenectomy for
gastric cancer. Metastatic gastric cancer cells should be
removed thoroughly. Accurate pre-operative and operative
pathologic staging is essential.
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HBV and HCV. The serum AFP elevation by the infection
of HBV and HCV is one of mechanisms which lead to
hepatocarcinogenesis, and the antivirus intervening
treatment of hepatitis is significant for the prognosis
of liver cancer. From our Spearman’s rank correlation
analysis, we can conclude that the severity of virally
induced inflammation is correlated with HBsAg and HCV
expression in HCC tissues and noncancerous tissues.
Prior co-infection of HBV in HCV patients may be an
adverse risk factor for intrahepatic inflammation.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To investigate the correlation between hepatitis B
virus surface antigen (HBsAg), hepatitis C virus (HCV)
expression in hepatocellular carcinoma (HCC), the HAI
score of the noncancerous region of the liver and the
serum Alpha fetoprotein (AFP) level.
METHODS: The patterns of HBsAg and HCV in 100
cases of HCC and their surrounding liver tissues were
studied on paraffin-embedded sections with immunohistochemistry, the histological status was determined
by one pathologist and one surgeon simultaneously
using the hepatitis activity index (HAI) score, and AFP
was detected by radioimmunity. The study included 100
consecutive patients who underwent curative resection
for HCC. Based on HBsAg and HCV expression, the
patients were classified into 4 groups: patients positive
for HBsAg (HBsAg group), patients positive for HCV (HCV
group), patients negative for both HCV and HBsAg
(NBNC group) and patients positive for both HBsAg and
HCV (BC group).
RESULTS: The BC group had significantly higher HAI
scores than the other three groups. (BC > HCV > HBsAg
> NBNC). HBV and HCV virus infection was positively
correlated with HAI (r s = 0.39, P = 0.0001). The positive
rate of AFP (85.7%) and the value of AFP (541.2 ng/mL)
in the group with HBV and HCV co-infection were the
highest among the four groups. The positive rate (53.3%)
of AFP and the value of AFP ( 53.3 ng/mL) in the group
with none-infection of HBV and HCV were the lowest.
HBV and HCV virus infection was positively correlated
with AFP(r s = 0.38, P = 0.0001).
CONCLUSION: The AFP increase in patients with liver
cancer was positively correlated with the infection of
www.wjgnet.com
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide[1,2]. Although H pylori
can be detectable in the HCC tissues[3], HBV has been
reported to be the prime cause for the development of
HCC with regard to the major microorganism etiologies of
HCC. The incidence of HCC is clearly linked to the rate
of chronic HBV infection. A large percentage of HCC
patients show serological or histological markers of past
contact with hepatitis B virus (HBV)[4]. Likewise, hepatitis
B virus (HCV) infection predisposes to HCC[5].
Most patients with HCC in China have hepatitis
virus-induced chronic liver disease (HBV or HCV). The
infection rate of HBV has reached 10% in China, and
HCV has reached 3.2%. This causes loss of hepatic
reserve, and subsequently limits the extent of resection
for HCC patients. Poor hepatic reserve can also be a
major obstacle to multidisciplinary treatments for posthepatectomy recurrences. HBsAg and HCV expression
can really reflect HBV and HCV infection in HCC. In
order to discuss the relationship between the patients’
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viral histological status and the degree of virally induced
inflammation, we studied the clinical data of HCC and
examined HBsAg and HCV expression in HCC tissues and
noncancerous tissues.

Table 1 Correlation between HAI scores and HBsAg and HCV
expressions in HCC and noncancerous tissues

MATERIALS AND METHODS
Patients
All patients participating in this study gave informed
consent before surgery. A total of 100 patients (66 males
and 34 females, mean age 53.6 ± 24.1 years, range 22-78
years) who underwent hepatectomy for HCC from January
2000 to September 2005 were included in this study. The
patients, who had undergone hepatectomy and hepatic
arterial chemoembolization (TACE) or who had alcoholic
liver cirrhosis, were excluded. HCC tissues were obtained
from all patients. HCC tissues and surrounding liver tissues
were examined for HBsAg and HCV. We also investigated
the HBsAg and HCV expression in normal liver tissues
without HCC cells or HBV and HCV, which was surgically
obtained from the pathological specimens of patients
undergoing surgical resection for other diseases or at
autopsy.
The pathologic diagnosis and classification of variables
were based on the criteria recommended in the General
Rules for Clinical and Pathological Study of Primary
Liver Cancer (Liver Cancer Study Group of China 2001).
Clinicopathological parameters analyzed included sex,
age, liver pathology (HAI score) (Table 1) and Alpha
fetoprotein (AFP) (Table 2). Eighty-seven patients were
positive for HBsAg (HBsAg group), 27 were positive for
HCV (HCV group), 6 were negative for both HCV and
HBsAg (NBNC group) and 21 were positive for both
HBsAg and HCV (BC group).
HAI score
Based on the microscopic findings of the non-cancerous
region of the surgical specimen by hematoxylin and eosin
staining, the histological status was determined by one
pathologist and one surgeon simultaneously using the
hepatitis activity index (HAI) score. The inflammatory
activity of coexisting hepatitis was graded according to the
histological activity index (HAI score) of Knodell et al[6] as
follows (Table 3). The scores for three features (degree of
hepatocellular periportal necrosis and bridging, degree of
introlobular degeneration and focal hepatocellular necrosis,
and degree of portal inflammation) were calculated
for each individual. The HAI score in each group was
expressed as the average of the scores in three visual
fields. The degree of histopathological derangement was
comparable in the HBsAg and HCV groups; however, the
HAI score in the BC group was significantly higher than
that in the other three groups (Table 1).
All primary antibodies (polyclonal antibodies) to
HBsAg, HCV and secondary antibodies were purchased
from Zhongshan Biotechnolog y Limited Company
(Beijing, China).
Immunohistochemistry
To obtain more accurate dada, we selected the tissue
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Groups

n

NBNC
HBsAg
HCV
BC

6
66
7
21

Rate (%)

HAI score in
noncancerous tissues
6.67 ± 2.58
9.80 ± 2.97
10.71 ± 4.82a,c
12.62 ± 3.88b

6
66
7
21

P > 0.05 vs the other three groups; cP <0.05 vs NBNC group vs HBsAg group;
P <0.01 vs NBNC group and HBsAg group. Spearman correlation analysis
between HAI scores and expressions of HBsAg and HCV in HCC and
noncancerous tissues, rs = 0.393, t = 4.23, P = 0.0001.
a

b

Table 2 Correlation between AFP and expressions of HBsAg
and HCV in HCC and noncancerous tissues
Groups

n

AFP
negative

AFP
positive

NBNC
HBsAg
HCV
BC

6
66
7
21

4
22
3
3

2
44
4
18

Positive
rates of AFP
(%)
33.3
66.7
57.1
85.7

Mean of AFP Average
(ng/mL)
sum of
ranks
53.3
14.3
352.6
48.7
348.2
50.1
541.2
66.7

AFP negative means AFP value ≤ 20 ng/mL and AFP positive means AFP
value ≥ 20 ng/ mL. Rank-sum test, H = 16.11, P = 0.001; coparation between
two groups, P < 0.001. Spearman correlation analysis, rs = 0.38, t = 4.06, P =
0.0001. chi square test, Fisher probabilities P = 0.0415.

Table 3 Knodell scoring
Periportal Bridging
Necrosis
0: None
1: Mild

Intralobular
degeneration and
focal necrosis

0: None
1: Mild
(< 1/3 lobules)
3: Moderate
3: Moderate
(< 50% circumference) (< 2/3 lobules)
4: Marked
4: Marked
(> 2/3 lobules)
5: Moderate
+ bridging
6: Marked
+ bridging
10: Multiple
lobular necrosis

Portal
inflammation

Fibrosis

0: None
1: Mild
(< 1/3 lobules)
3: Moderate
(< 2/3 lobules)
4: Marked ,dense
(> 2/3 lobules)

0: None
1: Fibrous
portal expansion
3: Bridging
fibrosis
4: Cirrhosis

HAI score is the combined score of necrosis, inflammation, and fibrosis.

blocks containing HCC and surrounding liver tissues.
Each specimen was cut into 4- μ m thick sections.
Tissue wax sections were unfolded on glass sheet.
Immunohistochemistry (strepolin-biotin-peroxidase
method) was used to detect the expression of HBsAg
and HCV. Briefly, paraffin-embedded tissue sections
were dewaxed, treated with 3% H 2O 2 at 37℃, washed
with PBS, incubated with HBsAg and HCV antibodies
separately, washed with PBS for 15 min, incubated again
with strepolin-biotin-peroxidase at 37℃. Finally, the
sections were washed with PBS for 15 min, visualized
www.wjgnet.com
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a

B
d
c

with DAB reagent and counterstained with hematoxylin.
Negative and positive controls were used simultaneously
to ensure specificity and reliability of the staining process.
The negative controls were incubated with PBS instead
of primary antibody and a positive section supplied by
the manufacturer of the staining kit was taken as positive
control. Sections were observed under microscope after
being mounted.
Criteria for data analysis
Immunostaining of HBsAg and HCV showed brownyellowish g ranules either in the cytoplasma or the
nucleus with a positive expression. Results estimation:
the specimens with no positive cells or positive cells <
10% were negative (-); with light brownish yellow cells or
positive cells > 10% were positive (+).
Statistical analysis
All statistical analyses were performed using the Microsoft
SPSS 12.0 software. A P value less than 0.05 was considered
to indicate significance. Quantitative data were expressed
as mean ± SD. Chi-square test was used for comparison
between groups. Rank-sum test and Spearman’s rank
correlation were used in the four groups.

RESULTS
Expressions of HBsAg and HCV in HCC and noncancerous
tissues
Expressions of HBsAg and HCV in HCC and
noncancerous tissues (Figures 1 and 2). Different
expressions of HBsAg and HCV were observed in HCC
and noncancerous tissues. We presumed HBsAg positive
when HBsAg was detected either in HCC or noncancerous
www.wjgnet.com
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Figure 1 A: Fibrous connective
tissues increased in surrounding
HCC tissues, hepatic sclerotic
tissue can be seen (arrow a);
B: Inflammatory cells infiltrated
surrounding noncancerous tissues
(arrow b) (HE, × 200).

B

A

March 28, 2007

Figure 2 A: Expressions of
HBsAg in HCC tissues (arrow
c); B: Expressions of HCV in
noncancerous tissues (arrow d)
(Immunohistochemistry, SP, × 200).

tissues. Of the 100 biopsies, HBsAg was detected in the
hepatocytes in 87 (87%), HCV 28 (28%), and HBsAg and
HCV 21 (21%), respectively.
Location and distribution of HBsAg and HCV antigen in
tissues
T h r e e p a t t e r n s o f H B s A g s t a i n i n g - c y t o p l a s m i c,
submembranous and membranous, have been described
in patients with chronic HBV infection. In our study,
all patients with high replication (HBeAg-positive) had
discrete cytoplasmic HBsAg expression. A mixed pattern
of staining was seen in the other two groups. There was
no difference in membranous HBsAg expression and
histological activity in these groups. There was a significant
difference in the positive expressions of HBsAg between
HCC and noncancerous tissues. (23% vs 79%, χ2 = 62.75,
P < 0.001).
HCV Ag could be seen in the nuclei and/or cytoplasms
of cancer cells and/or pericancerous hepatocytes of HCC.
In the 28 positive cases of HCC, HCV Ag was more often
seen in nucleus than in cytoplasm (20 cases in nuclei,
only 8 in cytoplasms). The HCV Ag positive cells were
scattered singly or gathered in small groups in some parts.
The detecting rate of HCV Ag in cancer tissues was 15%
(15/100), whereas in the pericancerous tissues it was as
high as 23% (23/100). There was no significant difference
in the positive expressions of HCV between HCC and
noncancerous tissues (15% vs 23%, χ2 = 2.08, P = 0.15).
HAI score
The score of HAI in the group with co-infection of HBV
and HCV is the highest among the four groups (12.62 ±
3.88) while that in the group without infection of HBV
and HCV is the lowest (6.67 ± 2.58). HBV and HCV
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infection was positively correlated with HAI (rs = 0.39, P =
0.0001) (Table 1).

DISCUSSION
HCC is one of the most common malignant tumors,
representing more than 5% of all cancers. The estimated
annual number of cases exceeds 500 000[7], with a mean
annual incidence of around 3%-4%. In terms of relative
frequencies, HCC ranks as the fifth most common cancer
in the world (the fifth among men and eighth among
women) and the second among cancers of the digestive
tract after stomach cancer [8]. Chronic hepatitis B and
C, mostly in the cirrhotic stage, are responsible for the
majority of the hepatocellular carcinomas worldwide.
In cases with persistent HBV infection, HBV is one of
the most important risk factors for HCC. It has been
noted that the probability of acquiring HCC increases
with severity of liver disease. The annual risk of HCC
is 0.5% for asymptomatic HBsAg carriers and 0.8% for
patients with chronic hepatitis B[9]. Patients with HBVcirrhosis have a 1000 times higher risk of developing
HCC compared to a HBsAg negative control group. The
incidence of HCC in compensated cirrhosis due to HBV
from Asia was 2.7%. In Japan, the mean interval between
the time of initial infection with HBV and the occurrence
of HCC is 50 years. As most people are infected at birth,
HBV related liver cirrhosis usually develops in patients in
their 40’s and HCC in their 50’s[10].
Likely, HCV is associated with HCC, and HCV
infection enhances the development of liver diseases.
HCV affects the initiative period of HCC and induces the
malignant phenotypic alteration of hepatocytes[11].
Co-infection of HBV and HCV seems to result in more
severe liver diseases than either infection alone[12]. The risk
of developing HCC in subjects with both infections has
been investigated in a meta-analysis of 32 epidemiological
studies between 1993 and 1997 [13]. The odds ratio for
development of HCC in HBsAg positive and anti-HCV/
HCV RNA negative subjects was 20.4; in HBsAg negative
and anti-HCV/HCV RNA positive subjects 23.6; and
subjects positive for both markers 135. These data suggest
a more than additive but less than multiplicative effect of
HBV and HCV co-infection on the relative risk for HCC.
The viruses may act through common as well as different
pathways in the carcinogenic process.
AFP is a fetal specific glycoprotein produced primarily
by the fetal liver. Normally, its serum concentration
falls rapidly after birth and its synthesis in adult life is
repressed. However, greater than 70% of HCC patients
have a high serum concentration of AFP because of the
tumor excretion. Forty years after its discovery, serum AFP
remains a most useful tumor marker in screening HCC
patients. The serum concentration of 20 ng/mL is the
most commonly used cut-off value to differentiate HCC
patients from healthy adults in clinical researches. Alphafetoprotein expression is a potential prognostic marker in
hepatocellular carcinoma. In our study, there was direct
correlation between HBsAg, HCV expression in HCC
tissues, noncancerous tissues and serum AFP. The level of
AFP in BC group is the highest among the four groups.
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We conclude that HBV/HCV infection is related to the
increased level of AFP. That is to say, the increased level
of serum AFP in HBV/HCV infection is associated with
HCC. AFP, as a hepatoma-promoting factor, has become
a new target of anti-hepatoma agents. Wang XW et al[14]
suggested that it is a new approach for the treatment of
tumors to inhibit or block oncogene expression. The effect
of AFP on the growth of tumor has been confirmed. The
functional mechanism of AFP on the growth of tumors
may be attributed, at least in part, to receptor mediated
cAMP pathway and/or calcium signaling resulting in
overexpression of certain genes. The increase of AFP
in the patients with liver cancer was positively correlated
with the infection of HBV and HCV. The AFP increase
by the infection of HBV and HCV viruses was one of
mechanisms which lead to hepatocarcinogenesis, and the
antivirus intervening treatment of hepatitis is significant
for the prognosis of liver cancer. We therefore, can prevent
HCC through decreasing the level of AFP by anti-virus
therapy.
HAI score describes the histological status of
accompanying chronic hepatitis and was established by
pathologists. A reprospective trial has been performed
that the patients with moderate hepatitis (HAI score
of 6–9) had the highest rate of intrahepatic metastatic
recurrence among the various HAI groups[15]. In our study,
the BC group had significantly higher HAI scores than
the other three groups. (BC > HCV > HBsAg > NBNC).
From our Spearman’s rank correlation analysis, we can
conclude that the severity of virally induced inflammation
was well correlated with HBsAg and HCV expression in
HCC tissues and noncancerous tissues. Prior co-infection
of HBV in HCV patients may be an adverse risk factor
for intrahepatic inflammation. As for the tissues of
liver cancer with virus infection background, the HAI
is obviously higher than that without virus infection.
HBV and HCV virus infection was correlated with HAI
significantly, perennial viremia will aggravate pathological
changes of liver tissue.
Based on our experiments, therefore, HCC might
be prevented by early antiviral therapy. In patients with
chronic hepatitis B or C, antiviral therapy in a noncirrhotic
stage is protective for HCC development in responders,
probably by prevention of cirrhosis development.
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Abstract
Colorectal cancer screening can be performed by fecal
occult blood testing, sigmoidoscopy, double contrast
barium enema or colonoscopy. Colonoscopy has the
significant advantage that polyps can be removed
during the same procedure. Occasionally, colonoscopy
can also reveal unexpected findings, including parasitic
infections, even in asymptomatic patients. Tapeworms
or cestodes are hermaphroditic parasites, which can
live for considerable periods of time in the human
gastrointestinal tract. Fish tapeworm (Diphyllobothrium
species) are endemic in various parts of the world,
the commonest species being Diphyllobothrium latum.
Humans are the main definitive host for D. Latum and
the majority of individuals harbouring the parasite are
asymptomatic, while 40% of infected individuals may
have low vitamin B12 levels. We describe a case of D.
latum infection found on routine colonoscopic screening
for colorectal cancer in an asymptomatic patient, which
was successfully treated with praziquantel. The infection
likely arose following raw fish (sushi) consumption.

A

B

Figure 1 Colonoscopic images revealing a segmented worm in the ascending
colon (A), passing through the ileo-caecal valve into the small intestine (B).

rium species) are endemic in various parts of the world,
the commonest species being Diphyllobothrium latum.
Colorectal cancer screening can be performed by fecal occult blood testing, sigmoidoscopy, double contrast
barium enema or colonoscopy. Colonoscopy has the significant advantage that polyps can be removed during the
same procedure. Occasionally, colonoscopy can also reveal
unexpected findings, including parasitic infection, even in
asymptomatic patients.

CASE REPORT
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A 70-year-old woman, with a family history of colorectal
carcinoma, was referred for evaluation of minimal bright
red bleeding per rectum. Laboratory data, including complete blood count, serum ferritin, B12 and folate were
within normal limits. Colonoscopy revealed first-degree
hemorrhoids, with an unusual finding in the ascending colon and terminal ileum (Figure 1A and B).

Key words: Diphyllobothrium latum ; Colonoscopy;
Colorectal cancer screening

DISCUSSION
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INTRODUCTION
Tapeworms or cestodes are hermaphroditic parasites,
which can live for considerable periods of time in the human gastrointestinal tract. Fish tapeworm (Diphylloboth-

The colonoscopic images revealed a segmented worm,
2 mm wide, in the ascending colon (Figure 1A), passing
through the ileo-caecal valve into the small intestine (Figure 1B). Microscopy of a retrieved portion of the worm
showed segments and eggs (Figure 2) characteristic of
Diphyllobothrium latum; these typically measure 40 by 60 m
and display a small knob or ‘abopercular’ on the opposite
end of a lid-like opening or ‘operculum’, which may be inconspicuous. The patient was treated with a single dose of
praziquantel. No eggs were seen in stool samples checked
one and three months later.
Humans are the main definitive host for D. Latum
(broadfish tapeworm), which can measure up to 12 m.
www.wjgnet.com
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Figure 2 Microscopic
image of Diphyllobothrium
latum egg, displaying the
abopercular (arrow) on
the opposite end of the
operculum.
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Most individuals harboring the parasite are asymptomatic,
and 40% may have low B12 levels but only 2% develop
anaemia[1]. Freshwater fish act as intermediate hosts and
patients consuming raw fish may risk infection, which is
the likely source in our patient.
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CASE REPORT

Localized amyloidosis of the stomach: A case report
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Figure 1 Upper GI endoscopy
showing a white-yellowish 3-cm
circular area with fine granular
appearance at the gastric body
(above the angulus).
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Abstract
We report an unusual case of primary amyloidosis of the
stomach in a patient complaining of dyspeptic symptoms.
The diagnosis was confirmed histologically and other
gastrointestinal site or systemic involvement was ruled
out. Uncharacteristic dyspeptic symptoms may hide this
rare metabolic disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The term amyloidosis refers to a group of disorders characterized by the extracellular accumulation of insoluble,
fibrillar proteins in various organs and tissues. Amyloidosis
commonly shows a systemic involvement. Localised
deposition of amyloid is a rather uncommon form, and
amyloidal deposit confined to the stomach is extremely
rare. The clinical manifestations of gastric amyloidosis are
often uncharacteristic and subclinical[1].

CASE REPORT
A 55-year old Caucasian male was referred to our open-

access Digestive Endoscopy Unit by his family physician
due to epigastric pain, heartburn and mild weight loss (< 3
kg). Physical examination showed reduced lower thoracic
basis sound, more evident on right side, no wheezes,
crackles, or rhonchi. Blood tests and urinalysis were
normal. Chest X-rays were normal. Upper gastrointestinal
(GI) endoscopy showed two white-yellowish 3-cm circular
areas with fine granular appearance on the distal portion
of the gastric body and angulus (Figure 1). Histologic
examination of biopsy specimens taken at the edges of
the lesions showed deposition of fibrillar eosinophilic
substance, infiltration of lymphocytes and polyclonal
mature plasma cells in the lamina propria, compatible with
a pattern of gastric amyloidosis (Figure 2). Endoscopic
examination and biopsy samplings of the esophagus,
duodenum and rectum excluded other gastrointestinal
localizations. Endoscopic ultrasound showed mild thickening of the first two layers of the gastric wall with no
pathological perigastric or coeliac lymph nodes. The
patient was then evaluated in the Centre for the Study of
Systemic Amyloidosis of the University of Pavia, where
examination of serum, liver, kidney and heart ruled out
any multiorgan involvement.

DISCUSSION
Amyloidosis is a disorder characterized by extracellular
deposition of amyloid in various tissues and organs.
Common gastrointestinal manifestations include gastroparesis, constipation, malabsorption, intestinal pseudoobstruction, and bleeding[2,3]. The absence of systemic symptoms may make diagnosis difficult. Endoscopic findings
such fine granular appearance and polypoid protrusions
are common and may reflect amyloid deposition in the
mucosa or submucosa of the alimentary tract[4].
Localized gastric amyloidosis is an uncommon form
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Figure 2 Photomicrograph of the endoscopic biopsy specimens showing deposition of fibrillar eosinophilic substance (A) (HE, x 10), positive Congo red staining (B) (Congo
red, x 10), and high power image showing infiltration of the lamina propria with lymphocytes and polyclonal plasma cells (C) (HE, x 25).

of the disease, sometimes associated with gastric malignancies, such as carcinoma and stromal tumours [5,6].
The patient reported herein complained of dyspeptic
symptoms, and had isolated gastric involvement without
any other gastrointestinal or systemic localizations. Proton
pump inhibitors (pantoprazole 40 mg daily per os) were
administered as intermittent “on demand” therapy for
his dyspeptic complaints, associated with a prokinetic
drug (domperidone twice daily before meals). No further
treatment was deemed necessary, since the patient was
symptoms-free on a clinical follow-up of about 10 mo.
Periodic controls have been scheduled to follow the evolution of disease and early recognition of multiorgan
involvement.
Although gastric amyloidosis is rare, it should be considered among the possible diagnoses in dyspeptic patients
and clinical follow-up in specialized centres is warranted in
the management of these cases.
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chronic liver diseases, such as genetic defects[2] (Table 1).
Gallstones, bile duct strictures, and tumours are the
most frequent causes of extrahepatic (mechanical) bile
duct obstruction[2] (Table 1). Cholestatic liver disease is
characterised by a predominant elevation of serum alkaline
phosphatase and bilirubin, although serum bilirubin may
be normal until a late stage of the disease. In this paper we
discuss five patients with unusual causes of intrahepatic
cholestatic liver disease.

CASES REPORT
Abstract
We report five cases with unusual causes of intrahepatic
cholestasis, including consumption of Teucrium polium
(family Lamiaceae) in the form of tea, Stauffer’s
syndrome, treatment with tamoxifen citrate for breast
cancer, infection with Coxiella Burnetii (acute Q fever),
and infection with Brucella melitensis (acute brucellosis).
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The term "cholestasis" indicates stoppage or stasis of
bile. Cholestasis is not a disease but a symptom of many
diseases. It is defined as a pathologic state of reduced
bile formation or flow. This definition applies more
to the experimental situation, where the rates of bile
formation and flow can be measured, than to human
cholestasis, where neither can be assessed. Therefore,
the clinical definition of cholestasis is any condition in
which substances normally excreted into bile are retained.
The mechanisms of cholestasis can be broadly classified
into intrahepatic, where an impairment of bile formation
occurs, and extrahepatic, where impedance to bile flow
occurs after it is formed[1]. Intrahepatic cholestasis occurs
in certain instances of viral, alcoholic, drug-induced, and

We retrospectively studied the case notes of 100 patients with
intrahepatic cholestatic liver disease who were hospitalised
in two divisions of internal medicine for investigation in
2002-2004. Five unusual causes of intrahepatic cholestasis
were revealed in our patients. The causes of intrahepatic
cholestasis were defined as unusual with a prevalence <
10%. The medical histories of five representative patients
with these causes of cholestasis are reported below:
Case 1
A 67-year old man was admitted to hospital for a 5-d
history of painless jaundice, pruritus, dark urine and light
stools. His medical history included fatty liver, associated
with hyperlipidemia and the consumption of ethanol,
which was confirmed by an abdominal ultrasound scan and
liver biopsy performed in the previous year. Consumption
of Teucrium polium (family Lamiaceae) in the form of tea
for the treatment of hyperlipidemia during the previous 6
mo (increasing to 2 litres per day in the preceding month)
was also mentioned. Physical examination revealed yellow
pigmentation of the sclera and skin. Laboratory tests
showed the following values: haematocrit (Ht) 46%, white
blood cell (WBC) count 7000 cells/mm3 (neutrophils 53%,
lymphocytes 29.3%, monocytes 10.2%, eosinophils 6.6%),
MCV106 fL (normal range: 80-99 fL), platelet (PLT) count
133 000/mm 3 (normal range: 150 000-450 000/mm 3 ),
international normalized ratio (INR) 2.9 (normal value: <
1.7), alanine aminotransferase (ALT) 1272 U/L (normal
range: 5-40 U/L), aspartate aminotransferase (AST) 1739
U/L (normal range: 5-40 U/L), γ-glutamyl transpeptidase
(GGT) 302 U/L (normal range: 10-75 U/L), alkaline
phosphatase (ALP) 190 U/L (normal range: 35-125 U/L),
total bilirubin (Bil) 11.37 mg/dL (normal range: 0.1-1.3
mg/dL), direct-bilirubin (d-Bil) 7.97 mg/dL, albumin
(Alb) 3.3 gr/dL (normal range: 3.5-5.0 g/dL), lactate
dehydrogenase (LDH) 380 U/L (normal range: 80-230
U/L), bilirubin and urobilinogen in the urine. Serological
and immunologic tests, such as tests for hepatotropic
www.wjgnet.com
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Table 1 Causes of cholestasis
Intrahepatic cholestasis

Extrahepatic biliary tract diseases

Primary biliary cirrhosis (PBC)
Primary sclerosing
cholangitis (PSC)
Drugs and toxins

Choledocholithiasis
Bile duct tumours (benign and
malignant)
Ampullary tumours (benign and
malignant)
Pancreatic carcinoma
Mirizzi’s syndrome
AIDS cholangiopathy

Sepsis
Malignancy
Granulomatous liver disease
(infections, chemicals, drugs,
miscellaneous)
Intrahepatic cholestasis of
pregnancy
Hepatitis (viral and alcoholic)

Parasites
PSC (primary sclerosing cholangitis)
(see left)

Genetic disorders
Total parenteral nutrition
associated cholestasis
Graft versus host disease
Post liver transplant cholestasis

viruses were negative. Histopathology of a liver biopsy
revealed cholestatic hepatitis compatible with drug-induced
hepatitis. The management of the patient was successful
mainly consisted of careful parenteral administration
of suitable fluids and vitamin K, per os administration
ursodeoxycholic acid and a frequent assessment of the
liver function tests. Liver dysfunction was restored one
month after his admission.
Final diagnosis: Acute cholestatic hepatitis caused by
Teucrium polium L.
Case 2
A 50-year old man [farmer, smoker (40 packs/year)] was
admitted to hospital because of a 5-d history of highgrade intermittent fever (up to 38.5℃) associated with
mild left abdominal pain, fatigue, and anorexia. Weight loss
(approximately 12 kg) during the previous two months was
also mentioned. His medical history included Hashimoto
thyroiditis and vitiligo. Physical examination revealed
a palpable abdominal mass on the left kidney that was
confirmed by ultrasound and CT scans of the abdomen.
Laboratory tests showed the following values: Ht 31%,
WBC 9000 cells/mm 3 (neutrophils 53%, lymphocytes
27%, monocytes 13%, eosinophils 7%), PLT 470 000/
mm3, erythrocyte sedimentation rate (ESR) 140 mm/h,
C-reactive protein (CRP) 8 mg/dL (normal range: 0.08-0.8
mg/dL), ALT 260 U/L, AST 227 U/L, GGT 140 U/L,
ALP 187 U/L, Bil 2.1 mg/dL, d-Bil 1.8 mg/dL, Alb 3.2
gr/dL, LDH 370 U/L, INR 2.9, microscopic haematuria in
urinalysis. Serological and immunologic tests were negative.
A left radical nephrectomy was performed. Pathologic
examination revealed stage Ⅱ renal cell carcinoma (RCC).
Six weeks after the nephrectomy, the liver function tests,
the ESR and CRP level were nor mal. There was no
recurrence or metastasis throughout the 3-year follow-up
period.
Final diagnosis: Non-metastatic cholestatic paraneoplastic syndrome associated with RCC stage Ⅱ (Stauffer’s
syndrome).
www.wjgnet.com
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Case 3
A 60-year old woman was admitted to hospital for the
check of elevated liver function test levels in blood
examinations. Her medical history included fatty liver
confirmed by an abdominal ultrasound scan and liver
biopsy performed in the previous year (steatohepatitis).
She had a previous history of modified mastectomy with
axillary lymphadenectomy for a retroareolar, canalicular
breast carcinoma 6 months ago. She received adjuvant
radiation and started tamoxifen citrate (20 mg daily) two
months before admission. Physical examination revealed
hepatomegaly that was confir med by an abdominal
ultrasound and CT scan. No hepatic metastasis or main
bile duct obstruction was detected. Laboratory tests
showed the following values: Ht 43%, WBC 7600 cells/
mm 3 (neutrophils 60%, lymphocytes 28%, monocytes
8%, eosinophils 4%), MCV 102 fl, PLT 142 000/mm 3,
INR 1.9, ALT 377 U/L, AST 284 U/L, GGT 342 U/L,
ALP 290 U/L, Bil 1.5 mg/dL, d-Bil 1.2 mg/dL, Alb 3.2
gr/dL, LDH 320 U/L. Serological and immunologic
tests, tumour markers, such as tests for hepatotropic
viruses were also negative. Histopathology of a liver
biopsy revealed cholestatic hepatitis compatible with
drug-induced hepatitis. Tamoxifen was withdrawn and
methylprednisolone (1 g daily) was administered for 3
d. Thereafter, 0.5 mg/kg prednisone was indicated for
7 d and subsequently decreased. Five weeks after the
discontinuation of tamoxifen citrate, serum ALP and
GGT levels were normalized, while serum ALT and
AST concentrations were approximately a little above
the normal limits. Currently she is receiving anastrazole
(aromatase inhibitor).
Final diagnosis: Acute cholestatic hepatitis caused by
Tamoxifen citrate.
Case 4
A 39-year old man presented with a one-month history
of painless jaundice and after a 5-day period of dark
urine without fever. His personal and family medical
history was unremarkable. Physical examination revealed
yellow pigmentation of the sclera and skin. Laboratory
tests showed the following values: Ht 47%, WBC 6700
cells/mm3, PLT 215 000/mm3, ALT 762 U/L, AST 735
U/L, GGT 167 U/L, ALP 417 U/L, Bil 3.19 mg/dL,
d-Bil 2.15 mg/dL, LDH 390 U/L, urobilinogen in the
urine. Immunologic tests, such as tests for hepatotropic
viruses were negative. A four-fold increase was found
by comparing the titers of IgG antibodies to phase
Ⅱ antigen of Coxiella Burnetii in two consecutive assays
(indirect immunofluorescence antibody technique, IFAT).
Histopathology of a liver biopsy revealed acute hepatitis.
The patient was treated successfully with doxycycline (100
mg per os twice daily) for 2 wk. Liver dysfunction was
restored two months after his admission.
Final diagnosis: Acute cholestatic hepatitis caused by
Coxiella Burnetii (acute Q fever infection).
Case 5
A 47-year old man shepherd was admitted to hospital,
because of a 2-wk period of intermittent low-grade fever,
fatigue, malodorous sweating and headache. His personal
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and family medical history was unremarkable. A record of
the consumption of unpasteurised dairy products during
the previous months was reported. Physical examination
revealed hepatomeg aly that was confir med by an
abdominal ultrasound scan. Laboratory tests showed the
following values: Ht 36, WBC 7900 cells/mm3 (neutrophils
60%, lymphocytes 30%, monocytes 7%, eosinophils 3%),
PLT 123 000/mm 3, ESR 53 mm/h, CRP 4.43 mg/dL,
ALT 672 U/L, AST 769 U/L, GGT 432 U/L, ALP 342
U/L, Bil 2.3 mg/dL, d-Bil 2 mg/dL, Alb 3.3 gr/dL, LDH
380 U/L. Brucella agglutinin titter was positive at 1/320
and growth of Brucella melitensis in blood culture after 5
d. After a putative diagnosis of brucellosis, the patient
was administered doxycycline (100 mg per os twice daily)
for six weeks plus 1 g streptomycin im for the first 21 d,
beginning on the third day of hospitalisation, while waiting
the serological and cultural confirmation. Liver dysfunction
was restored five weeks after his admission.
Final diagnosis: Acute cholestatic hepatitis caused by
Brucella melitensis.

DISCUSSION
Case 1
The final diagnosis was based on the excessive consumption of Teucrium polium tea during the month before
admission, and the exclusion of other cholestatic syndromes. The histopathological change in the findings of
the liver biopsy, taken before and after the consumption
of the excessive amount of tea was also conclusive
evidence of the cause of cholestatic hepatitis. Although
the mechanism of Teucrium polium hepatotoxicity is unclear,
teucrin A and several neoclerodane diterpenoids, present
in the aerial parts of the plant, have been reported as the
probable hepatotoxic precursors of this herb[3]. In some
instances, liver injury has been associated with the presence
of autoantibodies in the serum [4,5] . It has also been
reported that some flavonoids have antihyperlipidemic
properties, while some terpenoids could inhibit lipid
peroxidation [3]. In 1995 Mattei et al [6] reported massive
hepatocyte necrosis predominantly in the centrilobular
areas of the liver in a patient with acute liver failure after
the consumption of Teucrium polium.
Case 2
Stauffer’s syndrome is a non-metastatic cholestatic paraneoplastic syndrome usually associated with RCC, with
an incidence of 3%-6% among these patients [7,8]. The
syndrome is also associated with other malignancies, such
as bronchial adenocarcinoma, leiomyosarcoma and prostate
adenocarcinoma[9-11]. Stauffer’s syndrome may result from
tumour production of cytokines, such as granulocytemacrophage colony-stimulating factor (GM-CSF) and
possibly interleukin-6 (IL-6)[12,13]. Nephrectomy may result
in the amelioration of hepatic dysfunction, but persistent
or recurrent elevations may herald local recurrence or
metastatic disease[14]. It is remarkable that RCC was an
unexpected finding diagnosed during the investigation of
systemic symptoms and hepatic dysfunction in our patient.
The hepatic dysfunction was returned to normal after
nephrectomy.
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Case 3
Tamoxifen is a synthetic antioestrogen with both agonist
and antagonist properties and plays an important role in
prevention and treatment of breast cancer[15]. It is believed
to act primarily through binding to oestrogen receptors
in breast cancer cells, acting as a competitive inhibitor of
oestrogen. Several forms of drug-induced liver disease,
such as clolestasis, benign liver tumours, hepatocellular
carcinoma, acute hepatitis, submassive hepatic necrosis,
steatosis, and steatohepatitis, have been attributed to
tamoxifen[15,16]. Although tamoxifen is a known cause of
cholestasis, very little attention has been focused on its
use in patients with pre-existing liver dysfunction and the
possible need for dose adjustment [17]. The pre-existing
steatohepatitis might contribute to the early development
of tamoxifen-induced cholestasis (2 mo after tamoxifen
administration) in our patient.
Case 4
The final diagnosis was based on both serological and
clinical criteria. Coxiella Burnetii has a worldwide distribution
and reports from various countries show a variety of
clinical and epidemiological features of Q fever from one
area of the world to another[18]. Hepatic involvement is
frequent in Greece as well as in France where it accounts for
approximately 40%-50% of acute cases[19,20]. Usually hepatic
involvement is asymptomatic with a mild increase (2-3 times
the normal level) of ALP, AST, and ALT[21]. Jaundice is a
rare finding in Q fever hepatitis while hepatomegaly is quite
common[20]. The three clinical presentations of Q fever
hepatitis are infectious viral-like hepatitis, fever of unknown
origin with granulomatous hepatitis, and incidental finding
of elevated transaminases in a patient with pneumonia.
In patients with granulomatous hepatitis liver biopsy
shows a typical doughnut granuloma with dense fibrin
ring surrounded by a central lipid vacuole, that is highly
suggestive of the disease caused by Coxiella burnetii[21,22].
Extensive destruction of liver tissue leading to hepatic coma
and death have occasionally been reported[23,24].
Case 5
Brucellosis, a world-wide zoonotic disease, is a systemic
infection caused by facultative intracellular bacteria of the
genus Brucella that can involve many organs and tissues[25].
Brucellosis is a major public health concern in Greece,
especially in areas where animal breeding is an important
economic resource. Brucella melitensis is the most pathogenic
and invasive species of Brucella and occurs more frequently
in general human population than in other known species.
Hepatic tenderness and mild elevation of transaminases
and ALP may be found in acute disease[26]. Asymptomatic,
mild cholestatic hepatitis accounted for approximately
16% of acute cases of brucellosis in a small study from
Greece[27].

CONCLUSION
In conclusion, use of herbal remedies, as Teucrium polium
must be considered a possible aetiology in the setting
of clinical and/or biochemical manifestations of liver
injury, since alternative medicine and herbal treatments
www.wjgnet.com
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have growing appeal to many societies. Malignant diseases
including hypernephroma, treatment with tamoxifen
citrate, and infections with Coxiella Burnetii or Brucella
melitensis are also unusual causes of cholestatic hepatitis.
Clinicians should consider these causes during diagnostic
workup of intrahepatic cholestatic liver disease.
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TO THE EDITOR
I read the article by Kim et al[1]with great interest. This is a
rare case of systemic sarcoidosis in a patient with chronic
hepatitis C without treatment for neither sarcoidosis
nor hepatitis C. In this case, spontaneous resolution of
sarcoidosis was noted while hepatitis activities were
aggravating[1]. The authors suggest that this relationship
mentioned above was not a fortuitous coincidence and
these two diseases share a common pathogenesis due to
the fact that interferon-induced immune activation is an
important mechanism of viral replication suppression in
chronic hepatitis C, hepatitis activities may be suppressed
when chronic hepatitis C is combined with active
sarcoidosis[1].
Before a conclusion like this, we consider that
some points must be further clarified. Firstly, if there
had been no spontaneous regression of sarcoidosis in
the related case, one might have easily suggested that
hepatic granulomas and cutaneous lesions were not
associated with sarcoidosis in a patient who had no lung
involvement confirmed by transbronchial biopsy. Hepatic
granulomas have been described in up to 9.5% of liver
biopsies from HCV-infected patients[2]. Additionally, in
another series with hepatitis C, the prevelance of hepatic
granulomas was found to be 1.3% before the initition of
interferon therapy[3]. Furthermore, a study investigating
the dermatopathologic manifestations of hepatitis C

virus infection showed that palisading granulomatous
inflammation may also present[4]. By contrast, a prospective
controlled study recently repor ted that anti-HCV
antibodies were not found in any patients of sarcoidosis[5].
In another aspect, the main controversy about
sarcoidosis is its unkown pathogenesis. T-helper-1 (Th1)
mediated cytokines, especially IFN-γ have a crucial role
in the pathogenesis of the disease but IL-1, TNF-α and
IL-2 are also contributory cytokines in inducing and
maintaining of granuloma formation. This exaggerated
Th-1 immune response is thought to be secondary to
stimulation by either exogenous antigens (infectious
or environmental) or autoantigens [6] . Although the
potential role of IFN-α in the immunopathogenesis of
sarcoidosis is not clear, the observations of coincidence
of manifestation of sarcoidosis with IFN-α therapy for
hepatitis C may support the concept of the cytokine
network in pathogenesis of sarcoidosis[7,8]. Reported cases
with spontaneous resolving sarcoidois after cessation
of IFN- α treatment for hepatitis C may also support
this hypothesis [9] . But it is important to remember
that a considerable amount of IFN- α is being used in
treatment of hepatitis C which may probably modulate
an immune response resulting in an expression of a Th-1
mediated granulomatous reaction. Otherwise it is not
known whether the amount of IFN- γ releasing during
the natural course of sarcoidosis is sufficient to supress
viral replication in hepatitis C. As known well in the early
phase of hepatitis C, HCV continues to replicate in spite
of high level IFN-α expression in the liver[10]. Additionally,
plasma cytoid dentritic cells (PDC) predominantly release a
considerable amount of IFN-α simultaneously[10]. On the
other hand, not only non-cytolytic mechanism (IFN-γ) but
also cytolytic mechanisms (Fas ligand, perforin, granzyme,
TNF- α ) mediated by cytotoxic T lymphocytes play an
important role in clearance of HCV from the liver in
chronic hepatitis C[10].
Moreover, in this case the duration of sarcoidosis was
shorter (20 mo) than that of hepatitis C (20 years). In
this regard, the absence of convincing evidence for the
interaction of these two diseases has led us to consider a
fortutious coincidence.
Certainly, this is a single case and it is obvious that genetic
polymorphisms may contribute to individual difference=s
in the regulation of cytokine release in sarcoidosis.
Further large and prospective clinical and basic studies
are necessary to clarify the relationship between chronic
hepatitis C and sarcoidosis.
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TO THE EDITOR
We read with interest the article published by Nguyen
et al [1] in the World Jour nal of Gastroenterolog y,
showing an association between short MUC6 alleles and
H pylori infection. These results, together with previous
observations by Vinall et al[2], reinforce the role of mucin
genes (MUC6 and MUC1) VNTR polymorphisms for the
variability in individual susceptibility to H pylori infection
that cannot be explained by differences in environmental
factors.
We conducted a similar analysis based on a previously
described[3] survey of gastric pathology in shipyard workers
at Viana do Castelo, north of Portugal. Briefly, volunteer
workers underwent an upper digestive endoscopy,
completed symptoms and lifestyle questionnaires, and
had a blood sample drawn. H pylori infection status was
determined by serology and PCR, and typing of cagA,
vacA s and vacA m was performed directly in gastric biopsy
specimens by multiplex PCR and reverse hybridization[4].
The MUC1 gene polymorphisms were evaluated by
Southern blot analysis[5].
Information on MUC1 genotypes and H pylori infection
status was available for 216 subjects (median age: 43 years;
91% males). For analysis, each participant was considered

infected if positive by either serology or PCR (n = 172,
79.6%), and classified according to MUC1 genotype
[long-long (LL), long-short (LS), short-short (SS)]. Data
on H pylori genotypes were available for 161 participants.
The association between MUC1 genotypes and H pylori
infection was quantified through the calculation of odds
ratios (OR) and the respective 95% confidence intervals
(CI) by unconditional logistic regression using STATA®,
version 9.2.
Short MUC1 alleles were associated with H pylori
infection (SS vs LL: OR = 2.7, 95%CI: 1.0-7.1; LS vs LL:
OR = 1.6, 95% CI: 0.7-3.7). The risk of infection (SS
vs LL) was increased nearly three-fold for low-virulent
strains (cagA - , vacA s 2 or vacA m 2 ) and less than twofold when considering high-virulent H pylori strains
(Table 1).
The present study, perfor med in a population at
high risk for gastric cancer, confirms earlier findings on
the effect of mucin genes VNTR variability on H pylori
infection, and adds to previous investigations the evidence
of a stronger association between the short mucin alleles
and low-virulent strains. However, an increased risk
of infection also with high virulence strains cannot be
excluded and may be shown in investigations with larger
sample sizes, powered enough to disclose an association of
this magnitude.
Our results are compatible with previous findings of an
increased risk for both intestinal metaplasia[5] and gastric
carcinoma[6] in individuals with short MUC1 mucin alleles,
but additional studies should explore the combined effect
of H pylori genotypes and mucin genes polymorphism on
the infection outcome.
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Table 1 Association between MUC1 polymorphisms and H pylori infection according to bacterial genotype
H pylori positive
cagA genotypes
H pylori negative cagA OR
cagA +
OR
n (%)
n (%) (95% CI) n (%) (95% CI)
MUC1 genotypes
LL
LS
SS

10
(25.6)
25
(24.5)
9
(14.1)

vacA s genotypes
s2

vacA m genotypes

s 1 or s 1 /s 2
OR
m2
OR
m 1 or m 1 /m 2
OR
(95% CI) n (%) (95% CI) n (%) (95% CI)
n (%)
(95% CI)
OR

8
1
21
1
5
1
(20.5) [reference] (53.8) [reference] (12.8) [reference]
30
1.5
47
0.9
24
1.9
(29.4) (0.5-4.4) (46.1) (0.4-2.2) (23.5) (0.6-6.4)
22
3.1
33
1.8
16
3.6
(34.4) (0.9-10.2) (51.6) (0.6-5.0) (25.0) (0.9-13.7)

24
(61.6)
53
(52.0)
39
(61.0)

1
8
1
[reference] (20.5) [reference]
0.9
34
1.7
(0.4-2.1) (33.3) (0.6-4.9)
1.8
23
3.2
(0.6-5.1) (35.9) (1.0-10.7)

21
(53.9)
43
(42.2)
32
(50.0)

1
[reference]
0.8
(0.3-2.0)
1.7
(0.6-4.9)

LL: long-long; LS: long-short; SS: short-short; OR: odds ratio CI: confidence interval.
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TO THE EDITOR
Many different methods have been used in surgical
treatment of liver hydatid cysts[1]. However, two methods
have been frequently used recently: one is used to radically
remove the cyst and the other is used to shrink the cyst
cavity after treated with scolocidal agents. One of the most
important principles for the treatment of hydatid cyst is to
avoid the contact of fluid in the cavity with the adjacent
tissues during cyst cavity contacts with scolek killers at
certain time.
If the cysts are easily accessible, sterilization of the cavity
is not a problem. However, it is difficult to give a desirable
amount of scolek killer agents to the cavity in some cases
because the cyst is located in posterior lung segments. For
this reason, we present an easy but effective method.
The cyst can be accessed by performing a suitable
incision. The surrounding of the cyst is isolated with cloth
absorbing saline solution. The cyst ingredients are evacuated
with a trochar aspirator. When there is no bile in the
content, a thick foley catheter is placed into the cyst and its
balloon is blown (the balloon should be blown to the level
not to be taken out when pulled tightly from the orifice)
(Figure 1A and B). The cavity is filled with scolek killers and
clamped. A balooned catheter is fixed tightly through a
retractor. After a certain period of time, the solution given
to the cyst through the balloon catheter kept in tension is

Figure 1 A foley cather inserted into the liver hydatid cyst (A) and its inactivation
period (B) during operation.

taken out and the cyst becomes smaller and smaller.
Two different techniques have been used in the
treatment of hydatid cyst: one is used radically remove
the cyst and the other is used to evacuate the content in
the cyst and to make the cyst cavity smaller. The second
technique is used more often than the first, and the biggest
disadvantage of these two techniques is that there is a risk
of developing peritonea disease if the fluid leaks into the
abdomen during operation. Many different techniques
have been used to avoid this[1-3]. Here the most important
thing is to prevent fluid leaking into the abdomen and
keeping the scolosid killer agents in the cyst for a certain
period of time in order to kill the live scoleks. It is easy
to do this with the lung cysts on the frontal surface of
the lungs. However, it is quite difficult to perform this
for the cysts on diaphragmatic surface. In our clinic, the
technique has been used in 45 patients between 2002 and
2005. No recurrence of liver hydratid crysts was found in
any patients, suggesting that this technique which provides
adequate contact with scoleks in the cyst and prevents
liquid leaking into peritonea can be used in the treatment
of lung cyst disease.
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Abstract
I n f l a m m a t o r y b o w e l dis e as e s (I B D ) a r e c hr o nic
inflammatory conditions of the gastrointestinal tract,
which clinically present as one of two disorders, Crohn’s
disease or ulcerative colitis. Mainstays of drug treatments
for IBD include aminosalicylates, corticosteroids and
immunosuppressants such as azathioprine, methotrexate
and cyclosporin. Advances in basic research of the
pathophysiological process in IBD have been applied
to generate a variety of new therapeutics targeting at
different levels of the inflammatory processes. New
therapies are classified as: (1) Anti-TNFα antibodies; (2)
Recombinant cytokines; (3) Selective adhesion blockade;
(4) Growth factors; (5) Innate immunostimulation; (6)
Nucleic acid based therapies; (7) Gene therapy; (8)
Autologous bone-marrow transplantation; (9) Helminths
and (10) Extracorporeal immunomodulation. All
treatments have the potential to provide more effective
and safe treatment for IBD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel diseases (IBD) including ulcerative
colitis (UC) and Crohn’s disease (CD) are chronic
inflammatory conditions affecting the gastrointestinal tract.

The etiopathogenesis has not been fully elucidated but
is currently presumed to result from a complex interplay
among genetic, environmental, microbial and immune
factors[1].
The current state of therapy for patients with IBD
is not very satisfactory. In patients with active CD, an
adequate course of corticosteroids induces remissions in
only 60% to 70% and in this group with response, many
patients relapse during tapering of the steroids dose[2].
About 33% to 50% of patients with fulminant ulcerative
colitis who are admitted to the hospital have their colon
removed during the same admission because of failure of
conventional medical therapy[3].
Patients with IBD frequently experience relapse and
traditional medical treatments are not potent enough to
keep in remission for long-term periods.
Biological approach to IBD therapy has developed in
recent years as a result of understanding of the mucosal
immunology processes in intestinal inflammation. The
first effective biological therapy approved for commercial
use is infliximab, a chimeric monoclonal antibody directed
against tumour necrosis factor α (TNF α ), for the
treatment of CD in 1998 and UC in 2006 by the FDA.
Infliximab is indicated for induction and maintenance of
remission in patients with active luminal inflammatory CD
refractory to conventional therapy, those with draining
enterocutaneous and perianal fistulas and recently, for
patients with moderate to severe active UC despite
treatment with concurrent medications. However, a metaanalysis of 34 studies (896 patients with UC) showed that
long-term remission (9 mo) was 39%[4].
Conventional treatment including infliximab can
provide clinical benefit, reduce signs and symptoms of
disease, and improve quality of life, however, most do not
significantly alter the long-term course of the disease or
the underlying immunopathology.
New therapies, which are targeted at specific disease
mechanisms, have the potential to provide more effective
and safe treatments for human diseases as shown in Figure 1.

THERAPEUTIC APPROACHES
There are several categories of treatments that are relevant
to IBD, including (1) New anti-TNF α antibodies; (2)
Recombinant cytokines; (3) Selective adhesion blockade; (4)
Growth factors; (5) Immunostimulation; (6) Nucleic acid
based therapies; (7) Gene therapy; (8) Autologous bonemarrow transplantation; (9) Helminths, (10) Extracorporeal
immunomodulation. A number of new anti-TNFα agents
are currently being investigated in phase Ⅲ studies in CD,
www.wjgnet.com
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Figure 1 Current and potential therapeutic agents target at different pathways in
inflammatory bowel disease.

including a pegylated humanized anti-TNFα fragment,
CDP870 (certolizumab) and a fully human anti-TNF α
antibody (Adalimumab) that binds with a high affinity and
specificity to human soluble TNFα.
An initial randomized controlled trial (RCT) of
certolizumab in active CD demonstrated a significant
benefit in achieving remission, through not response[5].
Another trial demonstrated a benefit in a subgroup of CD
patients with elevated CRP (10 mg per litre) and found a
statistically significant response in the highest dose tested[6].
Recently, CHARM and CLASSIC Ⅱ trials demonstrated the efficacy and safety of adalimumab in the
induction and maintenance of clinical remission in
moderate to severe CD for up to 56 wk[7,8]. An important
aspect of anti-TNFα agents is the development of antiidiotype antibodies directed towards the murine portion
of the chimeric antibody resulting in hypersensitivity and
decreased responsiveness. On the other hand, adalimumab
i s a h u m a n i z e d m o n o c l o n a l a g e n t t o w h i ch t h e
sensitization and development of anti-idiotype antibodies
are much less than infliximab.
A second approach has been to block steps in T-cell
development by targeting cytokines involved in T-cell
differentiation and activation such as IL-12. A recent RCT
of 79 patients with CD receiving 1 mg or 3 mg of antiIL-12 monoclonal antibody versus placebo demonstrated
a response in 75% of CD patients compared with 25% in
the placebo group[9]. Other antibodies have been generated
against T-cell subsets including CD3+ cells (visilizumab)
and CD25+ cells (daclizumab and basiliximab) for UC.
Pilot studies have shown promising results in steroidresistant UC patients[10].
IL-6 participates in a variety of critical functions,
including T cell growth and differentiation, as well as
B-cell proliferation. A pilot study showed in patients with
active CD treated with an antibody directed against the
IL-6 receptor (Atlizumab), 80% responded at the full dose
compared with 31% in the placebo group[11].
RDP58 is an oral decapeptide that decreases the
activity of TNF α , IL-2, IL-12 and IFN- γ . Phase Ⅱ
studies showed high remission rates and minimal toxicity
in UC patients[12]. Most of the strategies have targeted to
interrupt cytokine activity through inhibition of pathways
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promoting cytokine production, or by directly blocking
cytokine action.
A different approach aims to block leukocyte migration
to sites of inflammation by interfering with cell adhesion
molecules. There are three targeting therapies in clinical
trials to date including natalizumab (integrin α4 subunit)
and MLN-02 (integrin α4β7). An RCT in 248 patients
with moderate to severe CD randomly assigned to receive
natalizumab or placebo, demonstrated high rates of clinical
remission and response, and improved quality of life
and C-reactive protein levels[13]. Studies of MLN-02 have
demonstrated equivocal results in CD[14] but promising
effects in UC, with responses and remission rates of 66%
and 33% compared with 33% and 15%, respectively, in
those receiving placebo[15].
Augmenting intestinal repair could be another approach
for patients with IBD. Topical administration of epidermal
growth factor (EGF) seemed to be effective in promoting
both initial response and long-term maintenance in 20
patients with left-sided UC[16].
Growth hormone and a high-protein diet resulted in
a significant decrease in Crohn´s disease activity index
(CDAI) in the active treatment group as compared with
placebo group [17] . This effect is attributed to growth
hormone because it might enhance the intestinal barrier
function, including decreasing intestinal permeability
and increasing intestinal protein turnover as well as has
stimulatory effects on neutrophil function.
Recent evidence has shown the impor tance of
innate immune mechanisms in sustaining homeostasis
in the gastrointestinal mucosa and some defects in these
intestinal innate immune responses in patients with CD[18].
Some reports suggest that agents that act to enhance
innate immune defenses can indeed confer therapeutic
benefit. Two agents (G-CSF or filgastrim and GM-CSF
sargramostin) have been evaluated in patients with CD.
The endogenous growth factor granulocyte-macrophage
colony-stimulating factor (GM-CSF) performs important
functions in both the phagocytic and epithelial
components of intestinal early innate immune defense.
GM-CSF is expressed by both CD4+ T cells and Paneth
cells in the intestine, and its receptors have been recently
demonstrated to be present on intestinal epithelial cells
which proliferate in response to GM-CSF in vitro[19,20]. Both
pilot studies suggested a benefit[21,22], though GM-CSF
appeared more effective. A recent RCT of 124 patients
found a significant benefit in response at 100-point
decrease in CDAI and in remission. The response was
sustained for a mean of 8-10 wk after discontinuation of
therapy[23].
Nucleic acid based therapies have focused on the use
of antisense phosphorothioate oligonucleotide to the p65
subunit of NF-κB and ICAM-1 antisense oligonucleotide
(Alicaforsen, ISIS-2302). In a pilot study 11 steroidrefractory or resistant IBD patients were given a single
dose of rectal antisense NF-κB p65 oligonucleotide. An
improvement in clinical, endoscopic and histologic scores
was seen at d 7 in 71% of the treatment group compared
with 25% of the placebo group[24].
ISIS-2302 is a 20-base pair complementary nucleotide
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chain which hybridizes with ICAM-1 mRNA and is thus
degraded by RNAse-H and the message and expression of
ICAM-1 is therefore decreased. In patients treated with doses
between 300-350 mg infused 3 times per week for 4 wk, it
seemed to have higher benefit in those with active CD[25].
Gene therapy strategies using plasmid IL-10 vectors
or an adenovirus IL-10 construct seem to be a potent
approach for the treatment of IBD. Barbara et al [26]
reported that gene transfer was achieved by intraperitoneal
injection of non-replicating human adenovirus bearing
IL-10 gene, either 24 h before or 1 h after intrarectal
administration of trinitrobenzenesulfonic acid (TNBS) in
rats. IL-10 gene transfer prior to colitis improved colitis
macroscopically and histologically.
Allogenic bone-marrow transplants in CD patients
were noted to induce prolonged disease remission,
providing evidence of the role of bone-marrow T cells in
this disease.
The goal of autologous haematopoietic stem-cell
transplantation (HSCT) is resetting T cell responses by
eliminating all circulating T cells. A phase I study in 12
patients with refractory CD showed that 11 patients
entered a sustained remission (CDAI < 150). After a
median follow-up of 18.5 mo, only one patient has
developed a recurrence of active CD, which occurred 15
mo after HSCT[27].
Another strategy for resetting the T-cell repertoire
has been proposed based on the helminths. The immune
system has evolved with the presence of these helminthes,
which function to expand the T regulatory cell population,
enhancing IL-10 production and shifting a TH1 type
process more towards TH2 [28]. An RCT of using 2500
Trichiuris suis ova, a pig worm, administered orally once
every two weeks, in UC has shown a response of 44% of
the treatment group versus 14% of receiving placebo[29].
An open label study of 29 patients with active CD
identified high rates of response (79.3%) and remission
(72.4%)[30].
Early reports on the benefit of lymphocyte apheresis
to treat CD described selective extracorporeal T cell
depletion by ultracentrifugation in patients with active CD,
the majority of whom went into long-lasting remission
and decreased steroid use to zero. Two strategies that
decrease specific lymphocyte subpopulations were
developed in Japan. One technique is a leukocyte removal
filter column-CellsorbaTM. All leukocyte subpopulations,
99% of granulocytes and macrophages and 40%-60%
of lymphocytes as well as platelets, are trapped within
the filter made of polyester fibers. In patients with CD
an intensive induction protocol-leukocytopheresis every
week for 5 wk induced remission in 50% of the patients.
An alternative leukocytopheresis method, Adacolumn,
uses a column adsorbing granulocytes and monocytes/
macrophages to 2 mm in diameter of cellulose acetate
beads, without significantly adsorbing lymphocytes. Several
trials demonstrated a positive effect of the column in
active UC[31,32].
Immunostimulatory DNA sequences, ISS-DNA, also
known as CpG DNA, are unmethylated CpG dinucleotides
within consensus sequences present in bacterial and viral
genomes. ISS-DNA and their synthetic analogues activate
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innate immunity via Toll-like receptor 9. Liposomal
immunostimulatory DNA sequence (ISS-ODN) was
shown to prevent and ameliorate the severity of colitis in
animal models[33] and therefore may be effective also in
the treatment of human IBD. Clinical trials to test their
efficacies are underway.

CONCLUSION
Currently, numerous innovative agents for IBD have
been available for the treatment of patients with IBD
refractory to conventional therapy including infliximab.
In the near future, the enticing concept of combining
different therapeutic approaches targets at different
components of the inflammatory process. Intensive
basic research continues in order to generate new targets
or novel approaches that intervene at other steps in the
pathophysiological processes.
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Abstract
Acute and chronic hepatitis C virus (HCV) infection
remains a serious health problem worldwide, however,
there has been advancement in the treatment of HCV
infection due to standard treatment using pegylated
interferon and ribavirin. The literature indicates that
therapy for HCV is becoming more individualized. In
addition to considering genotype and viral RNA levels
before treatment, achievement of an early virologic
response (EVR) and a rapid virologic response (RVR) is
now possible during therapy. Moreover, problem patients,
such as non-responders, relapsers, HIV or HBV coinfected patients, patients with liver cirrhosis, and preor post-liver transplantation patients are an increasing
fraction of the patients requiring treatment. This article
reviews the literature regarding standard treatments and
problem patients with acute and chronic HCV infection.
It also includes discussion on contraindications and side
effects of treatment with interferon and ribavirin, as well
as new drug development.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Infection with hepatitis C virus (HCV) remains a severe
life-threatening medical and public health problem
worldwide. Every year there are an estimated 3 to 4 million
new cases of infection due to transfusion contamination,
contaminated injection needles, and parenteral exposure[1-5].

There is a lower rate of infection for sexual transmission[6].
About 55%-85% of individuals with acute HCV infection
become chronically infected and are at risk for developing
hepatocellular injury, liver cirrhosis, hepatocellular
carcinoma or liver failure[7-9].
In total, More than 170 million individuals (> 2% of
the world’s population) are infected with HCV[10]. While
prevention of primary infection is possible, vertical
transmission of HCV remains a significant problem
especially in developing countries.
The transition from acute to chronic infection is
only partly understood. However, early treatment with
pegylated interferon (PEG-IFN) alpha to prevent chronic
infection is effective in up to 95% of patients with acute
hepatitis [11-13]. Determining the optimal treatment for
chronically infected individuals is a remaining question. To
date, standard treatment for chronically infected patients
is the combination of PEG-IFN alpha with ribavirin[14].
Recent studies have demonstrated that a relatively high
number of patients acquire sustained virologic response
(SVR), defined as non-detectable serum virus RNA levels
by qualitative PCR 6 mo after end of treatment[15,16], and
this is the primary goal of therapy. However, a large
number of patients remain viraemic and chronically
infected. In addition, many patients suffer from severe
side effects while receiving this combination therapy[14-17].
These are the reasons for attempts to find medications
with higher SVRs, better tolerability and shorter treatment
regimens[18-21]. Moreover, alternative therapeutic regimens,
such as an effective therapeutic or prophylactic vaccine for
HCV infection, are being sought after and developed[22-26].

TREATMENT OF ACUTE HEPATITIS C
Diagnosis of acute HCV infection is a rare event since
acutely infected individuals are mostly asymptomatic[27,28].
Also, social problems within high risk groups (especially
injection drug users) keep these individuals from seeing
physicians.
An optimal treatment for acute HCV infections has
not been established. There are several studies showing
excellent responses using IFNa[11]. The best results, with a
SVR in over 95% of the patients, were achieved by using
5 million international units (MIU) of IFN daily for 4 wk,
followed by 5 MIU three times weekly for another 20 wk.
This treatment was well tolerated in most cases. Another
recent study achieved a SVR in 87% of patients, using 6
MIU of IFN injected intramuscularly daily for 4 wk[29].
In acute HCV, genotype and RNA serum levels seem
to have no influence on treatment outcomes[11,30]. While
undergoing treatment, patients need to be monitored at
www.wjgnet.com
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least every four weeks for transaminases, HCV antibodies
and serum RNA levels.
Since spontaneous viral clearance is documented in
up to 50% of acutely infected individuals [13,30-32], some
authors believe treatment should be initiated after three
to four months of observation. The data to date show
a worse outcome following this policy[11,13], but patients
avoid the potential severe side effects of IFN therapy[33].
Also, this scheme gives an opportunity for patients with
contraindications to IFN therapy; i.e. pregnancy, acute
alcohol or i.v. drug abuse, and psychiatric diseases such
as severe depression, to resolve these problems before
starting therapy[14,17,34]. Nevertheless, delaying therapy for
acute HCV infection beyond three months after onset
of the disease cannot be recommended since one study
showed this resulted in a dramatic drop of SVR rates (from
87% to 53%)[29]. Even if IFN monotherapy is sufficient
for the therapy of acute HCV infection[35], preliminary data
suggest PEG-IFN to be as effective as the IFN regime used
in the reported German trial[35]. Recently, Wiegand et al[12]
published a trial using PEG-IFN alpha-2b 1.5 μg per kg
body weight with patients that had acute HCV infection. In
patients adherent to therapy, a SVR of 94% after therapy
and 89% after a follow up of 24 wk was achieved. In nonadherent patients (less than 80% of PEG-IFN application
in 80% of scheduled treatment duration), the rates dropped
to 82% and 71%, respectively. Furthermore, Kamal et al[36]
presented a study demonstrating a combination therapy
of PEG-IFN and ribavirin to be more effective than
PEG-IFN monotherapy (increase of SVR from 80%
with monotherapy to 85% with combination therapy).
In addition, it was shown that the time point to start
treatment after onset of disease is very important. A recent
trial demonstrated that overall SVR dropped from 95% to
92% and then to 76% when treatment was started 8, 12 or
20 wk after onset of disease[37], respectively. Considering
these data, we suggest treating acute HCV infection for
24 wk, starting immediately or at three months after
onset of the disease, using a combination of PEG-INF
and ribavirin in a dosage recommended for treatment of
chronic HCV infection (see below).

TREATMENT OF CHRONIC HEPATITIS C
The primary treatment goal for chronic HCV infection
is, as mentioned previously, sustained virologic response
(SVR)[38,39]. With the recommended treatment, SVR can
be achieved in about 55% of patients who are chronically
infected with genotype 1 of HCV, while with genotype 2
and 3 the efficacy is 80% or greater[15,16,40]. The standard
therapy is PEG-IFN alpha-2a or PEG-IFN alpha-2b
subcutaneously in combination with twice daily oral doses
of ribavirin [15,16,41]. The combination has proven to be
more efficient than monotherapy alone, even though the
antiviral mechanism of ribavirin is not fully understood[42].
Ribavirin monotherapy has no therapeutic effect in HCV
infected patients[43,44].
There are two widely accepted regimens that can
be followed, with both showing comparable SVR rates.
Published in 2001 by Manns et al [15], PEG-IFN alpha2b in a dose of 1.5 μg per kg body weight once a week
www.wjgnet.com
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subcutaneously plus oral ribavirin 800 mg daily led to a
virus clearance of 54%. Higher ribavirin doses resulted in
a lower efficacy. While genotype 1 must be treated for 48
wk to achieve the best results, treatment longer than 24
wk for genotype 2 and 3 did not raise SVR rates beyond
82%. A trial by Fried et al [16] using PEG-IFN alpha-2a
demonstrated comparable results. Using PEG-IFN alpha2a in a dose of 180 μg once a week subcutaneously plus
1000-1200 mg (depending on body weight, cut-off 75 kg)
of oral ribavirin daily resulted in 56% of SVR in genotype
1 carriers, and 80% in genotype 2 and 3 carriers. Patients
with genotype 1 were treated for 48 wk. In patients
infected with genotype 2 and 3, a treatment period of 24
wk seemed to be sufficient. Recently, two studies have
shown that treatment can be abbreviated in patients with
low baseline levels of HCV-RNA (< 600 000 IU/mL) who
become HCV-RNA negative. Treatment of genotype 2
and 3 for only 12 or 16 wk may be sufficient for a special
population[45,46]. Therefore, therapy for HCV infection is
becoming an individualized therapy.
In summary, for patients who are chronically infected
with HCV, the recommendation is to use PEG-IFN alpha2b 1.5 μg/kg per week or PEG-IFN alpha-2a 180 μg/wk
plus ribavirin 1000-1200 mg/d (body weight dependent) for
48 wk for patients with genotype 1 or 24 wk for patients
with genotype 2 or 3. For genotypes 4, 5 and 6, the data
are not sufficient for the development of a guideline, but it
has been suggested to treat patients with these genotypes
in a similar way as for patients with genotype 1 [47,48] .
Recently, Hadziyannis et al [40] presented a study on 36
genotype 4 carriers. While patients in the short-term group
(24 wk) had a SVR of 63%-67%, treatment for 48 wk
resulted in a SVR of 82.
Induction therapy does not result in higher SVR rates,
therefore a recommendation regarding induction therapy
cannot be given[49,50], but there are ongoing individual trials.
While it is recommended to treat patients with relapse of
HCV or non-responders after IFN alpha monotherapy
with the described combination of PEG-IFN and
ribavirin[51-54], the treatment indication for non-responders
or patients with relapse after treatment with PEG-IFN
alpha and ribavirin is controversial. Recent studies do
not offer a general recommendation. Controlled trials to
answer this question are ongoing.
During therapy, monthly monitoring of side effects,
blood count, transaminases, creatinine, urea and glucose
should be made. For the first 2 mo of therapy, blood
counts should be made every 2 wk. Thyroid function
should be considered in 12 wk intervals by measuring
thyroid stimulating hormone (TSH). To monitor treatment
efficacy, HCV-RNA should be determined quantitatively
before and 12 wk after the start of therapy. If the RNA
level drops less than 2 logs-known as early virologic
response (EVR)-or remains detectable at wk 24, a
successful treatment is extremely unlikely and therapy
should be stopped[15,16,55-58]. The same is true if after 24 wk
HCV-RNA is still measurable[59].
As mentioned above, successful treatment is defined
as SVR and undetectable HCV-RNA 6 mo after the end
of therapy. A recently described predictive factor is the
rapid virologic response (RVR), defined as undetectable
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HCV RNA levels at wk 4 after the start of treatment. For
patients who have genotype 1 with a low baseline viral
load (< 600 000 IU/mL) and who have achieved RVR
under therapy with continuous undetectable HCV-RNA
afterwards, a treatment course of 24 wk may be required
to match comparable results to the standard treatment of
48 wk[60]. For patients with genotype 2 or 3 and a RVR
followed by undetectable RNA levels, therapy for 16
or even 12 wk may be sufficient[46]. However, reducing
treatment duration in these patient populations remains
controversial[61]. Therapy to increase SVR and reduce sideeffects for chronic HCV infected patients is becoming
more often designed for the individual, with genotype,
EVR, RVR and the HCV-RNA level before start of
treatment as predictors for achieving a SVR.

TREATMENT OF HEPATITIS C INFECTION
IN CHILDREN
Children suffering from chronic HCV infection generally
show no symptoms. While biochemistry and histology
are comparable to adults with HCV, the progression of
hepatitis C seems to be slower compared to adults[62-64].
It has been shown that, in general, children tolerate IFN
therapy relatively well. Side effects are usually mild or
moderate. One study of 41 children receiving standard
combination therapy showed an overall SVR of 61%
one year after treatment [65]. Altogether response rates
in children to INF monotherapy and combination
therapy with INF and ribavirin seem to be equivalent to
adults[14,64,66,67], PEG-IFN is not yet approved for use in
children. Therefore, the present regime is 15 mg ribavirin
per kg body weight per day plus 3 MIU/m2 body surface
interferon alpha-2b three times per week[68]. This treatment
appears to be reasonably safe and effective in children
with hepatitis C. Prospective controlled trials evaluating
combination therapy with PEG-INF are being developed.

SIDE-EFFECTS AND CONTRAINDICATIONS
FOR TREATMENT OF HEPATITIS C
INFECTION
Should ever ybody with chronic HCV infection be
treated? Patients with signs of hepatitis, such as elevated
transaminases (serum alanine aminotransferase level,
ALT), and beginning fibrosis in liver biopsy are thought
to be the most appropriate group to undergo therapy[14,69].
Nevertheless, patients with normal transaminases have the
same outcome as individuals with elevated ALT[70].
People without the necessar y motivation and
compliance to therapy should be considered as untreated.
Costs of treatment and severe side-effects must be
weighed against the low efficacy of therapy in this
group[14,34,71,72].
T here are some absolute and relative medical
contraindications for treatment with IFN, PEG-IFN
and/or ribavirin. Since ribavirin is teratogenic, in both
males and females, anticonception is recommended
during therapy and at least 6 mo after end of therapy[73].
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Also breast feeding should be avoided. People with
cardiac problems rarely develop reversible arrhythmia[74]
or cardiomyopathy[75] under interferon therapy. But for
patients with significant cardiac disease, death from
cardiac failure is more likely than from chronic hepatitis C.
Therefore, within this patient group anti-viral therapy can
be dispensed.
Further contraindications for treatment with interferon
and/or ribavirin are hepatic decompensation and renal
failure. Interferon and ribavirin can enhance liver failure[76]
and, as mentioned above, close monitoring is required.
Some hepatic comorbidities, additional to chronic HCV
infection, are discussed later. Ribavirin undergoes renal
elimination. Therefore, renal impairment leads to elevated
serum levels of ribavirin, enhancing side-effects such as
hemolysis. The same is true for INF, while PEG-IFN, due
to its molecular size, is better tolerated in patients with
end stage renal disease. PEG-IFN alpha-2a does not result
in elevated serum levels even with creatinine clearance
< 30 mL/min. Since kidney diseases often do not limit
life expectancy, antiviral therapy must be considered in
patients with both chronic HCV and end-stage renal
disorder [77,78]. Available data suggests higher SVR rates
in patients with renal disease, using IFN monotherapy,
compared to patients with normal renal function[79,80]. Few
studies have dealt with very low dose ribavirin application
in these patients[81,82], alone or in combination with PEGINF. PEG-INF α-2a should be reduced from 180 μg to
135 μg, while the recommendation for PEG-INFα-2b is
dose reduction by 50%[83].
The immune system is heavily influenced by both
ribavirin and interferon and this is the probable mechanism
of their antiviral activity. But in HCV patients with
comorbid autoimmune disease, both drugs could worsen
the disease. Therefore, application of antiviral therapy
must be considered dangerous as long as the autoimmune
disease is not controlled.
The most common side effects of treatment with
PEG-IFN are fatigue, muscle aches and psychological
disorders such as depression, irritability, anxiety and sleep
disturbance. Interferon further induces pancytopenia
through its bone marrow depressing activity[15,16,84]. The
most common adverse effect of ribavirin is haemolysis
and anaemia. Therefore, patients treated with the
combination therapy suffer from anaemia, with the lowest
haemoglobin 4 wk after initiation of treatment[84]. Patients
with ischaemic problems should be monitored closely and,
if necessary, should have blood components transfused.
The application of growth factors, such as erythropoetin,
G-CSF or GM-CSF, cannot generally be recommended
considering the cost-benefit-ratio, but growth factors may
be useful in some patient populations. Significantly higher
risk for bacterial infection has not been demonstrated
during treatment with ribavirin and/or PEG-IFN[15,16,85,86].
The most common autoimmune reaction to therapy is
the development of autoimmune thyroiditis [15,16,84,85,87].
Flu symptoms caused by interferon can be treated with
paracetamol or similar drugs[84], and thyroid disorders by
hormone application. More severe side effects are mood
changes and depression [15,16,84,88]. The later is especially
true in people already suffering from instable psychiatric
www.wjgnet.com
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disorders prior to therapy. Mild symptoms can be covered
by selective serotonin reuptake inhibitors (SSRI)[89], while
development of severe depression or suicidal tendencies
are clear indications to discontinue therapy.
Rare side-effects are hearing impairment, hair thinning
and loss, insomnia, visual disorders, interstitial pneumonia,
pancreatitis, colitis and exacerbation of inflammatory
diseases[83,84]. Every patient should be informed sufficiently
about potential adverse events before therapy is started.

antiviral treatment in the non-transplantation setting.
Overall, SVR rates post-transplantation are only about
20% [119,123,127,129-131]. Furthermore, in a high percentage
of patients, interferon and ribavirin are poorly tolerated
after liver transplantation and therapy must be considered
carefully[83,131].

TREATMENT OF HEPATITIS C IN
PATIENTS WITH LIVER CIRRHOSIS

There is a high rate of patients co-infected with HCV
and HIV due to the same transmission route in highrisk populations. An estimated 25%-30% of patients with
HIV are co-infected with HCV in Europe and the United
States [132]. In these patients, HCV progression to endstage liver disease is almost doubled[133,134]. Therefore, it
is favourable to treat these patients as early as possible, if
they have no other contraindications.
Since therapy for HCV does not significantly increase
HIV RNA levels, it is recommended to use standard
treatment with PEG-IFN and ribavirin. SVR rates in
co-infected patients are slightly lower than in the
mono-infected population[135,136]. For genotype 1 (and 4),
SVR ranges from 14% to 29%, while for genotype 2 and 3
it ranges from 44% to 73%[137-139]. Patients on antiretroviral
therapy are more likely to develop the side-effects of
ribavirin[139-141]. These patients must be monitored closely
and, in the case of severe side effects, ribavirin should be
reduced or discontinued.
If HIV infection itself is not stable (CD4 count < 200
cells/mm), highly active antiretroviral therapy (HAART)
should be initiated first and secondarily, after stabilisation,
treatment for HCV should be started[142-144].

Mortality from hepatitis C is mainly due to manifest
cirrhosis. Liver biopsy studies indicate that hepatic
fibrosis may regress under therapy with PEG-IFN and
ribavirin [90,91] . The recommendation today is to treat
patients with compensated cirrhosis with the standard
combination therapy[92,93]. While patients with Child-Pugh A
and B cirrhosis respond and tolerate this therapy relatively
well[15,16,40,87,94], it is unclear whether a drug reduction in
Child C cirrhosis should be recommended[95-97]. In general,
antiviral therapy in decompensated liver cirrhosis is not
recommended[98].
There is data indicating that reduction of body weight
in obese patients is associated with reduction in hepatic
fat[99,100] and in some cases of fibrosis[101], resulting in a
better response to antiviral treatment.
A study car ried out on a Japanese population
demonstrated the prevention of hepatocellular carcinoma
(HCC) in individuals receiving antiviral therapy[102]. The
same effect may be found in Caucasians[103,104]. Successful
antiviral therapy also reduces the rate of hepatic
decompensation.
Overall, even if liver transplantation in end-stage
disease is not prevented by antiviral therapy, the data
suggest that recurrence of disease after transplantation is
significantly lowered if treated previously[76].

TREATMENT OF HEPATITIS C IN PATIENTS
AFTER LIVER TRANSPLANTATION
Chronic HCV infection with end-stage liver disease or
hepatocellular carcinoma due to HCV is currently the
most common indication for liver transplantation[105,106]. All
transplanted patients become reinfected with HCV[107-111]
and, combined with immune suppressive therapy to
avoid rejection of the organ, some patients develop rapid
progressive hepatitis[109,112-115]. In addition, acute rejection
seems more frequent in patients with liver transplantation
for hepatitis C[116,117].
Before transplantation, the patient should be treated
for HCV infection, if possible (see above) [96,97,118] .
Unfortunately, most patients in need of transplantation
have decompensated disease, limiting effective antiviral
therapy before transplantation [76] . Even when IFN
combined with ribavirin was previously used[119-121], after
transplantation the standard treatment should be PEGIFN and ribavirin[122-128]. Nevertheless, SVR rates posttransplantation were significantly worse compared to
www.wjgnet.com
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NEW THERAPEUTIC IDEAS FOR PATIENTS
INFECTED WITH HEPATITIS C
Since the number of non-responders or patients with
relapse is increasing, many new drugs are being tested
briefly. Meta-analysis of several controlled trials for
amantadin, for example, showed a significantly better SVR
with amantadin and IFN alpha compared to IFN alpha
monotherapy [19,20,145]. Further, a German study showed
an increase of SVR using a triple therapy of INF alpha
plus ribavirin plus amantadin compared to INF alpha plus
ribavirin plus placebo[18]. Still missing are trials with PEGINF, ribavirin and amantadin, as well as studies looking at
long-term outcomes.
Further, alternative interferon types and ribavirin
analogues, for example viramidine, which is a ribavirin
prodrug cleaved to ribavirin in the liver, were tested to
reduce side effects and were found to vary in success[146-148].
Most promising are specific inhibitors, such as specific
HCV protease and HCV polymerase inhibitors, which
were tested in experimental settings or phase 1-2 studies
currently[21,26]. In phase 1 and 2 trials, several HCV specific
protease inhibitors, such as BILN 2061, VX 950, SCH
503034, demonstrated a reduction of HCV RNA levels
from 2 to 4.4 log10 from baseline[149-153]. Due to cardiac
toxicity, further development of BILN 2061 has been
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stopped. VX 950, which is another protease inhibitor,
significantly lowers HCV-RNA levels more than 4 log10
units within the first 14 d[154]. Unfortunately, in the followup, the concentration increased again, probably due to
mutational resistance. Nevertheless, since RVR is a strong
positive predictive factor, a combination of standard
therapy together with VX 950 could increase SVR rates.
Similar results are true for SCH 503 034 with a HCVRNA drop of 2 to 3 log10 units. Also, specific polymerase
inhibitors and nucleosid analogues have been tested for
reduction of HCV RNA levels [155,156]. They result in a
reduction of HCV-RNA concentrations, but they seem
to be less effective in their antiviral activity than protease
inhibitors[157]. Studies combining polymerase inhibitors
with standard therapy are ongoing and it is most likely that
polymerase and protease inhibitors will be combined with
PEG-IFN in the future.
Additional concepts are the use of toll-like receptor
agonists and RNA-based therapy [26], as well as drugs
like thymosin- α , inosinmonophaphatedehydrogenase
inhibitors, anti oxidants, glucosidase inhibitors, cytokines,
inhibitors of the internal ribosomal entry site (IRES) and
fusion proteins. Silymarin, which in some cases resulted in
a drop of the transaminases, does not produce an effect on
HCV-RNA concentration and liver histology in the trials
presented to date. Most eagerly, many approaches involve
a search to find a vaccine to prevent HCV infection[24,25,158].
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Abstract
Idiopathic portal hypertension is one of the interesting
causes of portal hypertension. Even in very developed
medical centers, this disorder is still one of the
most important misdiagnoses of clinical practice. To
inexperienced physicians, presenting esophageal varices
and upper gastrointestinal bleeding usually prompt
an unfortunate diagnosis of cirrhosis. A heterogenous
clinical presentation and progression of this disorder
should be recognized by physicians, and management
should be directed towards some specific problems
confined to this disorder. Although a genetic basis and
other factors are implicated in its pathogenesis, exact
underlying mechanism(s) is (are) unknown. In this
review, we discuss the heterogeneity of idiopathic portal
hypertension, its etiopathogenesis, clinical presentation
and management issues. With the expectation of an
excellent prognosis, a practicing gastroenterologist
should be aware that “not all varices mean cirrhosis”.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Non-cirrhotic portal hypertension is a constellation of
liver disorders in which liver cirrhosis is not present and
the main clinicopathologic findings are encountered
in the portal venous system. Portal vein thrombosis,
www.wjgnet.com

portal vein cavernous transformation, parasitic diseases
(schistosomiasis), peliosis hepatis, nodular regenerative
hyperplasia of the liver, congenital hepatic fibrosis and
veno-occlusive liver disease constitute the major subcategories. The most confusing and complex disorder is
idiopathic portal hypertension (IPH). IPH is characterized
by non-pathognomonic pathological changes (with the
absence of cirrhosis) of the liver in addition to findings
of portal hypertension. Study groups (mostly originating
from Japan and India) have not reached a conclusion on
the nomenclature for IPH. Indian study groups prefer to
use the term non-cirrhotic portal fibrosis, while Japanese
researchers call the disorder IPH. American study groups
named the disorder as hepatoportal sclerosis[1]. Regardless
of the nomenclature used, IPH is a distinct clinical entity
with characteristic features including interesting and
complicated pathogenetic mechanisms.
In this review we will discuss the pathogenesis,
clinicopathologic findings, treatment and prognosis of this
disorder under the light of current knowledge.

PATHOGENESIS
IPH has a non-sporadic character in some parts of the
world. It is one of the most important causes of portal
hypertension and esophageal variceal bleeding. The latter
case is encountered in Indian continent. In India, IPH
causes up to 25% of all esophageal variceal bleeding[2].
Such a heterogeneous distribution is most probably due to
possible underlying etiological factors. The pathogenesis
of this disorder is still not understood and there is some
controversy about this subject.
Theories on the pathogenesis of IPH
Although there are some theories on the pathogenesis of
IPH, unfortunately none have proved to be a single factor
fully explaining the pathogenesis. These theories include
the trace element-chemical theory, autoimmunity theory,
infection theory, thrombosis theory and genetic theory.
IPH seems to be a multifactorial disease in which two
or more etiological factors may play a role.
Trace element-chemical theory
Chronic exposure to arsenic[3] or vinyl chemicals [4] has
been incriminated in the development of IPH. Exposure
to these chemical substances for a long time may result
in histological findings resembling hepatoportal sclerosis.
Although it is tempting to incriminate these chemicals as
primary etiological factors, most patients never report such
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exposure. Some drugs and pharmaceutical agents may
also result in clinicopathologic findings mimicking IPH.
Vitamin A toxicity, methotrexate and 6-mercaptopurine
may result in such a clinical picture[5].
Autoimmunity theory
Based on several reports in the literature, there is some
evidence that IPH may be related to autoimmune reactions
and immunological abnormalities. It is not known whether
this immunity connection is the primary underlying
disorder or a coincidental phenomenon. However, it is
widely accepted that autoimmune diseases (especially
connective tissue diseases) increases the prevalence of
IPH in certain patient groups. The most important IPH
associated diseases are mixed connective tissue disease (6
cases[6]), systemic sclerosis (20 cases[7]) and systemic lupus
erythematosus (16 cases[8]). In addition, a Japanese survey[9]
found that hypergammaglobulinemia is the most common
presenting autoimmune dysfunction (26% of all included
IPH patients), along with chronic thyroiditis as the most
common autoimmune disease. Although there may be a
coincidental relationship between these disorders, some
evidence supports autoimmunity having some effect over
IPH in selected patients. For example, platelet-derived
growth factor (PDGF), connective tissue growth factor
(CTGF) and other cytokines are found to play role in
the development of such disorders. These cytokines may
result in pathological changes resembling IPH [6], such
as peri-biliary fibrosis in the portal tracts and increased
myofibroblastic spindle cell activity in the portal tracts.
As previously noted by Nakanuma et al[10], the increased
expression of adhesion molecules in portal venous
endothelial lining cells may also reflect the secondary
effects of these autoimmune diseases.
Infection theory
Chronic or recurrent infections are incriminated as an
etiological factor for the development of IPH. The
insidious clinical nature of IPH supports this theory.
Chronic exposure to antigenemia of intestinal origin
may result in mild portal inflammation. When repetitive
antigenemia occurs for a long time, these successive
inflammatory reactions in portal tracts may trigger the
pathological changes to eventually result in IPH. The
cornerstone studies that first showed the importance
of portal antigenemia in the development of IPH-like
pathological changes were animal studies performed in
rabbits and dogs [11-13]. The profound high prevalence
of IPH in India is attributed to increased prevalence of
abdominal and intestinal infections[14].
Thrombosis theory
The most controversial issue in IPH is the contribution
of portal tract thrombosis in the pathogenesis of IPH.
As stated previously by Okuda[15], the Japanese Research
Committee on IPH argues against the thrombosis theory
based on the following: (1) the insidious onset of IPH,
(2) increased splenic blood flow in IPH (splenic blood
flow is expected to decrease in portal vein thrombosis),
(3) no evidence of increased thrombophilia in IPH cases,
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and (4) biopsy examinations of IPH cases [16] reveal a
very low percentage of portal vein thrombosis (2, 3%).
However, some of these points conflict. In our opinion,
the thrombosis theory must be expanded as “repetitive
micro-thrombosis theory”. We believe that in the very
early stages, clinically undetectable micro-thrombosis
in the small intrahepatic branches of the portal vein
eventually result in periportal fibrosis-like reconstruction.
The disease then becomes clinically evident when portal
hypertension develops, either as splenomegaly (related to
anemia or found incidentally) or variceal bleeding. In the
very late stages, overt portal vein thrombosis in the major
branches is observed. These suggestions are supported
by other studies (discussed later). In our own unpublished
data, the prevalence of thrombophilic factors (either
genetic or acquired) is found to be increased. In our IPH
patient population, protein C-S deficiencies were found
in 13%, the factor-Ⅱ mutation was found in 4.3%, the
factor-Ⅴ Leiden mutation in 13%, paroxysmal nocturnal
hemoglobinuria in 4.3% and systemic lupus erythematosus
in 4.3% of all IPH patients. We believe that the increased
prevalence of thrombophilic factors in this patient
population is beyond the point of coincidence.
Therefore, extrahepatic portal vein obstr uction
secondary to thrombosis is a distinct clinical entity and
should not be confused with the thrombosis theory.
Secondly, there are studies that suggest thrombosis of
the portal vein occurs during the course of IPH. In 2005,
Matsutani et al[17] showed that 2 of 22 IPH patients had
partial portal vein thrombosis at the time of IPH diagnosis,
and another 7 patients (who were free of thrombosis
at the time of IPH diagnosis) developed portal vein
thrombosis in a mean period of 10.5 years. The authors
believe that frequent follow up ultrasonography screening
may be helpful in identifying thrombosis attacks. The IPH
patients with portal vein thrombosis in this study were
found to have a significantly higher degree of decreased
liver functions, refractory ascites, hypersplenism and poor
general status. In 2002, Hillaire et al[18] investigated a group
of IPH patients for prothrombotic conditions. They
initially included 42 patients with predominant pathological
findings of IPH but excluded 11 patients with concurrent
portal vein thrombosis. Additionally, during follow up of
the final 28 patients studied, 13 of the patients developed
portal vein thrombosis and 9 of them were also positive
for an overt prothrombotic condition. The authors
concluded that in 50% of the IPH cases, a prothrombotic
disorder was found (which is similar to our patient
population) and patients with portal vein thrombosis were
given a poor prognosis, indicating advanced disease and
poor liver capacity.
T h e s e t wo s t u d i e s we r e p e r f o r m e d a f t e r t h e
comprehensive review by Nakanuma et al[10] who suggested
a staging system for IPH cases. They proposed that 4
stages are observed and identifiable in IPH. Stage-1
indicates the earliest stage of IPH where the liver is free
of apparent atrophy, and stage-4 consistes of advanced
liver atrophy together with portal vein thrombosis, which
is clinically detectable and indicates a poor prognosis. This
classification system also defines the stages of the natural
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Increased risk of thrombophilia
Genetic backgroud
Genetic risks of thrombophilia
Other unknown predisposing factors?
Acquired thrombophilic factors
Internal triggering factors
of thrombosis?
Autoimmune diseases
Subclinical infections
Repeated portal
antigenemia
Repeated portal
microthrombi

External triggering factors
of thrombosis?
Chemical toxicity
Drugs
Pica
Specific infectious
pathology? (Unknown
viral hepatitis)

Repetetive microthrombosis in the
portal venous system resulting in
periportal fibrosis

Increased hepatic fibrosis mainly
around portal tracts, increased
portal hypertension and finally
overt iph

Figure 1 Our proposed theory about etiopathogenesis of idiopathic portal
hypertension.

history of IPH. We believe that undetectable micro-portal
venule thrombosis is one of the major contributors to
the development of IPH and detectable macro-portal
vein thrombosis is an indicator of advanced IPH with
poor prognosis. This topic is very controversial and is
open for prospective follow-up studies to investigate the
contribution of thrombosis in the pathogenesis of IPH.
Additionally, there is no prospective study in the literature
that shows clinicopathologic and histologic progression of
a total thrombosis in the main portal vein or intrahepatic
portal vein branches to IPH.
Genetic theory
In the literature, there is a lack of genetic studies in IPH.
In 1987, Sarin et al [19] found the association of a high
degree of HLA-DR3 aggregation in family members
with IPH. Interestingly, in 2005 and 2006, two case
reports[20-22] associated IPH with a genetic syndrome called
“Adams-Oliver” syndrome. It is characterized by skeleton
abnormalities (i.e. limp and extremity malformations,
brachydactyly, poly and oligodactyly, hypoplastic nails,
scalp and skull defects) and congenital heart defects.
Extrahepatic portal vein thrombosis is not accepted as a
component of the syndrome. This syndrome is mostly
inherited in an autosomal dominant fashion and is related
to undefined genes that regulate vascular development.
Among these 4 cases, two of them were found to have
portal vein thrombosis along with a diagnosis of IPH.
The authors believe that this vascular genetic disorder
predisposes to thrombosis and IPH. Interestingly, the only
genetic link to IPH also seems to be dependent on the
thrombosis theory.
Single factor or multifactorial disease?
T he literature includes conf licting studies about
the etiopathogenesis of IPH, which has resulted in
controversy. We believe that this is a multifactorial disease
that includes a possible genetic background and onset may
www.wjgnet.com

Figure 2 The histological examination of the portal vein shows periportal
thickening (marked by asterisks) found in an IPH patient.

occur at any time in life. Thrombosis throughout the portal
system probably plays a key role in both the initiation
and progression of the disease. Our proposal about the
etiopathogenesis of IPH is shown in Figure 1.

PATHOLOGICAL FINDINGS IN IPH
The pathological findings in IPH are very heterogeneous
and have been studied in detail by various groups[10,18,23,24].
This heterogeneity is most probably due to changes
occurring with the progression of the disease and changes
in hepatic blood flow dynamics.
Grossly, the liver may be atrophic and/or nodular.
Liver atrophy is a later finding in the course of the disease
due to collapse of the peripheral liver architecture, along
with ischemia related hepatocyte drop-out via apoptosis. In
histological examination (Figure 2), the classical findings of
IPH can be divided into two aspects. The primary finding
directly related to IPH is intimal fibroelastic thickening
of medium and small branches of the intrahepatic
portal vein. The second aspect, resulting secondarily to
obliterated portal branches, are aberrant neo-vascular
formations, sinusoidal dilatation and hepatocellular
nodular hyperplasia. (NOTE: Neo-vascular formations are
sometimes termed “herniation of portal vein” and these
neo-vessels are thought to arise from vasa septalis or inlet
venules. These vessels play an important role in shunting
blood flow from the obliterated portal segment towards
unaffected sites).
At autopsy, there is a high degree of thrombosis in
medium to large portal branches. Indian and Japanese
authors are in agreement on this topic. In advanced cases,
liver examination at autopsy revealed this common finding
in the previously mentioned studies. Additionally, at various
anatomic segments of the portal tract, depending on the
biopsy site (e.g. wedge biopsy, needle biopsy and autopsy
findings), thrombosis in the portal venous system was also
found[10,18,25]. These findings support the staging system
suggested by Nakanuma et al[10] in which grossly evident
portal thrombosis is accepted as an advanced stage finding.
In Figure 3, splenoportography of a patient with IPH (who
was diagnosed and followed in our hospital) is shown. The
patient developed a portal vein thrombosis during follow
up. Although there are 2 major sites of thrombosis in the
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Figure 3 Splenoportography shows two
major sites of thrombosis
in portal venous system
(shown by asterisks).
Note the dilated portal
vein at hepatic hilum
despite portal vein
thrombosis.

Figure 4 The computed tomography of the same patient in figure-3. Note the
thrombosis in the portal vein (Marked by arrow).

Figure 5 Splenoportography shows patent portal vein with severe dilation and
collateral circulation. Note the small caliber of intrahepatic portal vein branches
compared to extrahepatic portal vein.

major portal veins, the portal vein at the hepatic hilum is
found to be dilated despite a severely occluded portal vein.
This finding is very suggestive of concomitant IPH (Figures
3 and 4).

CLINICAL FINDINGS IN IPH
A clinical definition of IPH is “a state of por tal
hypertension in which no liver disease is found”. Thus
IPH is usually the final diagnosis of an exclusion process.
Usually IPH patients are in good condition, have near
normal or normal liver functions (including normal
albumin levels and prothrombin time) but present with
variceal bleeding that is detected in investigations of
hypersplenism. Ascites is almost always a finding of
advanced cases in which the liver atrophies and residual
capacity is limited.
There is no known male or female preponderance of
IPH; both sexes are believed to be equally affected. There
is a slight female preponderance in some studies[23,26] and
this may be related to autoimmune disease, which is a
condition mostly observed in the female population.
Clinical presentation has been studied in two large
Indian studies. Sarin et al[14] reported that 13.5% of patients
had splenomegaly, 84.5% of patients had a history of
upper gastrointestinal bleeding, 92% of patients had
esophageal varices, and 22.3% of patients had gastric
varices. When they compared these patients with portal
vein thrombosis patients, the IPH group was found to

have larger spleens but lower prevalence of ascites, gastric
varices, history of upper gastrointestinal bleeding and
almost no jaundice. In another Indian study, Dhiman
et al[23] reported that 96.7% of patients had splenomegaly
and 64.9% of patients had a history of upper
gastrointestinal bleeding. Interestingly, the durations
of patient presentation to a medical unit after onset of
symptoms were within 12 mo (36.4%), 13-60 mo (27.2%),
61-120 mo (20.5%) and more than 120 mo (15.9%).
This is possibly a reflection of medical care problems
in a developing country. Another study by Okuda et al[26]
reported different results. In 1984, they reported 86 cases
of IPH. The main presenting symptom of these patients
were anemia related symptoms (26.2%), hematemesis
(23.7%) and splenomegaly (18.4% of all patients, mostly
detected and referred by a physician). They detected varices
in 84% of all cases. The clear difference in presentation
patterns suggests that there are two, non homogenous
IPH groups in these countries. But we believe that this
important clue has a very important and basic message:
the Indian IPH population is formed of more chronic and
advanced IPH cases than the Japanese and Western cases.
We believe this is one of the main causes of conflict in the
IPH literature.

COMPLICATIONS AND TREATMENT
The major complications of IPH can be summarized as
esophageal varices and hypersplenism. Although portal
hypertension is very evident (Figure 5), the absence of liver
dysfunction (except for very chronic and late stages of the
disease) is a protective factor against these aforementioned
complications. Ascites, hepatic encephalopathy, abnormal
liver function tests and jaundice are rarely observed and
all of these findings are transient if occurring at all.
Interestingly, in contrast to this judgment, the studies from
India state that 70% of IPH patients present with a history
of major variceal bleeding[27]. This might not be confusing
because, as previously stated, the Indian patient population
harbors chronologically older IPH disease and patients
present in later stages.
Esophageal varices
The esophageal varices (EV) that form during the course
www.wjgnet.com
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of IPH have some distinctive features. The walls of
these variceal veins are relatively thicker than the varices
observed in cirrhosis. They rarely harbor “red-spots”
that herald a variceal bleeding. They are simply dilated
veins that rarely complicate, and are relatively easy to treat
compared to cirrhosis. Varices with varying degrees are
found in almost all of the patients with IPH. In some
surveys, the EV is reported to be found in 90% of the
IPH patients[2].
One of the important issues in management of EV in
IPH is the mode of treatment. The portal hypertension
that occurs in IPH is not accompanied by liver synthetic
dysfunction. The mechanisms that play a major role in
cirrhotic patients are not observed in IPH due to a liver
that remains functioning. The hyper-dynamic mesenteric
circulation and imbalance in vasoactive mediators are
not observed in IPH. Therefore, conventional medical
treatment regimens, such as beta-blockers and nitrates,
can be accepted as ineffective due to the lack of these
mentioned changes. This is supported by a recent study by
Sarin et al[28] in which medical treatment was found to be
inferior to endoscopic variceal ligation (EVL) in patients
with IPH in reducing the rebleeding rate. One of the major
disadvantages of this report is the low number of patients
studied. Another uncontrolled study from India found that
variceal sclerotherapy reduces the monthly rebleeding rate
14-fold[27].
Another management problem is the development
of portal hypertensive gastropathy and gastric varices.
Although these two conditions are rarely observed in
IPH cases, EVL may have serious adverse effects in that
EVL may induce their formation. Once formed, gastric
varices should be treated by intravariceal glue-injection
therapy, which is an effective modality of eradication.
Portal gastropathy in IPH cases are usually transient. The
formation of new spontaneous shunts after a successful
eradication prog ram is an expected finding and is
protective against varices formation.
Hypersplenism
Levels of all blood elements begin to decrease as the
condition worsens and severe hypersplenism is now
considered as one of the most important indications
for splenectomy in this g roup of patients. In our
personal experience, it may be good practice to select
patients according to their co-morbid conditions, degree
of hypersplenism and the condition of varices. Also
splenectomy has been found to be more complicated in
patients with massive splenomegaly, and these patients
must be followed carefully after this surgery.

PROGNOSIS
The overall prognosis for IPH is almost always excellent.
This is mostly related to and dependent on preserved
liver synthetic functions. The most important factor is
the follow up of EV and management of EV by EVL or
sclerotherapy. One important follow-up study from Japan
reported very important findings about the prognosis of
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these patients[29]. Thirty per cent of all deaths were due
to esophageal bleeding while 25% were due to hepatic
insufficiency. The major adverse prognostic factor were sex
and age of onset. Male patients showed a shorter life-span
than females, and the patients who had onset of disease
before 40 years of age showed poorer prognoses. These
data (despite the small size of the study) suggest that early
onset of disease results in earlier completion of the natural
course. The disease resembles a cascade in which liver
atrophy is the main rate-limiting step in the course of IPH.
The overall prognosis can be placed between the normal
population and cirrhotic patients.

CONCLUSION
IPH is a heterogenous disorder with varying clinical
pictures, including asymptomatic splenomegaly and
recurrent variceal bleeding. Its etiology is still unknown,
but some evidence and epidemiological studies suggest
that it is a multifactorial disease with a genetic basis.
Current knowledge indicates that some triggers are intraabdominal infections, autoimmune processes, and chemical
toxicity. Although the prognosis is excellent, careful follow
up and management of patients, with extra attention to
treatment esophageal varices, is required. Further studies
are needed in order to clarify the issues of etiology and
possible genetic background.
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Abstract
Our goal is to provide a detailed review of venoocclusive disease (VOD), Budd-Chiari syndrome (BCS),
and congestive hepatopathy (CH), all of which results
in hepatic venous outflow obstruction. This is the first
article in which all three syndromes have been reviewed,
enabling the reader to compare the characteristics of
these disorders. The histological findings in VOD, BCS,
and CH are almost identical: sinusoidal congestion and
cell necrosis mostly in perivenular areas of hepatic acini
which eventually leads to bridging fibrosis between
adjacent central veins. Tender hepatomegaly with
jaundice and ascites is common to all three conditions.
However, the clinical presentation depends mostly
on the extent and rapidity of the outflow obstruction.
Although the etiology and treatment are completely
different in VOD, BCS, and CH; the similarities in clinical
manifestations and liver histology may suggest a
common mechanism of hepatic injury and adaptation in
response to increased sinusoidal pressure.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although the liver makes up < 3% of the total body
www.wjgnet.com

weight, it receives one-quarter of the total cardiac output
through the hepatic artery and portal vein [1]. Blood is
drained from the hepatic acini via central veins into
sublobular veins and then into the right, left, and middle
hepatic veins, the inferior vena cava and the right atrium[2].
An obstruction to the blood flow out of the liver can
result in a spectrum of clinical abnormalities ranging
from acute hepatic failure to passive hepatic congestion,
depending on the acuity and level of obstruction.
Hepatic venous outflow obstruction (HVOO) can
be divided into three categories according to the level of
obstruction: (1) Veno-occlusive disease (VOD): at the
level of sinusoids and terminal venules, (2) Budd-Chiari
syndrome (BCS): from hepatic veins to the superior end
of inferior vena cava, and (3) Venous obstruction at the
level of heart referred to as congestive hepatopathy (CH)
(Figure 1).
The etiolog y of VOD, BCS, and CH are entirely
different (Table 1). It should be noted that VOD develops
within three weeks of an acute insult to the sinusoidal
endothelial cells while BCS and CH may develop
within a few days or may take several years of venous
thrombosis and heart failure, respectively. The variations
in the ‘acuteness’ of venous obstruction leads to subtle
differences in the clinical presentations of VOD, BCS, and
CH. Although patients with HVOO generally present with
abdominal pain due to hepatomegaly, and jaundice and
ascites due to portal hypertension; chronic BCS patients
may first present with cirrhosis and its complications.
BCS patients with inferior vena cava obstruction may also
have leg edema and venous collaterals over the trunk.
Additionally, signs and symptoms of heart failure such as
jugular venous distention, leg edema, and dyspnea may
be seen in patients with CH. Nonetheless, the histological
findings in all three syndromes are almost identical and
include sinusoidal congestion and hepatocyte necrosis
predominating in perivenular areas of hepatic acini which
eventually leads to bridging fibrosis between adjacent
central veins (Table 1)[1,3,4].
The laboratory findings in VOD, BCS, and CH are
also very similar. Hyperbilirubinemia is universal in
HVOO except in patients with constrictive pericarditis[5],
and is believed to be due to hepatocellular dysfunction,
hemolysis, and biliary canalicular obstruction secondary
to distended hepatic veins [6]. Serum aminotransferase
levels may be mildly elevated except in fulminant BCS
and CH with severe cardiac output impairment causing
hepatic ischemia when the levels may exceed 1000 U/L.
Alkaline phosphatase levels may also be mildly elevated.
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Table 1 Definition, etiology and histology of VOD, BCS, and CH
VOD
Site of venous obstruction Hepatic sinusoids and terminal venules

BCS
From hepatic veins to the superior end
of IVC
Sinusoidal endothelial injury due to HSCT, Hepatic vein thrombosis, IVC webs,
chemotherapy, abdominal radiotherapy, compression of hepatic veins or IVC by
and pyrrolizidine alkaloids
tumor, cyst, or abscess

Etiology

Histology

Changes predominantly in perivenular
areas
Gaps in SEC barrier leading to
subendothelial edema
Narrowing of central veins and
sinusoids with sinusoidal congestion and
hepatocellular necrosis

CH
Heart

Increased right atrial pressure due to
CHF (CAD, cardiomyopathies, valve
abnormalities), cor pulmonale (COPD, ILD,
pulmonary HTN), and pericardial disease
(constrictive pericarditis, pericardial
tamponade)
Predominantly in perivenular areas
Predominantly in perivenular areas
except in presence of concomitant PVT. Sinusoidal congestion and hepatocellular
necrosis
Bridging fibrosis between central veins
Sinusoidal congestion followed by
leading to cardiac fibrosis in chronic cases
ischemic cell necrosis and bridging
fibrosis between central veins
Caudate lobe hypertrophy, with
fibrosis and atrophy in the rest of liver

Collagen accumulation in sinusoids and
veins leading to bridging fibrosis between
central veins
VOD: Veno-occlusive disease, BCS: Budd-Chiari Syndrome, CH: Congestive hepatopathy, IVC: Inferior vena cava, HSCT: Hematopoietic stem cell
transplantation, CHF: Congestive heart failure, CAD: Coronary artery disease, COPD: Chronic obstructive pulmonary disease, ILD: Interstitial lung disease, SEC:
Sinusoidal endothelial cell, PVT: Portal vein thrombosis.

Congestive Hepatopathy
Increased right atrial pressure
Congestive heart failure
Cor pulmonale
Pericardial disease

Budd-Chiari syndrome
From hepatic veins to right atrium
Hepatic vein thrombosis
Inferior vena caval webs

Veno-occlusive disease
Obstruction in sinusoids and central veins

Figure 1 Site of venous obstruction in veno-occlusive disease, Budd-Chiari
syndrome, and congestive hepatopathy.

New markers for diagnosis of VOD such as plasminogen
activator inhibitor-1 are under investigation.
The gold standard for the diagnosis of VOD is liver
biopsy. However, because of the risks of liver biopsy
in thrombocytopenic patients, the diagnosis is primarily
based on clinical criteria. CH is usually diagnosed by
routine laboratory tests in patients with symptomatic heart
failure. However, physicians may miss the diagnosis of CH
in patients with constrictive pericarditis who do not have
overt symptoms. Echocardiogram and invasive cardiac
hemodynamic evaluation may be necessary in patients
with a strong suspicion of CH. Diagnosis of BCS, unlike
VOD and CH, is greatly dependant on radiological studies,
although a careful history and physical examination is
crucial in order not to overlook this protean syndrome.
Doppler sonogram followed by venogram are the first line
tests in patients with suspected BCS (Table 2).
The treatment and prognosis of VOD, BCS, and CH
are summarized in Table 2. It should be noted that despite

new promising therapies, prevention is still the mainstay
of VOD management because of its high mortality and
the limited efficacy of current therapeutic modalities.
Treatment of BCS depends on the site and extent of the
obstruction, and varies from sole anticoagulation to TIPS
and liver transplantation. Treatment of the underlying
heart disease is the basis of the management of CH.
Following are the detailed reviews of VOD, BCS, and
CH.

Hepatic Veno-occlusive Disease
(Sinusoidal Obstruction Syndrome)
Hepatic VOD is characterized by tender hepatomegaly,
fluid retention, weight gain, and jaundice. This condition is
seen typically after hematopoietic stem cell transplantation
(HSCT) [7] , high dose abdominal radiation therapy [8] ,
use of certain chemotherapeutic agents[9], ingestion of
pyrrolizidine alkaloids [10,11], and liver transplantation[12].
In 1954, Bras et al [13] first described veno-occlusive
disease in Jamaican children who developed occlusion
of the tributaries of the hepatic vein with subsequent
centrilobular or non-portal fibrosis, associated with
poisoning with Senecio type alkaloids. The term, sinusoidal
obstruction syndrome was introduced in 2002 by deLeve et
al[14] to replace VOD based on their studies identifying the
primary site of injury as the sinusoidal endothelial cells,
which results in fibrosis and obstruction of hepatic venous
outflow. VOD after HSCT will be the focus of our review
since it is the most common and studied form of VOD.
Clinical presentation
The reported incidence of VOD after HSCT varies
greatly from 5% to 50% largely due to differences in the
chemotherapeutic conditioning regimens[15]. Most patients
develop signs and symptoms of VOD within the first three
www.wjgnet.com
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Table 2 Radiological findings, treatment, and prognosis in VOD, BCS, and CH

Radiological findings

Treatment

Prognosis

VOD
Ultrasonography to rule out other liver
disorders

BCS
Doppler: Abnormal flow in a hepatic
vein; large intrahepatic collateral vessels; e
nlarged, stenotic, or tortuous hepatic veins
Doppler may show reverse blood flow in the MRI: Large intrahepatic comma shaped c
portal vein
ollaterals. Hepatic venography: Spider web
venous network pattern

(1) Prevention: UDCA, heparin, LMWH, and
defibrotide
(2) Treatment: Symptomatic care, defibrotide,
tPA, AT-Ⅲ concentrate
(3)TIPS and liver transplantation in selected
cases
Mortality rate between 9% to 98% depending
on the severity

CH
Dilatation of all three hepatic veins on
sonogram

ECHO: Increased pulmonary artery
pressure, dilatation of right side
of heart, TR, abnormal diastolic
ventricular filling due to pericardial
disease
(1) Prevention of thrombus extension:
Treatment of the underlying heart
Anticoagulation with heparin and warfarin
disease
(2) Restoration of blood flow: Thrombolytic Pericardiectomy in constrictive
therapy, percutaneous, angioplasty, TIPS, or pericarditis
shunt surgery
(3) Liver transplantation
Five-year survival rate 42% to 89% in
hepatic vein thrombosis and 25% in IVC
obstruction

Liver disease rarely contributes to
mortality in these patients

MRI: Magnetic resonance imaging, TR: Tricuspid regurgitation, ECHO: Transthoracic echocardiogram UDCA: Ursodeoxycholic acid, LMWH: Low-molecular
weight heparin, tPA: Tissue plasminogen activator, AT-Ⅲ: Anti-thrombin Ⅲ, TIPS: Transjugular intrahepatic portosystemic shunt.

weeks after HSCT. The initial signs are sudden weight
gain and development of hepatomegaly[16]. Weight gain is
believed to be due to renal retention of water and sodium.
Hyperbilirubinemia is seen after a few days, sometimes
followed by increase in serum transaminase and alkaline
phosphatase levels. The first symptom and generally the
only one reported by patients with VOD is right upper
quadrant pain, likely due to acute congestion of liver[17].
Physical exam reveals tender hepatomegaly and ascites in
83% and 39% patients with histologically proven VOD
respectively[18].
Patients with VOD generally require more platelet
transfusions than patients without liver disease[19]. This
might be because of ongoing thrombotic process in the
liver sinusoids or increased splenic sequestration due to
portal hypertension[17]. Patients with VOD may develop
renal failure as a result of hepatorenal syndrome. The
prevalence of renal, cardiac, and pulmonary failure was
noted to be higher in patients with VOD than in those
without VOD in a report of 355 patients who underwent
HSCT[16]. Coagulation factor deficiencies and prolonged
prothrombin time can be encountered as the hepatic
function declines.
The overall mortality is reported to be between 3% and
67%[20,21]. The severity of VOD can be classified as mild
(requiring no treatment and with complete resolution),
moderate (requiring treatment with diuretics and pain
medications and with complete resolution), and severe
(requiring treatment and no resolution before death or by
transplant d 100). In one large series, the mortality rate was
reported to be 98%, 23%, and 9% in patients with severe,
moderate, and mild VOD, respectively[16]. Patients with
severe VOD differed from those with mild or moderate
VOD in the amount of weight gained, increment speed
of total serum bilirubin level, and frequency of edema
and ascites. One drawback of this classification is that
it can be used only for research purposes because of its
retrospective assessment. Therefore, in 1994 Bearman
www.wjgnet.com

et al[22] formulated a mathematical model to predict the
severity of VOD based on alterations in weight and serum
bilirubin level.
Risk factors
Several pretransplant and transplant-associated risk factors
have been identified in different studies.
One of the most important independent risk factors
of VOD is the presence of liver injury prior to HSCT.
In a cohort of 1652 patients, the relative risk of VOD
in the presence of pre-transplant elevated AST levels
and prior radiotherapy to the abdomen were 2.4 and
2.9, respectively[15]. In addition, the presence of hepatic
metastases of solid tumors was associated with an
increased risk of VOD[21]. Although hepatitis C virus (HCV)
infection was reported to increase the risk of VOD in one
study[23], in another study on 355 patients the risk for VOD
was found not to be increased unless the pretransplant
AST levels were elevated[24].
Advanced age[25] and previous HSCT may be associated
with higher incidence of VOD[16,17]. Additionally, Factor
V Leiden and prothrombin G20210A mutation may be
associated with VOD[26,27].
Medications used before, during or after HSCT may
increase the risk of VOD. Prior therapy with gemtuzumab
ozogamicin, a calicheamicin-conjugated monoclonal CD33
antibody used in the treatment of acute myelogenous
leukemia, significantly increases the risk of VOD,
regardless of the dose and serum AST levels[28]. The use of
vancomycin or acyclovir in the pre-transplant period has
been associated with the development of VOD. However,
it is unclear whether the increased risk of VOD is due to
antibiotics or the underlying infections that necessitated
their use. Additionally, women who received norethisterone
to prevent menstruation during HSCT have been found to
have an increased incidence of VOD[29,30].
One of the most important risk factors for the
development of VOD is the type and dose of the
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Table 3 Diagnostic criteria for veno-occlusive disease

Table 4 Differential diagnosis of veno-occlusive disease

Seattle criteria
Development of at least 2 of the following 3 clinical features before d 30
after transplantation
Jaundice
Hepatomegaly with right upper quadrant pain
Ascites and/or unexplained weight gain
Baltimore criteria
Development of hyperbilirubinemia with serum bilirubin > 2 mg/dL
within 21 d after transplantation and at least 2 of the following clinical
signs and symptoms
Hepatomegaly, which may be painful
Weight gain > 5% from baseline
Ascites

Cholangitis lenta (sepsis-related cholangitis)
Drug/parenteral nutrition induced hepatotoxicity/cholestasis
Acute graft-versus-host disease
Fungal infection
Viral hepatitis
Congestive heart failure

conditioning regimens of HSCT. The incidence of VOD
was found to be 3 times higher in patients who received
cyclophosphamide in combination with busulfan or total
body irradiation (TBI) (> 12 Gy) or carmustine and
etoposide[15]. The mechanism is thought to involve acrolein,
the inactive toxic metabolite of cyclophosphamide [31]
which is detoxified by conjugation with glutathione [32].
Hepatic glutathione reserve is decreased by busulfan,
carmustine and TBI, thus explaining the increased risk of
VOD by these drug combinations.
It is widely believed that the incidence of VOD is
higher after allogeneic stem cell transplantation than
after autologous stem cell transplantation. However,
some studies have failed to show any difference [16,33].
Furthermore, the differences seen in other studies[15] may
be due to higher intensity conditioning regimens used in
allogeneic transplantation. Additionally, patients receiving
stem cells from unrelated or mismatched donors have
higher risk of developing VOD[16].
Diagnosis
The gold standard for the diagnosis of VOD is liver
histology. However, because of the risks of liver biopsy in
thrombocytopenic patients, diagnosis is primarily based on
clinical findings. The Seattle and Baltimore clinical criteria
(Table 3) are generally used for the diagnosis of VOD[33,34].
Carreras et al[18] reported that the diagnosis of VOD could
be confirmed histologically in 41%, 91%, and 91% of
patients satisfying two and three features of Seattle criteria,
and Baltimore criteria, respectively. Sensitivity of latter two
was 56%.
Liver specimens for histological examination can
be obtained through percutaneous, laparoscopic, and
transvenous (transjugular or femoral) biopsies. The latter
method has the advantage of lower risk of bleeding
and the opportunity to measure wedge hepatic venous
pressures at the same time. Although transvenous
liver biopsy specimens tend to be small, with modern
techniques and equipment a representative sample can be
obtained[35]. Transfemoral approach often results in crush
artifact in the tissues obtained so that the transjugular
method is generally preferred. It should be noted that
the histological abnormalities may be patchy, especially
in the early stages and could lead to false negative biopsy
results. In one series, 2 of the 29 patients (7%) died due to
intraperitoneal bleeding after transvenous liver biopsies[35]

whereas Carreras et al[18,36] reported no procedure-related
deaths in two series of 71 and 30 patients. Hepatic venous
pressure gradient of > 10 mmHg was reported to have >
80 % sensitivity and specificity in these series.
Ultrasonography is useful in excluding other disorders
that mimic VOD. Yoshimoto et al [37] sug gested that
detection of reverse blood flow in a segment of portal vein
by color-Doppler sonogram is useful for early diagnosis of
VOD.
Plasma plasminogen activator inhibitor-1 (PAI-1) level
above 100 ng/mL was found to be 100% sensitive and
specific for VOD in a series of 31 posttransplant patients
with bilirubin levels > 3 mg/dL[38]. Additionally, serum
N-terminal peptide of type Ⅲ procollagen and hyaluronic
acid levels may also have a diagnostic role[39,40].
A variety of clinical conditions can mimic VOD
(Table 4) and it is difficult to differentiate these from
VOD in the early stages. The main causes of intrahepatic
cholestasis after HSCT are acute graft-versus-host disease
(GVHD), cholangitis lenta (sepsis related cholestasis),
cyclosporine-induced cholestasis, and VOD. Compared
to VOD, GVHD generally develops at a later stage after
the appearance of intestinal and cutaneous manifestations
and moreover does not cause hepatomegaly or ascites.
Although hyperbilirubinemia and increased alkaline
phosphatase levels can be seen in sepsis, other features of
VOD are rare[17,41,42].
Histology and pathophysiology
DeLeve et al[43] reported that the initial histological change
in murine models of VOD was the loss of sinusoidal
endothelial cell (SEC) fenestrae and appearance of gaps
in SEC barrier. Other early histological findings were
narrowing of the sublobular and central veins due to
subendothelial edema, likely secondary to disruption
of SEC barrier and congestion of hepatic sinusoids
surrounded by pale necrotic hepatocytes[3]. Fragmented
red blood cells, fibrinogen, and Factor Ⅷ/von Willebrand
factor can be demonstrated in the subendothelial space
of central veins and perivenular zones of hepatic acini[44].
In the later stages, sinusoidal and venous lumen become
obliterated by typeⅠ, Ⅲ, and Ⅳ collagen accompanied by
an increase in the stellate cells that line the sinusoids[44,45]
(Figure 2). In some cases, fibrous bridges between central
venules were observed[14].
One hypothesis for the pathog enesis of VOD
is depletion of liver glutathione reserve resulting in
diminished ability to detoxify acrolein, an inactive but
hepatotoxic metabolite of cyclophosphamide. SECs are
especially prone to toxic effects of acrolein because of
their lower glutathione level compared to hepatocytes[31,46].
www.wjgnet.com
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Figure 2 Histological examination demonstrates partial central vein occlusion in a
patient with veno-occlusive disease.

Most of the drug metabolism in liver occurs in zone 3
hepatocytes which are rich in p-450 enzymes, explaining
why the initial morphological changes are seen in SECs
in zone 3. Several findings support this hypothesis.
Continuous infusion of glutathione into the portal vein
prevents VOD in murine models that were injected
with monocrotaline to induce VOD [47] . Additionally,
polymorphisms of glutathione S-transferase M1 gene were
associated with increased risk of VOD in thalassemic
patients undergoing HSCT [48] . Glutathione may also
suppress expression of matrix metalloproteinase-9 that
was shown to increase in VOD and whose inhibition
completely prevents VOD in murine models[14].
Presence of fibrinogen, Factor Ⅷ/von Willebrand
factor in the subendothelial space and the finding of low
plasma levels of Protein C and antithrombin Ⅲ suggest
involvement of the coagulation system in the pathogenesis
of VOD[49]. However, it is unclear if coagulation plays
a primar y role or is a secondar y event. Finally, an
immunologic mechanism may have a pathogenetic a role
in VOD. Increased risk of VOD in mismatched and
unrelated transplants, and decreased risk in T-cell depleted
HSCT supports this hypothesis[42,50].
Prevention
In the absence of an established effective therapy,
prevention of VOD is a priority. Non-myeloablative
conditioning regimens may be used in eligible patients
with a high risk of VOD. In patients who require
myeloablation, several measures that may protect against
the development of VOD have been recommended.
These include: administering busulfan intravenously and
adjusting its dose, increasing the interval between cytotoxic
drugs and TBI, reducing the total dose and dose-rate of
TBI, shielding the liver during TBI, fractionating TBI and
carmustine dose, and administering busulfan after the
other agents have been given[42].
Administration of ursodeoxycholic acid (UDCA)
prior and during the HSCT has been shown to decrease
the incidence of VOD in two randomized, prospective,
placebo-controlled studies[51,52]. However, two more recent
studies showed no decrease in the incidence of VOD in
UDCA-treated patients, although one of them reported
lower incidence of grade Ⅲ and Ⅳ acute graft-versus-host
www.wjgnet.com
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disease. UDCA is well tolerated, and therefore is used in
many transplantation centers for prophylaxis.
Low-dose continuous infusion of heparin is associated
with decreased incidence of VOD in a few trials [53,54].
However, other studies have failed to show any beneficial
effect[15,29,55]; additionally heparin may increase the risk of
bleeding. Low-molecular weight heparin is safer and easier
to administer, and may have a preventive role in VOD[56,57],
and moreover may accelerate platelet engraftment [58].
However, well designed, randomized controlled studies are
needed to confirm its efficacy.
Other agents that have been used in the prevention
of VOD with varying results are: glutamine infusion,
prostaglandin-E1, and pentoxyfilline [59-63]. Defibrotide,
is another promising agent found to be effective in the
prevention of VOD[64,65].
Treatment
In most patients the only treatment needed is the use of
diuretics and sodium restriction for the management of
water and sodium balance. Repeated paracenteses may
be required if ascites causes abdominal discomfort or
pulmonary compromise. Renal perfusion and intravascular
volume should be maintained while avoiding extravascular
fluid accumulation [42] . Hepatotoxic drugs should be
avoided and infections should be identified and treated
promptly. Further treatment approaches vary greatly in
different institutions, both in the choice of intervention
and choice of patients to be treated.
A modest response to recombinant human tissue
plasminogen activator ( γ-tPA) and continuous heparin
infusion has been repor ted in several studies [66,67] .
However, thrombolytic therapy is limited by its high
risk of fatal bleeding[68,69]. In a series of 42 patients, 12
patients responded to γ-TPA and heparin while 10 patients
experienced severe bleeding, at least three of which were
fatal[70].
A d m i n i s t r a t i o n o f a n t i - t h r o m b i n Ⅲ ( AT- Ⅲ )
concentrate might decrease the mortality in patients
with severe VOD, without any associated serious side
effects[71,72]. In one report of 10 patients with severe VOD,
clinical improvement was seen in all patients after 5 d of
AT-Ⅲ infusion[73].
There are several reports suggesting a beneficial
effect of prostaglandin E1 administration combined with
heparin infusion in severe VOD [74-76]. However severe
adverse effects limits its routine use. There are anecdotal
reports on the successful use of charcoal hemofiltration[77],
N-acetylcysteine[78] and glutamine/vitamin E[79,80].
Defibrotide, the most promising dr ug currently
available for the treatment of VOD, is a single-stranded
polydeoxyribonucleotide with anti-ischemic, anti-thrombotic
and thrombolytic properties. It lacks systemic anticoagulant
activity, an advantage in severely thrombocytopenic
patients after HSCT[81]. Its mechanism of action is poorly
understood but likely involves adenosine receptors [82].
Richardson et al[83] reported that 32 (36%) of 88 patients
with VOD with a predicted risk of ≥ 30% of developing
severe disease had a complete response to defibrotide
treatment. Thirty-one of the 32 patients survived beyond
100 d. Adverse effects were limited to nausea, transient
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Table 5 Causes of the Budd-Chiari Syndrome
Common causes
Hypercoagulable states
Inherited thrombophilic disorders
Antithrombin Ⅲ deficiency
Protein C deficiency
Protein S deficiency
Factor Ⅴ Leiden mutation
Prothrombin gene mutation
Acquired procoagulative disorders
Myeloproliferative disorders (overt and occult)
Paroxysmal nocturnal hemoglobinuria
Antiphospholipid syndrome
Cancer
Pregnancy
Use of oral contraceptives
Uncommon causes
Tumoral invasion
Hepatocellular carcinoma
Renal cell carcinoma
Adrenal carcinoma
Miscellaneous
Aspergillosis
Behcet’s syndrome
Inferior vena caval webs
Trauma
Inflammatory bowel syndrome
Dacarbazine therapy
Idiopathic

systolic hypotension, fever, abdominal cramping, and
vasomotor symptoms such as hot flushes. In another
clinical trial of defibrotide, complete response was
achieved in 22 (55%) of 40 VOD patients[84].
I s o l a t e d c a s e r e p o r t s h ave s h ow n b e n e f i t o f
transjugular intrahepatic portosystemic shunt (TIPS) in
patients with VOD[85-87]. Although it can control portal
hypertension, it is not clear whether TIPS can alter the
course of the disease. Orthotopic liver transplantation
has been attempted successfully in a few cases, however
few institutions are capable of performing it on patients
undergoing HSCT[88-90].

BUDD-CHIARI SYNDROME
Budd-Chiari Syndrome (BCS) is an uncommon but
potentially life-threatening disorder caused by obstruction
of the hepatic venous outflow at any level from the small
hepatic veins to the junction of the inferior vena cava (IVC)
with the right atrium[91].
Etiology
BCS can be classified as primar y (due to intrinsic
intraluminal thrombosis or webs) or secondary (due to
intraluminal invasion by a parasite or malignant tumor
or due to extraluminal compression by an abscess, cyst,
or solid tumor) [92] . Intravascular thrombosis, mostly
seen in primary myeloproliferative disorders, is the
most common mechanism leading to the obstruction
of the hepatic venous system. At least one hereditary or
acquired procoagulative disorder can be identified in 75%
of patients with BCS (Table 5)[93]. Polycythemia vera is
found in between 10%-40% of patients, whereas essential
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Figure 3 Histological
examination shows
sinusoidal dilatation and
congestion.

thrombocythemia and myelofibrosis are less prevalent
causes [94,95]. Of note, hepatic vein thrombosis occurs
in up to 12% of patients with paroxysmal nocturnal
hemoglobinuria and is the leading cause of mortality in
this disorder[96,97]. As many as 30% of all cases of BCS are
found to have factor Ⅴ Leiden mutation which is present
in the majority of pregnancy- or oral contraceptive-related
cases of hepatic vein thrombosis[98,99]. Protein C, Protein S
and antithrombin levels may be decreased nonspecifically
due to impaired hepatic synthesis in patients with BCS,
but levels below 20% of nor mal sug gest inherited
deficiency of these proteins[100]. Patients with BCS, as well
as their relatives, should be counseled and investigated for
hereditary thrombophilias.
Although less common in western countries, primary
membranous obstruction of the inferior vena cava (IVC) is
the most common cause of BCS in South Africa and Asia,
and is thought to be a consequence of IVC thrombosis[101].
For unknown reasons, 45-50% patients with known
membranous occlusion ultimately develop hepatocellular
carcinoma (HCC), even in the absence of cirrhosis[102].
On the other hand, HCC has not been reported to be a
complication of hepatic vein thrombosis, except in Behcet’
s disease-associated BCS[103].
In about 10% of patients with BCS, an underlying
etiology cannot be identified [95]. Recently, endothelial
dysfunction and decreased fibrinolytic activity have
been suggested as contributing factors in patients with
idiopathic BCS[104].
Pathology
The parenchymal hepatic damage and the histologic
abnormalities are variable, depending on the acuity and
extent of hepatic venous outflow obstruction. Rapid
occlusion of all 3 hepatic veins or 2 veins including the
right hepatic vein leads to diffuse hepatic congestion and
enlargement. The result is ischemic necrosis followed by
fibrosis, predominantly in the perivenular areas (Figure
3). However, in patients with concomitant portal vein
thrombosis, fibrosis prevails in the periportal zone[6,105]. In
chronic disease, direct blood flow from the caudate lobe
to the IVC compensates for hepatic outflow obstruction.
Over time, the caudate lobe becomes hypertrophic while
cirrhosis and atrophy develops in the rest of the liver[106,107].
Compensatory nodular regenerative hyperplasia is
common in areas of hepatic parenchyma that have an
adequate blood supply, with progression to fibrosis and
www.wjgnet.com
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cirrhosis at a later stage of the disease[6,108]. Also, in the
advanced stages, it is common to see areas of infarction
secondary to concomitant thrombosis of the intrahepatic
and extrahepatic portal veins[109].
Clinical features
There is a wide clinical spectrum, ranging from a fulminant
picture to an asymptomatic condition, depending on the
location, extent, and rapidity of the obstructive process
and on whether the portal vein is thrombosed or not.
Obstruction of a single main hepatic vein is clinically
silent[110], whereas sudden occlusion of all major hepatic
veins may result in fulminant hepatic failure.
BCS is more common in women, and usually presents
in the third or fourth decade of life[111]. The most common
signs and symptoms are ascites, hepatomegaly, and
abdominal pain. In a series of 237 patients, obstruction
was found in hepatic veins, IVC or both in 62%, 7%, and
31% patients respectively[112].
For descriptive purposes only, the syndrome can be
classified as asymptomatic, fulminant, acute, subacute,
or chronic[113]. However, it should be stressed that the
correlation between clinical history and the duration
of the occlusive process is weak and this classification’s
prognostic significance is not clear[114].
Patients with the asymptomatic variant are usually
discovered on investigation of abnormal liver function
tests. These patients constitute between 5%-20% of BCS
cases[112,113]. Absence of ascites and abdominal pain may be
attributed to large intrahepatic and portosystemic venous
collaterals or patency of one large hepatic vein[93].
Patients with acute BCS develop severe RUQ
abdominal pain, hepatomegaly, jaundice, and intractable
ascites within a few weeks. The acute form is observed in
20% of BCS patients[113]. Serum aminotransferase levels
are elevated due to ischemic hepatocellular damage. Serum
alkaline phosphatase level is elevated, usually between 300
and 400 IU/L. Liver functions can deteriorate quickly
leading to fulminant hepatic failure.
Fortunately, the fulminant form is uncommon and
typically follows rapid and complete occlusion of all
major hepatic veins. Patients rapidly develop hepatic
encephalopathy, renal failure and coagulopathy. Serum
aminotransferase levels are markedly elevated. Unlike the
findings in fulminant viral hepatitis, the liver is enlarged
and tender[93].
The subacute form has a more insidious presentation,
spread over several months. Patients may have minimal
ascites, splenomegaly, hepatomegaly, and vague RUQ
discomfort. Jaundice is either absent or mild.
The chronic form is seen in 60% of patients with BCS.
Patients have signs or symptoms for more than six months
and generally present with complications of cirrhosis
including variceal bleeding, encephalopathy, coagulopathy,
and hepatorenal syndrome. Additionally, hepatopulmonary
syndrome has been described in up to 28% patients[115].
Renal impairment is present in one-half of the cases[93].
There is currently no consensus on the association of
disease severity with disease duration. Furthermore, the
duration of symptoms do not correlate with the degree
of histologic damage to the liver. It has been observed
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that 58% of patients with an acute clinical onset may have
marked liver fibrosis, suggesting a long preclinical course.
These findings can be explained by the development of
recent thrombosis superimposed on previous lesions[110,116].
IVC compression or thrombosis generally presents
with less severe symptoms compared with hepatic vein
thrombosis and is characterized by leg edema or venous
collaterals over the trunk in addition to hepatomegaly,
ascites, and abdominal pain. The clinical course is chronic,
with repeated acute episodes eventually leading to
congestive cirrhosis[117,118].
Portal venous system is usually affected in patients with
BCS because: 1) increased sinusoidal pressure decreases
flow through the portal system, 2) hypertrophied caudate
lobe may compress the main portal branches and the
intrahepatic portal venules. These changes can result in
stasis and vulnerability to thrombosis in the portal vein,
further depleting liver perfusion [119]. However, in our
experience the clinical picture in patients with both hepatic
and portal vein thrombosis is better compared to that in
patients with hepatic vein thrombosis only. This may be
due to decreased blood flow to liver resulting in reduced
hepatic congestion.
Prognosis and survival
The natural history of BCS is poorly understood, mainly
because most patients receive some form of treatment.
The spectrum of clinical outcome ranges from progressive
deterioration of the general condition to a few reports of
spontaneous regression of the acute manifestations[120].
After the institution of anticoagulation therapy and early
recognition of asymptomatic cases, mortality rates have
decreased over time [113] . In a cohort of 120 patients,
survival rates of 77%, 65% and 57% were found at 1, 5
and 10 years, respectively[121]. Murad et al[112] developed a
model predicting survival in BCS, classifying patients into
three categories with statistically different 5-year survival
rates of 89%, 74%, and 42% based on the presence of
ascites, encephalopathy, and prothrombin time and serum
bilirubin levels.
Histologic abnormalities of the liver were not found
to determine the prognosis[112,121,122] except in one study
in which advanced fibrosis was associated with increased
mortality [123]. One reason for this discrepancy can be
explained by biopsy specimens being not representative of
the whole liver due to uneven distribution of the hepatic
lesions.
IVC obstruction has a good short term prognosis but
there is limited data regarding long term prognosis. In a
study from Japan, there was a 25% mortality rate over 15
years in patients with obliterative cavopathy. The main
causes of death were liver failure, variceal bleeding and
HCC[101,124].
In a series of 237 patients, portal vein thrombosis (PVT)
with and without spleno-mesenteric vein thrombosis was
identified in 18 (9%) and 15 (7%) patients respectively
(total 33 patients, 16%). The five-year survival was 59% in
patients with BCS and PVT and 85% in isolated BCS[125].
Diagnosis
The diagnosis of BCS requires a high index of suspicion.
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Figure 4 Abdominal
ultrasonography
reveals thick and
obliterated middle
hepatic veins.
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Figure 5 Computed
tomography showing
central contrast
enhancement in the
liver.

Figure 7 Almost completely
obstructed IVC and shows
collateral drainage through
azygous system.

Ivk
10 cm

Figure 6 Magnetic resonance imaging of the liver with contrasting agent shows
that inferior vena cava is compressed by hypertrophy of caudate lobe and gross
lobulation of the liver.

It should be considered in all patients presenting with
ascites, hepatomegaly and RUQ abdominal pain or when
intractable ascites occurs in the presence of mildly altered
liver function tests. Standard laboratory investigations
are rarely helpful in establishing the diagnosis, because
abnormal liver function tests are not specific for BCS.
Edema of the lower extremities and presence of venous
collaterals on the back suggests IVC occlusion. Ascitic
fluid analysis adds little specificity to the diagnosis and
ascitic fluid albumin content can differ according to the
stage of the BCS[126]. Thus, the diagnosis is largely made
by imaging studies.
Real-time and Doppler sonography: Real-time or color
and pulsed Doppler should be the initial investigation for
BCS, with a sensitivity and specificity of nearly 85%[127].
Specific findings for hepatic vein obstruction are abnormal
flow in a hepatic vein, large intrahepatic or subcapsular
collateral vessels and inability to visualize the junction of
major hepatic veins with IVC. Moreover, the presence of
intrahepatic venous to venous spider web collaterals is
highly suggestive of BCS[128,129] (Figure 4) Acute venous
occlusion is identified by enlarged, stenotic, or tortuous
hepatic veins, whereas in patients with chronic disease
the major hepatic veins may not be readily visualized.
Additional findings include: compression of IVC by
hypertrophic caudate lobe or obstruction by thrombus,
tumor, or membranes[130,131].
Computed tomography (CT): Failure to visualize the
hepatic veins or IVC is suggestive of BCS. Contrast
enhancement may be seen more centrally than peripherally

resulting in a patchy flea-bitten appearance (Figure 5).
CT also allows assessment of the extent of hepatic
parenchymal disease, ascites, and splenomegaly [132] .
However, the role of CT scan is limited because of falsepositive and indeterminate results in almost one-half of
the patients[128].
Magnetic resonance imaging (MRI): In patients with
an unremarkable ultrasound examination but in whom
the suspicion for BCS is high, MRI with intravenous
gadolinium is a reasonable option (Figure 6). It allows
excellent visualization of hepatic veins and IVC. Large
intrahepatic, comma-shaped collaterals can be seen in
patients with chronic obstruction. The major drawback of
MRI is that, unlike ultrasonography, it does not provide
the direction of hepatic venous blood flow[133,134].
Hepatic venography: Although not considered essential
for the diagnosis of BCS, venography provides useful
information such as the extent of the thrombosis and caval
pressures which help in determining the optimal therapy.
Iodinated contrast can be injected into the hepatic veins
either by transhepatic puncture or retrograde cannulation
through the IVC (Figure 7). Abnormalities specific for
BCS include a “spider-web” venous network, a coarse
network of collaterals arching outward from the catheter
tip, and a patent vein upstream from a stricture. A distorted
appearance of hepatic veins that is observed in cirrhosis
should not be confused with BCS. Another advantage of
venography is that the portal vein can be assessed at the
same sitting and if found to be occluded can be dilated
with or without stenting in order to decompress the liver.
Pressure measurements obtained during venography
provide useful information before attempting surgical
decompression [135,136]. Also, pressure measurements are
useful in the post-surgical follow-up of these patients.
Liver biopsy: Liver biopsy may demonstrate congestion,
hepatocyte necrosis, and fibrosis in the centrilobular
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area, findings that are similar to those seen in congestive
hepatopathy. Venular thrombosis is usually not evident
in biopsy specimens. All patients under consideration for
surgery should undergo liver biopsy in conjunction with
angiography to determine whether the patient will benefit
more from a shunt procedure or a liver transplant[135,137].
Management
The goals of treatment are to alleviate venous obstruction,
prevent extension of thrombosis in the hepatic veins and
preserve hepatic function by decreasing the centrilobular
congestion. Diagnostic workup to identify the underlying
cause should be considered at the time of the initial
diagnosis.
Medical therapy: Medical therapy for BCS consists of
efforts to control ascites, to prevent the extension of
thrombosis with anticoagulation therapy, to dissolve the
clot and relieve the hepatic congestion with thrombolysis
and to treat the complications. Additionally, the underlying
cause of BCS should be investigated and treated.
Ascites is managed by low-sodium diet, diuretics,
and therapeutic paracentesis when needed. The type
and duration of optimal anticoagulation therapy has not
been established, however most centers give lifelong
anticoagulation, initially with heparin followed by warfarin
titrated to maintain the INR between 2 and 3 [100,126] .
During active variceal bleeding, balloon tamponade or
endoscopic therapy is preferred to vasoconstrictor agents
because the reduction in splanchnic blood flow induced by
vasoconstrictors can theoretically precipitate mesenteric
and portal vein thrombosis[138].
Medical therapy alone can be a good option for patients
in whom there is no ongoing hepatic necrosis, as indicated
by the presence of minimal symptoms, relatively normal
liver function results, and ascites that is easily controlled[139].
Patients on medical therapy alone should be monitored
closely for disease progression and to detect progressive
necrosis by serial upper endoscopies and liver biopsies.
Restoration of hepatic blood flow: Relief of venous
obstruction can be attempted by thrombolytic therapy,
percutaneous angioplasty, transjugular intrahepatic
portosystemic shunt (TIPS), or shunt surgery. In patients
with an acute presentation, especially when angiography
shows presence of a fresh thrombus, thrombolytic therapy
can be administered systemically or directly into the
thrombosed hepatic vein. The best results are obtained
when the thrombolytic agent is administered early directly
into the vein, although promising data has been reported
with thrombolysis carried out two to three weeks after the
onset of symptoms[140,141].
Balloon angioplasty has been used to relieve hepatic
outflow obstruction secondary to caval webs or shortsegment hepatic vein stenosis[142]. Although short-term
results are excellent, the sustained patency rate is only
50% at two years after the procedure[143]. However, the
use of intraluminal stents has been shown to increase
the long-term patency rates to nearly 90%[144-146]. Once
inserted, the stents cannot be removed, and placement of
a stent above the intrahepatic IVC may interfere with liver
transplantation. Failure of angioplasty or stenting, should
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prompt consideration for a surgical portosystemic shunt or
TIPS[147].
TIPS decompresses the liver by creating an alternative
venous outflow tract. It is particularly useful, either alone
or as a bridge to liver transplantation, in patients with an
acute presentation such as those with variceal bleeding,
and patients with fulminant hepatic failure in whom
thrombolysis and angioplasty were unsuccessful [148,149].
TIPS may be preferred over surgical shunting because it
avoids laparotomy and has less periprocedure mortality
and morbidity, its efficacy is not affected by caudate
lobe hypertrophy, and it can be done in patients with
PVT [150-152] . Although long-term patency rate is only
about 50%, patients in whom stent stenosis occurs do
not generally worsen, perhaps because the shunt allows
time for collateral circulation to develop[153]. The recently
introduced, polytetrafluoroethylene-covered stents may
improve the patency rates [154]. However, extension of
the stent into the suprahepatic IVC may preclude liver
transplantation and should be avoided.
Surgical shunts decompress the liver by creating
hepatofugal flow through the portal vein. Patients with a
non-fulminant presentation and those who have a chronic
presentation without significant hepatic fibrosis should
be considered for surgical shunting, providing the portal
vein is patent[150]. The five-year survival rate after surgical
shunting ranges between 57% and 94% and absence of
IVC occlusion is associated with better outcomes[155-157].
A pressure difference of at least 10 mmHg between the
portal vein and intrahepatic IVC is essential for portocaval
and mesocaval shunts to function [123] . Acute hepatic
decompensation may occur postoperatively, therefore
shunt operations should be performed in centers where
rescue liver transplantation can take place.
The type of surgical shunt depends on the anatomy
of the obstruction. Side-to-side portacaval shunts have
the highest patency rate but may make subsequent liver
transplantation more difficult. Side-to-side mesocaval
shunts are technically less demanding and do not interfere
with liver transplantation but when placed with a synthetic
graft, have a higher thrombosis rate than a side-to-side
portacaval shunt[147]. Mesoatrial shunt should be considered
if there is IVC compression resulting in low portocaval
pressure gradient. Mesoatrial shunt has a high rate of
thrombosis due to relatively low flow rate in the prosthetic
graft[126]. Side-to-side portocaval shunt and cavoatrial shunt
have been described for patients with both caval and
hepatic venous thrombosis[136,157,158].
In addition to shunts, other surgical procedures can
also provide adequate decompression in selected patients.
Transatrial membranotomy can be effective in patients
with IVC membranes[136,157,159,160]. Dorsocranial resection
of the liver is the only feasible procedure if there is both
portal and superior mesenteric vein obstruction[161].
Liver transplantation: Patients who have cirrhosis,
fulminant hepatic failure or biochemical evidence of
advanced liver dysfunction are best managed with liver
transplantation[157]. Long term survival rates range from
50% to 95% [155,162-164]. Development of postoperative
portal vein or hepatic artery thrombosis occurs in about
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Figure 8 Ultrasound of the liver
shows gross dilatation in the
inferior vena cava and hepatic
Ⅴ.

12% of patients. Liver transplantation can cure almost all
hereditary thrombophilias, however thrombosis can still
occur and anticoagulation is necessary[150].

Congestive Hepatopathy
Congestive hepatopathy refers to hepatic manifestations
attributable to passive hepatic congestion resulting from
right-sided heart failure of any cause including and
not limited to constrictive pericarditis (CP), tricuspid
regurgitation, cor pulmonale, and cardiomyopathies.
Development of hepatic ischemia and infarction secondary
to left-sided heart failure which usually coincides with
congestive hepatopathy will not be discussed here.
However, it should be kept in mind that the clinical picture
in congestive hepatopathy varies greatly depending on
both the degree and acuity of congestion, and presence or
absence of hepatic ischemia and infarction[2].
Clinical Manifestations
Liver dysfunction in congestive hepatopathy is usually
mild and asymptomatic and often detected incidentally on
routine biochemical testing. Symptomatic patients usually
present with mild jaundice which is characteristically absent
in patients with CP. In patients with severe heart failure,
jaundice may be so deep as to suggest cholestasis [165].
Right upper quadrant discomfort due to stretching of liver
capsule and ascites may also be present.
Occasionally, the clinical picture may resemble that
of acute viral hepatitis, when jaundice is accompanied
by elevated aminotransferase levels due to acute hepatic
ischemia [166,167] . Several cases of fulminant hepatic
failure resulting in death have been reported due to
congestive heart failure. However, most of these patients
had characteristics of both hepatic congestion and
ischemia[165,168,169].
On physical examination, patients may have tender
hepatomegaly, sometimes massive, with a firm and smooth
liver edge. Splenomegaly is uncommon, and like ascites is
due to transmitted elevated central venous pressure. Jugular
venous distention and hepatojugular reflux may be present
and are helpful in differentiating congestive hepatopathy
from BCS and primary liver diseases. Liver may be pulsatile
especially in patients with tricuspid regurgitation. Loss of
hepatic pulsatility suggests progression to cardiac cirrhosis.
The most common laboratory finding is elevation of total
serum bilirubin level, most of which is unconjugated.
Hyperbilirubinemia occurs in up to 70% of patients with
congestive hepatopathy[170]. Severe hyperbilirubinemia may
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develop in patients with severe, usually acute, right-sided
heart failure. Serum bilirubin level shows a correlation
with right atrial pressure but not with cardiac output[6].
Even in the presence of deep jaundice, serum alkaline
phosphatase level is generally only mildly elevated,
which helps to distinguish congestive hepatopathy from
obstructive jaundice. Serum aminotransferase levels also
show a mild elevation unless cardiac output is impaired. In
patients with severe acute heart failure, aminotransferase
levels may be extremely high secondary to hepatic ischemia
and the degree of elevation correlates with the extent of
necrosis as seen on liver biopsy specimens. Additionally,
the prothrombin time may be mildly abnormal[171], albumin
level may be decreased[172], and serum ammonia level may
be elevated[173].
Diagnosis
Increasing specialization in medicine has caused physicians
to overlook diseases that cross the boundaries of two
specialties. Congestive hepatopathy may be missed in
patients with heart failure and mild hepatic congestion, and
in patients with overt hepatic congestion and vague cardiac
symptoms[174,175]. Physicians should consider right-sided
heart failure in patients with hepatomegaly with or without
jaundice. CP is especially difficult to differentiate from
primary liver cirrhosis and BCS because of its relatively
nonspecific clinical features.
A careful history and a thorough physical examination
are crucial in the diagnosis of congestive hepatopathy.
Symptoms such as exertional dyspnea, orthopnea,
and angina, and physical findings like jugular venous
distention, heart murmurs, and rales may help physicians
to differentiate congestive hepatopathy from primary liver
diseases. In addition to liver biochemical testing, viral
hepatitis serology, and abdominal ultrasound with Doppler
studies of the liver; EKG and echocardiogram should be
performed when congestive hepatopathy is suspected.
However, a normal echocardiogram does not always rule
out congestive hepatopathy. Upon the finding of dilatation
of all three main hepatic veins on abdominal sonogram
(Figure 8), physicians should look for a cardiac cause such
as constrictive pericarditis more vigorously with cardiac
angiogram or other radiological methods.
Diagnostic paracentesis in patients with congestive
hepatopathy usually reveals a high ascitic fluid protein
content and a serum to ascites albumin gradient > 1.1
g/dL reflecting the contribution of “hepatic lymph” and
portal hypertension to the ascites[176].
Improvement in liver biochemical tests with treatment
of the underlying cardiac disease supports the diagnosis.
Liver biopsy may help confirm the diagnosis in equivocal
cases.
Pathology
The characteristic gross appearance of liver in congestive
hepatopathy is referred to as the nutmeg liver. This
appearance is the result of contrasting areas of red caused
by sinusoidal congestion and bleeding in the necrotic
regions surrounding the enlarged hepatic veins and yellow
due to the normal or fatty liver tissue. Histologically,
sinusoidal engorgement and hemorrhagic necrosis is
www.wjgnet.com
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apparent in perivenular areas of hepatic acini. Variable
degrees of cholestasis with occasional bile thrombi in
the canaliculi may also be apparent. With chronic heart
failure, fibrosis develops in perivenular areas, ultimately
causing bridging fibrosis between adjacent central veins.
This process results in cardiac fibrosis, inappropriately
referred as cardiac cirrhosis, which is distinct from primary
liver cirrhosis in which fibrous bands tend to link adjacent
portal areas. The regeneration of periportal hepatocytes
in cardiac fibrosis may result in nodular regenerative
hyperplasia. If heart failure is treated successfully, the early
histologic changes of congestive hepatopathy may resolve,
and even cardiac fibrosis may regress histologically and
clinically[2].
Treatment and Prognosis
Treatment of the underlying heart disease is fundamental
to the management of congestive hepatopathy and is
outside the scope of this review. Jaundice and ascites
usually respond significantly to diuresis. However,
excessive diuresis may decrease cardiac output and result
in hepatic ischemia in patients with severe congestive heart
failure.
Most patients with congestive hepatopathy die of
cardiac causes and liver disease rarely contributes to the
morbidity or mortality in these patients. Unlike patients
with liver cirrhosis, those with cardiac fibrosis rarely
develop serious complications such as variceal bleeding[177].
Hepatocellular carcinoma may rarely complicate cardiac
fibrosis [178]. However, the incidence of hepatocellular
carcinoma and liver failure due to congestive hepatopathy
is likely to increase as survival is prolonged with advances
in the treatment of heart failure.

CONSTRICTIVE PERICARDITIS (CP)
CP deserves mention because its diagnosis can be easily
missed and its clinical manifestations are different from
those seen in congestive hepatopathy due to other causes.
CP is the result of scarring and loss of elasticity of the
pericardial sac which restricts cardiac filling. Tuberculosis,
cardiac surgery, radiation therapy, and connective tissue
disorders are among common causes, however most of
the cases are idiopathic or viral[179-181].
Patients with CP may present with symptoms of
fluid overload such as edema and ascites, or symptoms
of diminished cardiac output like exertional dyspnea and
fatigue. Hepatomegaly, massive ascites, and peripheral
edema are common findings. For reasons that are unclear,
patients with CP typically do not develop jaundice[5] and
very rarely may develop chylous ascites [182-183]. Because
its manifestations are protean, it is easy to mistake CP
for BCS and liver cirrhosis[184]. Jugular venous distention
which was noted in 93% patients in a large series is a
critical finding in the diagnosis of CP[180]. Although rarely
observed, Kussmaul’s sign, pericardial knock, and pulsus
paradoxus may offer additional clues to the diagnosis.
EKG may show a low voltage and nonspecific ST and
T wave changes. Chest X-ray may demonstrate pericardial
calcification. Echocardiography is essential in the diagnosis
of CP, but right and left heart catheterization with
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hemodynamic evaluation may be required to confirm the
diagnosis[185-187].
Cardiac fibrosis develops more frequently and rapidly
in CP than in other causes of right-sided heart failure,
perhaps due to higher hepatic venous pressures leading to
severe zone 3 congestion and necrosis[2]. Pericardiectomy is
the standard of treatment and curative if performed early.

CONCLUSION
The clinical manifestations and liver histology in VOD,
BCS, and congestive hepatopathy are similar because of
the common underlying mechanism of hepatic injury and
adaptation in response to increased sinusoidal pressure.
Further animal and in-vitro studies are needed to better
understand the pathways involved in sinusoidal injury in
response to increased venous pressure. The severity of
clinical picture depends mostly on the rapidity and extent
of the obstructive process. Physicians should consider
congestive hepatopathy and BCS in all patients with
tender hepatomegaly and ascites. Presence of jugular
venous distention is an invaluable clue to differentiate
congestive hepatopathy from BCS and other primary liver
diseases. Veno-occlusive disease should be kept in mind
in patients who rapidly develop jaundice and ascites with
hepatomegaly after HSCT. The advent of interventional
radiology and new medical therapies has improved survival
in patients with hepatic venous outflow obstruction,
although prevention is still mainstay in the management of
VOD.
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Abstract
Congenital hepatic fibrosis (CHF) is an autosomal
recessive disorder that belongs to the family of
fibropolycystic liver diseases. This family includes
a spectrum of disorders which are usually found in
combination with each other and are usually inherited.
Clinically fibropolycystic diseases have three effects
being present in different proportions, those of a
space occupying lesion, of portal hypertension and of
cholangitis. In most patients, the first manifestations
of CHF are signs and symptoms related to portal
hypertension such as splenomegaly and varices. Portal
hypertension in these patients has been attributed
to the hypoplasia or compression of the portal vein
radicles in the fibrous bands. Cavernous transformation
of the portal vein (CTPV) is a relatively rare condition
resulting from extrahepatic portal vein obstruction with
recanalization or collateral vein formation to bypass the
obstruction. It has been found that patients with CHF
having an accompanying CTPV have relatively large
splenomegaly and suffers more frequent episodes of
bleeding from esophageal varices.We believe that CTPV
is a congenital component of CHF and also one of the
important causative factors of portal hypertension in
these patients.

INTRODUCTION
Liver diseases characterized by some degree of dilatation
of segments of intrahepatic bile ducts with associated
fibrosis are named as fibropolycystic liver diseases [1].
It is now clear with the help of improved methods of
imaging that these diseases do not exist as single entities,
but as members of a family. The members are found in
various combinations[2]. They consist of congenital hepatic
fibrosis, Caroli’s disease, autosomal dominant polycystic
kidney disease, autosomal recessive polycystic kidney
disease, Von Meyenburg complex and mesenchymal
hamartoma [3] . Since their original recognition, many
reports on the pathogenesis, genetics and combinations
with other morphological alterations of these groups of
diseases have been published[4]. Congenital hepatic fibrosis
(CHF) belongs to this group, is an autosomal recessive
inherited condition and is characterized by a destructive
type of cholangiopathy of variable speed and duration
associated with scarring fibrosis[5].

Clinical Characteristics of CHF
with an emphasis on portal
hypertension

Key words: Congenital hepatic fibrosis; Cavernous
transformation of portal vein; Portal hypertension

Typically, patients with CHF do not have cirrhosis and
maintain normal hepatic lobular architecture with normal
hepatic function. Onset of symptoms and signs is highly
variable and ranges from early childhood to the 5th or 6th
decades of life, although this disorder is diagnosed in most
patients during adolescence or young adulthood[6].
In most patients, the first manifestations of the
disease are signs or symptoms related to portal hypertension
especially spelenomegaly and varices- often with spontaneous
gastrointestinal bleeding [7]. Portal hypertension, a very
common clinical feature of CHF, has been attributed to the
compression of portal vein radicles in the fibrous bands
and to an anomaly in the branching pattern of the portal
vein, giving rise to hypoplastic and involutive branches[8].
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In view of the embryolog y, it is not surprising that
anomaly of the vessels and of the intrahepatic bile ducts
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Figure 1 Arterial portography shows
the cavernous transformation in portal
vein.

are usually combined because a close relationship exists
between vascular and bile ductal development[9]. The liver
develops in the fourth week of gestation on the hepatic
diverticulum. Intrahepatic ducts develop from primitive
hepatocytes around branches of the portal vein. The
layer of cells surrounding the portal vein transforms in
to a double-walled cylinder with a slit like lumen and is
termed the ductal plate. A progressive progress termed
remodelling starts during the 12th wk of gestation. It is
the lack of remodelling of the ductal plate that results in
persistence of an excess of embryonic duct structures.
This abnor mality has been ter med the ductal plate
malformation (DPM) and consists of persistence of
the ductal plate with an increase in ducts elements and
an increase in portal fibroid tissue[1,9] DPM is frequently
associated with abnormalities in the ramification pattern
of the portal vein, referred to as a “pollard willow”
pattern, resulting in too many, too small, and too closely
spaced branches. A transverse section through such a
pollard willow area will appear as an enlarged portal tract
(in fact, a fusion of several portal tracts) containing several
ductal plates (or remnants of incompletely remodelled
ductal plates) surrounding several hypoplastic or even
obliterated portal vein branches. The ductal plates appear
around the mesenchyme surrounding the developing
portal vein branches, whereas a similar phenomenon does
not occur around the draining hepatic veins. The portal
vein clearly has a dominant role in determining the threedimensional configuration of the biliary tree, in as much
as it has a critical role in the development of the liver as
a whole[1]. Also Terada et al conducted a detailed study of
the development of the human prebiliary capillary plexus
and observed that the development and maturation of
the prebiliary capillary plexus progress parallel to that
of the intrahepatic bile ducts. They hypothesized that
the development of both these structures is regulated by
common substances on growth factors, which have yet to
be determined[3].

are atrial septal defects or malformations of the biliary
tract or of the inferior vena cava. Much less common is
the association of prehepatic portal hypertension with
intestinal telangiectasia, cutaneous hemangioma, valvular
aortic stenosis, left renal agenesis, oesophageal atresia or
pyloric stenosis. In one study Bayraktar et al[11]. have found
that almost 50% of the cases of congenital hepatic fibrosis
had CTPV. In this study also; it was found that congenital
hepatic fibrosis patients having CTPV had relatively larger
splenomegaly than those who had no CTPV and they also
suffered more frequent bleeding episodes from esophageal
varices.

Conclusion
In conclusion, CHF is an uncommon but important cause
of portal hypertension[12]. As a close relationship exists
between the development of portal vein and bile ducts;
we think that this association between CHF and CTPV
is not just a coincidence but rather one of the congenital
components of this clinical condition. For this reason we
believe that when CTPV is found in a patient with CHF,
serious complications of portal hypertension such as
bleeding should be expected.
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Abstract
Caroli’s disease is a rare congenital condition characterized by non-obstructive saccular or fusiform
dilatation of larger intrahepatic bile ducts. Cholangitis,
liver cirrhosis, and cholangiocarcinoma are its potential
complications. The diagnosis of Caroli’s disease
depends on demonstrating that the cystic lesions are in
continuity with the biliary tree which can be showed by
ultrasonography, computerized tomography, endoscopic
retrograde cholangiopancreatography, percutaneous
transhepatic cholangiography or magnetic resonance
cholangiopancreatography. Treatment of Caroli’s disease
relies on the location of the biliary abnormalities. While
localized forms confined to one lobe can be treated
with surgery, liver transplantation is the only effective
modality for diffuse forms. Although a rare disorder;
Caroli’s disease should always be considered in the
differential diagnosis of chronic cholestasis of unknown
cause.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Caroli’s disease (CD) was first described by Caroli as
a congenital malformation of intrahepatic bile ducts,
characterized by segmental cystic dilatation of the
intrahepatic ducts; increased incidence of biliary lithiasis,
cholangitis and liver abscesses; absence of cirrhosis and
portal hypertension; and association of renal tubular
www.wjgnet.com

ectasia or similar renal cystic disease[1]. Mode of inheritance
is still unclear but in majority of cases it is transmitted in
autosomal recessive fashion[2]. Review of the literature
suggests that there are no large series of this disease[3].
Although present from birth, the disease usually remains
asymptomatic during the first 20 years, and may also
remain so throughout life. However when symptomatic, a
significant number of these patients present significant loss
in their quality of life and their clinical course frequently
worsen due to the repeated episodes of cholangitis with
the presence of intrahepatic calculi, intrahepatic abscesses
and sepsis[4].

EPIDEMIOLOGY
Until 1984, 162 cases of Caroli disease had been reported[1].
The estimated incidence of Caroli’s disease is 1 in 1 000 000
population[5]. Males and females are equally affected and
more than 80% of patients present before 30 years of
age[1].

PATHOGENESIS
The cause of CD is unknown but occasional familial
clustering suggests that some cases are inherited, in
particular when CD occurs with Polycystic kidney
disease [6]. In one study liver biopsies of patients with
Caroli’s disease were cytogenetically analyzed and an
unbalanced translocation between chromosome 3 and 8
was detected and suggested that loss of distal 3p and/or
gain of 8q could be of pathogenetic importance in CD[7].
The likely mechanism involves an in utero event that makes
a derangement in the normal embryologic remodelling
of ducts and causes varying degrees of destructive
inflammation and segmental dilatation[8].

CLINICAL PRESENTATION
The clinical course can be asymptomatic for the first 5-20
years or symptoms can occur infrequently throughout the
patient’s life[9]. Intrahepatic ductal ectasia predisposes to
stagnation of the bile which may lead to the formation of
stones and favour infections such as cholangitis, abscess
or even septicaemia. However this disease is frequently
noted by recurrent fever, jaundice and/or pain in the right
hypochondrium. A literature review found recurrent acute
cholangitis as the main mode of presentation in 64% of
the patients[5]. The notion of isolated choledochal lithiasis
in the absence of gallbladder lithiasis should lead us think

Yonem O� et al. Caroli’s disease
R

1931
L

Figure 1 Abdominal computed tomography shows cystic dilations of the biliary
system.

about an intrahepatic lithogenic focus and, consequently
about Caroli’s disease[4].
Patients with CD and congenital hepatic fibrosis can
present with portal hypertension and its sequelae such as
ascites and esophageal varice hemorrhage. Histological
intra hepatic bile duct ectasia and proliferation are
associated with severe periportal fibrosis. On physical
examination the liver is frequently enlarged and the spleen
becomes palpable as portal hypertension develops.
Laboratory studies typically show an elevation of serum
alkaline phosphatase, direct bilirubin and a leucocytosis
with a predominance of neutrophils. Hepatic synthetic
function is well-preserved initially, but may be affected
by progressive liver damage due to recurrent cholangitis
and biliary obstruction. Coagulopathy from vitamin K
malabsorbtion may occur in cholestatic patients[10].

DIAGNOSIS
Histologically, the main macroscopic and microscopic
features of CD are: non-obstructive, localized dilatation
of the bile ducts, intraluminal bulbar protrusions of the
ductal wall and intra ductal vascular tracts containing
patent portal venous and hepatic arterial channels that
traverse the true lumen and terminate within the lumen[11].
The diagnosis of CD therefore rests on demonstrating
that the cystic lesions are in continuity with the biliary
tree. It can be done by imaging studies such as abdominal
USG, CT scan, and isotope scan, ERCP, PTC and MRCP.
The classical finding of CD is finding of a cold area on
99 m TC sulphur colloid scan becoming hot on 99 m Tc
DISIDA scan[12].
USG and CT studies may visualize liver cysts and
possible intrahepatic lithiasis and provide information on
the common bile duct, but differentiation from other liver
cysts such as polycystic liver disease is often difficult[6].
CT scan shows central dot signs in CD patients. The
fibrovascular bundles containing portal vein radical and
a branch of hepatic artery bridging the saccule appear as
central dots or linear streak. This central dot sign described
on CT scan is suggested as a pathognomic finding in CD
and it can also be demonstrated on USG. ERCP is the
method with the highest sensitivity in the diagnosis of
CD. The cholangiographic features of Caroli’s disease are

well established as saccular or fusiform dilatation of the
intrahepatic bile ducts. These findings can also be seen on
computed tomography (Figure 1). Irregular bile duct walls,
strictures and stones may be present. Therefore, direct
cholangiography is considered the method of choice for
an accurate diagnosis of Caroli’s disease. However serious
complications (sepsis, bile leak, bleeding and death) may
occur with both ERCP and PTC, with an overall incidence
of approximately 3%. MRCP is a noninvasive technique
that has shown good correlation with ERCP in diagnosing
biliary tract abnormalities without any of the risks seen
with invasive procedures. The ability to demonstrate
the intrahepatic ductal anatomy makes MRCP a reliable
diagnostic tool in Caroli’s disease, providing that acceptable
image quality can be maintained[13].

DIFFERENTIAL DIAGNOSIS
The differential diagnosis for patients exhibiting the
symptoms of CD is broad and includes PSC, recurrent
pyogenic cholangitis, polycystic liver disease, a choledochal
cysts, biliary papillomotosis and occasionally obstructive
biliary dilatation. PSC and recurrent pyogenic cholangitis
may be associated with ductal dilatation, stenosis,
intrahepatic calculi and malignancy. However the ductal
dilatation in PSC is rarely saccular and is typically more
isolated and fusiform, which is not characteristic of
CD. Additionally 70% of white patients with PSC have
coexisting inflammatory bowel disase. Patients with
polycystic liver disease may present with both hepatic and
renal cysts. However, the hepatic cysts of polycystic liver
only rarely communicate with the bile ducts. These patients
have typically intrinsically normal bile ducts.
Recurrent pyogenic cholangitis is the most difficult
diagnosis to exclude because patients with pyogenic
cholangitis present with sepsis and have intra- and
extrahepatic biliary dilatation. The presence of saccular
dilatation favors the diagnosis of Caroli’s disease because
saccular dilatation is unusual in recurrent pyogenic
cholangitis[8]. Both Caroli’s disease and choledochal cyst
are inherited anomalies of the bile ducts but Caroli’s
disease involves the congenital dilation of the segmental
intrahepatic biliary tree, whereas choledochal cysts involve
the cystic dilation of the common bile duct[1].

ASSOCIATED CONDITIONS
Caroli’s disease often coexists with congenital hepatic
fibrosis and is then designated Caroli’s syndrome. Both
result from malformations of the embryonic ductal plate
at different levels of the biliary tree[14]. If the defective
remodelling involves the larger intrahepatic ducts Caroli’s
disease develops, but when the entire intrahepatic bilary
tree is involved the condition is Caroli’s syndrome [15].
Incidence of Caroli’s syndrome is more than Caroli’s
disease [2]. In addition, various renal disorders may be
ssen in conjunction with these hepatic diseases, including
autosomal polycystic kidney disease (both dominant and
recessive forms), medullary sponge kidney and medullary
cystic disease[7]. Between the times 1971-2005 we have
followed-up 10 patients with Caroli’s disease. Of these, 4
www.wjgnet.com
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had isolated Caroli’s disease while the remaining 6 patients
had Caroli’s syndrome. Among the patients with Caroli’s
syndrome; 2 patients had Cavernomatous transformation
of portal vein and 2 had polycystic kidney disease as an
associated condition. One of these patients died due to
sepsis and two of them underwent liver transplantation
because of the development of secondar y biliar y
cirrhosis[16].

COMPLICATIONS
Despite the advances made in medical, endoscopic and
surgical treatments over the last 3 decades, they have not
yet been sufficiently effective to allow sustained recovery
from the symptoms of CD. The evolution of CD is
dominated by the occurrence of repetitive bouts of
cholangitis, the frequency of which may vary importantly
from one patient to another. In case of frequent episodes
of cholangitis, the long term prognosis is poor and these
patients graduately lose their quality of life at a usually
productive age[6]. Caroli’s disease can be complicated by
the formation of liver abscesses, intra- and extrahepatic
lithiasis and even cholangiocarcinoma[17].
The incidence of cancer associated with congenital
cysts of bile ducts has been reported to be between 2.5%
and 16% and appears to be associated with biliary stasis,
the action of the carcinogenic substances contained in the
bile and chronic inflammation of the biliary epithelium,
leading to dysplastic diseases [4] . Amyoidosis is also
described as another complication of Caroli’s disease.
Death is related to septicaemia and hepatic abscesses[18].

The treatment of CD depends on the clinical features and
the location of the biliary abnormalities. The localized
forms, which involve the whole of the left half of the liver,
or the right half of the liver, are curable by surgery. They
should be treated by hemi-hepatectomy with associated
treatment of any problem affecting the common duct[19].
Diffuse involvement of both lobes can be treated with
conservative management, (Appropriate antibiotics for
cholangitis and ursodeoxycolic acid therapy for litholysis
in case of intrahepatic cholelithiasis), endoscopic therapy
(sphincterotomy for clearance of intrahepatic stones) and
internal biliary bypass procedure[15].
Surgery can offer a definite therapy, with an acceptable
morbidity in localized CD[20]. Symptomatic relief after
partial hepatectomy is often complete and permanent.
Bilateral disease complicated by recurrent cholangitis,
cirrhosis or both do not find the same solution and is often
difficult to manage. Emergency surgery in the presence
of acute cholangitis and deteriorating liver function is
associated with high mortality (20%-40%) and morbidity
(44%-80%). So it seems that liver transplantation is the
only and ultimate management option for these patients
even if they are asymptomatic [6] . Survival after liver
transplantation was found to be poor in patients with
congenital hepatic fibrosis (Caroli’s syndrome) and in those
who had cholangitis at the time of the ortotopic liver
transplantation in one study[21].
www.wjgnet.com
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The role of liver transplantation for cholangiocarcinoma
whether associated with CD or not is controversial. Because
of the high rate of recurrence published previously,
most centers have abandoned cholangiocarcinoma as an
indication for liver transplantation[6].

CONCLUSION
As a result CD is an inherited disorder which may cause
severe, life threatening cholangitis or which may lead to
hepatobiliary degeneration[17]. But CD can be misdiagnosed
due to the lack of experience in low volume hospitals
where the symptoms of this disease have been repeatedly
treated and where many of the diverse modern imaging
techniques are unavailable. For this reason despite its rare
incidence; Caroli’s disease should not be forgotten in the
differential diagnosis of recurrent cholangitis.
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Abstract
Caroli’s syndrome is characterized by multiple segmental
cystic or saccular dilatations of intrahepatic bile ducts
associated with congenital hepatic fibrosis. The clinical
features of this syndrome reflect both the characteristics
of congenital hepatic fibrosis such as portal hypertension
and that of Caroli’s disease named as recurrent
cholangitis and cholelithiasis. The diagnosis depends on
both histology and imaging methods which can show
the communication between the sacculi and the bile
ducts. Treatment consists of symptomatic treatment
of cholangitis attacks by antibiotics, some endoscopic,
radiological and surgical drainage procedures and
surgery. Liver transplantation seems the ultimate
treatment for this disease. Prognosis is fairly good unless
recurrent cholangitis and renal failure develops.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cystic lesions of the liver and bile ducts are increasingly
being diagnosed. It is now clear that fibropolycystic
diseases do not exist as single entities but as members of
a family. The members are found in various combinations
and are usually inherited. They consist of polycystic liver
disease, microhamartoma, congenital hepatic fibrosis,
Caroli’s disease and choledochal cysts[1].
Caroli’s syndrome consists of Caroli’s disease and
congenital hepatic fibrosis. The term congenital hepatic
www.wjgnet.com

fibrosis refers to a unique congenital liver histology
characterized by bland portal fibrosis, hyperproliferation
of interlobular bile ducts within the portal areas with
variable shapes and sizes of bile ducts, and preservation of
normal lobular architecture[2]. Caroli’s disease is however
characterized by multiple segmental cystic dilatations of
the intrahepatic bile ducts[3]. Many authors believe that the
two conditions are actually different stages of the same
disease characterized by periportal fibrosis and ductal
dilatation[4].

EPIDEMIOLOGY
The major published reports concerning bile duct cysts
have come from Great Britain, France, Japan and the
United States[5]. More than 200 cases of Caroli’s disease
have been reported in the literature[3] and the incidence of
Caroli’s syndrome is more than the pure form of Caroli’s
disease[6].

PATHOGENESIS
Caroli’s syndrome is a developmental anomaly and there
are many theories explaining its pathogenesis. The most
acceptable theory is related to ductal plate malformation at
different levels of the intrahepatic biliary tree. Intrahepatic
bile ducts develop from bipotential liver progenitor cells
in contact with the mesenchyme of the portal vein which
form from the ductal plates. The ductal plates are then
remodeled into mature tubular ducts[7]. This process is
regulated by factors influencing epithelial proliferation and
apoptosis, the surrounding mesenchymal tissue, as well
as the portal veins and various adhesion molecules[8]. Just
as the formation of ductal plates follows the branching
growth of portal vein from the hilus of the liver to its
periphery, so does the remodelling process of the ductal
plates beginning from the larger ducts to the smaller ducts.
So the hereditary factors causing Caroli's syndrome seem to
exert their influence not only during the early embryologic
period of large intrahepatic bile duct formation, but
also later during the development of the more proximal
intralobular ducts related with congenital hepatic fibrosis[9].
It appears to be inherited in an autosomal recessive
manner because mutations in PKHD1, the gene linked to
adult recessive polycystic kidney disease (ARPKD) have
also been identified in patients with Caroli's syndrome.

CLINICAL FEATURES
Caroli's syndrome presents a clinical syndrome which is
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Figure 1 The ERCP image shows
multiple cystic dilatations throughout the
biliary tract.

Figure 2 Severe periportal fibrotic bands
upon histological examination.

a combination of Caroli's disease (bouts of cholangitis,
hepatolithiasis, and gallbladder stones) and those of
congenital hepatic fibrosis (portal hypertension). Clinical
progression and presentation of Caroli's syndrome is
highly variable and symptoms may appear early or late
during life. The main consequences of congenital hepatic
fibrosis are portal hypertension and the development
of oesophageal varices. Portal hypertension may result
in hematemesis or melena. In the majority of patients,
portal hypertension will not be present or will appear
only later in the disease evolution[10]. The late appearance
of these symptoms in patients with Caroli's disease
sug gests that congenital hepatic fibrosis in Caroli's
disease is dynamic and progressive[11]. Bile stagnation and
hepatolithiasis explain the recurrent cholangitis which
dominates the clinical course and which is the principal
cause of morbidity and mortality. Chronic abdominal pain,
pancreatitis resulting from biliary stones and liver abscess
are other disease complications[10].

accompanying abnormalities such as portal hypertension,
cirrhosis and renal involvement[12]. The diagnosis is more
difficult to establish in the case of fusiform dilatations
of the biliary tracts and ERCP is the gold standard in
this situation. ERCP shows communication between the
sacculi and bile ducts and diverticulum-like sacculi of the
intrahepatic biliary tree[3] (Figure 1). Intra or extra hepatic
cysts can easily be detected by these methods; whereas
congenital hepatic fibrosis is a histopathological diagnosis.
Histopathological intrahepatic bile duct ectasia and
proliferation are associated with severe periportal fibrosis
and confirm the congenital hepatic fibrosis component of
Caroli's syndrome (Figure 2).

DIAGNOSIS
The laboratory findings are non-specific. Transaminase
levels may be slightly elevated. The complete blood count
may reveal thrombocytopenia and leukopenia if portal
hypertension and hypersplenism are present. Elevated
white blood cell count or erythrocyte sedimentation rate
may indicate cholangitis. BUN and creatinine values should
be obtained to detect associated renal disease.
Demonstration of communication between sacculi
and bile ducts is important in showing the Caroli's disease
component of Caroli's syndrome which can be achieved by
USG, CT, MRCP or ERCP. The sonographic appearance
in Caroli's disease is intrahepatic cystic anechoic areas in
which fibrovascular bundles, stones and linear bridging
or septum may be present. The fibrovascular bundles are
composed of portal vein and hepatic arteries, which can
be demonstrated by Doppler ultrasonography. Gorka
mentioned that Doppler sonographic monitoring of portal
vein in the fibrovascular bundle was useful in following the
progression of congenital hepatic fibrosis component of
Caroli's disease[3]. MR imaging is a non-invasive technique
which can confirm the diagnosis especially in the large or
small cystic patterns. The use of gadolinium enhanced
sequences may allow the visualization of the dot sign
which seems to be very specific of the malformation
of the ductal plate. MR imaging can also sug g est

DIFFERENTIAL DIAGNOSIS
The appearance of ductal dilatation related to the Caroli’s
disease component of Caroli's syndrome on CT/MRI can
be confused with polycystic liver disease or obstructive bile
duct dilatation. Whereas the cystic spaces in Caroli’s are
irregular in shape and communicate with biliary tree, cysts
in polycystic liver disease are rounder and smoother and
they deform but do not communicate with bile ducts[13].
Portal hypertension is rare in polycystic liver disease[2].
In Caroli’s disease dilated bile ducts have a random
bizarre pattern and there are focal areas of cystic ectasia.
This differs from appearance in obstructive bile duct
dilatation where dilatation is most marked centrally,
tapers towards periphery in an organized pattern and
lacks focal areas of cystic dilatation. Other diseases that
should be considered in the differential diagnosis are
primary sclerosing cholangitis, biliary papillomatosis
and a choledochal cyst. The cholangiographic features
of Caroli’s disease are well established as saccular or
fusiform dilatation of the intrahepatic bile ducts. The
association of Caroli's disease with extrahepatic bile duct
dilatation is mentioned throughout the literature, as is the
coexistence of Caroli's disease with choledochal cysts.
The exact incidence of extrahepatic duct involvement in
Caroli's disease is not known. A literature review of 46
cases found extrahepatic dilatation in 21% of patients. In
the series of Levy including 17 patients (5 with Caroli's
syndrome) this ratio is even higher with 53% of patients
having extrahepatic duct dilatation. Recognition of this
feature is important because Caroli's disease should be
considered in the differential diagnosis for patients with
intra- and extrahepatic biliary dilatation. Repeated bouts of
www.wjgnet.com
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cholangitis, stone formation and stone passage may explain
extrahepatic duct dilatation in some patients with Caroli's
disease or Caroli's syndrome. In the series of Levy, the
presence of diffuse fusiform dilatation of the extrahepatic
duct measuring 3 cm or less in diameter combined with
the characteristic intrahepatic ductal findings has been
suggested to be useful in differentiating patients with
Caroli's disease from patients with a choledochal cyst and
biliary dilatation[13].

ASSOCIATED CONDITIONS
As Caroli's syndrome is a member of the fibropolycystic
disease family and its members are usually found in various
combinations, presence of an association with any member
should be sought.
Caroli's syndrome is associated with renal involvement
in up to 60% of patients and implies a dilatation of the
collecting renal tubules. Kidney lesions include renal
tubular ectasia (medullary sponge kidney, cortical cyst)
lesions of adult recessive polycystic kidney disease or
rarely autosomal dominant polycystic kidney disease.
The association between congenital hepatic fibrosis and
ARKPD is caused by mutations in PKHD1 gene that
encodes fibrocystin, a protein of primary cilia. Genetic
defects in fibrocystin cause ciliary dysfunction, presently
considered a major pathogenic event in cystogenesis[10].
In our study; between the time period 1971-2003 we
followed-up 6 cases of Caroli’s syndrome in whom, 2
patients had cavernomatous transformation of portal
vein and 2 had polycystic kidney disease as an associated
condition. One of these patients died due to sepsis and
two of them underwent liver transplantataion because of
the development of secondary biliary cirrhosis[14].
Over the past years there has been an increasing
recognition of the association of congenital hepatic
fibrosis with not only fibropolycystic disease family related
diseases but also with abnormalities in other organs such
as pulmonary fibrosis, congenital heart disease, pulmonary
hypertension with arteriovenous fistula, cavernomatous
transformation of the portal vein and with Joubert’s
syndrome[15-17].

COMPLICATIONS
Complications from Caroli’s syndrome are cholangitis,
sepsis, choledocholithiasis, hepatic abscess, cholangiocarcinoma and portal hypertension[18]. After cholangitis
occurs, a large number of patients die within 5-10 years.
Caroli's syndrome may progress to cholangiocarcinoma[3].
The occurence of hepatobiliary malignant transformation
explained by chronic inflammation of the biliary tree, has
been reported in 7%-14% of patients. Death is related to
liver failure or complications of portal hypertension[18,19].

TREATMENT
Medical treatment of Caroli's syndrome using antibiotics
may stabilize the acute cholangitis. Drainage procedures
with ERCP or PTC are important and sphincterotomy
can aid biliary drainage and stone removal or subsequent
www.wjgnet.com
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p a s s a g e a n d m ay d e c r e a s e b o u t s o f ch o l a n g i t i s.
Radiological, endoscopical and surgical biliary drainage
procedures are however palliative treatments that may
improve temporarily bile drainage but that become finally
inefficient in relation to disease progression. Repeated
palliative treatments should be avoided because of the
prolongation of the symptomatic period and the increased
risk of malignant transformation.
Imaging is essential in planning the surgical treatment
which can consist of enterostomy, segmental or lobar
hepatic resection, or liver transplantation[12] if the process
is confined to one lobe, lobectomy completely relieves
the symptoms. Internal surgical bypass procedures
(choledochojejunostomy, Roux-en-Y hepaticojejunostomy)
is helpful in diffuse for ms of the disease. Liver
transplantation represents the only curative treatment for
symptomatic Caroli's disease or Caroli's syndrome. LT
should be offered early in case of recurrent cholangitis
and (suspicion of) early malignant transformation of
the bilary tract. In case of associated renal disease, both
renal and liver diseases should be documented in order to
optimize the decision to perform sequential or combined
hepatorenal transplantation[10].
As for portal hypertension, therapy for acute variceal
haemorrhage includes stabilization with blood and blood
products, vasopressin or somatostatin, early endoscopy
sclerotherapy, and band ligation. Portocaval shunts are
usually received as salvage treatment when sclerotherapy/
banding ligation fails [20]. In cases when progression to
biliary fibrosis might occur, transplantation has also to be
considered. Early surgery with splenorenal or portocaval
shunting may be required in recurrent bleeding episodes
not available to sclerotherapy, oesophageal tamponade
together with supportive medical treatment[15]. Transjugular
intrahepatic portosystemic shunts are considered for
patients not available to sclerotherapy. The inheritance of
the disease seems to be autosomally recessive; therefore
genetic counselling for the family may be important[21].

CONCLUSION
As a result, Caroli’s syndrome is an autosomal recessive
disorder having diverse manifestations related to its
association with the family of fibropolycystic diseases.
Cholestasis can be observed in patients with Caroli's
syndrome without cholangitis. This is in part due to
the anatomical abnormality in small bile ducts related
with Caroli's disease and also due to the small bile duct
proliferation in the portal area related with congenital
hepatic fibrosis which are both components of this
syndrome. Another explanation for this situation is that
stones can remain silent without causing cholangitis.
In conclusion, because of the slow and usually silent
progress of Caroli’s syndrome along with its rarity and fatal
complications, it should be considered in the differential
diagnosis of recurrent cholangitis of unknown cause.

REFERENCES
1
2

Sherlock S, Dooley J. Diseases of the liver and billiary system.
11th ed. Milano: Blackwell Sci Pub, 2002: 583
Lu SC, Debian KA. Cystic diseases of the biliary tract. In:

Yonem O� et al. Caroli's syndrome

3
4
5
6
7
8
9
10

11
12

Yamada T, Alpers DH, Kaplowitz N, Laine L, Owyang C,
Powell DW. Textbook of Gastroenterology. Philadelphia:
Lippincott Williams and Wilkins, 2003: 2225-2233
Wu KL, Changchien CS, Kuo CM, Chuah SK, Chiu YC, Kuo
CH. Caroli's disease-a report of two siblings. Eur J Gastroenterol
Hepatol 2002; 14: 1397-1399
Keramidas DC, Kapouleas GP, Sakellaris G. Isolated Caroli's
disease presenting as an exophytic mass in the liver. Pediatr
Surg Int 1998; 13: 177-179
Madjov R, Chervenkov P, Madjova V, Balev B. Caroli's disease.
Report of 5 cases and review of literature. Hepatogastroenterology
2005; 52: 606-609
Gupta AK, Gupta A, Bhardwaj VK, Chansoria M. Caroli's
disease. Indian J Pediatr 2006; 73: 233-235
Kim JT, Hur YJ, Park JM, Kim MJ, Park YN, Lee JS. Caroli's
syndrome with autosomal recessive polycystic kidney disease
in a two month old infant. Yonsei Med J 2006; 47: 131-134
Awasthi A, Das A, Srinivasan R, Joshi K. Morphological and
immunohistochemical analysis of ductal plate malformation:
correlation with fetal liver. Histopathology 2004; 45: 260-267
Desmet VJ. Pathogenesis of ductal plate malformation. J
Gastroenterol Hepatol. 2004; 19: S356-S360
De Kerckhove L, De Meyer M, Verbaandert C, Mourad M,
Sokal E, Goffette P, Geubel A, Karam V, Adam R, Lerut J. The
place of liver transplantation in Caroli's disease and syndrome.
Transpl Int 2006; 19: 381-388
Gorka W, Lewall DB. Value of Doppler sonography in the
assessment of patients with Caroli's disease. J Clin Ultrasound
1998; 26: 283-287
Guy F, Cognet F, Dranssart M, Cercueil JP, Conciatori L,

1937

13
14
15
16

17
18
19

20
21

Krausé D. Caroli's disease: magnetic resonance imaging
features. Eur Radiol 2002; 12: 2730-2736
Levy AD, Rohrmann CA, Murakata LA, Lonergan GJ. Caroli's
disease: radiologic spectrum with pathologic correlation. AJR
Am J Roentgenol 2002; 179: 1053-1057
Yönem O, Ozkayar N, Balkanci F, Harmanci O, Sökmensüer C,
Ersoy O, Bayraktar Y. Is congenital hepatic fibrosis a pure liver
disease? Am J Gastroenterol 2006; 101: 1253-1259
Abdullah AM, Nazer H, Atiyeh M, Ali MA. Congenital hepatic
fibrosis in Saudi Arabia. J Trop Pediatr 1991; 37: 240-243
Bayraktar Y, Balkanci F, Kayhan B, Uzunalimoglu B, Ozenc A,
Ozdemir A, Dündar S, Arslan S, Sivri B, Telatar H. Congenital
hepatic fibrosis associated with cavernous transformation of
the portal vein. Hepatogastroenterology 1997; 44: 1588-1594
Dahlstrom JE, Cookman J, Jain S. Joubert syndrome: an
affected female with bilateral colobomata. Pathology 2000; 32:
283-285
Patil S, Das HS, Desai N, Manjunath SM, Thakur BS, Sawant P.
Caroli's syndrome-a rare cause of portal hypertension. J Assoc
Physicians India 2004; 52: 261
Kassahun WT, Kahn T, Wittekind C, Mössner J, Caca K,
Hauss J, Lamesch P. Caroli's disease: liver resection and liver
transplantation. Experience in 33 patients. Surgery 2005; 138:
888-898
Shun A, Delaney DP, Martin HC, Henry GM, Stephen M.
Portosystemic shunting for paediatric portal hypertension. J
Pediatr Surg 1997; 32: 489-493
Yüce A, Koçak N, Akhan O, Gürakan F, Ozen H. Caroli's
syndrome in two siblings. Am J Gastroenterol 2002; 97:
1855-1856
S- Editor Wang J

L- Editor Zhu LH E- Editor Che YB

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 April 7; 13(13): 1938-1946
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

COLORECTAL CANCER

Suppression of human colon tumor growth by adenoviral
vector-mediated NK4 expression in an athymic mouse model
Jian-Zheng Jie, Jian-Wei Wang, Jian-Guo Qu, Tao Hung
Jian-Zheng Jie, Jian-Wei Wang, State Key Laboratory of
Molecular Virology and Genetic Engineering, Beijing 100730,
China
Jian-Zheng Jie, Jian-Wei Wang, Jian-Guo Qu, Tao Hung,
Natinoal Institute for Viral Disease Control and Prevention, China
CDC, Beijing 100052, China
Jian-Zheng Jie, Department of General Surgery, China-Japan
Friendship Hospital, Beijing 100029, China
Correspondence to: Dr. Jian-Wei Wang, State Key Laboratory of
Molecular Virology and Genetic Engineering, 9# Dong Dan San
Tiao, Dong Cheng Qu, Beijing 100730,
China. wangjw28@vip.sina.com
Telephone: +86-10-65105188 Fax: +86-10-65105188
Received: 2006-11-26
Accepted: 2007-03-18

Abstract
AIM: To investigate the suppressive effects of adenoviral
vector-mediated expression of NK4, an antagonist of
hepatocyte growth factor (HGF), on human colon cancer
in an athymic mouse model to explore the possibility of
applying NK4 to cancer gene therapy.
METHODS: A human colon tumor model was developed
by subcutaneous implantation of tumor tissue formed
by LS174T cells grown in athymic mice. Fifteen tumorbearing mice were randomized into three groups (n = 5
in each group) at d 3 after tumor implantation and mice
were injected intratumorally with phosphate-buffered
saline (PBS) or with recombinant adenovirus expressing
β-galactosidase (Ad-LacZ) or NK4 (rvAdCMV/NK4) at a
6-d interval for total 5 injections in each mouse. Tumor
sizes were measured during treatment to draw a tumor
growth curve. At d 26 after the first treatment, all
animals were sacrificed and the tumors were removed to
immunohistochemically examine proliferating cell nuclear
antigen (PCNA), microvessel density (represented by
CD31), and apoptotic cells. In a separate experiment,
15 additional athymic mice were employed to develop
a tumor metastasis model by intraperitoneal injection
(ip) of LS174T cells. These mice were randomized into
3 groups (n = 5 in each group) at d 1 after injection
and were treated by ip injection of PBS, or Ad-LacZ, or
rvAdCMV/NK4 at a 6-d interval for total two injections in
each mouse. All animals were sacrificed at d 14 and the
numbers and weights of disseminated tumors within the
abdominal cavity were measured.
RESULTS: Growth of human colon tumors were
significantly suppressed in the athymic mice treated
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3

with rvAdCMV/NK4 (2537.4 ± 892.3 mm ) compared
3
to those treated by either PBS (5175.2 ± 1228.6 mm )
3
or Ad-LacZ (5578.8 ± 1955.7 mm ) (P < 0.05). The
tumor growth inhibition rate was as high as 51%.
Immunohistochemical staining revealed a similar PCNA
labeling index (75.1% ± 11.2% in PBS group vs 72.8%
± 7.6% in Ad-LacZ group vs 69.3% ± 9.4% in rvAdCMV/
NK4 group) in all groups, but significantly lower
microvessel density (10.7 ± 2.4 in rvAdCMV/NK4 group
vs 25.6 ± 3.8 in PBS group or 21.3 ± 3.5 in Ad-LacZ
group, P < 0.05), and a markedly higher apoptotic index
(7.3% ± 2.4% in rvAdCMV/NK4 group vs 2.6 ± 1.1% in
PBS group or 2.1% ± 1.5% in Ad-LacZ group, P < 0.05)
in the rvAdCMV/NK4 group compared to the two control
groups. In the tumor metastasis model, the number
and weight of disseminated tumors of mice treated
with rvAdCMV/NK4 were much lower than those of the
control groups (tumor number: 6.2 ± 3.3 in rvAdCMV/
NK4 group vs 22.9 ± 7.6 in PBS group or 19.8 ± 8.5 in
Ad-LacZ group, P < 0.05; tumor weight: 324 ± 176 mg
in rvAdCMV/NK4 group vs 962 ± 382 mg in PBS group or
1116 ± 484 mg in Ad-LacZ group, P < 0.05).
CONCLUSION: The recombinant adenovirus, rvAdCMV/
NK4, can attenuate the growth of colon cancer in vivo ,
probably by suppressing angiogenesis and inducing
tumor cell apoptosis, but not by direct suppression of
tumor cell proliferation. Moreover, rvAdCMV/NK4 may
inhibit peritoneal dissemination of colon cancer cells in a
murine tumor metastasis model. These findings indicate
that NK4 gene transfer may be an effective tool for the
treatment of colon cancer.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although it is one of the most common malignant tumors
in the digestive tract, the therapeutic tractability of colon
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cancer remains unsatisfying and the failure of treatment is
mainly attributed to tumor metastasis to the liver. Previous
studies demonstrated that 15%-35% of the patients with
primary colon cancer had metastasis in their liver when
diagnosed; even after surgical resection, distant metastases
still occurred in 25% of patients [1]. Therefore, it is of
utmost importance to both inhibit tumor growth and
prevent metastasis to increase therapeutic efficacy and
improve the prognosis of patients with colon cancer.
Hepatocyte growth factor (HGF), originally identified
and cloned as a potent hepatocyte mitogen [2,3] , is a
heterodimer consisting of 728 amino acids with a 69-ku
α-chain and a 34-ku β-chain linked by a pair of disulfide
bonds. As a multi-functional growth factor derived from
interstitial or matrix cells, HGF has been recognized as a
mitogen, motogen, and morphogen through interaction
with the transmembrane receptor c-Met, a product of
the proto-oncogene c-Met and the only known receptor
for HGF [4]. Several in vitro experiments have validated
that HGF powerfully promotes angiogenesis through
stimulating proliferation and motility of the endothelial
cells, eventually resulting in vessel growth[5-7]. Accumulating
evidence has shown that HGF plays an important role
in tumor-stroma interactions [8-11], promotes motility of
tumor cells, stimulates cancer cells escape through the
extracellular matrix, thereby leading to invasion and
metastasis of tumor cells in a variety of tumors [12-14].
Since over-expression of the c-Met receptor in many
tumors derived from epithelial cells[15-17], including colon
cancer[18], has been confirmed, studies on blocking the
HGF/c-Met signaling pathway to inhibit growth, invasion
and metastasis indicate that this is a promising direction in
current tumor treatment investigations[19].
NK4, an antagonist of HGF discovered by Date et al[19]
in 1997, is a fragment of the HGF molecule consisting
of 447 residues. It comprises the N-terminal hairpin and
subsequent four-kringle domains of HGF, but lacks the
16 amino acids at the C-terminus of the α -chain and
the whole β -chain. NK4 binds to the c-Met receptor
competitively with HGF by virtue of common interactions
of the HGF binding domain, but does not activate tyrosine
phosphorylation of c-Met because of the absence of the
β-chain. Consequently, the competitive binding of NK4 to
c-Met interrupts the HGF/c-Met signaling pathway, and
thereby suppresses HGF-induced invasion and metastasis
of tumor cells [20] . Moreover, as an HGF antagonist,
NK4 can inhibit angiogenesis induced not only by HGF,
but also by other pro-angiogenic factors, such as basic
fibroblast growth factor (bFGF) and vascular endothelial
growth factor (VEGF) [21]. By such mechanisms, NK4
robustly inhibits tumors through suppression of invasion,
metastasis, and angiogenesis. Many lines of evidence have
demonstrated the tremendous potential of NK4 in the
treatment of tumors, such as glioblastoma[22], pancreatic
cancer[23], gastric cancer[24], gallbladder cancer[25], and liver
cancer[26].
Gene therapy is a revolutionary approach in cancer
therapy. To date, there are two types of adenoviral vectorsbased gene therapy drugs have been licensed in the
world. In order to exploit NK4 in the development of
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novel strategies against human colon tumors and based
on previous in vitro experiments [27], we have chosen to
employ rvAdCMV/NK4, an established non-replicating
recombinant adenovirus containing the foreign NK4
gene, for gene therapy for human colon cancer cells in an
athymic mouse model.

MATERIALS AND METHODS
Virus and cells culture
r vAdCMV/NK4 and Ad-LacZ [8.9 × 10 9 infection
focus units (ifu)/mL)], the first generation of nonreplicating recombinant adenoviruses expressing NK4 or
β-galactosidase, were generated, verified, and propagated
in HEK293 cells (American Type Culture Collection,
Manassas, VA) as previously described[27,28]. The human
colon cancer cell line LS174T, purchased from Shanghai
Institute of Biochemistry and Cell Biology, Chinese
Academy of Sciences, was cultured in RPMI-1640 media
(Invitrogen, Carsbad, CA) containing 100 mL/L heatinactivated fetal bovine serum, 100 U/mL peniciliin,
100 μ g/mL streptomycin, 2 mmol/L glutamine and
1.5 g/L sodium bicarbonate (Invitrogen) and incubated at
37℃ in a humidified atmosphere consisting of 50 mL/L
CO2 in air. The expression of c-Met in LS174T cells and
NK4 transduction by the recombinant adenovirus were
confirmed by Western blot as previously described[27].
Establishment of a human colon cancer model in athymic
mouse
Four to six-week-old female athymic mice (BALB/
c-nu/nu), weighing 18-22 g, were purchased from
the Institute of Laboratory Animal Sciences, Chinese
Academy of Medical Sciences (ILAS, CAMS) and were
bred in homeothermic (25-27℃), constantly humidified
(45%-50%), dust-free fresh air in a sterilized, specific
pathogen-free (SPF) environment. All procedures for
animal experiments were approved and supervised by
the Animal Protection and Usage Committee of ILAS,
CAMS and institutional guidelines for animal welfare and
experimental conduct were followed.
LS174T cells in the logarithmic growth phase were
treated with 2.5 g/L trypsin (Invitrogen), centrifuged, and
resuspended in phosphate-buffered saline (PBS, pH7.4).
After assessment for cell survival rate over 95% by trypan
blue, the cell concentration was adjusted to 5 × 107/mL
with PBS and 200 μL of the cell suspension (1 × 107 cells)
was subcutaneously injected to the subscapular region of
an athymic mouse using a 6-gauge needle. The tumors
were not recovered until the diameter had increased to
nearly 1 cm. After fixation in formalin, routine embedding
in paraffin wax, cut into 5-μm thick sections, and staining
with hematoxylin and eosin (HE), the tissue property of
the tumors was confirmed by light microscopy.
In vivo tumor treatment
After the tumors were continuously passaged for 4
generations in mice, the athymic mice carrying productive
tumors without ulcer were anesthetized by ethoxyethane
and sacrificed. The tumors were removed under sterile
www.wjgnet.com
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conditions, put into sterile plates on ice, de-enveloped,
and cut into pieces of about 1 mm3. The tumor pieces
were then implanted into the right forelimb subscapular
region of mice usin 18-gauge trochars. All 15 animals were
randomly divided into 3 groups, each group containing
5 mice, when the tumor volume grew to approximately
100 mm 3 (the 3 rd d after implantation) as follows:
PBS group (blank control); Ad-LacZ group (negative
control); and rvAdCMV/NK4 group (treatment group).
Subsequently, 100 μL of PBS alone, or a suspension of
adenovirus (108 ifu) in 100 μL of PBS was administered
directly into the tumor-bearing mice in each group every 6
d for a total of 5 injections per mouse.
Long diameter (a) and shor t diameter (b) were
measured every 3 to 4 d and volumes (V) of the tumors
were calculated according to the formula V = 1/2ab2 and
a tumor growth curve was drawn. Inhibition of tumor
growth was determined using the formula as follows:
Tumor inhibition rate (%) = (volume of tumors in the
control group-volume of tumors in the treatment group)/
volume of tumors in control group × 100%.
At d 3 following the final treatment, all 15 mice were
sacrificed. The tumors were removed, fixed in 100 mL/L
formalin for 24 h, embedded in paraffin wax, and serially
sectioned (4-μm thick). Immunohistochemical staining was
performed as described below.
Tumor proliferation assay
Proliferating tumor cells were detected by SP immunohistochemical method using an antibody against
proliferating cell nuclear antigen (PCNA) according to the
manufacturer’s (Maxin Biotech) instructions. Four sections
were observed for each mouse. To determine the PCNA
Labeling Index (PCNA LI), five representative PCNApositive visual fields were selected under a low power
microscope (× 100) in each section, then 200 tumor cells
were counted in each visual field under a high power
microscope (× 200), finally the percentage of labeled
nuclei was calculated (%).
Evaluation of microvessel density
The microvessel density (MVD) in each tumor was
evaluated by counting CD31-positive vessels. The
expression of CD31 was detected by immunohistochemical
methods as aforementioned. The primary antibody
was a rat-anti-mouse CD31 monoclonal antibody (BD
Biosciences, 1:200 dilution) and the secondary antibody
was a biotinylated anti-rat IgG (Maxin Biotech, 1:100).
For the microvessel counting, positive stainings for MVD
in the 3 most highly vascularized areas (“hot spots”) in
each slide, were counted in 200 × fields and MVD was
expressed as the average of the microvessel count in
these areas[29]. Any brown endothelial cell or cluster of
endothelial cells were counted as one microvessel as long
as it was separated from other neighboring microvessels,
tumor cells, and connective tissues, while vessels with a
thick muscular layer or diameter over 8 erythrocytes were
not counted.
TUNEL assay
Apoptotic cells were detected using a terminal deoxynuwww.wjgnet.com
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cleotidyl transferase (TdT)-mediated nick-end labeling
(TUNEL) assay. The assay was performed according to
the manufacturer’s instructions (Boehringer Mannheim).
The apoptotic index (AI) was determined by selecting five
representative TUNEL-positive fields under low power
microscopy (× 100) in each section, then 200 tumor cells
were counted in each field under high power microscopy
(× 200). The number of positively labeled nuclei per total
nuclei in those fields was expressed as the apoptotic index
(AI). AI = (the number of apoptotic cells/total number of
tumor cells) × 100%.
Treatment of peritoneal tumor dissemination
LS174T cells (1 × 10 7 in 200 μ L PBS) were injected
intraperitoneally (ip) into 15 mice at d 0, and mice were
randomly divided into 3 groups (n = 5 in each group)
as described above. Then 100 μ L of PBS alone or a
suspension of adenovirus (108 ifu) in 100 μL of PBS was
ip injected in each group at an interval of 6 d for a total
of two injections per mouse. All animals were sacrificed
at d 15 to determine intraperitoneal tumor dissemination
by direct visual inspection in terms of number, site and
weight of the metastases.
Statistical analysis
Data were expressed as the mean ± SD. Statistical
comparisons were made using the Student’s t test for
the measurement data and Mann-Whitney U test for
enumeration data. P < 0.05 was considered statistically
significant.

RESULTS
Establishment of a human colon cancer model in athymic
mice
The human colon cancer cell line LS174T robustly
formed tumors. Primary tumors growth was apparent
in the subdermal tissue of athymic mice at 1 wk after
implantation. The tumor grew rapidly into an oval shape
with a smooth and glossy surface at early stages and an
irregular shape with surface nodosity at later periods.
Thus, it is an ideal tumor model for colon cancer research.
Macroscopically, the subcutaneous tumors in athymic
mice were silver-gray and looked like fish flesh when
dissected. HE staining confirmed the tumors as colon
adenocarcinoma, as expected. Microscopically, tumor
cells were seen in a ball-like distribution with larger cell
bodies and obvious heteromorphism; the nuclei were
large and irregular and the nucleoli were obviously
visible. Without necrotic changes, typical micro-cavitylike structures were seen separately and multi-nuclear
giant cells were occasionally found in the tumor tissues.
All of the aforementioned features are consistent with the
characterization of a poorly differentiated human colon
adenocarcinoma (Figure 1).
Inhibitory effect of rvAdCMV/NK4 on tumor growth
Subcutaneous injection of LS174T cells resulted in tumor
formation in all 15 athymic mice (tumor formation rate
100%) and the tumors grew a large enough size to be
treated with PBS, or Ad-LacZ, or rvAdCMV/NK4 from
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Figure 1 Tumors established in athymic BALB/c mice by subcutaneous injection
of LS174T cells. A: Photography of subcutaneous tumor of LS174T in athymic
mice; B: The tumor sections (HE, × 200).

the 3rd d after tumor cell implantation. No animals died
during the treatment and all of them grew well without
dyscrasia. There was no significant difference in body
weight among three groups before and after treatment
(data not shown). No metastases in organs of the thoracic
or abdominal cavity were found. Tumor growth curves
showed that the average size of tumors in the rvAdCMV/
NK4 group was significantly smaller compared to the two
control groups (2537.4 ± 892.3 mm3 in rvAdCMV/NK4
group vs 5175.2 ± 1228.6 mm3 in PBS group or 5578.8
± 1955.7 mm3 in Ad-LacZ group, P < 0.05) (Figure 2).
The tumor g rowth inhibition rate was 51% in the
rvAdCMV/NK4 group when compared with the AdLacZ group, while no significant difference was observed
between the Ad-LacZ and PBS groups (5578.8 ± 1955.7
mm3 vs 5175.2 ± 1228.6 mm3). These findings indicate that
the rvAdCMV/NK4 treatment can inhibit tumor growth
effectively.
Because PCNA is mainly expressed during S, G1, and
early G2 phase of the cell-cycle in proliferating cells, it is
accepted as a marker of cell proliferation and malignancy
of tumors[30]. In order to assess the inhibitory effects of
the rvAdCMV/NK4 treatment on human colon cancer
cells, we immunohistochemically examined the PCNA
level in the tumors. The results showed that there was no
significant difference in PCNA LI among the three groups
(75.1% ± 11.2% in PBS group vs 72.8% ± 7.6% in AdLacZ group vs 69.3% ± 9.4% in rvAdCMV/NK4 group)
(Figure 3), indicating that the rvAdCMV/NK4 treatment
did not inhibit proliferation of tumor cells and the
inhibitory effects on tumor growth clearly do not rely on

B

C

D

Figure 2 Suppression of LS174T tumor growth in athymic mice by intratumoral
administration of rvAdCMV/NK4. A: Tumor growth curves. Data are presented as
mean ± SD (n = 5/group); B: PBS control; C: Ad-LacZ; D: rvAdCMV/NK4.

direct inhibition of tumor cell proliferation. These results
are also identical to those obtained in previous in vitro
experiments and similar with the reports of others[27,31,32].
Inhibition of angiogenesis in tumor by rvAdCMV/NK4
In order to demonstrate the inhibitor y effect of
www.wjgnet.com
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Figure 3 PCNA expression in LS174T tumors after rvAdCMV/NK4 treatment. A, B,
C: Immmunohistochemical staining of PCNA in tumor tissues (× 200), A: PBS; B:
Ad-LacZ; C: rvAdCMV/NK4; D: PCNA labeling index in different groups (mean ±
SD). aР > 0.05 vs PBS/Ad-LacZ.

Figure 4 Microvessel density of LS174T tumors in athymic mice after
rvAdCMV/NK4 treatment. A, B, C: Immmunohistochemical staining of CD31
in tumor tissues (× 100), A: PBS; B: Ad-LacZ; C: rvAdCMV/NK4; D: Number
of vessels in tumor tissues after treatment (mean ± SD). aР < 0.05 vs PBS or
Ad-LacZ.

rvAdCMV/NK4 treatment on tumor angiogenesis in
the athymic mice model, tumor MVDs were quantified
by immunohistochemical staining for CD31. The results
indicated a marked reduction in MVD in the rvAdCMV/
NK4-treated tumors (10.7 ± 2.4) compared to the
PBS-treated (25.6 ± 3.8) and Ad-LacZ-treated (21.3 ±
3.5) tumors (P < 0.05) (Figure 4), indicating that NK4

may suppress tumor growth via inhibition of tumor
angiogenesis.

www.wjgnet.com

rvAdCMV/NK4-induced apoptosis
In order to further elucidate the mechanisms underlying
the suppression of human colon cancer growth by
adenovir us vector-mediated NK4-transduction, we
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Suppression of tumor metastasis by rvAdCMV/NK4
treatment
We investigated the consequences of ip injection with
rvAdCMV/NK4 on the peritoneal dissemination of
LS174T cells in vivo. Although the treatment was begun as
early as the first day after LS174T cell implantation into
the abdominal cavity, tumor dissemination in this cavity
was found in all animals after only 2 wk, indicating the
strong invasive ability and aggressive malignant nature
of LS174T cells. The tumor dissemination was mainly
observed in the omental cavity or on the mesentery and
surface of the liver or peritoneum, but no ascites was
found. After treatment, both the average number and
the average weight of the disseminated tumors in the
rvAdCMV/NK4 group were significantly less compared
to the PBS and Ad-LacZ groups (tumor number: 6.2 ±
3.3 vs 22.9 ± 7.6 or 19.8 ± 8.5, P < 0.05; tumor weight:
324 ± 176 mg vs 962 ± 382 mg or 1116 ± 484 mg, P <
0.05) (Figure 6), demonstrating that adenovirus-mediated
NK4 transduction can inhibit metastasis of LS174T
tumors.
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Figure 5 Apoptosis in LS174T tumors in athymic mice after treatment. A, B, C:
Apototic cells stained by TUNEL assay (× 200), A: PBS; B: Ad-LacZ; C: rvAdCMV/
NK4; D: Apoptotic index in different groups (mean ± SD). aР < 0.05 vs PBS or AdLacZ.

applied the TUNEL assay to analyze apoptosis in the
tumor tissues. We found a marked increase in apoptotic
index in the rvAdCMV/NK4-treated tumors (7.3% ±
2.4%) compared to PBS-treated (2.6% ± 1.1%) or AdLacZ-treated tumors (2.1% ± 1.5%) (P < 0.05) (Figure 5),
sug gesting that NK4 transduction may result in an
increased apoptosis of tumor cells, thereby leading to
tumor growth inhibition.

More investigations have shown that HGF is associated
with the malignant behavior of human colorectal cancer
cells via enhancing invasion and metastasis[33,34], and our
previous studies showed that recombinant adenovirus
vector rvAdCMV/NK4-mediated NK4 transduction could
attenuate HGF-induced tumor cell scattering, migration,
and basement membrane invasion[27]. On this basis, we
explore here the possibility of applying rvAdCMV/NK4
to gene therapy against a human colon cancer xenograft
model in athymic mouse. Our results demonstrated that,
compared with the control groups, rvAdCMV/NK4
treatment could significantly suppress the growth and
metastasis of LS174T tumors. Furthermore, tumor
suppression was associated with decreased angiogenesis
and increased apoptosis in these tumors.
T he view point that tumor g rowth de pends on
angiogenesis was first proposed by Folkman in 1971[35].
Numerous investigations have shown that angiogenesis
is indeed a primary condition for growth and metastasis
of tumors over 1-2 mm3[36]. Thus, inhibition of tumor
growth via suppression of tumor angiogenesis, rather
than direct tumor cell killing, which is called “dormancy
therapy”, has been a popular direction in tumor treatment
in recent years[37]. To evaluate the suppressive effects of
rvAdCMV/NK4 on angiogenesis, we assayed MVD in
subcutaneously implanted tumors. We found that MVD in
the rvAdCMV/NK4-treated group was significantly less
than the control groups. Moreover, obvious diffuse tumor
cell ischemia and necrosis due to blood supply deficiency
could be seen in rvAdCMV/NK4-treated tumors (data
not shown); while the basement membrane of new
vessels was not integral and was deficient in mural cells
in the PBS-treated or Ad-LacZ-treated tumors. This may
promote tumor cell intravasation and, therefore, greater
invasion and progression to metastasis. These findings

www.wjgnet.com

1944

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

A

B

C

Number of
disseminated foci

D

35
30
25
20
15

a

10
5
0

Total weight of
disseminated foci (mg)

E

PBS

Ad-LacZ

rvAdCMV/NK4

2000
1500
1000
a

500
0

PBS

Ad-LacZ

rvAdCMV/NK4

Figure 6 Suppression of peritoneal dissemination by intraperitoneal injection of
rvAdCMV/NK4. A, B, C: Macroscopic appearance of peritoneal dissemination
on d 14 after the treatment following peritoneal implantation of 1 × 106 LS174T
cells (n = 5/group), A: PBS; B: Ad-LacZ; C: rvAdCMV/NK4. Arrowheads indicate
disseminated tumor nodules; D: Number of disseminated foci (mean ± SD); E:
Total weight of disseminated foci (mean ± SD). aР < 0.05 vs PBS or Ad-LacZ.
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suggest that ischemia and necrosis due to blood supply
deficiency caused by rvAdCMV/NK4 treatment-induced
anti-angiogenesis might be one of the primary reasons for
tumor growth inhibition.
Apoptosis plays an important role in the inhibition
of oncogenesis, tumor development and growth. Balance
between proliferation and apoptosis drives a tumor
to a silent or dormant state, which may inhibit clinical
recurrence and metastasis caused by mini-tumors, placing
the patients, especially those who received an operation, in
a sub-clinical therapy state[38]. Thus, apoptosis in a tumor
usually indicates a relatively good clinical prognosis. The
majority of chemotherapeutic drugs at present suppress
tumor growth through induction of apoptosis[39]. In our
study, the AI of the r vAdCMV/NK4-treated group
was much higher compared to the control groups,
indicating its potential value for clinical therapy of cancer.
The mechanism by which rvAdCMV/NK4 treatment
promotes apoptosis in LS174T tumors is yet unknown.
However, it is unlikely to be caused by direct suppression
of cell proliferation, because the treatment did not lead to
a significant decrease of PCNA LI. In consideration of
the established linkage between inhibition of angiogenesis
and tumor apoptosis, as well as the potent anti-angiogenic
activity of NK4, it is reasonable to attribute the markedly
increased apoptosis to the significantly inhibited
angiogenesis. Hence, inhibition of angiogenesis may play
a central role in the tumor suppression mediated by NK4.
At present, surgical resection remains the leading
therapeutic approach for colon cancer. However, surgery
has risks contributing to tumor cell dissemination around
operation fields and metastasis in the abdominal cavity. In
order to investigate whether rvAdCMV/NK4 may inhibit
tumor dissemination, we established disseminating tumor
models in athymic mice through injection of LS174T
cells into the abdominal cavity. For modeling clinical
patients who receive systemic therapy from the first day
after the operation, we treated the animals from the first
day after injection of LS174T cells. Our results suggest
that r vAdCMV/NK4 may effectively inhibit tumor
dissemination. Both the size and weight of tumors in
rvAdCMV/NK4-treated group were lower than those in
the control groups. Tumor implantation in the abdominal
cavity is presently regarded to be caused by adherence
between tumor cells and interstitial cells, allowing
tumor cells to eventually break through the basement
membrane. According to previous investigations, HGF
released from fibroblasts and interstitial cells may cause
the morphological changes of stromal cells and promote
tumor cell invasion into the basal layer [40]. Thus, HGF
may play a role in tumor dissemination, in addition to the
effects of transforming growth factor-β (TGF-β), etc. In
our study, rvAdCMV/NK4 inhibited the dissemination of
LS174T cells in the abdominal cavity via HGF-antagonist
activity of the NK4 protein, thereby inhibiting adherence
between tumor cells and matrix. At the same time, the antiangiogenic and pro-apoptotic activity of NK4 suppressed
the growth of implanted tumors.
In summary, we have applied the first generation nonreplicating recombinant adenovirus vector, rvAdCMV/
NK4, to effectively treat human colon cancer in an in
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vivo athymic mouse model. The findings are in agreement
with previous studies reported on various human cancers,
such as pancreatic cancer [23], hepatocellular cancer [26],
gastric cancer[41], etc. Although our preliminary results are
encouraging, showing the relative efficacy of this type of
treatment in human colon cancer cells, one must keep in
mind that the efficacy of gene therapy as the sole treatment
may be hampered by several factors, such as immunity
against the viral vector, the duration of gene expression,
and the specificity of cancer targeting, etc. Such therapy
should be combined with currently available conventional
therapies, including surgical resection, chemotherapy,
and radiotherapy to achieve better therapeutic success. In
future studies, we will examine the synergistic effects of
combination with chemotherapy and/or radiotherapy, as
well as any sensitizing effects on chemotherapy and/or
radiotherapy.
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Abstract
AIM: To investigate the combined chemotherapeutic
effects of celecoxib when used with 5-FU in vitro .
METHODS: Two human colon cancer cell lines (HCT-15
and HT-29) were treated with 5-FU and celecoxib, alone
and in combination. The effects of each drug were
evaluated using the MTT [3- (4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide] assay, flow cytometry,
and western blotting.
RESULTS: 5 - F U a n d c e l e c o x i b s h o w e d a d o s e -3
dependent cytotoxic effect. When treated with 10
mol/L 5-FU (IC50) and celecoxib with its concentration
-8
-4
ranging from 10 mol/L to 10 mol/L of celecoxib,
cells showed reduced cytotoxic effect than 5-FU
-3
(10 mol/L) alone. Flow cytometry showed that celecoxib
attenuated 5-FU induced accumulation of cells at subG1
phase. Western blot analyses for caspase-3 and poly
(ADP-ribose) polymerase (PARP) cleavage showed that
celecoxib attenuated 5-FU induced apoptosis. Western
blot analyses for cell cycle molecules showed that G2/M
arrest might be possible cause of 5-FU induced apoptosis
and celecoxib attenuated 5-FU induced apoptosis via
blocking of cell cycle progression to the G2/M phase,
causing an accumulation of cells at the G1/S phase.
CONCLUSION: We found that celecoxib attenuated
cytotoxic effect of 5-FU. Celecoxib might act via inhibition
of cell cycle progression, thus preventing apoptosis
induced by 5-FU.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Colorectal cancer is the second leading cause of cancer
death in the United States[1]. Despite advances in medical
practices and chemotherapeutic protocols, survival rates
in cases of colorectal cancer have changed little over
the last 20 years. In the treatment of colorectal cancer,
5-fluorouracil (5-FU), a potent inhibitor of thymidylate
synthesis during DNA synthesis, is one of the most
commonly used chemotherapeutic agents, but the overall
response rate is only around 15% when used in adjuvant
chemotherapy[2]. 5-FU is also used to treat various cancers,
but results are not satisfactory. To increase the response
rate, 5-FU is usually used in combination with other drugs,
such as cyclophosphamide and methotrexate (breast
cancer)[3], cisplatin (head and neck cancer)[4], or leucovorin
(colorectal cancer) [5,6] . 5-FU has also been tested in
combination chemotherapy with other drugs, which act via
different mechanisms[7-9].
Thun et al[10] suggested that NSAIDs reduce the risk
of colorectal cancer, and several investigators tested
the application of NSAIDs as a new chemopreventive
agent[11,12]. Celecoxib, a cyclooxygenase-2 (COX-2) specific
inhibitor known to have antiproliferative effects on
colorectal cancer[13,14], was also tested as a chemotherapeutic
agent[15]. Milas et al[16] combined radiation therapy with a
COX-2 inhibitor in a mouse cancer model, and observed
an enhanced therapeutic response. In a recent clinical
trial that incorporated the use of celecoxib as a combined
chemotherapeutic drug, Altorki et al[17] tested celecoxib as
a combined chemotherapeutic agent with paclitaxel and
carboplatin on the early-stage non-small cell lung cancer.
In their report, celecoxib showed additive or synergistic
effect.
In this paper, we tested celecoxib as a possible
candidate for combined chemotherapeutic agent to be used
with 5-FU in the treatment of colorectal cancer. Thus, we
treated HCT-15 and HT-29 human colon cancer cell lines
www.wjgnet.com
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with 5-FU and celecoxib and assessed their effects by MTT
[3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide] assay, flow cytometry and western blotting.

MATERIALS AND METHODS
Cell culture
The HCT-15 and HT-29 human colon cancer cell
lines were purchased from the American Type Culture
Collection (ATCC, Rockville, MD) and cultured in
RPMI1640 medium supplemented with 10% fetal bovine
serum (FBS) at 37℃ in a 5% CO2 atmosphere. To examine
the effects of 5-FU and celecoxib alone, the cells were
treated with 10-6 mol/L, 10-5 mol/L, 10-4 mol/L, 10-3 mol/L,
and 10-2 mol/L 5-FU and celecoxib for 24 h, respectively.
To address the effects of 5-FU and celecoxib cotreatment, various concentrations of celecoxib were added
immediately after treating cells with 10-3 mol/L 5-FU.
MTT assay
The MTT assay was performed as previously described[18].
In brief, HCT-15 and HT-29 human colon cancer cells
were cultured in a 24-well plate (Corning Inc., Corning,
NY) at a density of 5 × 104 cells per well. The cells were
then treated with varying concentrations of 5-FU, or
celecoxib, or both drugs. After 48 h, the cells were washed
and treated with MTT. Plates were incubated in the dark
for 4 h, and the absorbances were measured at 570 nm
using a microtiter plate reader (Bio-Tek, Winooski, VT).
To determine cell viability, percent viability was calculated
as [(absorbance of dr ug-treated) sample/(control
absorbance)] × 100.
Flow cytometry
Apoptosis detection and analysis of cell cycle distribution
were perfor med by f low cytometr y, as described
previously[19,20]. Briefly, cells were incubated for 24 h in a
medium without FBS to synchronize the cell cycle. Cells
were then treated for 48 h in the medium containing 10%
FBS with celecoxib, 5-FU or both, respectively. Cells
were harvested by trypsinization, washed twice with PBS,
incubated with 0.125% Triton X-100, and stained with
propidium iodide (PI) in PBS containing 0.2 mg/mL
RNase A. Stained cells were analyzed using a FACS calibur
(Becton Dickinson, San Jose, CA, USA). For each sample,
cells were counted until the count reached 10 000 cells in a
predefined G1-gate. The percentages of cells in the subG1,
G0/G1, S, and G2/M phases were determined using the
CELLQUEST software.
Western blotting
Cells were incubated for 48 h with 10-5 mol/L celecoxib,
10 -3 mol/L 5-FU or both drugs. Cells were harvested
in cold phosphate-buffered saline (PBS), collected by
centrifugation, resuspended in a homogenizing buffer
(50 mmol/L Tris-HCl, pH 7.5; 150 mmol/L NaCl;
1 mmol/L EDTA; 0.1 mmol/L phenylmethylsulfonyl
fluoride (PMSF); and 10 µ g/ml of each of aprotinin,
leupeptin, and pepstatin), and sonicated on ice. Protein
concentrations of the homogenates were determined
using the bicinochoninic acid (BCA) method (Pierce).
www.wjgnet.com
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Homogenates were diluted to a final concentration of
2 mg/ml with 2X reducing stop buffer (0.25 mol/L TrisHCl, pH 6.8, 5 mmol/L EDTA, 5 mmol/L EGTA, 25
mmol/L dithiothreitol, 2% SDS, and 10% glycerol with
bromophenol blue as the tracking dye). Samples (50 µg
of protein) were resolved on SDS-polyacrylamide gels,
and transferred to nitrocellulose. Blots were blocked in
5% nonfat dried milk in TBST (20 mmol/L Tris-HCl, pH
7.6, 137 mmol/L NaCl, 0.1% Tween 20) for 1 h at room
temperature. Blots were then incubated with the respective
primary antibodies directed against poly(ADP-ribose)
polymerase (PARP) (1:1000, Cell Signaling Technology),
active caspase-3 (1:1000, Cell Signaling Technology),
cdk1 (1:1000, Neomarkers), cdk2 (1:1000, Neomarkers),
cyclin A (1:1000, Neomarkers), and cyclin B (1:1000,
Neomarkers), in the same buffer overnight at 4℃. The
membranes were then washed three times with TBST and
incubated with HRP-conjugated goat anti-mouse IgG
(1:2000) monoclonal antibody or with HRP- conjugated
goat anti-rabbit IgG (1:2000) polyclonal antibody for 2 h
at room temperature. The membranes were then rinsed
three times for 30 min with TBST, four times quickly
with distilled water, and developed using the enhanced
chemiluminescence method (ECL) (Amersham).
Reagents
Cell culture reagents were purchased from Gibco (Carlsbad,
CA). Celecoxib was obtained as a generous gift from Dr.
JH Chung (Kyung Hee Univ) and 5-FU was obtained from
Sigma (St. Louis, MO). The stock solution of celecoxib
was prepared by dissolving it in DMSO (Sigma). All other
chemicals were purchased from Sigma unless otherwise
stated.

RESULTS
MTT assay
To investigate the effects of 5-FU and celecoxib in isolation,
various concentrations of 5-FU or celecoxib were added
to HCT-15 or HT-29 cells. When treated with 10-6 mol/L,
10-5 mol/L, 10-4 mol/L, 10-3 mol/L or 10-2 mol/L 5-FU,
the viabilities of HCT-15 cells were 83.6% ± 2.9%, 65.0%
± 4.1%, 69.9% ± 1.3%, 53.6% ± 3.6%, and 21.6% ±
3.7%, respectively. In HT-29 cells, the viabilities of cells
for the same concentrations were 89.0% ± 2.0%, 83.8% ±
1.8%, 65.3% ± 4.7%, 43.1% ± 2.7%, and 24.5% ± 1.2%,
respectively (Figure 1).
When treated with 10-7 mol/L, 10-6 mol/L, 10-5 mol/L,
-4
10 mol/L, or 10 -3 mol/L celecoxib, the viabilities of
HCT-15 cells were 89.37% ± 3.7%, 85.0% ± 7.8%, 76.4%
± 5.2%, 61.2% ± 3.3%, and 19.1% ± 2.0%, respectively,
and of HT-29 cells were 95.6% ± 6.7%, 90.2% ± 4.6%,
78.9% ± 3.3%, 51.1% ± 2.7%, and 19.1% ± 0.8%,
respectively (Figure 2).
Based on the MTT results, we opted for 10-3 mol/L
5-FU to be used as the drug-treated standard. Therefore,
cells were treated with 10 -3 mol/L 5-FU and various
concentrations of celecoxib. Cells treated with celecoxib
ranging in the concentration of 10-8 mol/L to 10-4 mol/L
showed antagonistic effects on the 10 -3 mol/L 5-FUtreated cells. But 10-3 mol/L celecoxib showed synergistic
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Figure 2 Combinatorial chemotherapy of HCT-15 or HT-29 human colon
cancer cells with 5-FU and/or celecoxib. Cells were treated with 10-3 mol/L 5-FU,
10-5 mol/L celecoxib, or both. Cell viability was determined by the MTT assay, and
expressed as the cell viability index (%) defined as: (mean absorbance in the test
group/mean absorbance in the control group) × 100. Results are mean ± SE. aP <
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Figure 1 Viability of colon cancer cells treated with 5-FU and celecoxib. Cell
viability was determined by MTT assay. Cell viabilities at various concentrations
of 5-FU (A) and celecoxib (B) were evaluated using a cell viability index (%),
which was defined as: (mean absorbance in the test group/mean absorbance in
the control group) x 100. Black bars represent HCT-15 cells and white bars HT-29
cells. Results are mean ± SE.

effects (data not shown) (Figure 3).
Flow cytometry
We analyzed cell cycle distributions by flow cytometry
to investigate the effects of 5-FU, celecoxib, or cotreatment of both drugs. In HCT-15 cells, 5-FU induced
accumulation of cells at subG1 phase with 10-3 mol/L
5-FU. When treated with 10-3 mol/L 5-FU and 10-7 mol/L
or 10-6 mol/L celecoxib, the cell population in the subG1
phase was reduced (Figure 4). These results show that
celecoxib attenuates the cell death induced by 5-FU (SubG1
phase fraction; 43.33% in 10-3 mol/L 5-FU, and 3.88 and
4.18% in 5-FU with 10-7 mol/L or 10-6 mol/L celecoxib,
respectively). However, at higher celecoxib concentrations
cell death was increased by 5-FU treatment (data not
shown). In HT-29 cells, co-treatment of celecoxib reduced
the accumulation of cells at subG1 phase (SubG1 phase
fraction; 68.27% in 10-3 mol/L 5-FU, and 8.29, 9.66, and
9.68% in 5-FU with 10-7 mol/L, 10-6 mol/L, or 10-5 mol/L
celecoxib, respectively) (Figure 4, Table 1).
Western blotting
MTT-based cytotoxicity assays and flow cytometry showed
that treatment with celecoxib attenuated 5-FU-induced
cytotoxicity. So we examined caspase-3 expression and
PARP cleavage, as markers of apoptosis. PARP is a 112-kDa
nuclear protein that is cleaved specifically by activated
caspase-3 and -6 into 89-kDa and 29-kDa apoptotic
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17.51
62.56
37.70
47.87
68.27
25.69
8.29
62.37
9.66
60.02
9.68
60.69
26.10
54.30
18.78
69.39
36.15
46.46
43.34
41.34

30.90
41.40
84.96
70.13
20.55
38.87
21.60
45.32
27.67
81.43
62.73
24.55
G2/M (%)
32.84
13.85
17.13
10.87
4.61
23.53
23.29
23.44
15.76
9.99
14.35
12.61

10-6 mol/L
10-5 mol/L
10-4 mol/L
10-3 mol/L
Celecoxib
10-7 mol/L
10-6 mol/L
10-5 mol/L
10-4 mol/L
5-FU
10-7 mol/L
(10-3 mol/L) 10-6 mol/L
& Celecoxib
10-5 mol/L
HT-29
Control
5-FU
10-6 mol/L
10-5 mol/L
10-4 mol/L
10-3 mol/L
Celecoxib
10-7 mol/L
10-6 mol/L
10-5 mol/L
10-4 mol/L
5-FU
10-7 mol/L
(10-3 mol/L) 10-6 mol/L
& Celecoxib
10-5 mol/L

14.61
18.93
11.25
27.09
20.54
17.54
15.85
15.96
33.10
14.48
32.86
28.35
S (%)
4.62
3.73
3.13
3.63
1.68
6.11
7.24
6.39
4.02
1.89
3.16
2.74

fragments. 5-FU induced caspase-3 expression and PARP
cleavage but celecoxib attenuated these changes and thus
prevented the apoptosis of colon cancer cells (Figure 5).
We also investigated the expressions of several cell
cycle-regulatory molecules. Cell cycle progression is
mediated by cyclins and Cdks. Cdk1 with cyclin A and
B modulates the G2/M transition and cdk2 with cyclin
E controls the G 0 /G 1 transition. We found that the
expressions of cdk1, cyclin A and cyclin B were increased
in the 5-FU only treated group and celecoxib attenuated
the expressions of these molecules. Cdk2 was found to
be elevated in all celecoxib treated groups. These results
indicated that cell cycle progression is inhibited by
celecoxib, and that this might be a cause of its antagonistic
effect. We also performed another set of experiments at a
5-FU concentration of 10-4 mol/L (data not shown). The
results were similar to those above results.
www.wjgnet.com
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Figure 3 Flow cytometry of human colon cancer cells. Cells were treated with various concentrations of 5-FU, celecoxib, and both drugs. The cells were washed once with
PBS, centrifuged and stained with propidium iodide, and then analyzed using a FACSCalibur. F represents 5-FU, and C celecoxib.

DISCUSSION
Although 5-FU is currently the first-line agent for
colorectal cancer, the overall response rate to 5-FU in
adjuvant treatment is less than 15% [2]. This lack of an
acceptable response has stimulated intensive development
effort to develop new cancer dr ugs and upon new
combined regimens in colorectal cancer treatment. Many
www.wjgnet.com

efforts have been made to combine 5-FU with secondline agents such as, cisplatin, interferon, leucovorin,
methotrexate, N-phosphonoacetyl-L-aspartate (PALA)
and uridine[21]. However, results have not been satisfactory.
Recently, a combined celecoxib/radiation therapy showed
an improved response in a mouse tumor model[16]. The
first combined celecoxib with paclitaxel and carboplatin
clinical chemotherapeutic trial was successful[17]. In their
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Figure 4 Western blotting of apoptosis molecules. A: Control; B: 10-3 mol/L 5-FU;
C: 10-5 mol/L Celecoxib; D: 5-FU (10-3 mol/L) and celecoxib (10-5 mol/L). HCT-15
and HT-29 human colon cancer cell lines were treated with 10-3 mol/L 5-FU, 10-5
mol/L celecoxib, and 5-FU (10-3 mol/L) and celecoxib (10-5 mol/L). Western blotting
for apoptosis-related molecules was performed as described in ‘Materials and
Methods’. Co-treatment with celecoxib attenuated the caspase-3 expression and
PARP cleavage.

study, celecoxib was given concomitantly with paclitaxel
and carboplatin to non-small-cell lung cancer patients
preoperatively. The results obtained were very promising.
In the present study, we examined the effect of
celecoxib on 5-FU-induced cell death in two human colon
cancer lines. Interestingly, the MTT assay showed that
celecoxib antagonized the cytotoxic effect of 10-3 mol/L
5-FU. So we investigated the mechanism underlying this
antagonism by flow cytometry and western blot. First, we
focused apoptosis signal and cell cycle regulation. By flow
cytometry, 5-FU treatment increased cell accumulation
at subG1 phase, which indicate apoptosis in these cells.
Celecoxib decreased apoptotic cells at subG1 phase. In
western blot analyses, antagonistic effect of celecoxib was
proved. Co-treatment of celecoxib with 5-FU attenuated
the caspase-3 expression and PARP cleavage. These results
well correspondence with flow cytometry data.
It is reported that down-regulation of cyclin B1
expression is observed after treatment of celecoxib and
p21 is up-regulated[22]. These changes were not dependent
on p53. HCT-15 and HT-29 cells have mutant p53.
Mutated p53 is often expressed in variety of human
tumors and contribute to malignant process by loss of
tumor suppressor function and gain of novel functions
that enhance transformed properties of cells[23]. Swamy
et al[24] reported that celecoxib increases nuclear localization
of active p53. The treatment of celecoxib in HCT-15
and HT-29 cells might involve inhibition of function of
mutated p53.
Although we examined the cell cycle distribution
by flow cytometry, these results cannot fully explain
involvement of cell cycle arrest as a mechanism of
antagonistic action of celecoxib. So we also studied the
cell cycle regulatory protein expressions. In western blot
analyses, cyclin A, cyclin B and cdk1 expressions were
increased, which indicates that cell cycle progression was
arrested at the G2/M phase. Celecoxib treatment inhibited
cell cycle progression at the G2/M phase, and reduced
the expressions of cyclin A, cyclin B and cdk1, but the
expression of cdk2, which regulates the G1/S transition,
was increased. Our results are similar to study by Peng et
al[25]. According to the studies by Peng et al[25], celecoxib
down-regulated the expression of CDK2 and CDK4
expression in HT-29 cells. Although we do not conduct
on the experiment of CDK4, the results from CDK2 was
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Figure 5 Western blotting of cell cycle-regulatory molecules. A: Control; B: 10-3
mol/L 5-FU; C: 10-5 mol/L Celecoxib; D: 5-FU (10-3 mol/L ) and celecoxib (10-5 mol/
L ). HCT-15 and HT-29 human colon cancer cells were treated with 10-3 mol/L 5-FU,
10-5 mol/L celecoxib, and the two in combination. Western blotting for cdk1, cyclin
A, cyclin B, and cdk2 were performed as described in ‘Materials and Methods’.
Celecoxib reduced G2/M phase accumulation, and increased the G1/S phase
protein, cdk-2.

similar to their study.
In this study, we investigated whether celecoxib
has the potential to be used with 5-FU as a combined
chemotherapeutic agent for the treatment of colorectal
cancer. However, unfortunately, celecoxib was found to
antagonize the effect of 5-FU in human colon cancer cells.
Although our results are based on an in vitro study and
sometimes in vitro data does not correspond with results
in vivo results, the results of the present study indicate that
celecoxib cannot be used with a cell cycle-arresting agents
like 5-FU. Further studies are needed to clarify our results
and studies in clinical setting focusing on the usefulness of
celecoxib as a combined chemotherapeutic agent are also
needed.
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but had no effect on the level of endothelial NO synthase
(eNOS) after reperfusion in liver. The 7 d survival rate
was significantly higher in C + I/R group than in I/R
group.
CONCLUSION: Curcumin has protective effects against
hepatic I/R injury. Its mechanism might be related to the
overexpression of Hsp70 and antioxidant enzymes.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To investigate the hypothesis that the protective
effects of curcumin in hepatic warm ischemia/reperfusion
(I/R) injury are associated with increasing heat shock
protein 70 (Hsp70) expression and antioxidant enzyme
activity.
METHODS: Sixty Sprague-Dawley male rats were
randomly divided into sham, I/R, C + I/R groups.
The model of reduced-size liver warm ischemia and
reperfusion was used. Curcumin (50 mg/kg) was
administered by injection through a branch of superior
mesenteric vein at 30 min before ischemia in C + I/R
group. Five rats were used to investigate the survival
during 1 wk after operation in each group. Blood
samples and liver tissues were obtained in the remaining
animals after 3, 12, and 24 h of reperfusion to assess
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), liver tissue NO 2 + NO 3 ,
malondialdehyde (MDA) content, superoxide dismutase
(SOD), catalase (CAT), nitricoxide synthase (NOS) and
myeloperoxidase (MPO) activity, Hsp70 expression and
apoptosis ratio.
RESULTS: C o m p a r e d w i t h I / R g r o u p , c u r c u m i n
pretreatment group showed less ischemia/reperfusioninduced injury. CAT and SOD activity and Hsp70
expression increased significantly. A higher rate of
apoptosis was observed in I/R group than in C + I/R
group, and a significant increase of MDA, NO2 + NO3
and MPO level in liver tissues and serum transaminase
concentration was also observed in I/R group compared
to C + I/R group. Curcumin also decreased the activity of
inducible NO synthase (iNOS) in liver after reperfusion,
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INTRODUCTION
Liver warm ischemia/reperfusion (I/R) injury leads to
liver cell (parenchymal and sinusoidal cells) damage, retards
liver cell regeneration and predisposes to liver failure. Since
I/R injury resulting in liver failure poses severe clinical
problems, it is important for surgeons to prevent or
ameliorate it.
Several factors contribute to liver warm I/R injury.
Hepatic ischemic injury is caused by oxygen deficiency.
During reperfusion, hypoxia organ damage is aggravated
following recovery of blood flow and oxygen delivery.
During the ischemic period, hypoxia causes mitochondrial
adenosine triphosphate depletion, alters H+, Na+, and Ca2+
homeostasis, activates hydrolytic enzymes, and impairs
cell-volume regulation. After reperfusion, Kupffer cell
activation is a principal pathophysiologic mechanism
of early liver reperfusion injury. Activated Kupffer cells
release reactive oxygen species (ROS), nitric oxide, and
several proinflammatory cytokines. These cytokines,
together with the increased expression of adhesion
molecules by sinusoidal endothelial cells, promote liver
neutrophil infiltration, thus contributing to the progression
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of parenchymal injury. Efforts to attenuate I/R injury
have been focused on blocking the events associated with
inconvertible liver damage.
Curcumin [1, 6-heptadiene, 3-5-dione, 1, 7-bis
(4-hydroxy-3-methoxyphenyl) (C21H20O6)], a yellow-orange
dye extracted from the spice tumeric, possessing both antiinflammatory antioxidant and anti-carcinogenic effect[1],
is a potent stimulator of the stress-induced expression of
heat shock protein 70 (Hsp70). It was recently reported
that administration of curcumin could ameliorate I/R
injury in rat kidney, myocardium, and nervous tissue[2-6].
We aimed to study whether curcumin can ameliorate I/R
injury, inhibit hepatocyte apoptosis, and induce Hsp overexpression in hepatic I/R injury.

MATERIALS AND METHODS
Experimental animals
Male Sprague-Dawley rats (8-10 wk old) weighing 220-300 g
were purchased from the Center of Experimental Animals,
Medical College of Wuhan University. This project was
approved by the Committee of Experimental Animals of
Wuhan University. All experimental procedures complied
with the Guide for the Care and Use of Laboratory
Animals.
Surgical procedures and experimental design
Fasted (10-14 h) rats were anesthetized with 20% urethane
solution (5 mL/kg). After midline laparotomy, liver warm
ischemia was induced by clamping the left branches of
both portal vein and hepatic artery to prevent portal
congestion for 45 min (ischemia of about 70% liver).
After 45 min of ischemia, the clip was released to allow
reperfusion of the liver, and the non-ischemic lobes were
immediately excised, leaving the remaining two reperfusion
lobes. The abdominal cavity was closed, and the animals
were allowed to recover with free access to food and water.
The rats were divided into three groups: sham group in
which the rats were laparotomized for 5 min without
hepatectomy or vascular clamping, I/R group and C +
I/R group (ischemia/reperfusion + curcumin infusion
group) (20 animals per group). The rats in C + I/R group
were injected with 50 mg/kg curcumin (Sigma, St. Louis,
MO) (dissolved in 1 mL dimethyl sulfoxide solution) into
a branch of superior mesenteric vein 30 min before the
left branches of both portal vein and hepatic artery were
clamped. The rats in I/R group were infused with only
1 mL dimethyl sulfoxide 30 min before the left branches
of vessels were clamped. Five rats in each group were used
to investigate the survival in 1 wk. Five rats in each group
were killed at 3, 12, or 24 h after the start of reperfusion,
and the left ischemic lobe of the liver was removed,
weighed, snap frozen in liquid nitrogen and stored at -70℃
for biochemical analysis or stored in 4% PBS-buffered
paraformaldehyde for histopathological analysis. Blood
samples were collected via the inferior vena cava.
Blood analysis
Serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) concentrations were measured
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using standard techniques with a serum analyzer (Olympus
Automated Chemistry Analyzer AU2700, Japan).
Malondialdehyde, catalase, superoxide dismutase, nitricoxide, nitricoxide synthase, and myeloperoxidase in liver
homogenate determination
Liver homogenate malondialdehyde (MDA) concentration
was measured using the thiobarbituric acid (TBA) method.
The amount of lipid peroxides (LPO) was measured as
the production of MDA, which in combination with TBA
forms a pink chromogen compound whose absorbance at
532 nm was measured. The result was expressed as nmol/
mg protein.
Total superoxide dismutase (SOD) activity in hepatic
homogenate was measured through the inhibition of
nitroblue tetrazolium (NBT) reduction by O2- generated by
the xanthine/xanthine oxidase system. One SOD activity
unit was defined as the enzyme amount causing 50%
inhibition in 1 mL reaction solution per milligram tissue
protein and the result was expressed as U/mg protein.
Catalase (CAT) activity in liver homogenate was
detected using ammonium molybdate method by
measuring the intensity of a yellow complex formed
by molybdate and H 2O 2 at 405 nm, after ammonium
molybdate was added to terminate the H2O2 degradation
reaction catalyzed by CAT. An enzyme activity unit was
defined as the degradation of 1 mmol H2O2 per second per
mg tissue protein and the enzyme activity was expressed as
U/mg protein.
Liver homogenate NO products nitrite/nitrate (NO2- +
NO3-) were detected using a colorimetric NO detection kit,
which reflected the concentration of NO in the liver.
Total nitricoxide synthase (NOS), endothelial NO
synthase (eNOS) and inducible NO synthase (iNOS)
activity in hepatic homogenate was also detected using a
spectrophotometric method assay kit.
Myeloperoxidase (MPO) activity in hepatice tissue was
detected using a spectrophotometric method, reflecting the
number of polymorphonuclear neutrophils (PMN) in the
liver. This method uses 3, 3’, 5, 5’-tetramethyl benzidine
(TMB) as an oxidizable dye, and the reaction was started
by adding hydrogen peroxide (H2O2) in the medium.
Total protein concentrations in liver homogenate
samples were determined with Coomassie blue method.
All assay kits were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).
Determination of Hsp70 mRNA and Hsp70 expression
Hsp70 mRNA was determined in liver tissues using semiquantitative RT-PCR at 3, 12, and 24 h after surgery. Total
RNA was isolated from liver tissue by using Trizol reagent
(GIBCO BRL, Gaithersburg, MD). Five μg of RNA was
reverse-transcribed to complementary DNA (cDNA) by
using M-MuLV reverse transcriptase (Applied Biosystems,
Foster City, CA) at 42℃ for 90 min, and cDNA was
then amplified by using the following primers for the rat
Hsp70mRNA gene (sense: 5'-TGCCCGCCTACTTCA
ACGA-3' (614-632 bp) and anti-sense: 5'-CCGCGTGA
TGGACGTGTAG-3' (1074-1056 bp), product of the
reaction was 461 bp. Thermal cycle conditions were 94℃

Shen SQ� et al. Curcumin against liver warm I/R injury

for 30 s, 58℃ for 30 s, and 72℃ for 30 s, for a total of 30
cycles. The final cycle was followed with 5 min incubation
at 72℃. Amplification of a house keeping gene (β-actin)
was performed by the same reaction program using the
following primers for the rat β-actin mRNA gene (sense:
5’-TGGAGAAGATTTGGCACC-3’ (54-61 bp) and antisense: 5’-TACGACCAGAGGCATACAGG-3’ (222-241
bp) (all primers were synthesized by SBS Genetech,
Shanghai, China), product of the reaction was 188bp.
Seven point five μL of RT-PCR products was subjected
to electrophoresis on 2% agarose gel containing 0.05%
ethidium bromide and analyzed by densitometry using
BIO-RAD Quantity One 4.4.0 software (BIO-RAD,
Hercules, CA). Hsp70 mRNA expression was illustrated
by determining the ratio of band intensity of Hsp70 and
β-actin mRNA.
Hsp70 protein expression in liver tissue was detected
using a commercial Hsp70 ELISA kit (Stressg en
Bioreagents, Ann Arbor, MI). The protein was isolated
from liver tissue homogenate by using protein extraction
reagent. According to the assay procedure supplemented
with the kit, Hsp70 standards and samples were added
to the Hsp70 immunoassay plate, incubated and washed,
then anti-Hsp70 biotin conjugate was added, incubated
and washed, finally avidin-HRP conjugate was added,
incubated and washed. The plant was developed with 3, 3',
5, 5' tetramethylbenzidine. We added acid solution to the
plant, and measured its absorbance at 450 nm. Hsp70 in
samples was calculated from a curve of absorbance vs log
of the standards. Tissue total protein concentration was
also measured with Coomassie blue method (assay kit
was purchased from Nanjing Jiancheng Bioengineering
Institute, Nanjing, China).
Histological analysis
Excised liver specimens were fixed in 4% PBS-buffered
parafor maldehyde and embedded in paraffin. Fivemicrometer liver sections stained with hematoxylin and
eosin were evaluated at × 200 magnification by a pointcounting method for severity of hepatic injury using the
ordinal scale: grade 0 = minimal or no evidence of injury;
grade 1 = mild injury with cytoplasm vacuolization and
focal nuclear pyknosis; grade 2 = moderate to severe
injury with extensive nuclear pyknosis, loss of intercellular
borders, and mild to moderate neutrophil infiltration;
grade 3 = severe injury with disintegration of hepatic
cords, hemorrhage, and severe PMN infiltration. Statistical
evaluation was made using this scale. An average of
100 adjacent points on 1 mm2 grid was graded for each
specimen.
Detection of apoptosis in liver cells with in situ terminal
deoxynucleotidyl transferase-mediated biotin-dUTP nick
end labeling method
Liver sample was fixed in 4% PBS-buffered paraformaldehyde and embedded in paraffin. Apoptosis was detected
by using the ter minal deoxynucleotidyl transferasemediated biotin-dUTP nick end-labeling (TUNEL)
technique with in situ apoptosis detection kit (Beijing
Zhongshan Biotechnolog y Co. Ltd, Beijing, China)
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according to the manufacturer’s instructions. The number
of TUNEL-positive hepatocytes was counted by 2 blinded
obser vers under microscope (× 400 magnification).
Five different visual fields were counted in each section.
Hepatocytes with brown-stained nuclei were TUNELpositive. The percentage of TUNEL-positive cells
(apoptosis index) was calculated by the number of
apoptotic cells divided by the total cells.
Flow cytometry for apoptosis
Fresh liver tissue samples were taken under aseptic
conditions. Small vessels and connective tissue were
removed. They were placed on a sterile 250 μm brass mesh
over a conical tube, and gently teased with sterile forceps.
Cells were rinsed through the brass mesh with pre-cold
RPMI-1640 (Invitrogen, Carlsbad, CA), and washed twice
at a concentration of 300 × g for 4 min.
Apoptosis was detected using the Annexin V-FITC
kit (BD-Pharmingen, San Diego, CA). Liver cell samples
were washed twice with cold PBS and resuspended in 1
× binding buffer at a concentration of 1 × 106 cells/mL.
One hundred μL of the cell suspension was incubated
with Annexin V-FITC (5 μL) and propidium iodide (5 μL)
in binding buffer on ice for 10 min in dark, then 150 μL
of ice-cold (diluted in 1 × binding buffer) was added to
the cell samples. Early apoptotic cells (Annexin V positive
and propidium iodide negative) were quantitated by flow
cytometry.
Statistical analysis
All values were expressed as mean ± SE. Statistical
significance between two groups of parametric data
was evaluated by ANOVA. Sur vival cur ves for 7 d
were analyzed with the Kaplan-Meier method, and the
differences in survival rates were evaluated by log-rank
test. All statistical analyses were performed with the
SPSS statistical package (SPSS 14.0 for Windows; SPSS,
Inc, Chicago, IL). P < 0.05 was considered statistically
significant.

RESULTS
Changes in serum AST and ALT concentrations after
operation in each group are shown in Figure 1. Serum ALT
and AST levels increased significantly after reperfusion
in I/R group compared with sham group. Pretreatment
with curcumin significantly decreased AST and AlT levels
compared with I/R group.
The MDA content as an index of lipid peroxidation
was significantly higher after reperfusion in I/R group than
in sham group. Pretreatment with curcumin significantly
decreased MDA content after 12 and 24 h of reperfusion (P
< 0.05). CAT and SOD activity in hepatic tissue decreased
markedly after reperfusion as compared with the sham
group. In contrast, a significant decrease in the activity of
CAT and SOD was observed in I/R group compared with
curcumin pretreatment group (Figure 2).
Changes in nitric oxide of hepatic tissue measured as
total NO2- + NO3- improved in the I/R group compared
with the sham g roup after I/R. Pretreatment with
www.wjgnet.com
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curcumin significantly decreased total NO 2- + NO 3levels when compared with I/R group without curcumin
pretreatment (Figure 2).
Changes in iNOS, eNOS, and MPO activity after
operation in each group are shown in Figure 3. MPO and
iNOS activity increased in liver samples from animals
subjected to ischemia-reperfusion as compared with the
sham group. Curcumin pretreatment significantly reduced
the MPO and iNOS activity compared with I/R group.
No significant difference in eNOS activity was observed
between curcumin pretreatment group and other groups
after operation.
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The expressions of β-actin mRNA and Hsp70mRNA
are shown in Figure 4. Hsp70mRNA expression was not
detected in sham group. No obvious alteration in β-actin
mRNA expression was found in all groups. Hsp70mRNA
expression in C + I/R group was significantly higher than
that in I/R group after reperfusion. The expression of
Hsp70 is shown in Figure 5.
Analysis of apoptosis by TUNEL method showed that
the apoptosis index was lower in C + I/R group than in
I/R group. Very few TUNEL-positive hepatocytes were
detected in sham group. TUNEL-positive hepatocytes
remarkably increased to about 36% of total hepatocytes
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in I/R group at 24 h after reperfusion, the increase in
TUNEL-positive hepatocytes was significantly inhibited
by about 25% in the C + I/R group at the same time
point (Figures 6 and 7). Flow cytometry showed a similar
difference between C + I/R g roup and I/R g roup

(Figure 8).
No significant changes were found in sham group at
light microscopy. At 3 h after reperfusion, cytoplasmic
vacuolation and focal nuclear pyknosis were seen in
I/R group. At 12 and 24 h after reperfusion, extensive
karyopycnosis, severe necrosis and loss of intercellular
borders were seen in I/R group. At these time points,
hepatocyte damage was slighter in curcumin treatment
group than in I/R group (Table 1). These results indicated
that hepatic injury induced by ischemia-reperfusion was
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much more severe in I/R group than in C + I/R group.
The 7 d survival was significantly longer in C + I/R
group than in I/R group (Figure 9). No deaths occurred in
sham group.

DISCUSSION
Heat-shock protein chaperones induced by stress are
essential cellular protective machineries[7,8]. Hsp70 is an
endogenous factor for protecting cell and tissue injury
under various pathological conditions[9,10]. It has been well
established that over-expression of Hsp70 could ameliorate
various stress-induced injuries. Over-expression of Hsp70
can protect organs against I/R injury, stress-induced
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apoptosis, and toxic effects of nitric oxide[11-13]. Hsp70
over-expression induced by ischemic preconditioning
or other pretreatment maneuvers can ameliorate tissue
damage and improve resistance to I/R injury[14]. Michael
et al [15] reported that stress-induced NO production in
stressed cells is decreased by heat shock reaction through
repression of iNOS gene transcription after heat shock
pretreatment. Hsp70 and other heat shock proteins
may play an essential role in mediating iNOS inhibition.
Hsp70 overexpression could protect cells against stressinduced cell death and apoptosis [11,16] . Hsp70 could
prevent apoptosis by affecting both upstream signaling
(SAPK/JNK activation) and downstream effector caspases
(caspase-3)[10,17-19], as well as cell death and apoptosis by
interfering with the ability of cytochrome C and Apaf-1 to
recruit procaspase-9[19-21]. Curcumin also directly blocks the
I/R-mediated increase in JNK1 and c-Jun, thus decreasing
I/R-induced cell death and apoptosis[22].
It was reported that curcumin, a potent stimulator
of stress-induced Hsp70 expression, exhibits protective
effects against some forms of stress, such as heat or
toxicant by mechanisms distinct from the increased hepatic
Hsp70 expression[23-25]. In this study, we explored whether
curcumin pretreatment could increase the expression of
Hsp70 in rat livers after warm I/R.
In the present study, Hsp70 over-expression in liver
tissues was detected after ischemia-reperfusion. Compared
with I/R group, Hsp70 and Hsp70mRNA expression
increased significantly in curcumin pretreatment group.
Curcumin pretreatment also attenuated the magnitude of
hepatic injury and inhibited apoptosis and iNOS activity
induced by ischemia-reperfusion compared with I/R
group, suggesting that over-expression of Hsp70 after
curcumin pretreatment could protect rat liver against I/R
injury by reducing apoptosis and iNOS activity. Induction
of Hsp70 expression is an important mechanism of
curcumin against hepatic warm I/R injury.
Oxygen-derived free radicals formed after reperfusion
also play an important role in hepatic I/R injury and
contribute to regulation of signal transduction, oxidative
damage to nucleic acids, proteins and lipids[26]. Reactions
of oxygen-derived free radicals with biomolecules such
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as lipids-initiated chain reactions lead to tissue damage.
LPO, also an important index for damage degree, results
in structural and functional derangement and eventually
cell death. It was reported that the protective effects
of antioxidants against I/R injury in the heart, liver,
intestine and kidney, play an important role of ROS in
pathogenesis[27]. Superoxide dismutase (SOD), an oxygen
radical scavenger which converts superoxide anion radicals
present in the upper stream of reactive oxygen metabolism
cascade, protects cells against damage. Catalase, an
oxidoreductase that catalyzes the conversion of hydrogen
peroxide to water and oxygen, also can protect cells
from damage induced by ischemia/reperfusion through
scavenging ROS. It is present in many animal cells. The
efficacy of SOD on I/R injury of the liver has also been
reported[28]. Previous studies have shown that curcumin
could increase antioxidant enzyme expression and activity
in tissue, inhibit neutrophil infiltration, and protect cell
function under different stress conditions[29,30]. The results
of the present study showed that pretreatment with
curcumin could increase total SOD activity, and decrease
MDA concentration and MPO activity, suggesting that
curcumin pretreatment also increases antioxidative
bioactive molecule expression in liver after I/R injury, and
attenuates neutrophil infiltration and ROS injury in liver.
NO, a short-lived free radical, influences the physiological processes in almost all organs and tissues[31,32]. NO
is generated by three known NO synthase isoforms:
constitutively expressed endothelial NO synthase, neuronal
NO synthase (type 1 NOS), and inducible NO synthase[33],
which utilize semi-essential amino acid L-arginine, oxygen
and reduced form of nicotinamide-adenine dinucleotide
phosphate (NADPH) as substrates to produce NO and
L-citrulline. Both cytoprotective and cytotoxic effects of
NO have been demonstrated and NO produced from
eNOS is beneficial to the liver [34,35], but NO produced
from iNOS has opposite effects. Inducible NO synthasegenerated NO not only directly contributes to tissue
damage but also up-regulates the inflammatory response[34].
After hepatic warm I/R, iNOS is over-expressed, arginase
also accumulates in liver tissue because of hypoxia. Since
arginase and iNOS compete for L-arginine[36] and NADPH
is deficient in live tissue because of oxygen deficiency, NO
in liver tissue does not increase with iNOS over-expression
at the early stage of liver warm I/R injury. At the late stage
of liver I/R injury, NO in liver tissue may be impacted by
other factors, such as activated Kupffer cells and infiltrated
neutrophils.
Chan et al [37] reported that in vivo oral treatment of
curcumin reduces iNOS mRNA expression in the liver
of lipopolysaccharide (LPS)-injected mice by 50%-70%.
It was reported that low concentrations of curcumin
could inhibit NO production in activated macrophages,
demonstrating that curcumin significantly reduces the
levels of mRNA and 130-kDa protein of inducible NOS
is expressed in activated macrophages[38,39].
The present study also showed that iNOS activity was
significantly decreased in rats pretreated with curcumin
after reperfusion. Curcumin pretreatment did not affect
eNOS activity in hepatic tissues. However, the nitrate/
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nitrite levels were substantially decreased, thus significantly
reducing organ damage in C + I/R group when compared
with I/R group.
In summary, curcumin pretreatment protects liver from
warm I/R injury through multiple pathways, regulates
multiple bioactive molecule expression and activity, and
inhibits cell apoptosis and neutrophil infiltration. Overexpression of Hsp70 and antioxidant enzymes after
pretreatment with curcumin may play an essential role in
protecting liver against warm I/R injury.

comments
COMMENTS
Background

Liver warm ischemia-reperfusion (I/R) injury leads to liver cell (parenchymal and
sinusoidal cells) damage, retards liver cell regeneration and predisposes to liver
failure. Since I/R injury resulting in liver function failure poses significant clinical
problems, it is important for surgeons to prevent or ameliorate I/R-induced liver
injury. Curcumin [1, 6-heptadiene, 3-5-dione, 1, 7-bis (4-hydroxy-3-methoxyphenyl)
(C21H20O6)], a yellow-orange dye extracted from spice tumeric, possessing both
anti-inflammatory antioxidant and anti-carcinogenic effect, is a potent stimulator of
stress-induced expression of heat shock protein 70 (Hsp70). It has been reported
that administration of curcumin attenuates I/R injury in rat kidney, myocardium,
and nervous tissue. In this study, we aimed to study whether curcumin could
ameliorate I/R injury, inhibit hepatocyte apoptosis, and induce Hsp and antioxidant
enzymes over-expression in hepatic I/R injury.

Research frontiers

Curcumin has antioxidant and anti-carcinogenic properties. It has been reported
that administration of curcumin attenuates I/R injury in rat kidney, myocardium,
and nervous tissue, but no research has investigated its protective effects against
liver warm I/R injury.

Innovations and breakthroughs

The objective of this study was to examine the hypothesis that the protective
effects of curcumin against hepatic warm I/R injury are associated with increasing
Hsp70 expression and antioxidant enzyme activity. Our data demonstrate that
pretreatment with curcumin could protect rat liver from warm I/R injury through
multiple pathways, such as expression of Hsps, decreased NO, enhanced
antioxidant enzyme activities, and neutrophil infiltration.

Applications

Curcumin can be used in the treatment of hepatic warm I/R injury.
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Peer review

The authors demonstrated that curcumin treatment significantly reduced I-Rinduced liver injury by modulating several pathways. These findings included
several novel findings which are interested to readers in this field.
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Abstract
AIM: To determine whether Lactobacillus plantarum can
modify the deleterious effects of tumor necrosis factor-α
(TNF-α) on intestinal epithelial cells.
METHODS: Caco-2 cells were incubated with TNF-α
alone or in the presence of L. plantarum . Transepithelial
electrical resistance was used to measure epithelial
barrier function. Interleukin 8 (IL-8) secretion by
intestinal epithelial cells was measured using an ELISA.
Cellular lysate proteins were immunoblotted using the
anti-extracellular regulated kinase (ERK), anti-phosphoERK and anti-IκB-α.
RESULTS: A TNF-α-induced decrease in transepithelial
electrical resistance was inhibited by L. plantarum . TNFα-induced IL-8 secretion was reduced by L. plantarum .
L. plantarum inhibited the activation of ERK and the
degradation of IκB-α in TNF-α-treated Caco-2 cells.
CONCLUSION: Induction of epithelial barrier dysfunction
and IL-8 secretion by TNF-α is inhibited by L. plantarum .
Probiotics may preserve epithelial barrier function and
inhibit the inflammatory response by altering the signal
transduction pathway.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Probiotics are defined as living microorganisms that exert
beneficial effects on human health[1]. They are effective
in shortening the duration of infectious diarrhea in
children, and preventing antibiotics-associated diarrhea[2,3].
Probiotics have been shown to prevent a relapse of
postoperative pouchitis in ulcerative colitis[4].
Tumor necrosis factor-α (TNF-α) is a proinflammator y cytokine and plays a central role in intestinal
inflammation in Crohn disease. TNF-α levels in serum,
stool and intestinal tissues are elevated in patients with
Crohn’s disease [5,6] . In Crohn’s disease, the elevation
in epithelial permeability of the ileal mucosa may be
mediated by TNF- α [7] . Treatment with anti-TNF- α
antibody is effective in cases of intractable Crohn’s
disease[8].
As disturbance of the intestinal microflora plays
an impor tant role in the pathog enesis of murine
experimental colitis and human inflammatory bowel
disease [3] , probiotics have been used to modify the
bacterial flora of the gut. Lactobacillus plantarum is
isolated from Kimchi, a traditional Korean food made
from fermented vegetables [9]. L. plantarum attenuates
intestinal inflammation in the interleukin (IL) 10 genedeficient mouse model, which spontaneously develops
enterocolitis[10].
The mechanisms of action of probiotics include
i m p r ove m e n t o f e p i t h e l i a l b a r r i e r f u n c t i o n a n d
immunoregulatory effects[11]. Each probiotic species may
have an individual mechanism of action. The combination
probiotic, VSL3 contains L. plantarum and enhances human
intestinal epithelial barrier function[12]. Intestinal epithelial
cells release potent neutrophil attractant chemokines such
as IL-8 when stimulated by TNF-α. Secretion of IL-8 by
epithelial cells has been suggested to be important in the
pathogenesis of inflammatory bowel diseases, because IL-8
induces migration of inflammatory cells into the mucosa.
Some lactobacilli inhibit the induction of IL-8 production
by TNF-α in human intestinal epithelial cells[13-15]. TNFα-stimulated IL-8 secretion by intestinal epithelial cells is
mediated by extracellular signal-regulated kinase (ERK)
and nuclear factor κB (NF-κB)[16].
The aim of this study was to determine whether
L. plantarum reverses the deleterious effects of TNF-α on
intestinal epithelial cells. We performed an in vitro study in
which Caco-2 cells were treated with TNF-α alone or with
TNF-α plus L. plantarum. We investigated the effect of
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L. plantarum on TNF-α-induced alteration of epithelial
barrier function, IL-8 production, and ERK/NF- κ B
pathway dynamics.
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MATERIALS AND METHODS
Cell lines
Caco-2 cells, an established cell line model for mature
differentiated enterocytes, were obtained from the
American Type Culture Collection (ATCC). Cell lines
were cultured in 25 mmol/L glucose-Dulbecco's modified
Eagle's medium supplemented with 10% fetal calf
serum, 100 U/mL penicillin, 100 µg/mL streptomycin,
1% nonessential amino acids, and 4 mmol/L glutamine.
Cultures were maintained at 37℃ in an incubator
containing an atmosphere of 5% CO2. Cells were used
within 14 d of seeding or within five days of confluency.
The Caco-2 cell culture medium was replaced with
antibiotic-free culture medium 24 h before experiments.
Probiotics
L. plantarum (ATCC 8014) was incubated in Lactobacillus
MRS broth at 37℃ for 24 h, then diluted in MRS broth to
a density of 0.5 absorbance units at a wavelength of 600 nm.
Then, 1 × 107 colony-forming units of L. plantarum per
mL were added at a multiplicity of 10:1 to the Caco-2 cells.
Untreated cells were used as controls in all experiments.
Electrical resistance measurements
Caco-2 cells were grown as polarized monolayers on 6.5
mm transwell plates (0.4 µm pores; Corning Incorporated,
Acton, MA, USA). Caco-2 monolayers with epithelial
resistance g reater than 500 Ω cm 2 were used, and
L. plantar um was added apically to the polarized
monolayers. TNF-α (10 ng/mL) was simultaneously added
to the basolateral side of the cell monolayers. Electrical
resistance across the monolayers was measured at various
times using an epithelial volt-ohm meter (World Precision
Instruments, Sarasota, FL, USA). Measurements were
expressed in Ω cm 2 after subtracting mean values for
resistance obtained from cell-free inserts.
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Figure 1 Effect of L. plantarum on transepithelial resistance. TNF-a decreased
Caco-2 monolayer resistance. L. plantarum reversed TNF-a-induced decreases
in transepithelial resistance. aP < 0.05, compared with TNF-a. TER: transepithelial
electrical resistance; LP: L. plantarum; TNF, TNF-a.

of the supernatant was determined using Bio-Rad DC
reagents (Bio-Rad, Hercules, CA, USA). For western
blotting, equal amounts of cellular lysate protein were
mixed with Laemmli sample buffer and separated by SDSPAGE. Separated proteins were transferred to PVDF
membranes, which were blocked and then immunoblotted
with anti-phospho-ERK, anti-ERK and anti-IκB-α (Santa
Cruz Biotechnology, Santa Cruz, CA, USA). The blot was
then developed using horseradish peroxidase-conjugated
secondary antibodies and enhanced chemiluminescence.
Statistical analysis
All data are expressed as means ± SD. Data comparisons
were made with Student’s t test. Differences were
considered significant at P < 0.05.

RESULTS

ELISA for IL-8 measurement
TNF- α (10 ng/mL) and L. plantar um were added
simultaneously to Caco-2 cells and incubated for 5 h.
Culture medium was collected and centrifuged for 10 min
to pellet residual bacteria. The supernatant was collected
for determination of IL-8 concentration using an ELISA
(Pierce, Rockford, IL, USA). Cytokine concentrations
were determined using 96-well plates as described by the
manufacturer.

Transepithelial electrical resistance
To determine the effect of L. plantarum on TNF- α induced epithelial barrier dysfunction, Caco-2 cells
were basolaterally incubated with TNF-α alone or with
TNF-α plus L. plantarum, which was administered apically.
Transepithelial electrical resistance was monitored for 36 h.
The monolayer resistance of TNF-α treated cells did not
change until 12 h had elapsed. TNF-α caused a decline in
transepithelial resistance 24 h after treatment. L. plantarum
inhibited TNF- α -induced decrease in transepithelial
electrical resistance at 24 h and 36 h after treatment (P <
0.05) (Figure 1). The epithelial barrier function of TNF-αstimulated Caco-2 cells was thus preserved by L. plantarum.

Western blotting
TNF- α (10 ng/mL) and L. plantar um were added
simultaneously to Caco-2 cells. The treated and untreated
cells were washed with PBS and scraped into cell lysis
buffer (20 mmol/L HEPES, 0.1% SDS, 1% Triton X-100,
phosphatase inhibitor and protease inhibitor cocktail).
Thirty minutes after treatment, the lysate was centrifuged
at 15 000 r/min for 15 min at 4℃. The protein content

IL-8 induction
T h e s e c r e t i o n o f I L - 8 i n t o c u l t u r e m e d i u m wa s
measured to determine the effect of L. plantarum on the
inflammatory response of Caco-2 cells to TNF-α. IL-8
concentrations in media of Caco-2 cells cultured with
L. plantarum were not significantly different from those
of the controls. When TNF-α (10 ng/mL) was incubated
with the cells for 5 h, IL-8 secretion was increased to
www.wjgnet.com
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Figure 2 Effect of L. plantarum on TNF-a-induced IL-8 secretion by Caco-2 cells.
TNF-a-induced IL-8 secretion was significantly reduced by L. plantarum. aP < 0.05,
compared with TNF-a. LP: L. plantarum; TNF, TNF-a.
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Figure 3 Effect of L. plantarum on the ERK pathway. Caco-2 cells were
incubated with L. plantarum, TNF-a or L. plantarum plus TNF-a. Cell lysates were
immunoblotted with antibodies against phosphorylated ERK and total ERK. L.
plantarum inhibited TNF-a-induced activation of ERK-1 and -2. LP: L. plantarum;
TNF, TNF-a.

IkB-a

41.5 ± 7.2 pg/mL. IL-8 secretion was reduced to 9.5 ± 2.1
pg/mL (P < 0.05) when TNF-α was cocultured with L.
plantarum (Figure 2). These data showed that L. plantarum
inhibited TNF-α-induced IL-8 secretion.
Western blots of ERK and IκB-α
The effect of L. plantarum on TNF- α –induced ERK
pathway activity was investigated. Treatment of Caco-2
cells with TNF- α induced phosphorylation of ERK-1
and ERK-2. The amount of p-ERK in L. plantarumtreated cells was not significantly different from that
of the control. Phosphorylation of ERK-1 and ERK-2
in TNF- α -treated cells was decreased by L. plantarum.
Nonphosphorylated forms of ERK showed the presence
of same amounts of these proteins. L. plantarum thus
inhibited TNF-α-induced activation of the ERK pathway
(Figure 3).
To study the effect of L. plantarum on the NF- κ B
pathway, the level of IκB-α was determined using western
blotting. NF-κB activation involves the phosphorylation
of IκB-α and subsequent degradation of IκB-α, resulting
in the translocation of NF-κB to the nucleus. Treatment
with TNF-α caused degradation of IκB-α. Coincubation
with TNF-α and L. plantarum inhibited TNF-α-induced
degradation of IκB-α (Figure 4).

DISCUSSION
Ma et al[17] demonstrated that TNF-α decreases transepithelial electrical resistance of Caco-2 cells after 24 and 48
h. We also observed a decrease in transepithelial electrical
resistance after 24 h. We showed that the TNF-α-induced
decrease in transepithelial electrical resistance was inhibited
by L. plantarum. Saccharomyces boulardii prevented a decrease
in transepithelial electrical resistance in enteropathogenic
E. coli-infected T84 cells[18]. Intestinal mucosal permeability
is decreased by VSL3 in IL-10 gene-deficient mice [12].
All these findings support the contention that probiotics
enhance epithelial barrier function.
In our study, TNF- α -induced IL-8 secretion was
inhibited by L. plantarum. This indicates that L. plantarum
attenuates the epithelial inflammator y response to
TNF- α . McCracken et al [19] showed that L. plantarum
www.wjgnet.com
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Figure 4 Effect of L. plantarum on IkB-a degradation. Caco-2 cells were
incubated with L. plantarum, TNF-a or L. plantarum plus TNF-a. Cell lysates
were immunoblotted with antibodies against IkB-a. TNF-a caused degradation
of IkB-a. L. plantarum inhibited TNF-a-induced IkB-a degradation. LP: L.
plantarum; TNF, TNF-a.

decreased TNF-α-induced IL-8 secretion in HT-29 cells
in which IL-8 mRNA levels were elevated. In contrast,
Lactobacillus reuteri and L. GG inhibited TNF-α-induced
IL-8 secretion and IL-8 mRNA expression[14,15]. The level
of IL-8 expression is correlated with disease activity in
patients with inflammatory bowel disease. A number
of Lactobacillus and Bifidobacterium species, including
L. plantarum[10], L. reuteri[19], VSL3[12], L. salivarius and B.
infantis[20], attenuate experimental colitis in IL-10 knockout
mice.
ERK and p38 mitogen-activated protein (MAP)
kinase contribute to TNF- α -stimulated IL-8 secretion
by intestinal epithelial cells via a posttranscriptional
mechanism[16]. Yan et al[21] showed that L. GG prevents
cytokine-induced apoptosis in intestinal epithelial cells
by inhibition of TNF- α -induced p38 MAP kinase
activation. Jijon et al[22] demonstrated that VSL3 inhibits
IL-8 secretion and reduces p38 MAP kinase activation.
The effect of L. plantarum on TNF-α-stimulated ERK
activation had not been investigated. We demonstrated
that L. plantarum inhibited ERK activation in TNF- α treated intestinal epithelial cells. ERK signaling is involved
in IL-8 production because ERK inhibitors attenuate
IL-8 secretion induced by TNF- α [23] . In our study,
L. plantarum inhibited TNF-α-induced ERK activation,
suggesting that L. plantarum may inhibit IL-8 secretion, at
least partially, through the ERK pathway. NF-κB regulates
IL-8 transcription, and some lactobacilli have been shown
to inhibit TNF- α-induced NF-κB translocation to the
nucleus and IκB-α degradation[13,14]. We also showed that
L. plantarum inhibited the degradation response of IκB-α
to TNF- α . In contrast, L. GG did not affect TNF[21]
α -induced ERK activation or I κ B- α degradation .
Probiotics may exert anti-inflammator y responses
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by modifying the signal transduction pathway. The
mechanisms involved may depend on the species of
probiotics.
Epithelial barrier functions are modulated by the
NF- κ B and MAP kinase pathways. A TNF- α -induced
increase in intestinal tight junction permeability was shown
to be mediated by NF-κB activation[17]. The increase in
transepithelial resistance induced by VSL3 is mediated in
part via the ERK pathway[24]. The effect of L. plantarum
on monolayer resistance appears to be mediated by
NF-κB and the ERK pathway. Although in vitro models
are useful for evaluating mechanisms by which probiotics
exert beneficial effects and provide a rationale for the
therapeutic use of probiotics, the beneficial health effects
of probiotics should also be determined by doubleblinded placebo-controlled trials.
In summary, L. plantarum inhibits epithelial barrier
dysfunction, IL-8 secretion, ERK activation, and IκB-α
degradation in TNF- α -stimulated Caco-2 cells. Our
findings suggest that probiotics may preserve epithelial
barrier function and inhibit the inflammatory response
by affecting the signal transduction pathway in human
intestinal epithelium.

9

REFERENCES

17

1
2

3
4

5
6
7

8

Sullivan A, Nord CE. Probiotics and gastrointestinal diseases.
J Intern Med 2005; 257: 78-92
Guandalini S, Pensabene L, Zikri MA, Dias JA, Casali
LG, Hoekstra H, Kolacek S, Massar K, Micetic-Turk D,
Papadopoulou A, de Sousa JS, Sandhu B, Szajewska
H, Weizman Z. Lactobacillus GG administered in oral
rehydration solution to children with acute diarrhea: a
multicenter European trial. J Pediatr Gastroenterol Nutr 2000;
30: 54-60
Fedorak RN, Madsen KL. Probiotics and prebiotics in
gastrointestinal disorders. Curr Opin Gastroenterol 2004; 20:
146-155
Gionchetti P, Rizzello F, Venturi A, Brigidi P, Matteuzzi
D, Bazzocchi G, Poggioli G, Miglioli M, Campieri M. Oral
bacteriotherapy as maintenance treatment in patients with
chronic pouchitis: a double-blind, placebo-controlled trial.
Gastroenterology 2000; 119: 305-309
Braegger CP, Nicholls S, Murch SH, Stephens S, MacDonald
TT. Tumour necrosis factor alpha in stool as a marker of
intestinal inflammation. Lancet 1992; 339: 89-91
Van Deventer SJ. Tumour necrosis factor and Crohn's disease.
Gut 1997; 40: 443-448
Söderholm JD, Streutker C, Yang PC, Paterson C, Singh PK,
McKay DM, Sherman PM, Croitoru K, Perdue MH. Increased
epithelial uptake of protein antigens in the ileum of Crohn's
disease mediated by tumour necrosis factor alpha. Gut 2004;
53: 1817-1824
Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber
S, Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W,
Rutgeerts P. Maintenance infliximab for Crohn's disease: the
ACCENT I randomised trial. Lancet 2002; 359: 1541-1549

10

11
12

13
14

15

16

18

19

20

21
22

23

24

Rhee CH, Park HD. Three glycoproteins with antimutagenic
activity identified in Lactobacillus plantarum KLAB21. Appl
Environ Microbiol 2001; 67: 3445-3449
Schultz M, Veltkamp C, Dieleman LA, Grenther WB, Wyrick
PB, Tonkonogy SL, Sartor RB. Lactobacillus plantarum 299V
in the treatment and prevention of spontaneous colitis in
interleukin-10-deficient mice. Inflamm Bowel Dis 2002; 8: 71-80
Mack DR, Lebel S. Role of probiotics in the modulation of
intestinal infections and inflammation. Curr Opin Gastroenterol
2004; 20: 22-26
Madsen K, Cornish A, Soper P, McKaigney C, Jijon H,
Yachimec C, Doyle J, Jewell L, De Simone C. Probiotic bacteria
enhance murine and human intestinal epithelial barrier
function. Gastroenterology 2001; 121: 580-591
Bai AP, Ouyang Q, Zhang W, Wang CH, Li SF. Probiotics
inhibit TNF-alpha-induced interleukin-8 secretion of HT29
cells. World J Gastroenterol 2004; 10: 455-457
Ma D, Forsythe P, Bienenstock J. Live Lactobacillus
rhamnosus [corrected] is essential for the inhibitory effect on
tumor necrosis factor alpha-induced interleukin-8 expression.
Infect Immun 2004; 72: 5308-5314
Zhang L, Li N, Caicedo R, Neu J. Alive and dead Lactobacillus
rhamnosus GG decrease tumor necrosis factor-alpha-induced
interleukin-8 production in Caco-2 cells. J Nutr 2005; 135:
1752-1756
Jijon HB, Panenka WJ, Madsen KL, Parsons HG. MAP kinases
contribute to IL-8 secretion by intestinal epithelial cells via a
posttranscriptional mechanism. Am J Physiol Cell Physiol 2002;
283: C31-C41
Ma TY, Iwamoto GK, Hoa NT, Akotia V, Pedram A, Boivin
MA, Said HM. TNF-alpha-induced increase in intestinal
epithelial tight junction permeability requires NF-kappa B
activation. Am J Physiol Gastrointest Liver Physiol 2004; 286:
G367-G376
Czerucka D, Dahan S, Mograbi B, Rossi B, Rampal P.
Saccharomyces boulardii preserves the barrier function
and modulates the signal transduction pathway induced in
enteropathogenic Escherichia coli-infected T84 cells. Infect
Immun 2000; 68: 5998-6004
McCracken VJ, Chun T, Baldeón ME, Ahrné S, Molin G,
Mackie RI, Gaskins HR. TNF-alpha sensitizes HT-29 colonic
epithelial cells to intestinal lactobacilli. Exp Biol Med (Maywood)
2002; 227: 665-670
McCarthy J, O'Mahony L, O'Callaghan L, Sheil B, Vaughan
EE, Fitzsimons N, Fitzgibbon J, O'Sullivan GC, Kiely B, Collins
JK, Shanahan F. Double blind, placebo controlled trial of
two probiotic strains in interleukin 10 knockout mice and
mechanistic link with cytokine balance. Gut 2003; 52: 975-980
Yan F, Polk DB. Probiotic bacterium prevents cytokineinduced apoptosis in intestinal epithelial cells. J Biol Chem
2002; 277: 50959-50965
Jijon H, Backer J, Diaz H, Yeung H, Thiel D, McKaigney C, De
Simone C, Madsen K. DNA from probiotic bacteria modulates
murine and human epithelial and immune function.
Gastroenterology 2004; 126: 1358-1373
Yu Y, Zeng H, Lyons S, Carlson A, Merlin D, Neish AS,
Gewirtz AT. TLR5-mediated activation of p38 MAPK regulates
epithelial IL-8 expression via posttranscriptional mechanism.
Am J Physiol Gastrointest Liver Physiol 2003; 285: G282-G290
Otte JM, Podolsky DK. Functional modulation of enterocytes
by gram-positive and gram-negative microorganisms. Am J
Physiol Gastrointest Liver Physiol 2004; 286: G613-G626
S- Editor Liu Y L- Editor Alplini GD

E- Editor Chin GJ

www.wjgnet.com

World J Gastroenterol 2007 April 7; 13(13): 1966-1969
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

RAPID COMMUNICATION

Timing of mortality in severe acute pancreatitis: Experience
from 643 patients
Chih-Yuan Fu, Chun-Nan Yeh, Jun-Te Hsu, Yi-Yin Jan, Tsann-Long Hwang
Chih-Yuan Fu, Chun-Nan Yeh, Jun-Te Hsu, Yi-Yin Jan, TsannLong Hwang, Department of General Surgery, Chang Gung
Memorial Hospital, Chang Gung University, 5 Fu-shin Street,
Kweishan, Taoyuan, Taiwan, China
Correspondence to: Dr. Tsann-Long Huang, Department of
General Surgery, Chang Gung Memorial Hospital, Chang Gung
University, 5 Fu-shin Street, Kweishan, Taoyuan, Taiwan,
China. ycn@adm.cgmh.org.tw
Telephone: +886-3-3281200-3219 Fax: +886-3-3285818
Received: 2007-01-03
Accepted: 2007-01-25

Abstract
AIM: To determine the timing of mortality after onset
of severe acute pancreatitis (SAP) and the course of the
disease in a large series of patients.
METHODS: From July 1996 to June 2005, all patients
diagnosed with acute pancreatitis at Chang Gung
Memorial Hospital, Taipei, Taiwan were retrospectively
studied. Three thousand two hundred and fifty episodes
of acute pancreatitis were recorded in 2248 patients (1431
males and 817 females; median age, 55.6 years; range,
18-97 years). Mortality was divided into two groups:
early death (≤ 14 d after admission), and late death (>
14 d after admission). The clinical features of patients in
these two groups were compared.
RESULTS: Although the overall mortality rate of acute
pancreatitis was 3.8% (123/3250), mortality rate of
SAP was as high as 16.3% (105/643). Of those 105 SAP
mortalities, 44 (41.9%) deaths occurred within the first
14 d after admission and 61 (58.1%) occurred after14 d.
Incidence of early death did not significantly differ from
that of late death. The co-morbidities did not contribute
to the timing of death. Early deaths mainly resulted from
multiple organ failure. Late deaths were mainly caused
by secondary complication of infected necrosis. Intraabdominal bleeding significantly caused higher mortality
in late death.
CONCLUSION: Approximately half (42%) of SAP deaths
occur within 14 d and most were due to multiple organ
failure. The late deaths of SAP were mostly due to
infected necrosis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute pancreatitis is a common disorder ranging in
severity from mild disease to multiple organ failure (MOF)
and sepsis. Severe acute pancreatitis (SAP) has a 20%
mortality rate [1,2]. SAP reveals its progresses into two
phases. The early phase refers to the first 7 to 14 d after
onset of acute pancreatitis complicated with systemic
inflammatory response syndrome (SIRS) and MOF due to
release of large amount of cytokine[3,4]. In the late phase
(14 to 28 d after onset of acute pancreatitis), the disease
may be complicated by infection of pancreatic necrosis
and secondary MOF [5] . Although two peak mortality
rates are observed in the course of SAP[6], death occurs
primarily in the early or late phase remains unclear. The
causes of death in early and late phase of SAP varied in
several reports[3,7-14]. This study analyzes the time of death
in a large series of patients with SAP and compares clinical
features of early and late mortality to fully clarify this
disease entity.

MATERIALS AND METHODS
Subjects
Medical charts and computerized records for all patients
with acute pancreatitis treated at the Division of General
Surgery of Chang Gung Memorial Hospital from July 1996
to June 2005 were retrospectively reviewed. During this
period, 3250 episodes of acute pancreatitis were recorded
in 2248 patients (1431 males and 817 females; median
age, 55.6 years; range, 18-97 years). Acute pancreatitis
was diagnosed if clinical features and imaging studies
revealed elevated serum amylase and lipase (at least three
times higher than the normal level). The definition of
severe acute pancreatitis (SAP) was based on the Atlanta
classification[5].
Methods
The following general characteristics were recorded:
demographic data, etiological factors, early prognostic
signs (Ranson’s and Acute Physiology and Chronic Health
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Table 1 Characteristics of severe acute pancreatitis patients
with early (≤ 14 d after admission) and late death (>14 d
after admission)
		
		

Early death
(n = 44)

Late death
(n = 61)

Age, yr (range)
54.7 (34-93)		
56.3 (30-84)
Gender					
Females		
32 (72.7%)
36 (59.0%)
Males		
12 (27.3%)
25 (41.0%)
Etiology
Biliary		
13 (29.5%)
32 (52.5%)
Alcoholic		
13 (29.5%)
11 (18.0%)
Idiopathic		
12 (27.3%)
7 (27.9%)
Other		
6 (13.7%)
1 (1.6%)
Ranson’s score
3.9 (1-9)		
4.1 (1-8)
APACHE-II score
22.4 (9-31)		
24.5(11-32)
BMI, (Kg/m2)
24.5 (18-39)		
23.6 (19-48)
Comorbidity				
No comorbidity
9 (20.5%)
9 (32.1%)
1-2 organ systems
22 (50.0%)
22 (50.0%)
3-4 organ systems
8 (18.2%)
17 (27.9%)
> 4 organ systems
5 (11.3%)
4 (6.6%)

P value
0.904
0.147

0.019
0.166
0.946
0.676
0.732
0.814
0.557

BMI: Body mass index.

Evaluation Ⅱ score)[6] at 48 h after admission, body mass
index (BMI) and presence or lack of necrosis. Necrosis
was deemed to be present upon observation of aseptic
or infected necrosis. The aforementioned factors were
compared between early and late deaths. Instances of
comorbidity and cause of death were recorded. Pancreatic
necrosis was defined by the character of abnormalities
on contrast-enhanced computerized tomography scan[3,5]
or the findings of surgical operation. Infection was
considered present when necrotic tissue obtained from
percutaneous fine-needle aspiration or surgical specimen
was positive for bacteria culture.
Early deaths were defined as deaths occurring within 14
d after admission, and late deaths were defined as deaths
occurring more than 14 d after admission. Comorbidity
was defined as presentation of a pre-existing disease before
SAP which became an active problem. Chronic obstructive
pulmonary disease, cardiac insufficiency (New York Heart
Association; NYHA class Ⅲ or Ⅳ), renal insufficiency,
liver cirrhosis, diabetes mellitus, and malignant disease
diagnosed within three years before the current episode
(immunological disease or chronic immunosuppressive
medication) were included.
All patients received treatment from the same
physicians throughout the study. However, treatments
varied in duration. In cases of biliar y pancreatitis,
endoscopic retrograde cholangiopancreatography (ERCP)
with sphincterotomy was performed. Several patients
received intravenous continuous infusion of antiproteases
(gabexate mesilate). Antibiotics were routinely administered
for infected pancreatitis. Surgery was performed upon
infection of necrotic tissue. However, in rare cases,
hemorrhage, pancreatic ascites, perforation, pseudocyst
rupture or its rapid increase in size were indications of
surgery.

1967

Table 2 Pancreatic necrosis and causes of death in severe acute
pancreatitis patients with early and late mortality n (%)
Pathology and cause
of death

Early deaths
(n = 44)

Late deaths
(n = 61)

P value

Pathology
Edematous
Sterile necrosis
Infected necrosis
Necrosis without
microbiological data

2 (4.5)
21 (42.7)
6 (13.6)
15 (34.2)

3 (4.9)
14 (23.0)
31 (50.8)
13 (21.3)

0.95
0.008
< 0.0001
0.144

40 (90.9)
0 (0.0)
1 (2.3)
1 (2.3)
2 (4.5)
0 (0.0)

9 (14.8)
14 (23.0)
22 (36.1)
12 (19.7)
2 (3.3)
2 (3.3)

< 0.0001
0.001
< 0.0001
0.008
0.738
0.225

Cause of death
MOF
Infected necrosis
Infected necrosis + MOF
Intra-abdominal bleeding
Heart failure
Cerebral stroke
MOF: Multi-organ failure.

Statistical analysis
All data were presented as percentage of patients or mean
± SD. Numerical data were compared using independent
two-sample t tests. Nominal data were compared using χ2
test, Mann-Whitney U-test, and Mantel-Haenszel linear-bylinear association when appropriate. All statistical analyses
were perfor med using the SPSS computer software
package (Version 11.0, Chicago, IL, USA). P < 0.05 was
considered statistically significant.

RESULTS
The present study included 3250 episodes of acute
pancreatitis observed in 2248 patients at our facility.
Presence of SAP was observed in 643 (19.8%) patients
based on characteristics of pancreatic necrosis. The
other 2607 (80.2%) episodes were mild forms of acute
pancreatitis. Although the overall mortality rate of acute
pancreatitis was 3.8% (123/3250), mortality rate of SAP
was as high as 16.3% (105/643) All deaths involved
patients experiencing their first episode of pancreatitis.
With equal distribution, of those 105 SAP mortalities, 44
(41.9%) patients died within 14 d of admission, and 61
(58.1%) died after 14 d of admission. The two groups did
not differ in gender, age, Ranson’s and APACHE Ⅱ score,
BMI, or co-morbidity. However, early death significantly
differed from late death in etiology (Table 1). Higher
percentage of biliary pancreatitis patients developed more
late deaths than early deaths. Forty-two of the 44 (95.5%)
patients with early mortality had necrotizing pancreatitis.
Similarly, 58 of the 61 (96.2%) patients with late mortality
presented necrotizing pancreatitis. A significantly higher (P
< 0.0001) number of patients died from infected necrosis
in the late death group (Table 2). On the other hand, sterile
necrosis occurred more frequently in early deaths than
late deaths (P = 0.008). Forty of the 44 (90.9%) patients
suffered early deaths related to MOF (Table 2). Late deaths
occurred post-operatively in 37 patients with infected
necrosis (23 also presented MOF). A higher incidence of
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Table 3 The incidence of early death in severe acute
pancreatitis in this study and in the literature
Total number
[8]

Renner et al, 1985
Wilson et al, 1988[15]
Lankisch et al, 1996[17]
Isenmann et al, 2001[19]
Present study

405
126
37
36
105

Early death (%)
60
55.5
56.7
55.5
42

hemorrhagic complication from intra-abdominal bleeding
was noted in the late death group than in the early death
group (P = 0.008). Clearly, MOF was more prevalent in
the early death group, and death due to infection was
more common in late deaths. In addition to the pancreatic
pathologic complications, co-morbidities, such as stroke or
heart failure, did not significantly differ between the two
groups.

DISCUSSION
According to previous studies, the pattern of morbidity
and mortality in SAP varied[8-10,12,14-19]. The primary causes
of death in SAP remain controversial. A literature review
reveals early mortality rates ranging from 0 to 80% (mean
value, 53.9%, Table 3). In present study, the early mortality
rate was 42%. The cause of the wide range in reported
early mortality rates is unclear. Aggressive restoration of
multiple organ failure (MOF) may be important to reduce
early mortality rate. On the other hand, as shown in this
study, the studied populations have consisted of groups of
patients from a single department or ward rather than from
the entire hospital population. This fact may explain the
lower early mortality rate. In addition, time of admission
may also be related to variations in SAP early mortality
rates[12]. The other explanation is that the early surgical
debridement was avoided in this study. It could prevent the
frequent conversion of sterile necrosis to infected necrosis
which resulted in increased early SAP mortality rate[19].
The present study revealed that approximately half of
the deaths (41.9%) occurred within two weeks; the major
cause was MOF. Extended pancreatic necrosis, especially
the extent of intra-pancreatic parenchyma necrosis, leads
to a high incidence of early organ failure[19]. In addition,
if early organ failure occurs at the time of admission in
SAP, the risk of ongoing and progressive organ failure
remains extremely high[20]. According to recent reports,
if organ failure worsens in the first week of admission,
mortality rate increases significantly [21,22]. In our study,
once the disease has been initiated by the pathogenetic
mechanism, the course and outcome were not influenced
by underlying etiological factors, demographic features,
physical features or co-morbidity. Even some reports
indicated the importance of co-morbid medical problems
in SIRS and MOF in elderly SAP patients, in addition
to the effect of infected necrosis[6,14]. The present study
revealed no significant differences in age or pre-existing
disease. Early prognostic factors, such as Ranson’s score
and APACHE Ⅱ score, did not differentiate patient risk
www.wjgnet.com
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of early mortality or late mortality in SAP. However, some
reports suggest that obesity increases MOF rate and SAP
mortality[14,23]. Similar to other studies[9,12,24], BMI values
were not associated with differences in early or late death
in SAP in the present study.
The present study demonstrated vital role of MOF
occurrence in the outcome of SAP. Considering all SAP
cases were fatal (105 patients), a high incidence of MOF
was observed in this group. Death caused by MOF was
observed in 72 (68.6%) patients. In particular, 24 of the 38
patients with infected necrosis suffered at least two organ
failures directly related to the fatal outcome. According
to previous reports [3-6,25-28], the standard treatment for
infected pancreatic necrosis, including antibiotics and
surgical resection or drainage procedure, is widely
accepted. However, in the present study, the results of
MOF management remained poor in SAP cases[6,25,27]. As
a result, the goal of therapeutic planning was based on
continuous resuscitation and restoration of failed organs.
However, McKay et al [10] documented that even after
intensive treatment, 40% of patients died 3 d after hospital
admission.
This study demonstrated that MOF occurred more
frequently in the early death group than in the late death
group, being the major cause of early death in SAP.
However, the incidence of infected necrosis was higher
in the late death group than in the early death group.
Other causes of death, including stroke or heart disease,
were rare and statistically insignificant. Therefore, in the
first two weeks of admission, the goals of treatment
should be aggressive resuscitation, restoration of failed
organ systems and inhibition of MOF progression. In the
late phase, controlling infection and preventing infected
necrosis is vital. The importance of co-morbidity control
is not significant in elderly patients. SAP remains a serious
medical problem. Effective control of early MOF and
treatment of systemic complications associated with the
infected necrosis require innovative strategies.
In conclusion, approximately half (42%) of SAP
deaths occur within two weeks and most are due to
multiple organ failure. The data revealed the significance
of multiple organ failure in the outcome of SAP. The late
deaths of SAP are mostly due to infected necrosis.
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Abstract

INTRODUCTION

AIM: To minimize the complications and mortality
and improve the survival in primary liver cancer (PLC)
patients undergoing hepatic resection.

Primary liver cancer (PLC) is one of the most common
malignant tumors in China. Its prognosis has been
greatly improved due to the major advances in its clinical
treatment and basic research since 1950’s [1] . Surgical
resection is still the primary means of achieving longter m sur vival of PLC patients [2-4] . Massive bleeding
and liver failure are the leading risk factors in hepatic
resection of PLC patients. The development of various
effective vascular control measures[5-7], thanks to the recent
technical innovations, has reduced the number of patients
with intraoperative massive hemorrhage. However,
postoperative liver failure is still a major impediment to
hepatic resection, especially in patients with compromised
liver. Although a variety of methods for estimating hepatic
function have been described, accurate prediction of
hepatic functional reserve and assessment of postoperative
risk remains a challenge [8] . To establish a simple and
practical system for assessing hepatic functional reserve
to guide the decision-making process in treating PLC
patients, we have conducted a systematic clinical study
on hepatic energy metabolism since 1980s. This hepatic
functional reserve predictive system is of value in terms
of minimizing unnecessary invasive hepatic excision and
designing optimal strategies for the perioperative and
postoperative management of individual PLC patients.

METHODS: We conducted a retrospective analysis of
2143 PLC patients treated from January 1990 to January
2004. The patients were divided into two groups using
January 1997 as a cut-off. Small tumor size (< 5 cm),
preoperative redox tolerance index (RTI), vascular
control method, and postoperative arterial ketone
body ratio (AKBR) were used as indicators of surgical
outcome.
RESULTS: Small tumors had less complications and
lower mortality and higher overall survival rate. Use of
RTI for selecting patients and types of hepatectomy,
reduced complications (21.1% vs 11.0%) and mortality
(1.6% vs 0.3%). The half liver vascular occlusion
protocol (n = 523) versus the Pringle method (n =
476) showed that the former significantly reduced the
postoperative complications (25.8% vs 11.9%) and
mortality (2.3% vs 0.6%) respectively, and cut mean
hospital stay was 3.5 d. Postoperative AKBR was a
reliable indicator of the energy status in survivors.
CONCLUSION: RTI is of value in predicting hepatic
functional reserve, half liver occlusion could protect
the residual liver function, and AKBR measurement is
a simple and accurate means of assessing the state
of postoperative metabolism. Optimal perioperative
management is an important factor for minimizing
complications and mortality in patients undergoing
hepatic resection.

© 2007 The WJG Press. All rights reserved.
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MATERIALS AND METHODS
Patients
We reviewed the hospital records of all the hepatic tumor
patients treated at the Department of General Surgery,
West China Hospital, Sichuan University between January
1990 and January 2004. A retrospective analysis 2143
patients with intact records who were clinically diagnosed
as PLC and underwent surgical treatment was conducted.
The review covered sex, age, time of operation, diagnosis,

Yan LN� et al . Management of liver cancer

liver function test, kidney function test, hepatitis marker,
tumor marker, arterial ketone body ratio (AKBR),
redox tolerance index (RTI), Child-Pugh classification,
preoperative management, preoperative evaluation,
operation approach, postoperative measurement of
AKBR, and therapy protocols. Postoperative clinical
course, calculation of incidence of complications,
operation mortality and evaluation of follow-up visits were
also included. Operation mortality was defined as death
during operation or within one month after operation.
Preoperative measurement of RTI
Each patient received 75 g glucose orally in the morning.
Arterial blood samples were collected respectively at 30, 60,
90, and 120 min before and after the glucose intake. The
following biochemical parameters including the levels of
acetoacetate and β-hydroxybutyrate, AKBR, blood glucose,
insulin and serum free fatty acids were measured as
previously described[9-12]. The corresponding data obtained
were used to plot the oral glucose tolerance test (OGTT)
and AKBR curve. The area covered by the respective
curve (∆OGTT and ∆AKBR) was calculated. The value of
RTI was determined according to the following equation:
∆RTI = ∆AKBR/∆OGTT × 5.6
The extent of liver cirrhosis and hepatic functional reserve
were judged based on the measured value of RTI. A value
of RTI > 0.65 predicted that damage to the liver was mild
and the patient had a relatively good hepatic functional
reserve and could tolerate various types of hepatectomy. A
value of RTI < 0.65 indicated that damage to the liver was
either moderate or severe and that the hepatic functional
reserve of the patient was apparently compromised. For
PLC patients undergoing hepatic resection in this category,
special consideration needed to be taken with regard to
the extent of hepatic resection. In case of RTI < 0.50,
the patient would not be a suitable candidate for more
than half liver resection and meticulous perioperative
management care should be implemented.
Blood inflow occlusion of the half live
The procedure began with excision of the abdomen, and
subsequent exposure of the hepatoduodenal ligament,
followed by explorations proceeding upwards along the
common hepatic duct until reaching the confluence of
the left and right duct. On the visceral envelope overlying
the confluence, a small hole was made using a sharp blade
and a right-angle forceps was inserted to gently mobilize
within liver parenchyma outside the Glisson sheath. To
avoid damage to the portal vein and the small branches
of caudate portal vein, the right-angle forceps should
mobilize in the liver parenchyma towards the caudate
lobe in such a way that there was no feel of resistance.
Finally, the sharp ends of the forceps were passed through
the confluence of the posterior branching part of portal
vein and the caudate lobe, and an 8 gauge catheter was
introduced. Vascular exclusion to the left or right half of
the liver was achieved by tightening the catheter during
hepatic resection[13].
For hepatic resection involving no more than half
the liver, the half liver occlusion technique was routinely
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employed to keep the blood supply to the contralateral
half and to minimize postoperative liver failure and
complications[5]. In cases that big liver tumors involving
more than half the liver or tumors located in the middle
part of, or crossing the left- and the right half liver or
tumors encroaching the hepatoduodenal ligament or
patients with apparent anatomic variations of the hilum
hepatis, the whole liver vascular exclusion was used (Pringle
method).
Regular postoperative measurement of AKBR
Measurement of AKBR and routine hepatic function
tests were performed postoperatively on d 1, 3, 5, 7
until stabilization of the patient’s condition. For patients
developing postoperative complications, the monitoring
time course was extended until stabilization of the
patient’s condition or death. The levels of AKBR were
determined using a modified Mellamby approach[5]. Briefly,
all patients received intravenous injection of 10% glucose
to allow the blood glucose level to reach at 6.72-11.2
mmol/L one hour later, followed by collection of 4 mL of
arterial blood from each patient. The blood samples were
centrifuged and 1 mL of blood plasma was collected, then
2 mL of 0.15 mol/L Ba(OH)2 and 2 mL of 5% H2SO4
were gradually added. After mixing, the suspensions
were centrifuged at 3000 r/min for 10 min and the
supernatants were collected, then 0.15 mol/L Ba(OH)2
was continuously added and thoroughly mixed until the
solution became alkaline. The resultant solutions were put
inside the modified distiller and distillates collected later.
The amounts of acetoacetate and β-hydroxybutyrate in
the collected distillates were respectively determined by
salicylic acid colorimetric method and the arterial ketone
body ratio was calculated[14,15].
Patients were classified into three groups: group A
including patients with a consistent postoperative AKBR
> 0.7, group B with AKBR in the range of 0.4-0.7, group
C with the level of AKBR gradually dropped to below
0.4 after operation. For postoperative therapy, standard
treatment was applied to group A patients. Because of
impaired hepatic function, group B patients received
treatment with side chain-containing amino acids and
long chain fatty acids and middle- and long chain fattycontaining cream, and large dose of Danshen injection
(90 mL/d), as well as liver protection therapy to enhance
the recovery of microcirculation in the impaired liver.
Since patients in group C could utilize neither glucose nor
fatty acids as substrates for energy production because
of their severe liver dysfunction and deteriorated energy
metabolism, they might ultimately die of the dysfunction
of multiple organs. The patients in this group were
difficult to treat and liver transplantation or temporal
support by artificial liver could be a viable option.
Statistical analysis
Small tumor size, preoperative RTI, vascular control
method, and postoperative AKBR were compared by
the Wilcoxon tests in two groups. Sur vival analysis
was perfor med to evaluate the impact of different
variables. Cox model was used for univariate analysis,
www.wjgnet.com
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Table 1 Operation approach for patients in two groups
Operative approach
Resection group
Right trisectionectomy
Right hepatectomy
Right posterior sectionectomy
Right anterior sectionectomy
Middle sectionectomy
Left trisectsanectomy
Left hepatectomy
Left lateral sectionectomy
Candate lobectomy
Segmentectomy
Total
Non-resection group
Hepatic artery ligation or pump
Intro arterial 131I resin form embolization
Intro-arterial 32P-GMS embolization1
Cryosurgical ablation
Radiofrequancy ablation
Laparotomy
Total

Earlier period
group (%)

Later period
group (%)

6 (0.8)
82 (11.2)
26 (3.6)
13 (1.8)
11 (1.5)
8 (1.1)
27 (3.7)
31 (4.2)
5 (0.7)
103 (14.1)
312 (42.7)

19 (1.3)
73 (5.2)
125 (8.9)
131 (9.3)
44 (3.1)
24 (1.7)
129 (9.1)
88 (6.2)
38 (2.7)
306 (21.7)
977 (69.2)

251 (34.3)
96 (13.1)
28 (3.8)
24 (3.3)
0 (0)
20 (2.7)
419 (57.3)

143 (10.1)
49 (3.5)
36 (2.5)
82 (5.8)
102 (7.2)
23 (1.6)
435 (30.8)

1

32P-GMS: Phosphorus 32 glass microspheres; ∆RFA: Radiofrequancy
ablation.

which incorporates the quantitative variables assumed to
determine the outcome. Statistical analysis was performed
with SPSS software package.

RESULTS
General characteristics of the patients
Of the 2143 PLC patients undergoing surgical treatment
between January 1990 to January 2004 in our institution,
1869 were men and 274 were women (male/female ratio:
6.8) with a median age of 46.3 (range 12 to 84) years. In
2037 cases of hepatocellular carcinoma (95.1%), 82 were
found to have cholangiocellular carcinoma (3.8%), and
24 mixed type of both carcinomas (1.1%). In 1724 cases
of cirrhosis (80.0%), 72% were HBsAg positive, 56.6%
had their AFP ≥ 100 μ g/L. A total of 1289 patients
(60.1%) underwent hepatic tumor resection with an
operative mortality of 1.6% (21/1289), and postoperative
complications of 21.1% (272/1289). A total of 1198
(92.9%) patients were followed up for 6 mo -10.5 years.
The 1-, 3-, and 5-year survival rate was 82.1%, 59.4%, and
37.6%, respectively. The remaining 854 cases underwent
non-resection surgical treatment with a mortality of
2.1% (18/854), and complications were found in 19.9%
(170/854). Operation approaches for all the patients are
listed in Table 1.
Comparison of patients in two groups
Using January 1997 as a cut-off, the patients were assigned
to two groups[16]. The earlier period group (January 1990
to January 1997) contained 731 patients including 647 men
and 84 women, their age ranged from 16 to 84 years (median
47.4). The tumor size was ≤ 5 cm in diameter in 52 cases
(7.1%), and ≤ 3 cm in diameter in 19 cases (2.6%). A
total of 312 patients (42.7%)underwent hepatic resection
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Table 2 Comparison of mortality, complication, and survival
rate in two groups after hepatectomy (%)
Group
Earlier period group
Later period group

Operative Complication rate
mortality
2.2
1.4

23.7
20.3

1 yr
73.1
84.9

Survival rate
3 yr 5 yr
54.2
34
61.1
38.7

and 419 (57.3%) received non-resection treatment. The
later period group (January 1997 to January 2004) included
1412 cases (1222 men, 190 women, male/female: 6.4; age
range 12 to 78 years, median 46.9). The tumor size was ≤
5 cm in diameter in 298 (21.1%) patients and ≤ 3 cm in
diameter in 183 (13.0%) patients. A total of 977 (69.2%)
patients underwent hepatic resection, 435 (30.8%) received
non-resection treatment. Operation approaches inr the
two groups of patients are listed in Table 1. Mortality,
complications, and the 1-, 3- and 5-year survival rates are
listed in Table 2. The mortality and complication rates
after non-resection treatment were 2.1% and 22.6% in the
first group, and 2.1% and 17.2% in the second group.
Measurement of RTI
RTI was measured in 336 patients, including 288 men
and 48 women (age range 28-65 years, median 48.1).
Operation approaches included hepatic lobectomy inr 287
patients (left or right trisectionectomy in 9, left or right
hepatectomy in 14, sectionectomy 112, segmentectomy in
152), hepatic artery ligation or pump in 49 cases. Of the
253 (75.3%) patients with a measured value of RTI ≥ 0.65,
9 underwent left or right trisectionectomy, 14 left or right
hepatectomy, 223 sectionectomy or segmentectomy, and
7 hepatic artery ligation or pump when the tumors were
unresectable during operation. Postoperative complication
rate was 10.3% (26/253), with no death occurred during
operation. Of the 83 patients with a RTI < 0.65, 41
underwent sectionectomy or segmentectomy, 42 hepatic
artery ligation or pump. The postoperative complication
rate was 13.3% (11.83) and one patient died of liver failure
on d 29. The overall complication rate was 11.0% (37/336)
and mortality rate during operation was 0.3%.
Half liver vascular occlusion
The half liver vascular occlusion protocol was employed
in 523 (40.6%) of 1289 patients undergoing hepatic
lobectomy. Of these 523 patients, 105 underwent
either left or right hepatectomy, 418 sectionectomy or
segmentectomy. The duration of the half liver occlusion
ranged from 12 to 63 min, with a mean of 25.2 min. The
amount of blood transfusion was 0 to 3200 mL, averaged
of 306 mL. Three patients died after operation (1 due to
hepatic failure, and 2 due to infection and MOF). The
postoperative mortality was 0.6%, complication rate was
11.9% (62/523), postoperative hospital stay was 8-45 d
(mean 18.2 d).
Of 476 patients undergoing hepatic resection using the
routine Pringle procedure, 55 received either left or right
trisectiontomy, 173 left or right hepatpectomy, 42 middle
sectionectomy, and 206 sectionectomy or segmentectomy.
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The duration of blood occlusion was 11-48 min. Occlusion
was performed twice in 37 cases, the mean duration was
24.8 min, the amount of blood transfusion was 0-3600
mL, averaged 383 mL. Postoperative complications were
found in 123 cases (25.8%). The postoperative mortality
was 2.3% (11/476), and postoperative stay was 8-45 d,
averaged 18.2 d.
Regular postoperative measurement of AKBR was
conducted in 635 cases (49.3%) undergoing hepatic
resection. Based on the AKBR, 472 (74.5%) cases were
assigned to group A, 149 (23.5%) to group B, and 13 (2.0%)
to group C. The complication rate was 5.9% in group A (n
= 28), 71.8% in group B (n = 107) with 1 patient died due
to MOF (0.9%), and 100% in group C with a mortality
rate of 69.2% due to infection and MOF.

DISCUSSION
PLC accounted for 95.1% of the 2143 cases, and 80.4%
of patients were associated with cirrhosis, 72.0% were
HBsAg positive, and only 56.6% were AFP positive,
which are consistent with the reported results in China.
Based on the outcome of this series, surgical treatment
is still the primary choice of treatment for patients with
liver cancer. The major progress made in PLC could be
attributed to the following factors: (1) early diagnosis of
hepatic tumor, as reflected by the higher percentage of
cases with small tumor (< 5 cm in diameter) in the later
period group than in the earlier period group (21.1% vs
7.1%); (2) increased percentage of patients with complete
resection as evidenced by 42.7% in the earlier group
compared to 69.2% in the later group; (3) long-term
survival of liver cancer patients due to the improved
perioperative management and refined surgical techniques;
(4) improved safety and efficacy due to the implementation
of standardized treatment protocol and development of
non-resection treatment such as intra-arterial embolization,
cryosurgical ablation, radiofrequency ablation.
Liver failure is the leading cause of postoperative
death[17]. There is still no reliable way for estimating hepatic
functional reserve in diseased liver[18-21]. Routine hepatic
function test, assay of metabolic proteins and amino acids,
clearance capacity test, excretion function test, liver blood
in-flow measurement, etc, can only detect the specific
function of liver and cannot be used to determine the
tolerance of diseased liver to surgical resection. Since
any activity of the liver requires consumption of energy
and insufficient energy metabolism and compromise
the liver function, our previous studies[22,23] showed that
OGTT and AKBR can be used to determine the energy
metabolism status in the liver and thus are good indicators
of hepatic function reserve. Therefore, we adopted the
redox tolerance test (RIT), which reflects the changing
pattern of OGTT and AKBR, to compare the diseased
liver tissue preoperatively and postoperatively [9,10], and
the data of our current series further confirmed that
RTI could reflect the hepatic functional reserve. Our
predictive system for hepatic functional reserve is based
on the following criteria: (1) when RTI > 0.65, the liver
function is considered to be good or only mildly affects
functional reserve and should be capable of tolerating
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more than half the liver resection; (2) a value of RTI
< 0.65 suggests either a moderate or severe liver tissue
damage; (3) if RTI < 0.5, the hepatic function is judged
to be substantially compromised, and the patients should
not be suitable for more than half the liver resection. In
this series, the system was used for estimating the residual
hepatic functional reserve in 366 cases and for guiding the
choice of resection type, resulting in marked improvement
in complications from 21.1% to 11.0%, and mortality from
1.6% to 0.3, demonstrating that RTI is a valid indictor of
hepatic functional reserve.
The Pringle maneuver under normothermic condition
is still routinely employed in hepatic resection[6], which
tends to compromise the function of spared liver tissue,
especially in patients with cirrhosis, eventually leading
to high occurrence of liver failure[17]. To overcome this
drawback, based on observations through B ultrasonic
wave and anatomical study of the hilum, we devised
the half-liver vascular occlusion protocol in 1991 [5,13].
The subsequent use of this procedure in 63 patients
undergoing hepatectomy, as opposed to 42 cases using the
Pringle protocol, showed that half liver occlusion method
being was superior to the whole Pringle procedure in terms
of diminished adverse effects on energy metabolism in
the liver and less invasive nature, and rapid postoperative
recovery [24] . The half liver blood occlusion does not
require the dissection of porta hepatis, and a right-angle
forceps is passed into the liver to introduce a catheter
around the Glisson sheath to achieve vascular occlusion of
the half liver, thus this procedure is simple, safe and can
be easily adopted. Its benefit was better in 523 cases than
that of the Pringle maneuver in 476 cases, as demonstrated
by significant reduction in postoperative mortality (0.6%
vs 2.3%) and complications (11.9% vs 25.8%) in patients
undergoing hepatectomy. However, it was not until 2001
that Horgan et al[7] proposed a similar protocol for partial
vascular control, termed the half Pringle technique.
AKBR measurement and liver function tests were
done in 93 patients after undergoing hepatectomy in our
previous study[15]. Based on the measured value of AKBR,
the 93 patients were classified into 3 groups. Group A
(AKBR > 0.7) had a postoperative complication rate of
4.8%, group B (AKBR 0.4-0.7) 39%, and group C (AKBR
< 0.4) consisting of only 3 patients who died of MOF.
However, routine live function test failed to show any
significant differences in patients of the three groups,
indicating that AKBR cannot reveal the degree of damage
to the liver. In contrast, AKBR can reflect the redox
status in liver mitochondria. The patients in group A had
normal functional mitochondria and could utilize glucose
for energy production, and metabolism was normal. The
patients in group B with severely damaged liver function
combined with the subsequent surgical stress, had impaired
mitochondria and therefore could not efficiently utilize
glucose for the entire energy need and could compensate
for the insufficiency when fatty acids were used for energy
production, dropping AKBR to 0.4-0.7. With proper
management, the mitochondrial function could gradually
recover and AKBR could increase to above 0.7 and the
patients would recover gradually. If the function of
mitochondria fails to recover, AKBR would drop to below
www.wjgnet.com
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0.4, suggesting that damage to the mitochondria is severe
and the oxidative phosphorylation process would stop and
patients could use neither glucose nor fatty acids as energy
substrates, and the energy metabolism would deteriorate,
ultimately leading to multiorgan failure, MOF and death.
In this study, we continuously monitored the
postoperative AKBR in 635 patients and the complication
rate in groups A-C was 5.9%, 71.8%, and 100%, and
the postoperative mortality was 0%, 0.9% and 69.2%
respectively, demonstrating that continuous monitoring
of AKBR levels can reveal the energy metabolism status
and is a simple, sensitive and practical indicator of hepatic
functional reserve and a valuable tool for the management
and prevention of liver failure.
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Abstract
AIM: To determine the genotype distribution of hepatitis
B virus (HBV) with a newly oligonucleotide chip assay
among the HBV carriers in Eastern China.
METHODS: An assay using oligonucleotide chip was
developed for detection of HBV genotypes in serum
samples from HBV DNA-positive patients in Eastern
China. This method is based on the principle of reverse
hybridization with Cy5-labeled amplicons hybridizing to
type-specific oligonucleotide probes that are immobilized
on slides. The results of 80 randomly chosen sera were
confirmed by direct sequencing.
RESULTS: HBV genotype B, C and mixed genotype
were detected in 400 serum samples, accounting for
8.3% (n = 33), 83.2% (n = 333), and 8.5% (n = 34),
respectively. The evaluation of the oligonucleotide
assay showed 100% concordance with the amplicon
phylogenetic analysis except 9 mixed genotype infections
undetected by sequencing.
CONCLUSION: The study indicates that HBV genotype
C and B prevail in the Eastern China. It is suggested that
the oligonucleotide chip is a reliable and convenient tool
for the detection of HBV genotyping.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
It is estimated that more than 4 billion people worldwide
have been infected with hepatitis B virus (HBV)[1]. The
infection is persistent in over 350 million individuals
with 20%-30% risk of death from HBV-related liver
failure or liver cirrhosis[2]. HBV has a circular and partial
double-strand DNA genome of 3.2 kb containing four
overlapping open reading frames[3]. Based on nucleotide
differences of 8% or more in the complete genome,
HBV has been classified into eight genotypes from A to
H[4-6]. HBV genotype C (HBV/C) induces more severe
liver diseases, including hepatocellular carcinoma (HCC),
than HBV/B in Asia [7] . Further more, patients with
HBV genotypes C and D have a lower response rate to
interferon alpha (IFN-α) compared with genotypes A and
B[8]. Therefore, the analysis of HBV genotype infecting a
patient may assist clinical and therapeutic decisions.
Although many HBV genotyping methods exist, there
is no standardized or commercially available method for
direct molecular typing of the HBV genome. An HBV
genotype assay based on the oligonucleotide chip was
developed for standardization and potential diagnostic use.
This method is based on the reverse hybridization principle
so that Cy5-labeled amplicons hybridize to genotypespecific oligonucleotide probes that are immobilized on
slides.
In Eastern China, HBV infection is highly prevalent
and is an important cause of liver diseases. However, the
HBV genotype distribution of the whole area in Eastern
China has not been reported systemically. In this study,
400 HBV DNA-positive serum samples collected from
patients of the eight cities, including Nanjing, Zhengjiang,
Changzhou, Xuzhou, Shanghai, Ningbo, Pingxiang,
and Suzhou, in Eastern China were tested using the
oligonucleotide chip. In addition, part of results was
compared with sequencing.

MATERIALS AND METHODS
Patients
A total of 400 HBV DNA-positive sera were collected
from patients of the eight cities, including Nanjing,
www.wjgnet.com
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Table 1 Clinical and demographic data of 400 HBV-infected patients
Gender (male/female)
Acute infection (n = 18)
Asymptomatic carrier (n = 44)
Chronic hepatitis (n = 251)
Liver cirrhosis (n = 74)
HCC (n = 13)

13/5
27/17
190/61
47/27
10/3

Age (yr)
33.1 ± 9.8
28.7 ± 10.2
39.1 ± 10.1
49.7 ± 16.2
54.3 ± 15.4

HBV DNA (copies/mL)
7

4

9

1.5 × 10 (3.6 × 10 - 9.6 × 10 )
4.6 × 104 (1.2 × 103 - 5.6 × 106)
1.4 × 106 (1.3 × 103 - 7.5 × 109)
2.2 × 105 (5.3 × 103 - 4.7 × 106)
5.6 × 104 (1.2 × 103 - 3.8 × 106)

HbeAg+/HbeAg -

ALT (IU/L)

14/4
14/30
165/86
33/41
7/6

317.1 ± 630.4
15.4 ± 8.7
219.6 ± 312.4
49.3 ± 59.8
192 ± 327.1

ALT: Alanine aminotransferase; HBeAg: Hepatitis B e antigen; HCC: Hepatocellular carcinoma.

Table 2 Probe sequence used for HBV genotyping
Genotype Oligonucleotide sequence
A
B
C
D
E
F
G
H
QC probe
PC probe

Tm (℃)

5’-NH2-(T)16-AAC CCC (A/G)TC AAG GAC CAC TG-3’
5’-NH2-(T)16-CCC TGC ATT CAA AGC CAA CTC-3’
5’-NH2-(T)16-CTT CAA CCC CAA CAA GGA TCA-3’
5’-NH2-(T)16-CAA TCC CAA CAA GGA CAC CTG-3’
5’-NH2-(T)16-GAC CAC AAT CCC AAC AAA GAC C-3’
5’-NH2-(T)16-TGG CCA ATG GCA AAC AAG G-3’
5’-NH2-(T)16-CAA TCC CAA AAA GGA CCC TTG-3’
5’-NH2-(T)16-CTC TCA ACG GCG AGA AGG G-3’
5’-NH2-(T)16-TGG GGT GGA GCC CTC AG-3’
5’-NH2-(T)16- ATC CTC AGG CCA TGC AGT G-3’

56
56
54
55
55
54
54
54
59
58

Zhengjiang, Changzhou, Xuzhou, Shanghai, Ningbo,
Pingxiang, and Hangzhou, in Easter n China from
October 2004 to May 2006. Serum samples were taken
from 44 asymptomatic HBV carriers (ASC) and 356
subjects with liver disease, consisting of 18 acute hepatitis
(AH), 251 chronic hepatitis (CH), 74 liver cirrhosis (LC)
and 13 hepatocellular carcinoma (HCC) patients. ASC
usually had normal liver function test and no physical
signs and symptoms. CH had chronic inflammatory
reaction continuously. LC and HCC were diagnosed by
ultrasonography and alpha-fetoprotein (AFP) level. All
samples came from inpatient and all were known to have
positive surface antigen (HbsAg) for more than 6 mo. The
demographic data of the patients are listed in Table 1. Sera
were tested for ALT, HbsAg, HbsAb, HbeAg, HbeAb,
HbcAb using the related kits (Shanghai Kehua Bioengineering Co. Ltd, Shanghai, China). HBV DNA was
quantified using the kit produced by Shenzhen PG Biotech
Co. Ltd. The sera were stored at -80℃ until analysis.
HBV DNA preparation and amplification
Viral DNA was extracted from 200 μL of serum samples
by using a QIAamp DNA Blood Mini kit (Qiagen
Inc., Ger many). The target DNA for hybridization
was amplified by a nested PCR. A 418-bp product was
amplified with the outer primers (sense primer, 5’ACGYAGCGCCTCATTTTGTG-3’; antisense primer,
5’-CACTGCATGGCCTGAGGAT-3’) which were
specific for the pre-S region of HBV. The second stage
amplification generated 270-bp product with inner primers
(sense primer, 5’-GGGTCACCATATTCTTGGGAA-3’;
antisense primer, 5’-Cy5-TGAGGGCTCCACCCCA-3’).
Each PCR mixture (40 μL) contained 4 μL of template
DNA, 1 × PCR buffer, 1.5 mmol MgCl2, 200 μmol/L
of each deoxynucleoside triphosphate, 20 pmol of each
www.wjgnet.com

primer, and 2 U of Taq DNA polymerase (all primers and
reagents were supplied by TaKaRa Biotechnology Inc.,
Dalian, China). Both two round PCR were performed
with a thermocycle (PCR Express; Thermohybaid, UK),
and the samples were amplified through 35 cycles, each
amplification cycle consisting of denaturation at 94℃ for
30 s, primer annealing at 55℃ for 30 s, and extension at
72℃ for 4 min. Cycles were preceded by incubation at
94℃ for 4 min to ensure full denaturation of the target
gene and were followed by an extra incubation at 72℃ for
10 min to ensure full extension of the products.
Design of genotype-specific probes, PC probe and QC
probe
A total of 128 sequences of whole HBV genome from
GenBank providing clear branching of the eight genotypes
with A (n = 19), B (n = 21), C (n = 30), D (n = 21), E (n
= 12), F (n = 13), G (n = 6), and H (n = 6) were aligned
by using DNA-Star software (Lasergene, Madison, Wis).
Eight consensuses of different genotypes were obtained
by the alignments of each genotype. When comparing the
alignment of each genotype with the alignment of eight
consensuses, the result showed that there was a consensus
sequence specific to each genotype at the same nucleotide
positions in pre-S region among different isolates for
each genotype. According to this result, genotype-specific
probes were designed for different genotypes of HBV
with DNA-Star software (Table 2). Based on the most
conservative sequence of pre-S region, a positive control
probe (PC probe) was designed for HBV DNA detection.
To evaluate the quality of oligonucleotide chip fabrication
and hybridization, a quality control probe (QC probe)
was designed which reversely complemented the inner
anti-sense primer. Probes were synthesized by TaKaRa
Biotechnology Inc. All probes contained amino linkers at
5’ ends so that they could covalently attach to aldehydecoated slides (CEL Associates Inc., Texas). A space arm
with a poly (T) 16-mer was inserted between the probe
sequence and the 5’ amino linker to decrease steric
interference on the chips.
Oligonucleotide chips fabrication
The probes were diluted to a final concentration of 10
μ mol/L with spotting solution (TeleChem, USA) and
spotted onto aldehyde-coated slides with a robot (Cartesian
Pixsys 7500, USA). Four replicate spots of each probe
were aligned in the same rows. QC and PC probes were
spotted on the first and second left column on the chip
(Figure 1). After the spotting process, the oligonucleotide
chips were fixed at 25℃ for 48 h and dried for further use.

Positive control probes

A

Quality control probes
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Genotype A

Genotype B

Genotype C

Genotype D

Genotype E

Genotype F

Genotype G

Genotype H

Fluorescent intensity

B Quality control

C Genotype B

D Genotype C

E

Mixed genotype (B and C)

Figure 1 Layout of probes and fluorescence images of results. Probes layout on
the oligonucleotide chip (A). Following hybridization of Cy5-labeled fragmented
DNA, as described in Materials and Methods, the fluorescent signals of different
HBV genotypes were detected as follows: Genotype B (C), genotype C (D), mixed
genotype (E). Blank template amplified by PCR also was hybridized to the chip
and the image of the result is shown in (B).

Hybridization and scanning
Two microliters of Cy5-labeled unpurified PCR product
was mixed with 10 μ L of DIG Easy Hyb (Roche
Molecular Biochemicals, Canada). The mixture was
denatured for 2 min at 95℃ and then chilled on ice
for 5 min. The hybridization mixture was applied to
the array and covered with a glass cover slip to prevent
evaporation of the mixture during the hybridization. The
oligonucleotide chips were incubated at 40℃ for 30 min
in a moist incubator. After hybridization, the washing
procedure was carried out as described in our previous
research[9]. The oligonucleotide chip images were obtained
with a fluorescent scanner (GenePix 4000B; Axon
Instruments, Inc., Calif).
Sequencing and phylogenetic analysis
The products of the first-round PCR were monitored on
agarose gel to ensure that sufficient DNA was available for
sequencing. Eighty products were randomly selected for
the phylogenetic analysis. The outer sense primer also was
used for DNA sequencing. The sequence was determined
by Shanghai Bioasia Biotechnology Ltd. with ABI Prism
3730 genetic analyzer (Applied Biosystems, Inc.). The
sequence datum of each selected specimen was aligned
with pre-S sequences of eight consensuses for different
genotypes which were obtained from the alignment of 128
complete HBV genome sequences in GenBank. Alignment
and phylogenetic analysis were performed with DNA-Star
software by using Clustal W.

RESULTS
Genotype distribution detected by oligonucleotide chip
Two HBV genotypes (B, C) and a mixed type (B and
C) were detected among the 400 samples using our

1977

oligonucleotide chips. The layout of oligonucleotide chip
and the representative fluorescent scanning of genotyping
detection are shown in Figure 1. Genotype distribution
in Eastern China in our study was finally determined as
follows: genotype C, 333 (83.2%); genotype B, 33 (8.3%);
and mixed genotype (B and C), 34 (8.5%). The other
genotypes were not detected in this study.
Comparison of HBV genotype determined by sequencing
and the oligonucleotide chip
Genotype of the HBV DNA in 80 specimens was
performed by sequencing and phylogenetic analysis of
the pre-S region, and these genotypes were compared to
the genotypes determined by the oligonucleotide chip
for the same specimens. Phylogenetic analysis of pre-S
sequence for each specimen by using the eight consensus
sequences of different genotypes for comparison provided
clear genotyping determination for each sample (data
not shown). The results of the two methods for single
genotypes were 100% concordant. The oligonucleotide
chip detected nine mixed g enotypes which were
determined by sequencing in a single genotype. Four of
them were selected for clonal analysis. The PCR products
of the four samples were ligated into pGEM-T easy vector
(Promega), then the ligated products were transformed
into E. coli DH5α (Clontech). Individual colonies were
tested by the oligonucleotide chip at first, and then were
sent to be sequenced. Clonal analysis confirmed that all the
four specimens were mixed genotypes.

DISCUSSION
There are eight genotypes of HBV designated A to H
based on greater than 8% nucleotide variation over the
entire genome. The eight genotypes of HBV show a
distinct geographical distribution and influence the course
of disease and the efficacy of treatment. Genotype A is
prevalent in Northern and Central Europe, but is also
common in North America and sub-Saharan Africa.
Genotypes B and C are confined to Asia, genotype D
is widespread but is the predominant genotype in the
Mediterranean region, while genotype E is found mainly in
West Africa[10]. Genotype F shows the highest divergence
among the genotypes and is indigenous to aboriginal
populations of the Americas [11]. Genotype G is found
in USA, France, and Germany[5, 12, 13], genotype H in the
Central America[6]. Thus, the variability of HBV genotypes
can influence the interpretation of diagnostic data and the
therapeutic decisions.
Our results showed that genotype B, C and mixed
genotype exist in Eastern China. Genotype C is the major
genotype in this area (accounting for 83.2%), which
is similar with HBV genotype distribution in China in
previous reports[7,14-16]. Genotype B was more frequently
found in patients with mild hepatic inflammation (ASC),
while genotype C in those with advanced liver diseases
(CH and LC) (P < 0.05) (Table 3). Although there was no
significant difference, infection with genotype C showed
highest frequency (92.3%) in the patients with HCC. This
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Table 3 Genotype distribution of HBV in cases of different
liver diseases n (%)
Diseases

Genotype
B (n = 33) C (n = 333) B + C (n = 34)

Acute infection (n = 18)
Asymptomatic carrier
(n = 44)
Chronic hepatitis
(n = 251)
Liver cirrhosis (n = 74)
HCC (n = 13)

2 (11.1)

13 (72.2)

3 (16.7)

a

4 (9.1)

19 (7.6)a

211 (84.1)a

21 (8.4)

4 (5.4)a
0 (0)

65 (87.8)a
12 (92.3)

5 (6.7)
1 (7.7)

8 (18.2)

a

32 (72.7)

2
c test; genotype B vs C in different liver diseases. A significant difference
was found between asymptomatic carriers and advanced liver diseases (CH
and LC) (0.01 < aP < 0.05). HCC: Hepatocellular carcinoma.

result may correlate with the higher frequent mutations in
the BCP of genotype C compared with to genotype B[8].
Meanwhile the major risk for liver cirrhosis is exacerbated
by the acquisition of basic core promoter (BCP) mutations
that accelerate carcinogenesis[17]. There were no significant
differences in the median of HBV DNA and ALT levels
between the patients with genotypes B and C.
In this study, immobilization of oligonucleotide
probes onto an aldehyde-coated glass surface produced
a high-density monolayer that was easily accessible
for hybridization with DNA samples, which made the
reaction between the fluorecence-labeled DNA targets
and oligonucleotide probes more efficient and quick, and
reduced the overall assay time to less than 5 h. Due to the
high degree of allele specificity of the oligonucleotide
probes for the pre-S sequence and the highly stringent
conditions that were used, only the target specifically
complementary to the probe could be detected. To
increase the hybridization efficiency between the probes
and targets and sensitivity of the assay and to obtain higher
signal-to-noise ratios, the lengths of the probes and spacer
arms and the hybridization condition were optimized.
Oligonucleotide chip assay is based on the sequence of
pre-S region which has been used for genotyping purposes
shown to provide genotypic determinations similar to
those provided by full genome analysis. Our results
demonstrated a high degree of correlation between the
genotypes determined by sequencing of the pre-S region
and oligonucleotide chip assay. Discrepancies between
the two methods appear to be due to the presence of
mixed genotype infections. We detected 34 samples with
genotypic co-infections by oligonucleotide chips, four
of these samples were further analyzed, genotypic coinfections were confirmed by clonal analysis. Thus, our
results suggest that oligonucleotide chip assay has a very
high sensitivity for the detection of multiple genotypes.
Since Okamoto et al[18] established the first method to
classify HBV, several methods for HBV genotyping have
been reported except sequence analysis, such as multiplex
PCR [19] , restriction fragment length polymorphism
(RFLP)[20], serological assay[21] and reverse hybridization[22].
These other genotyping methods have a number of
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advantages over sequence analysis as they are inexpensive
and easy to perform. The major disadvantage is that only
a limited number of nucleotides/amino acids are actually
analyzed and therefore these methods are not as reliable
as sequence plus phylogenetic analysis. In addition, these
genotyping methods cannot distinguish the new genotypes,
such as HBV genotype G and H. Thus, a better sequencespecific approach is needed. The development of a rapid,
sensitive, and accurate method for the identification of
HBV genotyping is therefore valuable and reasonable. Our
oligonucleotide chip assay is designed to detect all eight
genotypes of HBV according to the results of a large scale
of phylogenetic analysis.
In conclusion, the present study shows that genotype
C and B are the two common HBV genotypes in Eastern
China. Genotype C is the major genotype in this area.
Meanwhile the oligonucleotide chip assay is a promising
tool for HBV genotyping.
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Abstract
AIM: To explore the pathogenesis of the rectovestibular
disruption (RVD) defect and to recommend a successful
repair, and prevention of it.
METHODS: Clinical records of 15 girls, age ranged from
3 to 15 (median, 7.5) years, with acquired rectovestibular
fistula (RVF) mistreated before were retrospectively
reviewed. All of them presented an abnormal appearance
of perineum and were suffering from some degree
of fecal incontinence, and those were graded Ⅲ to
Ⅳ by Li Zheng’s Score. Repair of anal sphincters and
reconstruction of perineum body and skin by anterior
perineal rectoanoplasty were performed in all cases.
RESULTS: Operation in all cases was successful. The
perineum looked practically normal and fecal continence
score rose up to VI by Li Zheng’s Score.
CONCLUSION: T h e c o n v e n t i o n a l t r e a t m e n t f o r
anal fistula, lay-open or string-treatment, should be
considered as malpractice of RVF, and certainly leads to
the RVD defect, and the anterior perineal rectoanoplasty
could cure it satisfactorily.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acquired rectovestibular fistula (RVF) is always resulted
from anal infection in newborn period. Following the
healing of the acute infection, a well-epithelialized tract
between the vestibular and anal canal develops, passing
feces from the vestibular perforation. As the stool
becomes solid, the leakage stops, and ARF does not give
any remarkable inconvenience on children’s quality of life,
growth and development[1]. The indication of operation
is mainly about psychological concern of parents and
children. However, malpractice of the surgical treatment
of rectovestibular fistula, including lay-open or string
treatment of fistula, will certainly cause total perineal
disruption resulting to vestibular cosmetic defect and
remarkable fecal incontinence. From June 1996 to April
2006, 15 girls with such defects were admitted to Beijing
Children’s Hospital, and treated successfully by anterior
perineal anorectoplasty.

MATERIALS AND METHODS
Records of fifteen girls, age ranged from 3 to 15 (average
7.5) years, were enrolled in this study. All of them came
with a perineal defect and fecal incontinence due to
malpractice in the treatment of RVF by lay-open or string
treatment performed in other hospitals half to five years
ago. These children had no normal perineal skin between
the vestibular fossa and anus or underneath muscles,
but had a mucosal patch between the vaginal orifice and
anterior wall of the rectum. Sphincters ani was divided and
its broken ends shrank backward to both sides and behind
the rectum; consequently, it lost the normal appearance of
perineum (Figure 1). All children were suffering from fecal
soiling and some degree of anal incontinence partly with
loose stool, which was graded Ⅲ-Ⅳ by Li Zheng’s score[2].
Operative procedure
Metronidazole tablet (10 mg/kg) and oral garamycine
(4 mg/kg) were given pre-operatively for three days.
Food but water was restricted one day prior to operation.
Saline enemas were given in the night before and on the
morning of operation. The children were laid in lithotomy
position. Almost half roll of sterile bandage lubricated
with liquid paraffin, with the tail soaked with iodophor,
was inserted and stacked in the rectum to prevent rectal

Zhang TC� et al. Treatment of RVD defect

		

1981

Figure 1 Mucosal patch, no skin or muscles between the vaginal and anal orifice,
sphincters ani broken and shrank backward.

Figure 2 Sphincters ani repaired and perineal body rebuilt.

discharge soiling out. The bandage tail was tied by a long
heavy thread, which was left outside the anus for easier
removal after operation. The embedded broken ends of
the sphincter ani externus were detected by electric nerve
stimulator. Four to six stay sutures were applied to the
mucosal patch at mucocutaneous junction around vagina
and anus, respectively. The stay sutures were stretched, and
a half-circular incision anterior to the anus up to the level
of two broken underneath ends of the external sphincter
was made by sharp point of Bovie. Inward dissection along
the bilateral wings of disrupted perineum was carried to
separate vagina from rectum completely for about 5 cm
in length. And the two broken ends of the sphincter ani
externus were found by means of electric nerve stimulator.
The transversus perinei, levator ani, and broken sphincter
ani externus were approximately sutured layer by layer, the
skin cut edge was approximately sutured around the rectal
opening and behind the vagina orifice, and the skin cut
edge between the anus and vagina was sutured vertically
(anterior-posteriorly) interruptedly with 5-0 Dexon. Thus,
the perineal body sphincter as well as skin bridge were
all re-established (Figure 2). Routinely, food but water
was restricted for three days. Antibiotics were given
intravenously for 3 or 5 d. Perianal area was kept clean and
dry by warm ventilation three to five times a day for some
five days. The daily anal dilation began two weeks after the
operation, and continued for 6 mo.

a lot of disputes[3-6], as secondary to perineal infection in
neonatal period. In recent 10 years, 319 cases, averaged
to 30 per year, were admitted to the Surgical Department
of Beijing Chidren’s Hospital. Clinically, the fistula had
perfect mucosal lining, but none of the patients had a
definite history of fistula at birth. Pathological section
never showed normal histology of mucosa, submucosa
or continuation of smooth muscle in the fistula tract[1,7].
Anyway, the opening was not big enough to allow solid
stool leakage, and these patients could have normal
marriage and childbirth, so the treatment should be safe
and simple.
The conventional treatment of anal fistula is lay-open
by perpendicular cutting of sphincters and the tract at
one site, or string-treatment by gradual cutting through
by a rubber band. In rectovestibular fistula, the external
opening is in the vestibule and inner rectum opening lies
in the anterior wall of rectum at the dentate line, with
the tract crossing beneath the sphincter ani. Dividing the
wall of fistula tract and the sphincter by lay-open or by
string-treatment, the cut ends of sphincter will retract
apart, leaving a big mucosal patch between the rectum and
vestibule. The defect will not heal. Loss of normal perineal
appearance and normal function undoubtedly makes the
mother and child eager to have it repaired. Among our
15 cases, five resulted from lay-open, and ten from stringtreatment. Nine were suffering from fecal soiling or fecal
incontinence graded Ⅲ-Ⅳ by Li Zheng’s score. Anorectal
surgeons should be alert to avoid the malpractices of layopen and string treatment in acquired rectovestibular
fistula.
In our series of 319 cases in the last 10 years, one stage
repairing the fistula through either transrectal approach or
through vestibular opening had obtained successful rate
above 90%[8,9].
With anterior perineal anorectoplasty conventionally
used for imperforated anus, and rectovestibular fistula with
normal anus[10-12], we recommand it here for rectovestibular
disr uption (RVD). It provided a good exposure of
operation field to separate the rectovaginal septum, and
to find the broken ends of sphincter ani externus for
reunion. It has been successfully proved in all our 15 cases.
Key points for successful operation include: (1) bandage
packing in the rectum to prevent fecal contamination of

RESULTS
During operation, vagina was injured and repaired
immediately in two of the cases, but incision healed by
first intention in all 15 cases. All children were followed up
for 3 mo to 9.5 years (average 7.5 years). In two children,
anal dilation was difficult at beginning, because their
sphincter ani externus was too tight and the anus was too
small after operation. Perineal appearance of all children
resumed normal, and the bowel control was good, with
bowel movement one or two times a day, without soiling,
incontinence or constipation, with grade Ⅵ on Li Zheng’s
score.

DISCUSSION
RVF with normal anus is considered acquired, in spite of
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operation field; (2) sharp dissection of natural clearance by
Bovie to prevent bleed and creat a clean operation field; (3)
bipolar coagulation of the two main arterioles 1 cm inward
at 1 and 11 o’clock to lessen active oozing; (4) no dead
space left between the vagina and rectum; (5) repair of the
vagina wall or rectum wall immediately if injured during
operation, as much as possible not injuring the rectum
wall. In our group, vaginal wall was injured in two cases
which were immediately sutured interruptedly with 5-0
Dexon. The wound healed well without any complication.
All children in this group were older than three year
of age. All of them had satisfactory result. It proved, at
least, that anterior perineal anorectoplasty is preferable
for children older than 3 years. Besides, the anorectoplasty
ought to be performed 6 mo to three years after the injured
wound of perineum healed up. If delayed, the broken
sphincter ani might be atrophic and contracted back the
anus canal. Two girls in this series had anorectoplasty three
and half years and four years, respectively, after the stringtreatment. Both of them had a small anal orifice after the
operation, and had difficult dilation for certain time.
Diverting colostomy has been a routine for better
perineum hygiene in Western World [13] , but for the
suffering in RVD is minor, it seems not worthwhile to
make two additional abdominal operations, which will
increase the operation risk as well as the economic burden.
In our 15 cases of anterior perineal anorectoplasty for
RVD, diverting colostomy seems unnecessary, provided
we pay more attention to lessen the operative trauma and
contamination, and to avoid early bowel movement.
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Abstract

in the SAP group were significantly higher than those
in the sham group and pioglitazone group respectively
(6969.50 ± 1368.99 vs 2104.67 ± 377.16, 3.99 ± 1.22
vs 2.48 ± 0.74, P < 0.01 or P < 0.05). According to
Kusske criteria, the pancreatic histologic score showed
that interstitial edema, inflammatory infiltration,
parenchyma necrosis and parenchyma hommorrhage in
SAP group significantly differed from those in the sham
group and pioglitazone group (7.17 ± 1.83 vs 0.50 ±
0.55, 7.67 ± 0.82 vs 6.83 ± 0.75, P < 0.01, P < 0.05.
The expression of NF-κB and ICAM-1 in sham group
was lower than that in SAP group and pioglitazone
group (0.50 ± 0.55 vs 33 ± 1.21, P < 0.01). There was
a significant difference in the expression of NF-κB and
ICAM-1 between SAP group and pioglitazone group (7.50
± 1.05 vs 11.33 ± 1.75, 0.80 ± 0.53 vs 1.36 ± 0.54,
P < 0.01 or P < 0.05) at 12 h after the induction of
pancreatitis.

AIM: To determine the effect of pioglitazone, a specific
peroxisome proliferator-activated receptor-γ (PPARγ)
ligand, on development of severe acute pancreatitis
(SAP) and expression of nuclear factor-kappa B (NF-κB)
and intercellular adhesion molecule-1 (ICAM-1) in the
pancreas.

CONCLUSION: Pioglitazone attenuates the severity of
SAP. The beneficial effect of pioglitazone is multifactorial
due to its anti-inflammatory activities, most likely
through the inhibition of ICAM-1 expression and NF-kB
activation. Specific ligands of PPARγ may represent the
novel and effective means of clinical therapy for SAP.

METHODS: Male Sprague-Dawley (SD) rats (160-200 g)
were randomly allocated into three groups (n = 18
in each group): severe acute pancreatitis group,
pioglitazone group, sham group. SAP was induced by
retrograde infusion of 1 mL/kg body weight 5% sodium
taurocholate (STC) into the biliopancreatic duct of male
SD rats. Pioglitazone was injected intraperitoneally
two hours piror to STC infusion. Blood and ascites
were obtained for detecting amylase and ascitic
capacity. Pancreatic wet/dry weight ratio, expression of
NF-κB and ICAM-1 in pancreatic tissues were detected
by immunohistochemical staining. Pancreatic tissue
samples were stained with hematoxylin and eosin (HE)
for routine optic microscopy.

© 2007 The WJG Press. All rights reserved.

RESULTS: Sham group displayed normal pancreatic
structure. SAP group showed diffuse hemorrhage,
necrosis and severe edema in focal areas of pancreas.
There was obvious adipo-saponification in abdominal
cavity. Characteristics such as pancreatic hemorrhage,
necrosis, severe edema and adipo-saponification were
found in pioglitazone group, but the levels of those
injuries were lower in pioglitazone group than those
in SAP group. The wet/dry pancreatic weight ratio,
ascetic capacity, serum and ascitic activities of anylase

Key words: S o d i u m t a u r o c h o l a t e ; S e v e r e a c u t e
pancreatitis; Peroxisome proliferators-activated receptor-
γ ligand; Nuclear transcription factor-kB; Intercellular
adhesion molecule-1
Xu P, Zhou XJ, Chen LQ, Chen J, Xie Y, Lv LH, Hou XH.
Pioglitazone attenuates the severity of sodium taurocholateinduced severe acute pancreatitis. World J Gastroenterol
2007; 13(13): 1983-1988
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INTRODUCTION
The morbidity and mortality of acute pancreatitis (AP)
are high and the clinical course AP is unpredictable.
Approximately 25% of AP patients develop severe
inflammation with pancreatic and peripancreatic fat
necrosis that requires intensive care. Effective treatment
strategies are lack due to a relatively poor understanding of
its exact pathogenesis[1].
www.wjgnet.com
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The pathophysiology of acute pancreatitis involves
a number of inflammatory mediators, which contribute
to the initiation and progression of both local pancreatic
destr uction and systemic manifestations. Various
proinflammatory cytokines, such as interleukin-1β (IL1β), IL-6, and tumor necrosis factor-α (TNF-α), appear
to play a major role in acute pancreatitis[2,3]. The inhibition
of cytokine production may decrease the severity of
pancreatitis[4,5].
It was recently reported that peroxisome proliferatoractivated receptors (PPARs) play a modulatory role in
the inflammatory response of different organs [6]. The
PPAR family consists of at least three different isoforms;
PPARα, PPARδ, and PPARγ[7]. PPARγ is predominantly
detectable in adipose tissue, but it is also expressed in
other tissues, including pancreatic tissue. When activated
by a specific ligand, PPARs heterodimerize with retinoid
X receptor and then bind to peroxisome proliferator
response element leading to changes in the transcription
of target genes involved in lipid metabolism, glucose
homeostasis, cell proliferation and differentiation, and
inflammatory response. PPARs are activated by natural
ligands such as fatty acids, eicosanoids, oxidized fatty
acids, and pharmacological compounds such as glitazones.
Pioglitazone is a member of glitazones and has been used
to increase the sensitivity to insulin in clinical practice[8].
Recent experimental studies appeared to have shed
some light on the intracellular signaling pathway in the
inflammatory cascade of AP [9,10]. For example, there is
evidence that NF-kB plays a crucial role in the initiation
of AP, not only in pancreatic acinar cells and monocytes/
macrophages but also in specific distant organs, such as the
lung. NF-kB is able to mediate a variety of inflammatory
mediators involved in AP, including cytokines and adhesion
molecules[11-13].
In addition, intercellular adhesion molecule-1 (ICAM-1)
has been reported to be up-regulated and involved in the
evolution of acute pancreatitis by recruiting leukocytes
into the area of inflammation [14,15] . NF- k B activity
increases with pancreatitis. The inhibition of NF-kB has
been shown to ameliorate the inflammatory effects of
pancreatitis[16-19].
PPARγ plays a critical role in adipogenesis and glucose
metabolism [20,21] . In addition to these effects, it has
been reported that PPARγ ligands possess in vitro antiinflammatory properties. For instance, PPAR γ ligands
reduce the secretion of IL-1 β , IL-6, and TNF- α in
monocytes and macrophages[22], and the expression of
ICAM-1 in endothelial cells[23], in part by antagonizing
the activities of transcription factors such as AP-1 and
NF-kB[22,24].
Several re por ts have demonstrated an antiinflammatory action of the specific ligands of PPARγ.
Activators of PPAR γ inhibit the generation of proinflammatory cytokines such as interleukin-1β (IL-1β),
tumor necrosis factor-α (TNF-α) and interleukin-6[22] and
this effect seems to be dependent on the inhibition of
NF-kB pathway[25].
The aim of the present study was to deter mine
the effect of pioglitazone, a specific PPARγ ligand, on
www.wjgnet.com
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development of sodium taurocholate (STC)-induced SAP,
to assess the effect of pretreatment with pioglitazone
on expression of ICAM-1 inpanreas, and to evaluate the
effect of pretreatment with pioglitazone on expression of
NF-κB in pancreas.
In this study, we made a well-characterized secretag ogue-induced murine model of pancreatitis to
investigate the anti-inflammatory effects of pioglitazone,
a PPARγ ligand. Pretreatment with pioglitazone markedly
decreased the severity of pancreatitis, most likely
through the inhibition of NF-κB activation and ICAM-1
expression.
Our results suggest that PPAR γ can be used in the
treatment of acute pancreatitis. Moreover, these findings
further demonstrate NF-κB and ICAM-1 play a role in the
pathogenesis of pancreatitis.

MATERIALS AND METHODS
Experimental model of pancreatitis
Fifty-four male Sprague-Dawley (SD) rats (Animal Center,
Medical College of Nanchang University), weighing
160-200 g, were used in this experiment. Animals were
housed in cages under standard conditions at room
temperature in a 12-h light-dark cycle. Prior to the
experiments, rats were deprived of food with free access
to water. All procedures including ketamine hydrochloride
intra-peritoneal injection (10 mg/100 g) for anesthesia were
performed under sterile conditions. SD rats were divided
into severe acute pancreatitis (SAP) group, pretreatment
group with pioglitazone (PP) and sham group. One mL/kg
body weight of sodium taurocholate (STC, 50 g/L, Sigma)
was retrograde injected into the biliopancreatic duct of
the rats to induce SAP, 10% dimethyl sulphoxide (DMSO,
1 mL/100 g) was injected intraperitoneally two hours
prior to STC injection[26]. PP group received pioglitazone
replacing 10% DMSO administered intraperitoneally two
hours prior to STC injection (2 mg/100 g). Rats in the
sham group underwent operation with nothing infused.
The pancreas was flipped and striked gently three times.
After operation, rats were fasted with free access to water
and killed by abdominal aorta exsanguination 3, 6 and 12 h
after the induction of pancreatitis.
Serum and ascites were obtained to measure amylase
levels and ascitic capacity. Pancreata were quickly removed
and fixed in 10% formalin for morphologic studies.
Portions of the pancreas were freshly processed for
determining pancreatic water contents.
Macroscopic assessment of pancreas
Edema, hemor rhage and necrosis of the pancreas
were each graded from 0 to 3 as follows as previously
described[27]: pancreatic edema: 0 = absent, 1 = mild gland
swelling with no cysts, 2 = moderate gland swelling with
cysts in the duodenal region, 3 = severe gland swelling
with multiple cysts extending to the splenic region;
pancreatic fat necrosis: 0 = absent, 1 = confined to the
pancreas, 2 = extending to the omentum, 3 = widespread
in the retroperitoneum, pancreatic hemorrhage: 0 =
absent, 1 = periductal punctate, 2 = diffuse in pancreas, 3
= peripancreatic or pancreatic blood with clots.
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Table 1 Levels of amylase in three subgroups (mean ± SE)

Table 2 Ascites in three subgroups (mean ± SE)

Group

Group

Sham
PP
SAP

Amylase (IU/L)
3
2376.00 ± 413.88
5364.83 ± 14082bc
5053.33 ± 2632.1c

6
2104.67 ± 377.16
5645.67 ± 1907.8b
6969.50 ± 1368.9b

12
1879.83 ± 528.42
2979.50 ± 1080.12
7598.00 ± 1071.92d

a

P < 0.05, bP < 0.01 vs sham, cP < 0.05 vs 12 h, dP < 0.01 vs PP, fP < 0.01 vs 12 h.

Sham
PP
SAP

Time point
3h
0.50 ± 0.55
5.50 ± 1.64b
7.17 ± 1.83b

6h
0.17 ± 0.41
6.83 ± 0.75b
7.67 ± 0.82b

6

12

0.00 ± 0.00
4.42 ± 1.85a
6.70 ± 1.70b

0.00 ± 0.00
4.87 ± 1.04a
7.67 ± 2.47b

0.00 ± 0.00
5.70 ± 1.87a
8.37 ± 1.19b

a

P < 0.05, bP < 0.01 vs sham.

the primary antibody. Several sections were counterstained
with hematoxylin.

Table 3 Morphological score (mean ± SE)
Group

Sham
PP
SAP

Ascites (mL)
3

12 h
0.17 ± 0.41
4.50 ± 2.07ab
7.17 ± 1.47bd

a

P < 0.05 vs PP at 6 h; bP < 0.01 vs Sham, dP < 0.01 vs PP at 12 h.

Histological scoring of pancreas
Pancreas was removed from each rat and fixed in 10%
buffered formalin at 4℃ overnight. The pancreas was then
embedded in paraffin. Full-length (4-μm) sections were
taken and stained with hematoxylin and eosin for histologic
evaluation. Edema, inflammation, hemorrhage and necrosis
of the pancreas were each graded from 0 to 3 as follows
as previously described[28]: edema: 0 = absent, 1 = focally
increased between lobules, 2 = diffusely increased between
lobules, 3 = tense acini and widely separated lobules, 4
= gross lobular separation; inflammation: 0 = absent,
1 = around ductal margins, 2 = in parenchyma (< 50%
of lobules), 3 = in parenchyma (51%-75% of lobules),
4 = massive collections and abscesses; hemorrhage: 0
= absent, 1 = blood in parenchyma(< 25%), 2 = blood
in parenchyma (25%-50%), 3 = blood in parenchyma
(50%-75%), 4 = blood in 100% of lobules; necrosis: 0 =
absent, 1 = periductal parenchymal destruction, 2 = focal
parenchymal necrosis (< 20%), 3 = diffuse loss of lobules
(20%-50%), 4 = severe loss of lobules (> 50%).
Biochemical assay
Serum amylase levels were measured with the CNPG 3
amylase test and spectrophotometrically according to the
manufacturer’s instructions.
Pancreatic water content
The wet/dry weight ratio of the pancreas was obtained
when the freshly prepared pancreatic tissue was dried for
24 h at 90℃.
NF-κB p65 in pancreatic tissue
NF- κ B p65 in pancreatic tissues was detected by
immunohistochemistry. In brief, endogenous peroxidase
was blocked for 30 min with 0.3% methanol-H2O2. After
several washes, samples were incubated overnight in a
humidified chamber at 4℃ with the rabbit and mouse
antibody against NF-κB p65 diluted 1:100, followed by
non-biotinylated second antibody diluted 1:200 for 30
min. Negative controls were carried out by omission of

ICAM-1 in pancreatic tissue
I C A M - 1 i n p a n c r e a t i c t i s s u e wa s d e t e r m i n ed by
immunohistochemistry. In brief, endogenous peroxidase
was blocked for 30 min with 0.3% H2O2. After several
washes, samples were incubated overnight in a humidified
chamber at 4℃ with rabbit antibody against ICAM-1
diluted 1:50, followed by non-biotinylated second
antibody diluted 1:200 for 30 min. Several sections were
counterstained with hematoxylin.
Statistical analysis
The values were expressed as mean ± SE. As the values in
some data sets were not normally distributed or exhibited
unequal standard deviations, the nonparametric Wilcoxon
rank sum test was used to test for statistical differences
between groups. P < 0.05 was considered statistically
significant.

RESULTS
Amylase assay and ascites
After the establishment of the model, in SAP group, the
serum level of amylase was significantly higher in SAP
group and PP group than that in sham group at different
time points (P < 0.05, Table 1). The serum levels of
amylase in PP group were significantly lower than those in
SAP group at 12 h after the establishment of the studied
model (P < 0.01, Table 1).
No ascites was found in sham group. No difference in
ascites was found between SAP group and PP group at all
time points (P > 0.05, Table 2).
Morphological examination
After infusion of STC, the pancreas was enlarged with a
visible collection of edematous fluid and the pancreatic
mass was almost doubled. Three and six hours after
establishment of the studied model, typical pathological
changes in SAP, such as a large number of inflammatory
cells, edema, hemorrhage, necrosis, a large amount of
ascites was found. The same pathological changes were
observed in PP group (Table 3, Figure 1-3).
Histological examination
Under light microscope, interlobular and intralobular
edema, vacuolization of acinar cells, and moderate
perivascular and scare diffuse leukocyte infiltration were
observed. Inflammatory changes in the pancreas were
www.wjgnet.com
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Figure 1 Normal pancreas
in sham group after the
establishment of the studied
model.
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Table 4 Histological score (mean ± SE)
Group
Sham
PP
SAP
b

Time point
3
1.67 ± 2.16
8.83 ± 1.94b
9.67 ± 1.37b

6
0.50 ± 0.55
7.83 ± 0.75b
10.33 ± 1.21bd

12
0.50 ± 0.55
7.50 ± 1.05b
11.33 ± 1.75bd

P < 0.01 vs sham, dP < 0.01 vs PP.

Table 5 Pancreatic water content (mean ± SE)

A

B

Group
Sham
PP
SAP

3h

ww/dw
6h

12 h

3.10 ± 1.06
4.01 ± 1.32
3.22 ± 0.81

2.70 ± 0.78
2.88 ± 0.96
3.65 ± 1.72

2.44 ± 0.68
2.48 ± 0.74a
3.99 ± 1.22c

a

P < 0.05 vs PP at 3 h, cP < 0.05 vs PP and sham at 12 h.

Table 6 ICAM-1 expression in acinar cells of the pancreas
(mean ± SE)

Figure 2 Edema, hemorrhage, necrosis, large amount of ascites in SAP group (A)
and PP group (B) after the establishment of the studied model.

Group

A

Sham
PP
SAP

B

Time point
3h
0.19 ± 0.10
0.57 ± 0.21b
0.73 ± 0.27b

6h
0.24 ± 0.21
0.86 ± 0.40b
0.93 ± 0.41b

12 h
0.11 ± 0.12
0.80 ± 0.53a
1.36 ± 0.54bce

a

P < 0.05, bP < 0.01 vs sham, cP < 0.05 vs PP, eP < 0.05 vs 3 h.

C

Figure 3 Expression of p65 in sham group (A), SAP group (B), and PP group (C)
after the establishment of the studied model (10 × 400).

significantly less in PP group than in SAP group (Table 4).
Pancreatic water content
The extent of pancreatic edema and water content was
estimated as the wet/dry weight ratio of the tissue (Table 5).
In sham group and PP group, the pancreatic water content
was reduced. However, it was increased in SAP group (▲P
< 0.05 vs the PP group and sham group at 12 h, *P < 0.05
vs PP group at 3 h).
Expression of NF-κBp65
The expression of NF- κ B p65 at 3, 6 and 12 h was
determined by immunohistochemistry. In sham group,
no expression of NF-κB p65 in pancreas was found in
www.wjgnet.com

pancreas at 6 h (Figure 3A). However, the expression of
NF-κB p65 in pancreas was significantly increased in SAP
and PP groups compared to sham group at all time points
(P < 0.01). In SAP group, the expression of NF-κB p65
in pancreas was up-regulated and differed significantly
at 6, 12 and 3 h (P < 0.01, Figure 3B). In PP group, the
expression of NF-κB p65 in pancreas was the highest at
6 h (Figure 3C), but was significantly lower than that in
SAP group. The expression of NF-κB p65 in pancreas in
PP group was significantly lower at 12 h than that in SAP
group (P < 0.01).
Expression of ICAM-1
In sham group, mild expression of ICAM-1 in pancreas
was found only at 3 h. The expression of ICAM-1 in
pancreas was significantly higher in SAP group than in
sham group at all time points (P < 0.01). In SAP group, the
expression of ICAM-1 in pancreas was up-regulated and
differed significantly at 12 and 3 h (P < 0.01). However, in
PP group, the expression of ICAM-1 in pancreas was the
highest at 6 h, but was significantly lower than that in SAP
group. The expression of ICAM-1 in pancreas differed
significantly between PP group and SAP group at 12 h (P
< 0.05, Table 6).

DISCUSSION
Although previous reports indicated that PPARγ agonists
exhibit anti-inflammatory effects on AP in vitro and
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in vivo [22,29] , the effect of PPAR γ on AP has not been
fully elucidated. This anti-inflammatory effect seems
to be related to multiple mechanisms. Ricote et al [24]
demonstrated that PPAR γ ligands inhibit macrophage
activation and inflammatory cytokine production. In our
study, pancreatic PPAR γ was induced and activated in
STC-induced pancreatitis, suggesting that PPARγ plays a
potential role in regulating acute inflammation.
In the present study, the serum levels of amylase and
ascites decreased significantly in STC- induced pancreatitis
after petreatment with pioglitazone. The pathological
changes were less in pacreas such as the number of
inflammatory cells, edema, hemorrhage, necrosis after
pretreatment with pioglitazone. The reason for this is not
entirely known, but it may be associated with an altered
population of activated macrophages in the pancreas. The
initiation of acute pancreatitis involves intrapancreatic
activation of digestive zymogens and subsequent
autodigestion, which triggers the sequestial activation of
monocytes/macrophages within the pancreas and the
overproduction of macrophages-derived inflammatory
mediators, which result in local pancreatic injury[30,31].
Furthermore, PPARγ activators are negative regulators
of macrophage activation [24] and induce macrophage
a p o p t o s i s by i n t e r f e r i n g w i t h t h e a n t i a p o p t o t i c
NF-kB pathway[32]. Therefore, we postulate that the antiinflammatory effect of pioglitazone in STC-induced
pancreatitis may be due, in part, to the inhibition of
macrophage activation. Further studies are required
to determine whether pioglitazone affects pancreatic
macrophage activation and PPARγ expression.
Pro-inflammatory cytokines play a main role in acute
pancreatitis and its complications[33,34]. Failure of different
organ systems is a frequent problem in SAP. The majority
of fatalities in patients with SAP are associated with the
failure of at least one or more organ systems. Organ failure
in SAP has to be regarded as part of the inflammatory
response following the liberation of activated enzymes
from the pancreas.
NF-kB plays a key role in the transcriptional regulation
of adhesion molecules, enzymes and cytokines involved in
acute inflammatory diseases. NF-kB is a key transcription
factor for the expression of various proinflammatory
molecules such as chemokines, cytokines and adhesion
molecules. This notion has recently been verified by
adenoviral-mediated gene transfer of an active subunit,
RelA/p65, into acinar cells into the rat pancreatic
duct[35]. Over-expressed RelA/p65 protein transactivates
NF-kB and induces pancreatic inflammation, a
pathological state very similar to acute pancreatitis. In
addition to the importance of NF-kB in the pathogenesis
of acute pancreatitis, it was also reported that NF- k B
activation in macrophages is a key event in the development
of generalized complications and a cause of the high
mortality of SAP. Studies also showed that glucocorticoid is
one of the most potent inhibitors of NF-kB, which might
be attributable to the inhibition of this key transcription
factor both in acinar cells and in inflammatory cells such as
monocytes/macrophages. Because the activation of NFkB is an early event in acute pancreatitis, corticosteroid has
beneficial effects on acute pancreatitis[36].

1987

The transcription factor NF-kB is activated in the
course of acute pancreatitis [16,37] and regulates several
inflammatory processes by mediating the induction
of numerous inf lammator y mediators, including
proinflammatory cytokines and ICAM-1[15,38,39]. Our results
suggest that pioglitazone could attenuate the severity of
STC-induced pancreatitis by inhibiting NF-kB. Therefore,
the observed beneficial effects of pioglitazone could be
mediated, in part, by inhibiting NF-kB activity.
Similarly, other studies have demonstrated that
nonspecific NF-kB inhibitors ameliorate the course of
experimental pancreatitis[16-18]. Our findings suggest that
pioglitazone can inhibit NF-kB activity. The deleterious
role of ICAM-1 in inducing acute pancreatitis has been
reported [40]. Cerulein induced pancreatitis in ICAM-1
knockout mice showed reduced severity of pancreatitis
and of pancreatitis-associated lung injury [14]. ICAM-1,
present not only in endothelial cells but also in acinar cells
of the pancreas, is up-regulated by cerulein and mediates
direct binding of neutrophils to acinar cells[15].
Our present study demonstrated that the expression
of ICAM-1 was increased in acinar cells of pancreas
with STC-induced pancreatitis, which is consistent with
previous reports[14,15,40]. Decreased expression of ICAM-1
in pancreas after treatment with pioglitazone provides
a possible explanation for the decreased pancreatic
infiltration of inflammatory cells, especially neutrophils.
In summary, pioglitazone, a specific PPAR γ ligand,
ameliorates significantly the severity of STC-induced SAP.
The expression of NF-kB and ICAM-1 in pancreas can be
significantly inhibited by pioglitazone. Treatment of acute
pancreatitis with pioglitazone may offer a new therapeutic
option.
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Abstract
AIM: To evaluate the effect of combined antisense
oligonucleotides targeting midkine (MK-AS) and
chemotherapeutic drugs [cisplatin(DDP), 5-fluorouracil
(5-FU) and adriamycin (ADM)] on inhibition of HepG2
cell proliferation, and to analyze the efficacy of MK-AS
used in combined ADM in in situ human hepatocellular
carcinoma (HCC) model.
METHODS: HepG2 cells were treated with MK-AS
and/or chemotherapeutic drugs mediated by Lipofectin,
and cell growth activity was determined by MTS assay.
An in situ HCC model was used in this experiment. MKAS, ADM and MK-AS + ADM were given intravenously
for 20 d, respectively. The animal body weight and their
tumor weight were measured to assess the effect of the
combined therapy in vivo .
RESULTS: Combined treatment with MK-AS reduced
the IC50 of DDP, 5-FU and ADM in HepG2 cells. MK-AS
significantly increased the inhibition rate of DDP, 5-FU
and ADM. Additionally, synergism (Q 1.15) occurred
at a lower concentration of ADM, 5-FU and DDP with
combined MK-AS. Combined treatment with MK-AS
and ADM resulted in the more growth inhibition on in
situ human HCC model compared with treatment with
chemotherapeutic drugs alone.
CONCLUSION: MK-AS increases the chemosensitivity
in HepG2 cells and in situ human HCC model, and the

combination of MK-AS and ADM has a much better in

vitro and in vivo synergism.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the malignant
diseases with a high incidence and mortality in the world,
which is often diagnosed at an advanced stage when
most potentially curative therapies such as resection,
transplantation or percutaneous and transar terial
interventions are of limited efficacy [1-4]. It is accepted
that there is no satisfactory treatment available for
patients with HCC and chemotherapy has been extremely
disappointing [5-7]. The poor prognosis of patients with
HCC and the lack of satisfactory therapy for advanced
cases indicate a need for more effective therapeutic
options. Recent insights into the biology of HCC suggest
that certain pathways and molecular alterations are likely
to play essential roles in HCC development by promoting
cell growth and survival. Dysregulation of growth factors,
receptors and their downstream signaling pathway
components represent a central pro-tumorigenic principle
in human hepatocarcinogenesis.
Growth factors and the downstream signaling system
are often overexpressed in tumors, and become the
target of their treatment. It has been reported that MK,
a heparin-binding growth factor or cytokine, is usually
overexpressed in various malignant tumors, such as lung,
breast, esophageal, gastric, colorectal, liver, pancreatic,
ovarian, urinary bladder, prostatic, cerebral and renal
malignancies[8-16], whereas in normal adult tissues, MK is
low or undetectable[2,16]. Midkine (MK) can promote the
growth, survival, and migration of various target cells[17].
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The level of midkine expression correlates negatively
with the patients’ prognosis. It is reported that antisense
oligo (DNA) targeting MK suppresses the growth of
tumors in nude mice[18,19]. Addtionally, siRNA or antisense
oligo (DNA) targeting against MK inhibits neointima
formation[20] and renal injury after ischemia[21]. All of these
studies suggested that midkine may play an important role
in carcinogenesis, development and metastasis of tumors,
and that it could serve as a novel tumor marker.
A novel approach to cancer therapy is the integration
of new cytotoxic agents with multiple selective inhibitors
of relevant signaling pathways. Such a strategy indicates
that it may be possible to use agents that cooperate at low
doses and/or through simple administration modalities
to increase tumor targeting and patient compliance and
reduce toxicity. We intend to explore the potential of
the antisense targeting against MK (MK-AS) combined
with chemotherapeutic drugs (ADM, DDP and 5-FU) in
inhibition of HCC growth.

MATERIALS AND METHODS
Oligonucleotides synthesis and drugs
Antisense phosphorothioate olig onucleotide (5’CCCCGGGCCGCCCTTCTTCA-3’) were synthesized
by an Applied Biosystems Model 391 DNA synthesizer
on solid supports using Oligo Pilot Ⅱ DNA (AmershamPharmacia, Piscataway, NJ, USA) and purified by HPLC
Prep 4000 (Waters Delta, USA) with SOURCE 15Q
(Amersham-Pharmacia, USA). Chemotherapeutic drugs
(DDP, 5-FU and ADM) were purchased from the Shanghai
Donghaipu Pharmaceuticals Company (Shanghai, China).
Cell culture conditions
Human HCC cell (HepG2) was obtained from the Cancer
Institute, Chinese Academy of Medical Sciences. HepG2
cells were cultured in DMEM (GIBCO BRL, Grand
Island, NY, USA), supplemented with 10% FCS (GIBCO
BRL), 100 U/mL penicillin and 100 U/mL streptomycin.
Tumor cells were kept at 37℃ in a humidified atmosphere
containing 50 mL/L CO2.
MK-AS and chemotherapeutic treatment
3 × 103 cells were seeded in 96-well microtiter plate and
allowed to attach overnight. MK-AS was then tranfected
into these cells mediated by Lipofectin (Invitrogen, USA).
After incubation for 6 h, the cultural medium was replaced
with 100 μ L of cell culture medium with different
chemotherapeutic drugs. The concentrations were used in
this experiment around the IC50 of each chemotherapeutic
drug (DDP: 0.25, 0.5, 1, 2, 4 mg/L; 5-FU: 1.0, 2.5, 5, 10,
20 mg/L; and ADM: 0.025, 0.05, 0.1, 0.2, 0.4 mg/L).
Additionally, the concentrations of each anticancer drug
were combined with three concentrations of MK-AS (0.1,
0.2, 0.4 μmol/L) respectively. After 48 h incubation, 20
μL of MTS (Promega, USA) was added into each well,
followed by a 90 min incubation at 37℃. MTS assay was
then used to assess the cell proliferation with a Victor 1420
Multilable Counter (WALLAC, USA). Zheng-Jun Jin’s
methods[22] was used to analyze the combined effect (the
antagonistic effects: Q < 0.85; the additive effect: 0.85 ≤
www.wjgnet.com
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Q < 1.15; and the synergistic effects: Q ≥ 1.15).
Analysis of combined effects
The Balb/c nude mice (virgin female) used in these
experiments were obtained from the Academy of Military
Medical Sciences (Beijing, China). The human HCC
model used in this experiment was described previously[23].
Briefly, the HCM-Y89 tumor was cut into 1 mm × 1 mm
× 1 mm tissues, and implanted into the liver of mice. Two
days after development of in situ HCC models, mice were
injected intravenously with saline (saline alone used as
control), MK-AS of 50 mg/kg per day and/or ADM of
10 mg/kg per day for 20 d. The body weight and general
physical status of the animals were recorded daily. Mice
were killed at different time points by cervical dislocation
and the tumors were removed and weighed.
Western blotting and RT-PCR
The total RNA was extracted and RT-PCR reaction was
performed using an RT-PCR kit (Promega, Madison, WI,
USA). PCR products were analyzed using 2.0% agarose gel
and visualized by ethidium bromide staining. For Westernblotting, the tumor tissues were lysed with lysis buffer
(50 mmol/L Tris-HCl, pH 7.4, 0.5 mmol/L EDTA, 0.5%
NP40, and 150 mmol/L NaCl) in the presence of protease
inhibitors. The lysates were then centrifuged at 15 000 ×g
for 15 min to remove debris. Protein samples (60 μg) were
separated by 12% SDS-PAGE gel and transferred onto
PVDF membranes (Hybond-polyvinylidene difluoride
membranes, Amersham Biosciences). The reactive band
was visualized with an ECL-plus Detection Kit (Amersham
Biosciences, Piscataway, NJ) and scanned by Gel Doc 1000
(Bio-Rad CA, USA). β-actin was used as a control.
Statistical analysis
Data were expressed as means ± SD, statistical analysis was
carried out using Student’s t test (two tailed), and P < 0.05
indicates statistical significance.

RESULTS
MK-AS transfer increases the cytotoxicity of DDP, 5-Fu
and ADM in HepG2
After transfection with MK-AS, cells were treated
with 5-FU, ADM or DDP at different concentrations.
Transfection of MK-AS was found to enhance the
cytotoxicity of 5-FU, ADM and DDP significantly. As
shown in Figure 1A, the IC50 of ADM alone is 0.109 mg/
L. However, combined ADM and MK-AS (0.1 μmol/L)
decreased the IC50 from 0.109 mg/L to 0.0517 mg/L.
Meanwhile, we also observed that 0.1 μmol/L MK-AS
decreased the IC50 of 5-FU from 5.6147 mg/L to 2.61
mg/L (Figure 1B), and the IC50 of DDP from 1.048 mg/
L to 0.594 mg/L. All these results indicated that MK-AS
transfer increased the chemosensitivity in HepG2 cells.
MK-AS synergistically interacts with chemotherapeutic
drugs in HepG2
Fur ther more, we used Zheng-Jun Jin’s method to
analyze the antagonism, additivity or synergy of the
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interaction between MK-AS and the anticancer drugs in
HepG2 cells. The Q values is presented in Figure 2. The
synergistic effects (Q ≥ 1.15)of chemotherapeutic drugs
with MK-AS only occurred at lower concentrations of
anticancer drugs. With the increase of chemotherapeutic
drug concentration, the additive effect(0.85 ≤ Q <
1.15) occurred. It should to be noted that there are no
antagonistic effects(Q < 0.85) using the combined MKAS with all these chemotherapeutic drugs. Meanwhile, the
combined treatment of ADM with MK-AS showed better
synergistic effects than that of the combined treatment
with other anti-dr ugs. The highest Q value for the
treatment of ADM and MK-AS was 1.87.

Combination of MK-AS and ADM on in situ HCC xenograft
growth
In the present study, we used an in situ HCC model in mice
to evaluate the antitumor activity of MK-AS in vivo. In this
experiment, MK-AS (50 mg/kg per day), ADM (0.2 mg/kg
per day )and saline were administered intravenously for 20
d. Tumors were removed after the mice were killed after
treatment for 0 d, 4 d, 8 d,12 d, 16 d or 20 d. The tumors
were then weighed. Results showed that both ADM and
MK-AS treatment resulted in a significant inhibition of
tumor weight compared to saline-treated mice (Figure 3).
However, the combination of ADM with MK-AS showed
a more marked inhibition effect than MK-AS or ADM
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Figure 4 The human HCC model animal weight after treatment with MK-AS and/
or ADM. CK: Treatment with saline; ADM: Treatment with ADM; MK-AS: Treatment
with MK-AS; ADM + MK-AS: Combination of ADM with MK-AS. Each value
represents the mean ± SD from 7 determinations.
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treatment alone. Additionally, the mean body weight of
the mice was not significantly different between the groups
from the beginning to the end (Figure 4), suggesting that
all the treatment groups showed no remarkable toxicity in
animal.
MK-AS treatment decreased MK mRNA and protein level
We analyzed the effect of ADM or MK-AS treatment
in MK mRNA and protein in HepG2 cells (Figure 5).
Results showed that MK treatment alone or combination
with ADM significantly downregulated MK expression
including the protein and mRNA level in in situ HCC

www.wjgnet.com

MK is a heparin-binding growth factor identified as
a product of a retinoic acid response gene [24,25] . The
pathophysiological effects of MK include an enhanced
plasminogen activity [26], oncogenic transformation of
fibroblasts [27], antiapoptotic activity [28], and angiogenic
activity [29] . MK and pleiotrophin (also known as the
heparin-binding growth-associated molecule) comprise a
family of heparin-binding growth/differentiation factors,
different from other heparin-binding growth factors
such as fibroblast growth factor and hepatocyte growth
factor [2-4]. It was reported that MK activates mitogenactivated protein kinase pathways through inducing
the phosphorylation of p44/42 MAPK, subsequently
promoting cell growth[30]. Moreover, MK also activates
extracellular signal-regulated kinases 1 and 2, which are
well known as signal transducers[28]. The activated MAPK
pathway was believed to downregulate caspase-3 activity in
neurons[30]. In addition, MK can induce phosphorylation of
protein kinase B. The phosphorylated AKT can promote
a series of anti-apoptosis pathways in cells. Recently, HCC
tumor cells were found to overexpress MK [31]. These
findings suggest that MK could be a potential target for
HCC therapy.
At present, ��������������������������������������
although surgery and chemotherapy are
effective in patients with localized tumors, the prognosis
of patients with advanced or metastatic tumors is not
ideal. Therefore, novel treatment approaches to the
cancer are urgently needed. We analyzed the combination
of MK-AS with chemotherapeutic drugs. The results
showed that MK-AS transfer increased the anti-cancer
effect of chemotherapeutic drugs. Furthermore, we also
observed the synergism at a lower concentration of all
these chemotherapeutic drugs. This result implied that
combination of MK-AS with chemotherapeutic drugs will
possibly provide a more marked therapeutic effect. ADM
is a reagent that leads to DNA break in cells. However,
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MK-AS can inhibit MK growth factor expression. Taken
together, we supposed that this good synergism might be
due to the different antitumor functions.
Considering the in vitro and in vivo difference, we then
analyzed the combination of MK-AS with ADM in in
situ human HCC model. Both the MK-AS and ADM
administration showed a remarkable inhibition of tumor
weight. Interestingly, the combination decreased the tumor
weight more than MK-AS or ADM treatment alone.
Our experimental model of HCC has some advantages
compared with the inoculated tumor model [23] . The
tumor originated from human HCC maintained a series
of characteristics of human HCC tissues, such as AFP
secretion and drug sensitivity. Additionally, the pathological
evidence also suggests that this model shows various
features in clinical HCC patients. Therefore, the results
obtained from this model can reflect the true clinical
picture of patients to some degree. We also observed that
MK-AS suppressed MK expression, including the mRNA
and protein. However, ADM treatment showed little
effect on MK expression, suggesting that the suppressed
tumor effect of MK-AS is due to the inhibition of MK
expression.
In summary, our results suggest that MK-AS can
increase the therapeutic effect of chemotherapeutic drugs
both in vivo and in vitro. The combined ADM and MK-AS
showed a better synergism at a low concentration, which
will provide another possible strategy for cancer treatment.
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Abstract
A 38-year-old woman was referred to our institution
due to epigastralgia. She presented with obstructive
jaundice and eosinophilia. Endoscopic retrograde
cholangiopancreatography showed diffuse narrowing
from the distal common bile duct to the bifurcation of
the hepatic ducts. An endoscopic plastic biliary stent
was inserted; the specimen obtained from the common
bile duct wall revealed dense infiltration by eosinophils.
Treatment was started with prednisolone 60 mg daily.
The patient’s biliary stenosis and eosinophilia gradually
improved. Eosinophilic infiltration in the lungs or stomach
is relatively common, but it is rare in the common
bile duct. Most of the reported cases of eosinophilic
cholangitis presented with eosinophilia; our patient’s
3
eosinophil count was over 1000/mm . Since our patient
had allergies to pollen and house dust, a relationship
between the allergies and the eosinophilic cholangitis
was suspected, but no cause was identified.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Malignancy should be ruled out in all patients with
obstructive jaundice. However, benign disorders, such as
primary sclerosing cholangitis or autoimmune pancreatitisassociated sclerosing cholangitis, can present with
obstructive jaundice. Eosinophilic cholangiopathy can
cause either obstructive jaundice or cholecystitis. We report
a case of eosinophilic cholangitis successfully treated with
endoscopic therapy and steroids.

CASE REPORT
A 38-year-old woman was referred to our hospital
due to epigastralgia and back pain of 3 d duration.
On admission, physical examination revealed jaundice
and epigastric tenderness. For 4 mo, the patient had
been taking salazosulfapyridine (SASP) and teprenone
for the treatment of suspected rheumatoid arthritis.
T he total leukocyte count was 4700/mm 3 (44.8%
neutrophils, 15.3% eosinophils). Blood chemistry showed:
aspartate aminotransferase (AST), 151 U/L; alanine
aminotransferase (ALT), 400 U/L; alkaline phosphatase,
945 U/L; total bilirubin, 6.63 mg/dL, with direct bilirubin,
4.48 mg/dL; and IgG, 812 mg/dL (normal, 870-1700).
Tumor marker results were: CA19-9, 125.9 mg/L
(normal, ≤ 37). Antinuclear antibodies and P-ANCA
were negative. Contrast-enhanced computed tomography
(CECT) showed a dilated bile duct from the porta hepatis
to the right and left lobes. A solid lesion was seen in the
extrahepatic bile duct, which was slightly enhanced by the
contrast medium. The gallbladder did not appear swollen,
and paraaortic lymphadenopathy was noted. Ultrasound
(US) examination revealed an isoechoic solid lesion in the
common hepatic duct, with irregular wall thickening of
the left hepatic duct. Contrast-enhanced ultrasonography
(CEUS), using Levovist (Schering, Berlin, Germany),
demonstrated that the wall of the intrahepatic bile ducts
was thickened from the hilar region to the periphery with
dilatation; a well-enhanced lesion was also seen (Figure 1).
Endoscopic retrog rade cholangiopancreatog raphy
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Figure 2 Endoscopic retrograde
cholangiopancreatography
(ERCP) showing severe
narrowing from common hepatic
duct to porta hepatis with dilation
of intrahepatic bile ducts.

10

T1: 5:40

Figure 1 Contrast-enhanced ultrasonography (CEUS) showing thickened wall of
intrahepatic bile ducts (from hilar to peripheral) with dilation, and the lesion was
well enhanced.

Figure 3 Histopathological examination showing marked eosinophils and
lymphocytes infiltration in biliary epithelium.

(ERCP) showed severe narrowing from the common
hepatic duct to the porta hepatis with dilatation of the
intrahepatic bile ducts (Figure 2). Cholangioscopy revealed
erythematous and edematous mucosa with stenosis at the
lesion. On intraductal ultrasonography (IDUS), a solid,
isoechoic lesion was seen around the common hepatic
duct. Following transpapillary bile duct biopsy, a plastic
stent was placed. On histopathological examination,
the specimen had marked eosinophilic and lymphocytic
infiltration into the biliary epithelium without evidence
of malignancy (Figure 3). A diagnosis of eosinophilic
cholangitis was made based on the histopathological
findings and the presence of eosinophilia. The patient
was started on prednisolone, 60 mg/d intravenously;
the dosage was tapered down by 10 mg every week. Five
weeks later, the serum bilirubin level and the eosinophil
count decreased to within the normal range. The patient
had a repeat ERCP; after removal of the plastic stent, the
stenotic lesion was found to have improved markedly.
The patient was discharged on the 55th hospital day. Five
months later, follow-up ERCP showed that the stenosis
had disappeared.

DISCUSSION
Eosinophilic pneumonia and eosinophilic gastroenteritis
are well known as disorders associated with eosinophilic
www.wjgnet.com

infiltration. When eosinophilic infiltration localizes in
the bile duct, it is called eosinophilic cholangitis. When
it involves the gallbladder, it is called eosinophilic
cholecystitis. “Eosinophilic cholangiopathy” involves
both. To the best of our knowledge, there have been 36
cases of eosinophilic cholangiopathy reported previously;
15 of the 36 cases were reported as having eosinophilic
cholangitis [1-14] . Leegaard first reported eosinophilic
cholangitis in 1980 [1] . Though the lesion involved
the 4 cases after having had only a cholecystectomy
or stenting [2-5] . Eosinophilic cholangitis is a rare
benign disorder that can be considered to be a selflimited disease. The other patients were treated with
hepaticojejunostomy[6], hydroxyurea[7], and steroid[8-12]. Both
steroid administration and cholecystectomy underwent in 3
cases[1,13,14].
The cause of eosinophilic cholangitis is unknown.
In some reports, hypereosinophilic syndrome (HES)
has been mentioned as possible cause. The diagnosis of
hypereosinophilic syndrome is based on the following
criteria [15]: (1) sustained eosinophilia (more than 1500
eosinophils per cubic millimeter) for more than 6
mo; (2) the absence of other causes of eosinophilia,
including parasitic infections and allergies; and (3)
signs and symptoms of organ involvement. Since all
reported cases do not appear to have completely met the
criteria for HES except for one case[10], the relationship
between eosinophilic cholangitis and HES is uncertain.
Parasites, collagen diseases, and malignancy may lead to
eosinophilia. Though none of these three conditions
was present in the previously reported patients, 3 cases
of eosinophilic cholecystitis with parasites have been
reported[16-18]. Eosinophilic gastroenteritis is thought to be
associated with eosinophilic cholangitis, and it is assumed
to be related to an allergic mechanism in 37%-41% of
cases[19]. One reported case of eosinophilic cholecystitis
was suspected to have been caused by a drug-induced
reaction [20]. Our patient had a history of allergies, and
her serum IgE was 648 mg/dL (normal, < 400). She had
been taking sulfasalazine (SASP). Of note, SASP had
been prescribed in one of the previously reported cases[7],
and aminosalicylic acid (5-ASA) had been prescribed in
another case[9]. Ten cases of eosinophilic pneumonia have
been reported as a side effect of SASP by Parry et al[21].
These results suggest that there is a relationship between
eosinophilic cholangitis and SASP.
In our case, the diagnosis of eosinophilic cholangitis
was made based on the presence of eosinophilia, the
reversibility of the biliary stenosis with steroid treatment,
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and the eosinophilic infiltration in the biliary epithelium.
11/15 previously reported cases of eosinophilic cholangitis
had eosinophilia. However, eosinophilia may not be
necessary for diagnosing eosinophilic cholangitis, since
not all cases of eosinophilic gastroenteritis present with
eosinophilia. In our opinion, the following findings are
important for making the diagnosis: (1) wall thickening
or stenosis of the biliary system; (2) histopathological
findings of eosinophilic infiltration; and (3) reversibility
of biliary abnormalities without treatment or following
steroid treatment. Abdominal pain was present in 12/18
cases and should be taken into account when making the
diagnosis.
Song et al[5] suggested that bile duct wall thickening was
a characteristic finding of eosinophilic cholangitis on US
and CECT. Irregular narrowing of the bile duct can be
seen on magnetic resonance cholangiopancreatography
(MRCP) [22] . In our case, the common bile duct was
slightly enhanced, and cystic duct wall thickening on
CECT. However, it is difficult to make a diagnosis based
on only these imaging findings, since CT, ERCP, and
MRCP have limited spatial resolution. Therefore, CEUS,
cholangioscopy, and IDUS were done. This is the first
reported case of eosinophilic cholangitis to have been
fully investigated using all these modalities. CEUS has a
high spatial resolution and can detect blood flow[23]. In our
patient, a parenchymal echo was visualized in the common
bile duct on CEUS; staining of the lesion along the
intrahepatic bile ducts was considered to be a characteristic
finding of eosinophilic cholangitis in this case. This finding
enabled us to exclude malignancy. On cholangioscopy,
mucosal erythema and stenosis were found. Intraductal
ultrasonography (IDUS) revealed hypertrophic stenosis
of the extrahepatic bile duct. Though concentric wall
thickening was similar to autoimmune pancreatitisassociated sclerosing cholangitis, the stenosis was more
extensive in our case. After prednisolone treatment,
the patient’s biliar y stenosis improved. The ERCP
done 5 wk later still showed a mild localized stenosis
of the intrahepatic bile ducts, and on histopathological
examination of the biopsy specimen obtained at that
time, slight eosinophilic infiltration was noted. Given the
possibility of recurrence in other organs[3,9], the patient
requires long-term follow-up. It is usually difficult to
diagnose benign biliary stenosis. Since the patient’s quality
of life after discharge depends on whether medical therapy
or surgery is chosen, therapy should be chosen carefully.
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INTRODUCTION
Abstract
Liver fibrosis and cirrhosis are predisposing factors
for the development of hepatocellular carcinoma
(HCC). Hemosiderosis has also been described to
trigger carcinogenesis. A significant iron overload, as
found in hereditary hemochromatosis (HHC), is a risk
factor for HCC and may also promote the symptoms
of porphyria cutanea tarda (PCT). A 68-year old male
patient presented to our clinic with a suspected HCC,
elevated alpha-fetoprotein but normal liver function
tests. He reported a 25 year-old history of vitiligo
upon exposure to sunlight. The patient underwent
an extended left hemihepatectomy, and the recovery
was uneventful, with the exception of a persistent
hyperbilirubinemia. Perfusion problems and extrahepatic
cholestasis were ruled out by CT-scan with angiography
and MR-cholangiopancreatography. However, MRI
showed an iron overload. Histology confirmed the HCC
(pT3, pN0, G3, R0) and revealed a portal fibrosis and
hemosiderosis. Based on the skin lesions we suspected
a PCT that was confirmed by laboratory tests showing
elevated porphyrin, uroporphyrin, coproporphyrin and
porphobilinogen. Concurrently, molecular diagnostics
revealed homozygosity for the C282Y mutation within
the hemochromatosis HFE gene. After phlebotomy
and normalization of liver function tests the patient
was discharged. This is the first case ever showing the
unusual combination of HCC in a fibrotic liver with HHC
and PCT. This diagnosis not only warrants oncological
follow-up but also symptomatic therapy to normalize
iron metabolism and thereby improve liver function
and alleviate the symptoms of HHC and PCT. Thus
progression of fibrosis may be prevented and liver
regeneration supported.
© 2007 The WJG Press. All rights reserved.
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Liver fibrosis and cirrhosis can lead to the development of
hepatocellular carcinoma (HCC). The incidence of HCC
in cirrhotic patients is 10-fold higher than among noncirrhotic patients. Other risk factors for HCC are male
gender, age above 50 years and elevated alpha-fetoprotein
(AFP).
A relatively infrequent cause of cirrhosis is hereditary
hemochromatosis (HHC), which belongs to a group of
iron-storage diseases due to mutations in the HFE gene.
All forms of HHC present with massive iron accumulation
in hepatocytes, ultimately leading to cirrhosis. However,
the clinical course of patients with HHC may vary
considerably. HHC-induced hepatic iron overload may
not only lead to cirrhosis, but may also trig ger the
manifestation of porphyria cutanea tarda (PCT). PCT
is a metabolic disorder characterised by an increased
amount of circulating porphyrins due to disrupted heme
biosynthesis. The porphyrins accumulate particularly in
the skin where they induce cytotoxic effects. PCT occurs
both as hereditary (autosomal dominant inheritance)
and acquired (sporadic) disease and can be triggered by
iron overload, alcohol, estrogens and viral infections.
The induction of PCT by iron overload also explains the
association of this disease with hemochromatosis gene
mutations.
We report about a patient who presented with HCC
occurring in a fibrotic liver due to a hitherto unrecognized
homozygous hemochromatosis and PCT.

CASE REPORT
A 68-year old male patient was referred to our clinic with
a 5 cm mass in the left liver lobe detected by a CT-scan.
The elevated AFP levels (434 μg/L) were highly suggestive
of HCC. There were no morphological or biochemical
signs of liver cirrhosis and preoperative laboratory values
were normal (bilirubin 0.9 mg/dL, albumin 4.0 g/dL, INR
1.09, AST 52 IU/L). The patient presented in good clinical
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Figure 1 Histology of HCC with hemosiderosis, Hematoxylin and eosin staining.

Figure 2 Histology of hemosiderosis, Berlin blue staining.

condition without fever, weight loss or pain. Additional
diagnoses were atrial fibrillation, arterial hypertension,
type 2 diabetes mellitus and hypothyroidism. Physical
examination revealed vitiligous lesions on sun-exposed
skin. The patient recalled them to be associated with
“winegrowers’ disease” 25 years earlier.
An extended left hemihepatectomy was performed
without surgical complications. The postoperative course
was uneventful. Liver enzymes returned to normal values
within the first week, but a persistent hyperbilirubinemia,
with bilirubin levels around 3 mg/dL, was noticed. In
order to rule out cholestasis or impaired liver perfusion,
Doppler-ultrasound, CT-scan and MR-cholangiography
were performed. These exams failed to reveal significant
pathologies, apart from alterations in the MRI, suggesting
an iron overload.
Histolog y confir med a moderately to poorly
differentiated HCC (Figure 1) and described a hitherto
unrecognized periportal and initial bridging fibrosis with
marked hemosiderosis (Figure 2). A transferrin saturation
> 95% raised the suspicion of HHC. Molecular testing
revealed a homozygous C282Y mutation within the HFE
gene, confirming the diagnosis of HHC. Elevated urinary
porphyrin levels (porphyrin 1638 μg/d, coproporphyrin
264 μ g/d and uroporphyrin 624 μ g/d) confirmed the
diagnosis of PCT. Symptomatic therapy, including
phlebotomies, resulted in normalization of transferrin
saturation and iron levels. The hyperbilirubinemia resolved
several weeks after discharge. Maintenance therapy with
chloroquine has not been necessary so far. After one year
follow-up no recurrence of HCC has been detected.

iron metabolism has not been entirely clarified. The
favoured model describes the iron uptake at the basolateral
membrane of duodenal crypt cells via the transferrin
1-receptor (TfR1) that needs the interaction with the wildtype HFE-molecule to guarantee the balance between
absorption, storage and consumption[2,3]. Further allelic
variants in the HFE gene have been described but seem to
lack clinical relevance[4-6].
Our patient presented with an additional hereditary
disease, PCT. PCT belongs to the non-acute porphyric
diseases that are mostly hereditar y and only rarely
sporadic. Most porphyrias become clinically apparent
after exposure to triggering factors such as alcohol, UV
radiation, hormones, viral hepatitis and porphyrogenic
drugs. The prominent feature of non-acute porphyrias is
an increased photosensitivity with lesions on sun-exposed
skin. Our patient’s cutaneous lesions led to hypothesize a
non-acute hepatic porphyria. The so-called “winegrowers’
disease”, he erroneously recalled, may have been caused
by arsenic poisoning. The German word is “Winzer”
disease, which sounds like the word “Windsor” disease,
a term that was used synonymously in spoken language
for acute intermittent porphyria, a hereditary defect in the
British royal family. PCT is the most common porphyric
disease worldwide. It is caused by a mutation of the
uroporphyrinogen-decarboxylase gene (URO-D) on
chromosome 1p34[7]. URO-D is the fifth enzyme of heme
biosynthesis and decarboxylates uroporphyrinogen to
coproporphyrinogen[8].
About 80% of all PCT patients carry the sporadic
mutation that is singularly associated with a 50%
d ecr ea s e i n U RO -D a ctiv i ty o f th e l iver [9 ] . Only
approximately 20% of all patients suffer from the
autosomal dominantly inherited for m of PCT that
causes a 50% reduction of the URO-D-activity in all
tissues[10]. Due to the malfunctioning URO-D, oxidized
uroporphyrinogen accumulates in the liver, is excreted
in urine and feces and becomes deposited in skin.
Here, the photoactivation of the porphyrines by UV
radiation leads to the typical lesions with blisters, erosions
and scarring. URO-D function is also influenced by iron.
Iron directly blocks URO-D and produces peroxides and
free radicals that oxidize uroporphyrinogen to porphyrin,
which by itself blocks URO-D function. As soon as the
iron content of the liver is substantially decreased by

DISCUSSION
We present the unhappy triad of HCC, HHC and PCT.
HHC is one of the most frequent autosomal recessive
hereditar y diseases in European Caucasians with a
prevalence of 1:200 to 1:500. Patients show extensive
deregulation of their iron metabolism with elevated
transferrin saturation and high ferritin levels. Later, they
develop clinical symptoms due to the iron overload of
internal organs. The mutation responsible for HHC
is based on a 854G → A transition which leads to a
cys282tyr substitution in the HFE gene on chromosome
6p21.3 [1]. The specific effect of this mutation on the
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phlebotomy, the URO-D activity is partially restored[11].
The latter interaction constitutes the link between
porphyrias and hemochromatosis. HHC, as an iron
storage disease, precipitates the clinical manifestation of
porphyrias through various mechanisms. The excessive
amount of iron, on the one hand, catalyses the formation
of reactive oxygen-species that oxidize uroporphyrinogen
to uroporphyrin. On the other hand, iron inhibits URO-D
indirectly with oxidized metabolites that block the enzyme.
Additionally, induction of the δ-ALA-synthase increases
the amount of δ-aminolevulinic acid, the primary product
of the porphyrin synthesis pathway, thus accumulating
intermediate products which provoke the symptoms of
PCT. The high frequency of homo- and heterozygous
allele carriers for the C282Y- and H63D-mutations of
HHC among patients with sporadic PCT, as opposed to
healthy controls, was demonstrated in several countries,
such as Germany[12], Great-Britain[13], the Netherlands[14]
and Australia [15]. Further studies confirmed the HFE
mutations as a risk factor for PCT as well as additional risk
factors like alcohol consumption, smoking and hepatitis C
virus infection[16-18].
HHC and PCT may have triggered the development
of HCC in our patient. HCC is one of the few cancers
with well-defined risk factors. Among these, liver cirrhosis
is believed to be the strongest predisposing factor[19] and
also fibrotic changes seem to induce carcinogenesis. Other
risk factors differ regionally, such as hepatitis B virus
and aflatoxin B1 exposure in Asia and Africa[20]. Further
predisposing factors are male gender, age above 50 years,
elevated AFP and alcohol [21]. Concerning HHC, only
few data exist. Homozygosity for the C282Y mutation
seems to increase the risk for HCC in cirrhotic patients,
but neither heterozygous nor compound heterozygous
(C282Y/H63D) mutations are unequivocally identified
risk factors[22,23]. In 2001, PCT was described to be a risk
factor for the development of malignant liver tumours,
confirming similar observations reported over 30 years
earlier[24-26].
Combining these statements we describe the unusual combination of HCC in a non-cirrhotic patient
with two rather rare conditions, HHC and PCT. Both
hereditary diseases are representing minor risk factors for
carcinogenesis, but, taken together, may synergistically
increase the risk of developing HCC. HHC, as ironstorage disease, on the one hand, promoted the symptoms
of PCT, but, on the other hand, may also have triggered
carcinogenesis, even with only minimal parenchymal
destruction. PCT itself, via the iron overload of HHC,
should be considered as carcinogenic risk factor of equal
importance, although only few reports underlined this
fact so far. We state that both conditions in our case must
be considered equally important for the development of
HCC, as no additional risk factors could be identified.
In conclusion, the case presented here with HCC, HHC
and PCT is special in several ways. Histology revealed
a fibrosis with pronounced hemosiderosis suggesting a
HHC, which was confirmed by genetic assay. Nevertheless,
this constituted an unusual risk profile for the development
of HCC, as approximately 80% of all HCCs develop in
cirrhosis due to HCV infection and alcoholism, while
www.wjgnet.com
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HHC only ranks as cofactor of carcinogenesis. However,
the hemochromatosis amplified the manifestations of
a hitherto unrecognized PCT, another risk factor for
carcinogenesis.
To the best of our knowledge, this is the first report
ever of the unhappy triad of HCC in a fibrotic liver with
PCT and homozygous HHC. It may shed light on the
importance of both risk factors, HHC and PCT, for the
carcinogenesis of HCC and certainly has to be taken into
account in the medical care of these patients.

REFERENCES
1

2
3

4
5
6
7
8

9
10

11

12

13

14
15

Feder JN, Gnirke A, Thomas W, Tsuchihashi Z, Ruddy DA,
Basava A, Dormishian F, Domingo R, Ellis MC, Fullan A,
Hinton LM, Jones NL, Kimmel BE, Kronmal GS, Lauer P, Lee
VK, Loeb DB, Mapa FA, McClelland E, Meyer NC, Mintier
GA, Moeller N, Moore T, Morikang E, Prass CE, Quintana L,
Starnes SM, Schatzman RC, Brunke KJ, Drayna DT, Risch NJ,
Bacon BR, Wolff RK. A novel MHC class I-like gene is mutated
in patients with hereditary haemochromatosis. Nat Genet 1996;
13: 399-408
Fleming RE, Sly WS. Mechanisms of iron accumulation in
hereditary hemochromatosis. Annu Rev Physiol 2002; 64:
663-680
Waheed A, Parkkila S, Saarnio J, Fleming RE, Zhou XY,
Tomatsu S, Britton RS, Bacon BR, Sly WS. Association of
HFE protein with transferrin receptor in crypt enterocytes of
human duodenum. Proc Natl Acad Sci USA 1999; 96: 1579-1584
Best LG, Harris PE, Spriggs EL. Hemochromatosis mutations
C282Y and H63D in 'cis' phase. Clin Genet 2001; 60: 68-72
Mura C, Raguenes O, Férec C. HFE mutations analysis in 711
hemochromatosis probands: evidence for S65C implication in
mild form of hemochromatosis. Blood 1999; 93: 2502-2505
Pointon JJ, Wallace D, Merryweather-Clarke AT, Robson
KJ. Uncommon mutations and polymorphisms in the
hemochromatosis gene. Genet Test 2000; 4: 151-161
Frank J, Christiano AM. The genetic bases of the porphyrias.
Skin Pharmacol Appl Skin Physiol 1998; 11: 297-309
Roméo PH, Raich N, Dubart A, Beaupain D, Pryor M,
Kushner J, Cohen-Solal M, Goossens M. Molecular cloning and
nucleotide sequence of a complete human uroporphyrinogen
decarboxylase cDNA. J Biol Chem 1986; 261: 9825-9831
Felsher BF, Carpio NM, Engleking DW, Nunn AT. Decreased
hepatic uroporphyrinogen decarboxylase activity in porphyria
cutanea tarda. N Engl J Med 1982; 306: 766-769
de Verneuil H, Beaumont C, Deybach JC, Nordmann Y,
Sfar Z, Kastally R. Enzymatic and immunological studies
of uroporphyrinogen decarboxylase in familial porphyria
cutanea tarda and hepatoerythropoietic porphyria. Am J Hum
Genet 1984; 36: 613-622
Elder GH, Urquhart AJ, De Salamanca RE, Munoz JJ,
Bonkovsky HL. Immunoreactive uroporphyrinogen
decarboxylase in the liver in porphyria cutanea tarda. Lancet
1985; 2: 229-233
Tannapfel A, Stölzel U, Köstler E, Melz S, Richter M, Keim V,
Schuppan D, Wittekind C. C282Y and H63D mutation of the
hemochromatosis gene in German porphyria cutanea tarda
patients. Virchows Arch 2001; 439: 1-5
Roberts AG, Whatley SD, Morgan RR, Worwood M, Elder
GH. Increased frequency of the haemochromatosis Cys282Tyr
mutation in sporadic porphyria cutanea tarda. Lancet 1997;
349: 321-323
Santos M, Clevers HC, Marx JJ. Mutations of the hereditary
hemochromatosis candidate gene HLA-H in porphyria
cutanea tarda. N Engl J Med 1997; 336: 1327-1328
Stuart KA, Busfield F, Jazwinska EC, Gibson P, Butterworth
LA, Cooksley WG, Powell LW, Crawford DH. The C282Y
mutation in the haemochromatosis gene (HFE) and hepatitis
C virus infection are independent cofactors for porphyria
cutanea tarda in Australian patients. J Hepatol 1998; 28: 404-409

Mogl MT� et al . Coincidence of HCC with HHC and PCT
16

17

18

19

20

21

Egger NG, Goeger DE, Payne DA, Miskovsky EP, Weinman
SA, Anderson KE. Porphyria cutanea tarda: multiplicity of risk
factors including HFE mutations, hepatitis C, and inherited
uroporphyrinogen decarboxylase deficiency. Dig Dis Sci 2002;
47: 419-426
Skowron F, Bérard F, Grézard P, Wolf F, Morel Y, Perrot H.
Role of the hemochromatosis gene in prophyria cutanea tarda.
Prospective study of 56 cases Ann Dermatol Venereol 2001; 128:
600-604
Fargion S, Piperno A, Cappellini MD, Sampietro M,
Fracanzani AL, Romano R, Caldarelli R, Marcelli R, Vecchi
L, Fiorelli G. Hepatitis C virus and porphyria cutanea
tarda: evidence of a strong association. Hepatology 1992; 16:
1322-1326
Macías Rodríguez MA, Rendón Unceta P, Tejada Cabrera
M, Infante Hernández JM, Correro Aguilar F, Díaz García F,
Benítez Rodríguez E, Mangas Rojas A, Martín Herrera L. Risk
factors for hepatocellular carcinoma in patients with liver
cirrhosis. Rev Esp Enferm Dig 2000; 92: 458-469
Tsukuma H, Hiyama T, Tanaka S, Nakao M, Yabuuchi T,
Kitamura T, Nakanishi K, Fujimoto I, Inoue A, Yamazaki H.
Risk factors for hepatocellular carcinoma among patients with
chronic liver disease. N Engl J Med 1993; 328: 1797-1801
Niederau C, Fischer R, Sonnenberg A, Stremmel W, Trampisch

2001

22

23

24

25
26

HJ, Strohmeyer G. Survival and causes of death in cirrhotic
and in noncirrhotic patients with primary hemochromatosis.
N Engl J Med 1985; 313: 1256-1262
Cauza E, Peck-Radosavljevic M, Ulrich-Pur H, Datz C,
Gschwantler M, Schöniger-Hekele M, Hackl F, Polli C, RasoulRockenschaub S, Müller C, Wrba F, Gangl A, Ferenci P.
Mutations of the HFE gene in patients with hepatocellular
carcinoma. Am J Gastroenterol 2003; 98: 442-447
Boige V, Castéra L, de Roux N, Ganne-Carrié N, Ducot
B, Pelletier G, Beaugrand M, Buffet C. Lack of association
between HFE gene mutations and hepatocellular carcinoma in
patients with cirrhosis. Gut 2003; 52: 1178-1181
Fracanzani AL, Taioli E, Sampietro M, Fatta E, Bertelli C,
Fiorelli G, Fargion S. Liver cancer risk is increased in patients
with porphyria cutanea tarda in comparison to matched
control patients with chronic liver disease. J Hepatol 2001; 35:
498-503
Kordac V. Frequency of occurrence of hepatocellular
carcinoma in patients with porphyria cutanea tarda in longterm follow-up. Neoplasma 1972; 19: 135-139
Siersema PD, ten Kate FJ, Mulder PG, Wilson JH.
Hepatocellular carcinoma in porphyria cutanea tarda:
frequency and factors related to its occurrence. Liver 1992; 12:
56-61
S- Editor Liu Y L- Editor Negro F

E- Editor Che YB

www.wjgnet.com

World J Gastroenterol 2007 April 7; 13(13): 2002-2003
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

CASE REPORT

Treatment of pediatric Ogilvie’s syndrome with low-dose
erythromycin: A case report
Da-Peng Jiang, Zhao-Zhu Li, Sheng-Yang Guan, Yu-Bo Zhang
Da-Peng Jiang, Zhao-Zhu Li, Sheng-Yang Guan,Yu-Bo
Zhang, Department of Pediatric Surgery, Second Affiliated
Hospital of Harbin Medical University, Harbin 150086,
Heilongjiang Province, China
Correspondence to: Da-Peng Jiang, Department of Pediatric
Surgery, Second Affiliated Hospital of Harbin Medical University,
#246 Xuefu Road, Harbin 150086, Heilongjiang Province,
China. jdp509@163.com
Telephone: +86-451-86605247
Received: 2007-01-18
Accepted: 2007-03-05

Abstract
Acute colonic pseudo-obstruction is a poorly understood
syndrome, characterized by the signs, symptoms and
radiological pattern of a large bowel obstruction without
evidence for a mechanical obstruction. We report a case
of a 2-year old boy who presented with progressive
abdominal distention, vomiting and abdominal pain
on postoperative d 3. Plain abdominal Χ-ray showed
markedly dilated large bowel. Mechanical colonic
obstruction was ruled out with hypaque enema. Ogilvie’s
syndrome was suspected. The patient received
treatment with oral erythromycin which had an
immediate beneficial effect. During the 6 mo follow-up,
no recurrences of symptoms were observed. We provide
a safe and effective therapy for Ogilvie’s syndrome in
pediatric individuals.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute colonic pseudo-obstruction (ACPO), also known
as Ogilvie’s syndrome, is a disorder characterized by
massive dilation of the colon in the absence of mechanical
obstruction. William H Ogilvie first observed and reported
this rare ileus[1]. It typically occurs in patients with serious
illnesses, trauma, burns, surgery and infection. Most cases
www.wjgnet.com

of it recover after conservative management, but the
patient with distended abdomen is at risk of developing
cecal perforation, peritonitis and nutritional depletion[2].
We present here the successful treatment of Ogilvie’s
syndrome with low-dose erythromycin in a child.

CASE REPORT
A 2-year old boy was admitted with diagnosis of
tuberculosis located at the first lumbar vertebra. After
removal of tuberculous foci an acellular bone was fixed.
The procedure was performed under general anesthesia
and the operation was successful. On postoperative d 3
the patient developed progressive abdominal distention,
vomiting and abdominal pain. Physical examination showed
that he had a temperature of 37.9℃, a regular pulse of 118
beats/min and poor nutrition. His abdomen was distended
and tympanitic to percussion but soft with no tenderness,
rebound or guarding. Bowel sounds were present.
Laboratory findings were as follows: 10.7 × 109/L white
blood cells, 267 × 109/L platelets, 108 g/L hemoglobin,
34 IU/L alanine aminotransferase, 4.3 mmol/L K + ,
140 mmol/L Na+, 2.4 mmol/L Ca2, 0.92 mmol/L Mg2+.
Plain abdominal Χ-ray showed markedly dilated large
bowel (Figure 1). Mechanical colonic obstruction was
ruled out with hypaque enema. The diagnosis of Ogilvie’s
syndrome was established according to the clinical and
radiographic findings.
The patient was treated with intravenous benzyl
penicillin, nasogastric decompression and intravenous
fluids. Drugs affecting colonic motility were discontinued.
When the patient did not respond to 30 h of conservative
therapy, nasog astric tube was occluded and oral
erythromycin (50 mg four times a day) was started.
Within 36 h, the patient began to pass flatus and large
volumes of stool with rapid resolution of his abdominal
distention. Further radiography and physical examination
showed resolution of the colonic pseudo-obstruction.
Erythromycin was continued for 3 d with no recurrence of
colonic dilation. He recovered with no complication and
was discharged in excellent condition. During the 6 mo
follow-up, he was well with no gastrointestinal symptoms.

DISCUSSION
Ogilvie’s syndrome is a severe form of colonic ileus
without evidence for mechanical obstruction[3]. Although
Ogilvie’s syndrome has been extensively described in the
literature, the precise mechanisms underlying acute pseudo-

Jiang DP� et al . Treatment of Ogilvie’s syndrome with erythromycin
Figure 1 Plain abdominal X-ray of the
patient showing massive dilatation of the
large bowel.

obstruction are still controversial [4]. It often arises in
patients with severe infections, retroperitoneal hemorrhage
during spinal or pelvic surgery, trauma, burns and narcotic
administration[2]. Spinal surgery might contribute to the
pathogenesis of the syndrome in our patient. Nausea,
vomiting, abdominal pain and abdominal distension are
the most common features of Ogilvie’s syndrome. Its
diagnosis is sometimes delayed in children, so that many
patients are still not properly treated and have a significant
mortality[4].
In most cases, conservative management consisting
of nasogastric decompression, intravenous fluid, and
correction of electrolyte abnormalities can resolve ileus.
If unsuccessful, the patient is at risk of developing
perforation and colonoscopic decompression is indicated.
This method fails in approximately 12%-27% of patients
and has a recurrence rate of 18%-33%[5]. It is necessary to
find a safe and effective therapy for Ogilvie’s syndrome.
Erythromycin, a macrolide antibiotic, is known to
stimulate gastric and small bowel motor activity by binding
to the motilin receptor and inducing smooth muscle
contraction through a nifedipine-sensitive mechanism[6,7].
However, the short half-life of erythromycin and the
rapid onset of tachyphylaxis hamper its broad application
in treatment of Ogilvie’s syndrome. There are only a
few reports on the efficacy of erythromycin in Ogilvie’
s syndrome in adults [8,9] . No recur rence has been

2003

observed in these described cases. Neostigmine, an acetylcholinesterase inhibitor, has emerged as an effective
pharmacyologic alternative for pseudo-obstruction [2].
However, patients eligible for neostigmine must have their
potentially mechanical obstruction ruled out. Neostigmine
should not be used if a recently sealed-off duodenal or
colonic perforation is unplugged by strong peristalsis.
The side-effects of cholinesterase inhibitors include
salivation, nausea, vomiting, abdominal pain, bradycardia,
hypotension and bronchospasm. During the infusion of
neostigmine, patients should undergo cardiac monitoring,
and atropine should be available. Finally, severely impaired
renal function prolongs the elimination of neostigmine.
In conclusion, this report introduces the first successful
treatment of Ogilvie’s syndrome with low-dose erythromycin in a child. It may be a safe and effective therapy for
children with this disorder.
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Abstract
Triplication of the gallbladder is a very rare congenital
anomaly of the biliary tract; there are only eleven
reported cases to date. Gallbladder multiplications
are not likely to be discovered unless associated with
cholelithiasis, sludge, cholecystitis and carcinoma. Here
we report an incidentally diagnosed triplicate gallbladder
in a patient with sigmoid diverticulitis; two of the
triplicate gallbladder were demonstrated with ultrasound
and computed tomography, and an additional galballder
was found at surgery.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Vesica fellae triplex, also known as the triplication of
the gallbladder, is a very rare congenital anomaly of
the biliary tract. To our knowledge, only 11 cases have
been reported in the literature to date. The first case was
described by Huber in a human cadaver in 1752[1]. Multiple
gallbladder anomalies are generally discovered if they are
associated with symptoms caused by cholelithiasis, sludge,
cholecystitis or carcinoma. We report a case of triple
gallbladder which was incidentally diagnosed in a patient
with sigmoid diverticulitis. Radiological workup revealed
a duplication of gallbladder and chronic cholecystitis
with sludge formation. However, a triplication was found
during surgery.

Case report
A 54-year-old woman was admitted to emergency
www.wjgnet.com

department with complaints of nausea, dyspepsia and
abdominal pain at the left lower quadrant. On physical
examination, tenderness at the left lower quadrant
was observed. Complete blood count revealed a mild
leukocytosis (11 600/mm3) and blood chemistry revealed
an elevated serum alkaline phosphatase level (167 mg/L).
Patient was clinically diagnosed to have acute sigmoid
diverticulitis. Ultrasonography (US) and computed
tomography (CT) of the abdomen revealed a duplicated
gallbladder, with thickened wall and considerable sludge
in one gallbladder, while tortuous cystic duct but normal
wall and luminal content in another gallbladder (Figures 1
and 2). Endoscopic retrograde cholangiopancreatography
(ERCP) showed two cystic ducts, normal common hepatic
duct, and no luminal opacification (Figure 3). Although
her bowel and paracolic spaces had normal appearance,
the patient was put on medical treatment for acute
diverticulitis. Her symptoms were subsequently improved.
Follow-up US examination in the third month revealed
almost similar findings to the initial scan; one of the
gallbladders had slightly tortuous wall but normal luminal
content, while the other one had a 4-mm thickened wall
and contained a small amount of sludge.
Cholecystectomy was performed to treat the chronic
cholecystitis. Two gallbladders that were demonstrated
during the radiological workup had normal walls and
contained clear fluid (Figure 4). A third gallbladder was
unexpectedly discovered during the operation. It had a
thick wall and was filled with sludge, and its cystic duct
was shorter than others. All gallbladders were dissected
after the ligation of their cystic ducts and accompanying
arteries. No stone was detected in any of the gallbladders.
Pathological diagnosis revealed gallbladder triplication; two
of them were normal and the other one showed ulcerated
active chronic cholecystitis.

DISCUSSION
Multiple gallbladders are thought to be caused by the
rudimentary bile ducts which failed to regress during
embryological development. The persistence of these
cellular out-pocketings along the common bile duct and
their growth lead to this anomaly. The relationship of
the gallbladder to the cystic duct and to the common bile
duct seems to be determined by the location of persistent
rudimentary duct buds: if the persistent buds originate
from the hepatic duct or common bile duct, gallbladders
will have separate cystic ducts; if they arise from the cystic
duct, the gallbladders share single common cystic duct
draining into a normal common bile duct. Based on the
anatomic configuration of the cystic ducts, three distinct
types are described. The first type is characterized by
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Figure 1 Oblique and sagittal US images showing two lumens. The first (1) has a
normal wall thickness and lumen; the second (2) has a thickened wall (arrow) and
is filled with sludge (arrowheads).

2

Figure 2 Transverse CT image with 10-mm slice thickness and interval showing
two lumens with normal (1), and thickened (2) walls.

3

*
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2

Figure 3 ERCP shows two hepatic ducts (arrowheads), two cystic ducts (white
arrows) and the common bile duct (black arrow). None of the gallbladder lumens
were opacified since accompanying inflammation obstruct the cystic duct. The
opacity shown by asterix is the contrast material leak into the duodenum lumen.

Figure 4 Pathologic specimen shows three distinct gallbladders each bearing
a separate cystic duct and all joining to the common bile duct (arrow). Bladder
number 1 and 3 were normal, bladder number 3 was inflammated.

the presence of multiple gallbladders that drain into the
common bile duct via separate cystic ducts. The second
type is characterized by the presence of two gallbladders
with a common cystic duct entering the common duct,
and a third gallbladder with an independent cystic duct.
The third type is characterized by the presence of three
gallbladders that share a single cystic duct[1,2].
Multiple gallbladders are associated with cholelithiasis, sludge, cholecystitis, cellular metaplasia and
adenocarcinoma. Roeder et al[3] described a patient with
cholecystitis and cholelithiasis in one gallbladder, and a
papillary adenocarcinoma in the second one. In that case,
the remaining gallbladder was intrahepatically located
and was otherwise normal. Duplications and triplications
are unlikely to be discovered unless there are associated
symptoms. That statement was true for all but one of the
reported cases[4]. Our case did not have a hepatobiliary
symptom. Her anomaly was found incidentally upon her
admittance to the hospital for acute diverticulitis.
Until 1979, the preoperative imaging of the biliary tract
was limited to oral or intravenous cholecystograms, fat
meal studies, conventional tomography and postoperative
T-tube cholangiography. In the current practice, biliary

imaging is perfor med with high resolution imaging
techniques, such as US, spiral or multislice CT, MRCP
(magnetic resonance cholangiopancreatography) and
ERCP. Even in the era of modern imaging, most of
the recent cases with triple gallbladder were failed to be
diagnosed preoperatively [4-6]. In the relevant literature,
only one case was diagnosed before surgery [2] . The
lack of definitive diagnosis was probably caused by the
misinterpretation of the third lumen as a tortuosity of
one of the cystic ducts or a gallbladder variation such as
a partial transverse septa. US and CT may demonstrate
wall thickness, lumen pathology and the number of the
gallbladders but are unable to define the exact anatomy of
the biliary tree. These techniques should be supplemented
with MRCP or ERCP to detail biliary tract anatomy and its
variations. Still, even most rigorous imaging combinations
may fail to reach a correct diagnosis. This case, in whom
the inflamed cystic ducts were obstructed and ERCP
failed to demonstrate the lumens, is a typical example to
aforementioned situation.
Radiological diagnosis of biliary anomalies is an
important part of abdominal imaging. At daily practice,
biliary anatomy may be demonstrated with widespread
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techniques, such as high resolution US, multislice CT
and MRCP. Preoperative awareness of any variation may
minimize the chance of an unexpected course during
cholecystectomy, and helps to avoid any unwanted damage
to the biliary tract. It also has a paramount importance in
preventing the postcholecystectomy syndrome due to a
retained accessory gallbladder.
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Abstract
Pure red cell aplasia (PRCA) due to parvovirus B19
(PVB19) infection after solid organ transplantation has
been rarely reported and most of the cases were renal
transplant recipients. Few have been described after
liver transplantation. Moreover, little information on the
management of this easily recurring disease is available
at present. We describe the first case of a Chinese liver
transplant recipient with PVB19-induced PRCA during
immunosuppressive therapy. The patient suffered from
progressive anemia with the lowest hemoglobin level of
21 g/L. Bone marrow biopsy showed selectively inhibited
erythropoiesis with giant pronormoblasts. Detection
of PVB19-DNA in serum with quantitative polymerase
chain reaction (PCR) revealed a high level of viral load.
After 2 courses of intravenous immunoglobulin (IVIG)
therapy, bone marrow erythropoiesis recovered with his
hemoglobin level increased to 123 g/L. He had a lowlevel PVB19 load for a 5-mo follow-up period without
recurrence of PRCA, and finally the virus was cleared.
Our case indicates that clearance of PVB19 by IVIG in
transplant recipients might be delayed after recovery of
anemia.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Pure red cell aplasia (PRCA) is a relatively rare disease
characterized by the inhibition of bone mar row
erythropoiesis with multiple factors involved in its
development [1]. Solid organ transplantation-associated
PRCA may be attributed to immunosuppressants and
parvovirus B19 (PVB19) infection. An increasing number
of repor ts on PRCA caused by PVB19 after renal
transplantation are available [2], but there are very few
cases describing liver transplant recipients. Furthermore,
this severe complication usually responds to highdose intravenous immunoglobulin (IVIG) therapy with
recovery of erythropoiesis, but relapses are common and
experience in dealing with this rare and easily recurring
disease is insufficient. We describe the first case of a
Chinese liver transplant recipient with severe PRCA
due to PVB19 infection and show our experience in
managing this disease. Accidentally, the patient’s blood
group was preoperatively identified as Rho (D)-negative
that is extremely rare in China and he received a Rho
(D)-incompatible liver transplantation, which made the
severe anemia embarrassing. We also made a review of
the literature and discussed several key points of PVB19induced PRCA.

CASE REPORT
A 38-year old Chinese man was diagnosed as hepatocellular
carcinoma with hepatitis B in a cirrhosis background. The
tumor was within 3 cm in diameter without extrahepatic
metastasis. Peripheral blood cell counts were all normal.
Blood group was A and Rho (D)-negative. In August
2005, he received orthotopic liver transplantation (OLT)
from a donor. The donor’s blood group was A and
Rho (D)-positive. Packed red blood cells transfused
intraoperatively were all Rho (D)-negative. The patient
recovered uneventfully after the operation, and a tripleimmunosuppressant protocol consisting of tacrolimus
(FK506), mycophenolate mofetil (MMF) and prednisolone
was adopted.
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Figure 1 Initial bone marrow aspirate smear showing decreased erythroid
precursors and a giant pronormoblast (Wright-Giemsa stain, × 1000).

Figure 2 Second bone marrow aspirate smear showing recovery of the bone
marrow (Wright-Giemsa stain, × 1000).

Three weeks after transplantation the patient began
to suffer from a progressive anemia with a drop of
hemoglobin level from 127 g/L and 4.2 × 10 12 /L to
49 g/L and 1.69 × 10 12 /L in a month, respectively.
The hematocrit decreased but the red blood cells kept
nor mocytic and nor mochromic. The leukocyte and
platelet counts were normal. Except for pallor, his physical
examination was non-contributory. Laboratory tests
revealed a marked reticulocytopenia (11.9 × 109/L, 0.4%
of total red blood cells). Stool and urine examination for
occult blood and antihuman globulin test were negative.
Anti-Rho (D) antibodies and autoimmune markers were
undetectable. Studies of serum vitamin B-12, folic acid
and iron revealed no abnormality. Titers of hepatitis
B virus, Epstein-Barr virus and cytomegalovirus were
negative. No evidence of tumor recurrence was found.
Administration of recombinant human erythropoietin
(rHuEPO) (9000 IU hypodermatic injection every other
day) was introduced but the hemoglobin level remained
low. For the scarceness and considerable expense of the
rare Rho (D)-negative blood, only 10 units of packed red
blood cells was transfused. The hemoglobin level just
reached around 60 g/L. Bone marrow biopsy in October
2005 revealed selectively decreased erythroid precursors
with giant pronormoblasts, establishing the diagnosis of
PRCA (Figure 1). There was no evidence of thymoma
on radiographic studies. We discontinued MMF and
changed tacrolimus to cyclosporine A (CsA) (4 mg/kg per
day) with a concentration level between 200 to 265 ng/
mL. Two weeks later, he remained severely anemic with
the hemoglobin level progressively dropped to 31 g/L.
Serum EPO level was elevated (200 mIU/mL, reference
4 to 21 mIU/mL). Detection of PVB19-DNA with
quantitative polymerase chain reaction (PCR) revealed a
high load of virus (9.73 × 109 genome copies/mL). Then
a diagnosis of PRCA caused by PVB19 infection after liver
transplantation was made.
Then rHuEPO was discontinued and a course of IVIG
therapy (0.4 g/kg per day for 5 d) was performed. Two
weeks later, reticulocytosis (161.88 × 109/L, 11.4% of red
blood cells) was noted and hemoglobin levels were elevated
to 70 g/L with a sharp decline of PVB19-DNA in blood
(2.12 × 105 genome copies/mL). The patient’s condition
gradually improved and became transfusion-independent.

However, one month later a remarkable decline of
hemoglobin levels (21 g/L) and a large amount of PVB19DNA in blood emerged again. Another course of IVIG (0.4
g/kg per day for 5 d) was adopted. One month after the
second therapy his hemoglobin level rose to 123 g/L and
bone marrow biopsy showed a recovery of erythropoiesis
(Figure 2). However, PVB19-DNA was still detectable in
blood with a lower level (3.47 × 104 genome copies/mL).
We kept on monitoring his progress in the outpatient
department. He maintained normal hemogram results and
still held a low-level viral load (4.26 × 103 genome copies/
mL). Finally, PVB19-DNA was undetectable during the
fifth-month follow-up. Hemoglobin levels maintained
normal until he died of tumor recurrence 17 mo after
OLT.
MEDLINE search for English language articles
published between 1974 and January 2007 revealed
only 7 reports of PVB19 producing PRCA after liver
transplantation. Herein, we describe the eighth liver
transplant patient. To our knowledge, this is the first
reported case associated with liver transplantation in
China. The main characteristics of the 8 cases are listed in
Table 1.
Four of the 8 patients were children, and 5 of them
were male. Their median age at the time of presentation
with anemia was 13.7 years (range 1.4 to 43 years). Six
patients had tacrolimus-based immunosuppression and 2
had CsA-based immunosuppression. Severe anemia with
reticulocytopenia was seen in all cases. The lowest median
hemoglobin level was 69.5 g/L (range 21 to 75 g/L). In
addition, 2 patients had fever, one with leucopenia, one
child with a typical rash of erythema infectiosum and one
adult suffering from arthralgia. Bone marrow biopsies
were performed on 4 patients and all revealed erythroid
hypoplasia with presence of giant pronormoblasts. Four
patients were positive for both PVB19-IgM and IgG at the
time of evaluation, 2 were IgM positive and IgG negative
and one was IgM negative and IgG positive. The patient
we report in this paper was not tested for antibodies at
the time of diagnosis. Viral DNA detection was made in 4
patients and all showed positive results. All reports could
not demonstrate the source and route of virus infection.
Except for one report that did not offer the treatment
information, the other 7 cases required treatment with
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Table 1 Main characteristics of 8 liver transplant recipients with PRCA due to PVB19 infection
Case

1

2

3

4

5

6

Age when anemia (yr)
Sex
Immunosuppression
Anemia onset
(month after LTx)

1.8
F
FK
2

4.7
F
CsA
34

1.4
M
FK
6

1.4
M
FK
8

26
F
AZA + FK + Co
30

43
M
AZA + FK
1

46
0
Erythema
infectiosum

73
0.40%
None

33
0
Arthralgia

54
0
None

Lowest Hb (g/L)
Reticulocyte count
Other manifestation

Bone marrow biopsy
PVB19 IgM
PVB19 IgG
PVB19 DNA
Treatment

Outcome

Reference

69
70
0
0.80%
Fever,
None
stridor,
leucopenia
ND
ND
GP
ND
P
P
P
P
P
P
N
P
ND
ND
ND
ND
IVIG: 1 g/d × 3 d IVIG: 0.4 g/kg IVIG: 0.4 g/kg IVIG: 0.4 g/kg
per day × 10 d, per day × 5 d per day × 5 d
12 courses
Hb normalized Hb normalized Hb normalized Hb normalized
4 wk after IVIG 2 wk after IVIG 4 wk after IVIG 2 wk after IVIG

[16]

[16]

[16]

[16]

GP
GP
P
P
P
N
P
P
IVIG: 0.4 g/kg
IVIG
per day × 10 d,
plasmapheresis
Hb normalized
Hb
and virus DNA normalized
negative 16 wk and virus
after
DNA
plasmapheresis negative 3 wk
after IVIG

[17]

[18]

7

8

41
38
M
M
CsA + AZA + Co FK + MMF + Co
11 d
3 wk
75
ND
Fever

21
0.40%
None

ND
N
P
P
ND

GP
ND
ND
P
IVIG: 0.4 g/kg
per day × 5 d × 2
courses
Hb normalized
12 wk after IVIG
with long-term
low-level viral
load and virus
DNA negative
5 mo after Hb
normalization
This case

ND

[19]

PRCA: pure red cell aplasia; PVB19: parvovirus B19; F: female; M: male; FK: FK506; CsA: cyclosporine A; AZA: azathioprine; MMF: mycophenolate mofetil;
Co: corticoteroids; LTx: liver transplantation; Hb: hemoglobin; ND: not determined; GP: giant pronomorblasts; P: positive; N: negative; IVIG: intravenous
immunoglobulin.

commercial IVIG. Five patients had good response to the
treatment and obtained long-term recovery from anemia,
while recurrence of the disease appeared in 2 patients,
one recovered after a second course of IVIG therapy,
the other needed repeated IVIG infusion combined with
plasmapheresis. Of the 4 patients detected for viral DNA,
PVB19 viremia was successfully resolved in 2 patents after
the treatment. Unlike the previous cases, our case had a
persistent low viral load without recurrence of PRCA for a
5-mo follow-up period.

DISCUSSION
PRCA can be inherited as a primar y hematologic
disorder or occurs secondary to autoimmune diseases,
thymoma, hematologic malignancies, chronic hemolytic
anemia, exposure to a variety of dr ugs and toxins,
various infections, ABO-incompatible bone marrow
or stem cell transplantation and anti-EPO antibodies[1].
The pathogenesis of PRCA remains unclear and the
pathophysiology is heterogeneous due to various causes.
Acquired PRCA associated with solid organ transplantation
rarely occurs and may be caused by immunosuppressants
and PVB19 infection. Such immunosuppressants include
azathioprine [3] , MMF [4] and tacrolimus [5] , except for
CsA. Such a diagnosis was not considered because this
patient did not respond to discontinuation of MMF and
replacement of tacrolimus by CsA.
PVB19 is a small, non-enveloped and single-stranded
DNA virus[6]. The virus is widespread, and manifestations

of its infection vary with the immunologic status of the
host [7]. In immunocompetent hosts, PVB19 can cause
erythema infectiosum (fifth disease) in children and acute
symmetric polyarthropathy in adults. Infection in such
patients results in a relatively short period of viremia
followed by the production of specific antibodies, IgM
class first and IgG class several days later, and clearance of
virus. In contrast, immunocompromised hosts are unable
to produce an effective antibody response to the virus
and persistent PVB19 infection is manifested as PRCA.
The pathogenesis may be due to its tropism and direct
cytotoxicity to erythroid progenitor cells[8]. Diagnosis is
made upon bone marrow biopsy, antibodies screening and
viral DNA detection using PCR tests[9].
IVIG therapy can terminate post-transplant PRCA
due to PVB19 infection[10]. Commercial IVIG is a good
source of neutralizing antibodies against the virus and
high-dose IVIG has been proven to be of great value
in curing the disease[10]. It is based on the fact that the
virus is a global and common infectious pathogen in
humans and the prevalence of IgG antibodies against it
ranges from 30% to 60% in adults and more than 85%
in the elderly population[8]. The amount and duration of
IVIG therapy are dependent on the response of patients.
The most adopted dose is 0.4 g/kg per day for 5 d or 1
g/kg per day for 2 to 3 d[8]. This regimen has been very
often curative with clearance of virus accompanied with
marked reticulocytosis and rise in hemoglobin. However,
immunosuppressed transplant patients are unable to
produce persistent and efficient antibodies to the virus
www.wjgnet.com
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and the inadequate clearance of virus after cessation of
IVIG may easily induce recurrence. Geetha[11] identified a
10% recurrence rate in 22 cases of PRCA due to PVB19
infection in transplant recipients treated with IVIG
through reviewing the literature. Recurrence of viraemia
and anemia may require repeated courses of IVIG
infusion.
The patient we described here was faced with the
same situation and the relapse of PRCA was successfully
cured after a repeated course of IVIG without any
maintenance therapy. However, unlike the previous cases
he maintained a long-term low-level viremia without
recurrence of PRCA during the 5-mo follow-up period.
For all the literature offered sparse infor mation on
alteration of viral DNA during the period of recovery,
little is known about the viral clearance after treatment.
Our results indicate that the clearance of PVB19 by IVIG
therapy in immunosuppressed transplant recipients might
be delayed for a relatively long period after the reversion
of anemia. We therefore recommend that it would seem
more reasonable to simply follow the serial monitoring of
viral DNA and hemoglobin levels instead of preventative
maintenance therapy with high-dose IVIG in such
patients. Re-administration of IVIG would be considered
if increase of viral load or drop of hemoglobin levels was
observed.
In addition, it is notable that some side effects of highdose IVIG infusion, such as fever, headache, myalgia,
hypertension and acute renal failure, have been reported
in some patients receiving IVIG therapy[12]. Furthermore,
IVIG has been reported to be contaminated by PVB19
and might be a source of infection[13]. All these reports
may raise important questions concerning the safety of
IVIG therapy. Though such effects were absent in the 8
liver transplant recipients, attention is needed when we
perform the therapy.
No proven specific strategy for preventing PVB19
infection is available. Transmission of the virus infection
may occur through the respiratory tract, blood-derived
products[8] and donated organs containing the virus [10].
Accordingly, avoiding PVB19 exposure to patients, virus
screening of blood products before transfusion and
testing organ donors prior to transplantation may be
considered as preventive strategies. Since transmission via
blood products is rare, universal blood screening is not
recommended, though the risk of PVB19 infection is of
great concern for blood and blood product suppliers[14].
Strategies for reducing the viral load in the manufacture
plasma pool by discarding PVB19-DNA-positive donations
and developing new strong virus inactivation methods are
recommended to these suppliers. Finally, PVB19 vaccines
are being explored[15]. Results achieved appear promising,
and following researches are on the way.
In conclusion, liver transplant recipients are also at
risk of developing PRCA due to PVB19 infection after
transplantation. PRCA can be reversed by IVIG therapy
but easily recurs. Little is known about the host-pathogen
interaction after therapy which is related to recurrence.
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Our case signifies that clearance of PVB19 by IVIG
infusion in transplant recipients might be delayed for a
relatively long time after recovery of anemia. Further
researches are needed to find out most effective modalities
of therapy and preventative strategies.
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rare neoplasms of the gastrointestinal tract, which
a r e ch a r a c t e r i z e d by a s p e c i f i c h i s t o l o g i c a l a n d
immunohistochemical pattern. These neoplasms have been
recently defined as a discrete molecular and pathological
entity. The management of GIST has not been clearly
established[1].
In some rare cases coexistence of GIST with other
malignancies has been reported[2-6]. Here we describe a case
of a 74-year old male with GIST who developed multiple
myeloma (MM) during the course of GIST treatment. To
the best of our knowledge, the co-existence of GIST and
multiple myeloma has not been reported so far.

Abstract

Case report

Gastrointestinal stromal tumors (GISTs) are rare tumors,
which represent approximately 1% of the neoplasms
of the gastrointestinal tract. These tumors rarely give
extra-abdominal metastases. However, their clinical
outcome is potentially adverse. In some rare cases, coexistance of GISTs with other malignancies has been
reported. Here we present a case of a 74-year old male
with GIST, which was managed by surgical resection.
Fourteen months later, the patient presented with liver
metastases and imatinib mesylated was administered.
During treatment, the patient reported skeletal pain and
plane X-rays revealed osteolytic bone lesions. Further
investigation revealed the presence of multiple myeloma.
To the best of our knowledge, this is the first report of
the co-existence of multiple myeloma (MM) with GIST.

A 74-year old male was presented complaining of
dyspepsia. Clinical examination revealed a palpable
epigastric mass, with no other abnormal clinical findings.
Computed tomography of the abdomen showed a 15 cm
× 16 cm solid mass in the right side of abdomen, deriving
from the gastric wall. A submucosal non-metastatic tumor
was suspected (Figure 1A). Endoscopy showed normal
mucosa of the gastrointestinal tract. Laboratory tests were
normal. During the surgery, a 5 cm × 11 cm mass of the
posterior wall of the gastric antrum protruding from the
inner muscularis propria to the mucosa was found. The
mass was completely resected and the histological examination demonstrated whirling sheets of spindle cells which
were stained positively for CD 117 (c-kit) and CD34,
mitotic index > 10/50 HPF, while smooth muscle actin
(SMA) and vimentin were focally positive, and keratine,
desmin, S-100 protein were negative. This specific immunophenotype characterized GIST. No further therapy was
applied. Physical examination, laboratory tests and computed tomography were performed when the patient was
followed up at 3-month intervals.
Fourteen months after resection, a CT scan of the
abdomen showed liver metastases (figure 1B) and
imatinib mesylate at a dose of 400 mg once daily, as the
appropriate second line therapy, was administered. After
one month of treatment, the patient reported persistent
skeletal pain, especially on the thorax, accompanied with
weakness and fatigue. X-ray bone survey showed lytic
lesions. Laboratory examination revealed normocytic,
normochromic anemia (Hb: 10.6 gr/dL), hypercalciemia
(Ca: 11.7 mg/dL) and abnormal ESR (140 mm/h). Serum
protein electrophoresis and immunofixation showed an

© 2007 The WJG Press. All rights reserved.
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Figure 1 Computed tomography of abdominal mss (A), liver metastases (B), and progression of liver metastases (C).

IgAκ monoclonal protein. Bence-Jones proteinouria was
also detected. Bone marrow aspiration and biopsy showed
a 90% plasma cell infiltration confirming the diagnosis of
multiple myeloma. The patient was treated with melphalan
and prednisone. Imatinib therapy was also continued. The
patient did not respond sufficiently to either anti-myeloma
or GIST therapy (Figure 1C). Eighteen months after GIST
resection and six months after multiple myeloma diagnosis,
the patient deteriorated rapidly and died.

Discussion
GISTs are r��������������������������������������������������
α�������������������������������������������������
re tumors of the gastrointestinal tract, with an
annual incidence of 10 to 15 cases per million in Caucasian
populations. These tumors often give rise to numerous
intra-abdominal metastases located on the peritoneal,
omental, mesenteric, and other serosal surfaces as well
as liver metastases, whereas extraabdominal metastases
are rare[7,8]. The current treatment for localized disease is
surgical resection whereas therapy with imatinib mesylate
can be applied in non-operable and /or metastatic tumor[1].
GIST co-existing with adenocarcinoma has rarely
been reported [2-6,9,10]. In one study, significantly more
synchronous or metachronous gastrointestinal neoplasms
were found in GIST patients compared to malignancies
occur ring in the nor mal Hung arian population [11] .
Furthermore, cases of synchronously occurring GIST and
mucosa associated lymphoid tissue as well as GIST and
www.wjgnet.com

carcinoid tumors of the stomach have been described in
the literature[12,13]. Janovisk et al[14] recently reported a case
of coexistence of hepatocellular carcinoma and GIST.
Andea et al[15] reported a case of multiple gastric stromal
tumors with coexistence of gastric subcmucosa lipoma
and carcinoid.
Co-existence of MM and GIST has never been
reported. The present case raises the question of whether
this is incidental or the two malignancies have any
biological relevance. The role of treatment with imatinib
mesylate in the development of myeloma could not be
supported as the duration of treatment was short although
Garipidou et al[16] reported the development of MM in
a patient with chronic myeloid leukemia treated with
imatinib mesylate.
Concerning the biological action of imatinib mesylate
on MM, it has been shown that this dr ug inhibits
proliferation of MM cells in vitro by arresting cell-cycle
progression[17]. Furthermore, it has been shown that it
may inhibit the proliferation of MM cells resistant to
dexamethasone or melphalan and may have an additive
effect when combined with dexamethasone [17]. It was also
demonstrated that imatinib exhibits a small stimulatory
effect on the proliferation of MM cells through activation
of the Erk1/2 mitogen-activated protein kinases route[17].
However, in the present case, imatinib mesylate did not
exhibit any therapeutic action on MM.
In conclusion, this is the first case of GIST co-

Tzilves D� et al. Multiple myeloma in a patient with GIST

existing with multiple myeloma. Although the existence
of a second malignancy in a patient with GIST is very
uncommon, such a possibility should not be ignored.
Long-term observation of GIST patients may prove a
causal relationship between GIST and other malignancies.
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The peer review policy of the World Journal of Gastroenterology (WJG) states that all articles received are subjected
to peer review. Normally, three experts are invited to
review each article. Decision for acceptance is made only
when at least two experts recommend. Otherwise, the
article is rejected. This is to ensure that high standards are
maintained and the work is original. In medical sciences,
there is a tendency for work to be incremental, ideas being
developed gradually, with major breakthroughs being
relatively rare. Consequently there tends to be significant
overlap in which a field already investigated is researched
from a different angle or using alternative methods.
It has been drawn to our attention that a paper in WJG
by Huang MF, Zhu YQ, Chen ZF, Xiao J, Huang X, Xiong
YY, Yang GF. (Syndecan-1 and E-cadherin expression
in differentiated type of early gastric cancer. World J
Gastroenterol 2005; 11(19): 2975-80. PMID: 15902740) used
almost the same ideas and methods to conduct a basic
study and drew nearly the same conclusions as a paper
published earlier by Watari J, Saitoh Y, Fujiya M, Shibata
N, Tanabe H, Inaba Y, Okamoto K, Maemoto A, Ohta T,
Yasuda A, Ayabe T, Ashida T, Yokota K, Obara T, Kohgo Y.
(Reduction of syndecan-1 expression in differentiated type
early gastric cancer and background mucosa with gastric
cellular phenotype. J Gastroenterol 2004; 39(2):104-12.

PMID: 15069616). In the paper by Dr. Huang MF, Zhu
YQ et al, they copied Watari et al’s paper, including paper
title, subtitles, table titles, words and sentence structures
in many places. But in Huang MF, Zhu YQ et al’s paper,
the authors did not mention Watari et al’s paper at all or
make any acknowledgment throughout their paper. This is
academic plagiarism and breaches the publication policy of
the WJG.
Using similar methods by Watari et al, Dr. Huang
MF, Zhu YQ et al’s study was conducted in the Chinese
population, and it should have been published as a full
paper with scientific value if the authors acknowledged the
citation of Watari et al’s paper and did not copy so much
of the text.
Dr. Huang MF, Zhu YQ et al’s paper was reviewed by
at least two reviewers before its acceptance for publication
in the WJG. Unfortunately, our reviewers failed to detect
the occurrence of copying of both text writing and ideas
of their paper. Good scientific practice should have
directed Dr. Huang MF, Zhu YQ et al to submit only a
brief communication in which the differences of their
study from Watari et al’s work were described and the
conclusions were confirmed in another population. If a
scientific journal is to maintain the respect of the scientific
community it cannot tolerate such unethical conduct of
plagiarism.
As the Editor in chief, I apologize to the readers
of WJG and to Dr. Watari and his colleagues for such
a serious mistake. We will take the following measures
immediately to prevent reappearance of similar mistakes. (1)
Retract the paper by Dr. Huang MF, Zhu YQ, Chen ZF,
Xiao J, Huang X, Xiong YY, Yang GF from the WJG. (2)
These authors including Huang MF, Zhu YQ, Chen ZF,
Xiao J, Huang X, Xiong YY, Yang GF shall be barred from
publishing in the WJG. (3) The reviewers for Huang MF,
Zhu YQ et al’s paper shall be excluded from the Editorial
Board of the WJG. (4) The science editor for Huang MF,
Zhu YQ et al’s paper shall be dismissed from the WJG
Press. (5) The WJG will strengthen its preliminary review
of manuscripts by editors and peer review processes by
editorial board members.
We, from the WJG, believe that authors without credit
may receive benefit temporarily, while authors with credit
shall be rewarded with good reputation in the long run.

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 April 14; 13(14): 2020-2027
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

EDITORIAL

Relationship of functional gastrointestinal disorders and
psychiatric disorders: Implications for treatment
Carol S North, Barry A Hong, David H Alpers
Carol S North, Department of Psychiatry, The University of
Texas Southwestern Medical Center at Dallas and North Texas VA
Health Care System, Dallas, TX, United States
Barry A Hong, Department of Psychiatry, Washington University
School of Medicine, St. Louis, MO, United States
David H Alpers, Department of Internal Medicine, Division of
Gastroenterology, Washington University School of Medicine, St.
Louis, MO, United States
Correspondence to: Dr. David Alpers, Department of Internal
Medicine, Box 8031 Washington University School of Medicine,
660 S Euclid Ave, St Louis, MO 63110,
United States. dalpers@im.wustl.edu
Telephone: +1-314-3628943 Fax: +1-314-3628230
Received: 2007-03-13
Accepted: 2007-04-05

Abstract
This article revisits the links between psychopathology
and functional gastrointestinal disorders such as
irritable bowel syndrome (IBS), discusses the rational
use of antidepressants as well as non-pharmacological
approaches to the management of IBS, and suggests
guidelines for the treatment of IBS based on an
interdisciplinary perspective from the present state of
knowledge. Relevant published literature on psychiatric
disorders, especially somatization disorder, in the context
of IBS, and literature providing direction for management
is reviewed, and new directions are provided from
findings in the literature. IBS is a heterogeneous
syndrome with various potential mechanisms responsible
for its clinical presentations. IBS is typically complicated
with psychiatric issues, unexplained symptoms, and
functional syndromes in other organ systems. Most IBS
patients have multiple complaints without demonstrated
cause, and that these symptoms can involve systems
other than the intestine, e.g. bones and joints
(fibromyalgia, temporomandibular joint syndrome), heart
(non-cardiac chest pain), vascular (post-menopausal
syndrome), and brain (anxiety, depression). Most IBS
patients do not have psychiatric illness per se, but
a range of psychoform (psychological complaints in
the absence of psychiatric disorder) symptoms that
accompany their somatoform (physical symptoms in the
absence of medical disorder) complaints. It is not correct
to label IBS patients as psychiatric patients (except those
more difficult patients with true somatization disorder).
One mode of treatment is unlikely to be universally
effective or to resolve most symptoms. The techniques
of psychotherapy or cognitive-behavioral therapy can
allow IBS patients to cope more readily with their illness.
Specific episodes of depressive or anxiety disorders
www.wjgnet.com

can be managed as appropriate for those conditions.
Medications designed to improve anxiety or depression
are not uniformly useful for psychiatric complaints in IBS,
because the psychoform symptoms that sound similar
to those seen in psychiatric disorders may not have the
same significance in patients with IBS.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Functional medical disorders, by definition, lack objective
physical, metabolic, or neurological explanations for their
symptom presentations. Diagnosis of these disorders,
like diagnosis of psychiatric disorders, is based entirely
on subjective complaints. This may have contributed
to longstanding conceptualizations of functional
disorders as fundamentally psychiatric or psychological
in origin, cloaking this class of disorders with a negative
stigma. Although irritable bowel syndrome (IBS) may
be considered an archetype among the functional
gastrointestinal disorders, a wide variety of medical
syndromes and disorders in many medical subspecialties
are also characterized by lack of objective indicators
and subjective deter mination of diagnosis. Nonulcer dyspepsia, premenstrual syndrome, chronic pain
syndromes, tension headaches, fibromyalgia, chronic
fatigue syndrome, interstitial cystitis, reflex sympathetic
dystrophy, temporomandibular joint syndrome, and various
chemical and food sensitivities are examples of functional
disorders in many organ systems.
Despite longstanding assumptions about psychiatric
origins of functional disorders, few gastroenterologists
as recently as 15 years ago used psychopharmacologic
agents to treat functional gastrointestinal disorders. Clouse
and Lustman[1] observed that recognition of the utility of
antidepressant agents for functional disorders, especially
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IBS, precipitated a rise in the use of antidepressants in
treatment of functional gastrointestinal disorders. Now, in
2007, the treatment of these disorders with antidepressants
by gastroenterologists is quite common, and as many
as one in eight patients with these disorders are offered
psychopharmacological agents.
Recently increasing application of psychopharmacotherapy for functional gastrointestinal disorders
has further confused clinicians trying to manage these
poorly understood functional syndromes with historical
biases toward assumptions of psychiatric origins. The use
and effectiveness of antidepressants may further solidify
long-held beliefs that functional gastrointestinal disorders
are really psychiatric. The well-known association of
psychiatric illness and functional gastrointestinal disorders
further contributes to assumptions of psychopathology
inherent in these disorders.
This article revisits the linkes between psychopathology
and functional gastrointestinal disorders such as IBS and
will discusses the rational use of antidepressants as well as
non-pharmacological approaches such as psychotherapy
and psychoeducational/behavioral approaches in the
management of IBS. This article will also suggests guidelines
for the treatment of IBS from an interdisciplinary (psychology,
psychiatry, and gastrointestinal/internal medicine)
perspective based on the present state of knowledge.

THE PSYCHIATRIC ANGLE
Psychiatric disorders are prevalent in medical practice,
especially in primar y care, where as many as onethird of patients may suffer from one or more current
diagnosable psychiatric disorders, especially depressive
and anxiety disorders[2-5]. Among patients with functional
g astrointestinal disorders, the rates of associated
psychiatric disorders are even higher. In the case of IBS,
50%-90% of those seeking treatment have been found to
also have comorbid lifetime psychiatric disorders, especially
depressive and anxiety disorders[6]. Somatization disorder
(SD) is also highly relevant to functional gastrointestinal
disease. T his is not only because of documented
prevalence rates of somatization disorder in 15% to
48% among IBS patient samples[7-12], but also because of
implications introduced by the presence of somatization
disorder for classification and understanding of IBS and
probably also other functional disorders as well.
Abnor mal cytokine production has been found
in association with IBS [13], major depression [14,15], and
somatization disorder[16]. These findings suggest a potential
unifying mechanism connecting events in the nervous
system (central or enteric) with IBS symptoms (e.g.
fatigue, myalgia, sleep disturbance). The cytokine findings,
however, have not been consistently reproducible, nor
have they been correlated well with individual symptoms.
Somatization disorder, a well-validated psychiatric
disorder, is the anchor of the diagnostic category of
somatoform disorders[17]. Somatization disorder shares
many clinical features with IBS. Like other psychiatric
disorders and functional disorders, somatization disorder
lacks biological markers and is diagnosed based on
subjectively reported symptoms [18]. The diagnosis of
somatization disorder is defined by patient report of
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multiple subjective symptoms across multiple organ
systems, often collected over time and across settings,
because patients usually do not divulge all their symptoms
at once to one interviewer[11,19]. Qualifying symptoms for
the diagnosis are formally defined as physical complaints
that on the surface seem to represent medically based
problems, but upon sufficient medical investigation defy
full medical explanation[20]. Thus, the term “somatoform”
means, literally, symptoms resembling physical illness.
Although somatoform symptoms have historically been
considered to represent physical expression of psychological
distress [21-23] , these notions are not demonstrated by
empirical research, and somatization disorder and
somatoform symptoms are defined without assumption of
psychological mechanisms.
Somatization disorder patients complain of many
medically unexplained g astrointestinal and other
bodily symptoms, such as neurological, sexual, and
pain symptoms, as well as psychiatric symptoms. The
line between IBS and somatization disorder is further
blurred by the frequent occurrence of other comorbid
functional disorders in patients with IBS[24]. Multivariate
analyses suggest that comorbid functional syndromes
are distinct disorders and not necessarily manifestations
of one common disorder (e.g., somatization disorder),
having features in common that lead to symptom
reporting. Although the specific prevalence of IBS and
other functional gastrointestinal disorders in patients
with somatization disorder is not known, analysis of a
large population study database indicated that virtually all
individuals diagnosed with somatization disorder and few
of those without somatization disorder acknowledged
two or more medically unexplained gastrointestinal
symptoms[25].
Patients with somatization disorder often do not
confine their medically unexplained symptoms to the
physical domains. Most also complain of many symptoms
of many psychiatric disorders they do not actually
have. Patients with somatization disorder have been
demonstrated to report as many as, or more, symptoms
of major depression, anxiety disorders, and schizophrenia
than patients who actually suffer from these disorders[26-28].
These well documented psychiatric symptoms in these
patients who do not have the psychiatric disorders
a s s o c i a t e d w i t h t h e s y m p t o m s t h e y r e p o r t h ave
been ter med “psychofor m,” in parallel to the ter m
“somatoform” referring to symptoms suggesting bodily
illness that is not present[19,29,30].
Consistent with these symptom-reporting patterns,
the medical histories of patients with somatization
disorder typically reflect multiple medical and psychiatric
diagnoses, often including various functional disorders[19].
The more functional disorders a patient has, the more
likely is the diagnosis of somatization disorder[11]. When
IBS or other functional disorders occur in patients with
somatoform disorders, the gastrointestinal complaints are
counted toward the diagnosis of SD because of the lack
of objective indicators of medical illness[20]. Patients with
somatization disorder may also have many complaints
of allergic reactions and medication intolerances, consult
multiple physicians in many specialties, have histories of
multiple failed treatments, and generally follow a difficult
www.wjgnet.com
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course of treatment and patient-physician interactions[19].
Patients with somatization disorder typically exhibit a
pattern of symptom expression recurrently throughout
most of their lives, regardless of their current mood
state, unlike patients with depressive disorders, who
often have medically unexplained complaints during
depressive episodes but not at other times [20] . No
psychopharmacologic agent has been demonstrated to be
effective in alleviating somatization disorder[19,31], although
some patients may benefit from the usual treatments
for established comorbid psychiatric illnesses that are
commonly associated with this disorder, such as major
depression[19,32].

THE PSYCHIATRIC-FUNCTIONAL
DISORDER CONNECTION
Clinicians and researchers have observed that patients with
IBS or other functional gastrointestinal disorders tend
to have additional functional disorders in various other
organ systems, multiple somatoform symptoms distributed
across most physical categories (e.g., unexplained pain;
neurological symptoms such as paralysis, imbalance, and
weakness; and sexual complaints), and complaints of
multiple drug allergies and sensitivities. The previously
mentioned comorbid psychopatholog y, especially
depressive and anxiety syndromes, are consistent with
these patients’ patterns of complaints of many types,
including psychiatric. Many of these patients also engage
in unusually frequent health care visits, undergo multiple
diagnostic tests and surgical procedures, use many overthe-counter and prescription medications, and become
refractory to treatment [33] . Treatment of refractory
functional gastrointestinal disorders has been described as
difficult and frustrating[33-35].
It is perhaps more than just coincidental that these
characteristics of patients with IBS and other functional
gastrointestinal disorders have many features in common
with the classic features of patients with somatization
disorder described earlier in this article. It has been
previously hypothesized that the psychiatric comorbidity
in IBS patients may reflect the inclusion of somatization
disorder in IBS samples[36,37]. North and colleagues[11,19]
further hypothesized that other clinical perceptions of
IBS patients may be colored by prominent characteristics
of the somatization disorder patients within their
ranks. Indeed, examination of IBS patients segregated
by the presence or absence of somatization disorder
demonstrated that IBS patients had more abnormal
illness behavior and psychiatric symptoms compared
to patients with IBS alone, and patients with IBS alone
were similar to a comparison group of ulcerative colitis
patients on these characteristics[11,12]. Additionally, IBS
patients with somatization disorder had significantly more
gastrointestinal and other symptoms, psychiatric disorders,
physicians consulted, telephone calls to physicians,
urgent care visits, medication changes, missed work
days, benzodiazepine use, poor treatment outcomes, and
treatment dissatisfaction compared to their counterparts
without somatization disorder[11]. These findings suggest
one important point that IBS may be a heterogeneous
www.wjgnet.com
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concept, namely through its frequent association with
somatization disorder.
The dimensional construct of somatization outside
the context of the disorder based on its name reflects
a need for further explication of medically unexplained
symptoms in diverse settings. Outside of somatization
disorder, the concept of somatization conceptualized
as a process or a behavior is poorly understood.
Somatoform syndromes not meeting full criteria for
somatization disorder are recognized in formal diagnostic
nomenclature [20], representing a residual category for
persistent somatoform presentations lasting at least six
months that do not meet somatization disorder criteria
(undifferentiated somatoform disorder) and a category
for unexplained physical complaints of less than six
months’ duration (somatoform disorder not otherwise
specified). However, these diagnoses are not diagnostically
validated. Thus, the field does not really know what do to
with medically unexplained symptoms that are not part
of somatization disorder. The symptom of low mood
which we call “depression” is not synonymous with the
diagnosis of major depression; depressed mood also
occurs in dysthymic disorder and even in normal people
and does not necessarily reflect the same processes as
those occurring when this symptom is part of a major
depressive episode. Similarly, “somatization” behavior
outside of somatization disorder may be a very different
phenomenon from behavior bearing the same name that
defines somatization disorder.
Outside diagnostic constr ucts that characterize
longstanding trait-related phenomena, the concept of
somatization has come to represent state-dependent
behavior in the context of psychological stress. Thus,
the term “somatization” has accumulated a baggage
of assumptions of psychological processes beyond the
defining lack of medical explanation for the symptoms
of the disorder bearing its name. It is likely that features
of “somatization” obser ved in functional medical
disorders are actually contaminated with characteristics
of unrecognized cases of somatization disorder among
the patients. Among patients presenting with medically
unexplained symptoms who also have psychiatric
illness, the likelihood of having a somatoform disorder
is remarkably high [2] . Because we do not know the
etiology of medically unexplained symptoms outside
validated somatoform disorders, “somatization” is a
loaded term implying processes that may not apply, and
thus terminology less burdened by assumptions such as
“complaints without nonpsychiatric illness” may provide a
more careful way to discuss these symptoms.

GENERAL APPROACH TO EFFECTIVE
MANAGEMENT OF FUNCTIONAL
GASTROINTESTINAL DISORDERS
IBS complaints without psychiatric illness
Many patients with IBS or other functional gastrointestinal
disorders present extraordinary management problems
for physicians. They absorb a great deal of time, and
need more physician empathy, reassurance, explanation,
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attention, and time for emotional ventilation than the
average patient. Gastrointestinal symptoms may restrict
their activities, change their self-image, and present a
source of worry and embarrassment. The impact may be
very psychological and stress-provoking. Because of these
lifestyle and personal worries, psychological counseling,
education and encouragement are the universal approaches
with all IBS patients regardless of the level of severity and
chronicity. Patients should generally be advised that they
have a “medical problem” which is complex and at times
difficult to treat. Patients can also be told that there may
be psychological ramifications as well which can make
the gastrointestinal symptoms more difficult to tolerate,
and that psychiatric symptoms and disorders frequently
accompany the gastrointestinal disorder.
The management of IBS calls for the best “bedside”
manner of physicians as they need to approach this
problem medically, yet at the same time, recognizing
the psychological and psychiatric issues that so often
accompany it. Being unwilling to credit the symptoms
of patients with true somatic content, being dismissive
of patients and calling their syndrome psychiatric (“all
in your head”) or simply referring them to psychiatric
professionals (without retaining the role as primary care
physician) denies the complex nature of the syndrome and
falsely relegates the syndrome to a failure of the patient's
will. This whole issue becomes even more complex if
the expertise of a mental health professional is needed.
Patients are better served if they are prepared for referral
to a psychiatrist or psychologist. “Let’s see if psychological
procedures or psychiatric medications can further improve
or alleviate your symptoms in addition to your other
treatments.” Treatment goals should stress solutions to
these troubling symptoms and provide behavioral-cognitive
strategies for coping. It is important to decide whether
to focus on the pain and bowel symptoms alone, or to
include other somatic and/or psychiatric symptoms in the
treatment goal. This decision will depend on the patient
and the presence or absence of associated symptoms,
whether or not they form a diagnostic cluster for a comorbid condition. When indicated, the use of specific
medications for pain (e.g. tricyclics, serotonin-selective
agents, SSRIs), or bowel function (e.g. serotonergic drugs,
opiates), may be useful (see section on “Psychotropic
Medication”).
IBS with somatization disorder
Most IBS and other functional gastrointestinal disease
can be managed with this kind of patience and logical
problem-solving approaches. More refractory illness,
patients with more complex and difficult courses of
treatment, and patients with many psychiatric problems
may require reconsideration of the potential for an
underlying somatization disorder diagnosis. The diagnosis
of somatization disorder can be difficult and timeconsuming to document because the evidence does not
present itself at a single patient appointment [11,19]. The
diagnosis may require lengthy history-taking as well as
gathering considerable medical history and observation
over time to develop cumulative evidence of consistent
patterns of multiple symptom complaints in many
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organ systems. Psychiatric consultation can sometimes
facilitate this process. Because the effective management
of somatization disorder hinges on recognition of the
syndrome, diagnosis is the essential cornerstone of
treatment[19].

PSYCHOLOGICAL INTERVENTIONS
IBS complaints without nonpsychiatric illness
The goal of psychotherapy is not to directly change or
alter specific IBS target symptoms, but rather to promote
coping and problem-solving skills and enhance the patient’s
well being and ability to function. Behavioral and cognitive
therapies are among the useful interventions. There is
evidence from randomized controlled trials to suggest that
psychotherapy may be as effective as serotonin-selective
antidepressants for some patients and more cost-effective
than antidepressant medication[38,39].
Formal psychotherapy is best left to mental health
specialists, such as clinical psychologists and psychiatrists.
Cognitive/behavioral therapy developed by Aaron Beck
deals with patients’ irrational cognitive appraisals and
assumptions that appear to underlie negative emotional
states, offering counteractive strategies through rational
self-talk to correct negative underlying cognitions.
Generally, individuals likely to benefit from this type
of therapy harbor irrational negative thoughts about
themselves and tend to catastrophize interpretations of
interpersonal interactions and life events.
Cognitive-behavioral therapy and problem-solving
techniques provide practical assistance to dealing with life’s
problems. For patients suffering from IBS, what thoughts
and coping skills will lead to better coping and functioning?
Carrying a change of clothes, preparing for problems and
developing plans for solutions help to maintain or restore
a sense of control, which may improve both self-esteem
and self-effectiveness. These procedures, though easy to
conceive, theoretically are much harder to employ. Thus,
for sufficient cognitive-behavioral and problem-solving
help for recalcitrant IBS, referral to a well-trained mental
health professional may be imperative.
IBS with somatization disorder
While many of the procedures described above may
be helpful for IBS patients with somatization disorder,
somatization disorder can be very difficult to manage
and may require assistance of mental health expertise.
The recommended treatment for somatization disorder
revolves around orchestration of medical care by one
designated gatekeeper (not necessarily a psychiatrist)
whose function is to keep the patient engaged in treatment
to curtail doctor-shopping and iatrogenic morbidity
resulting from medically inappropriate invasive diagnostic
and surgical procedures and abusable medications. While
this gatekeeper logically could be a psychiatrist, not all
somatization disorder patients are willing to accept a
psychiatric referral, although patients who have comorbid
psychiatric symptoms or disorders may be more willing
to accept a psychiatric referral. After a sufficiently
comprehensive medical evaluation, pursuit of further
procedures should be based on objective evidence of
www.wjgnet.com
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illness. The goal is not to cure somatization disorder, which
is generally chronic and lifelong, but to divert the patient
from iatrogenic harm and promote healthier functioning.
Development of a solid therapeutic relationship with the
somatization disorder patient provides the social leverage
to assist in redirecting the patient from repetitious litanies
of medical complaints to building problem-solving and
coping skills to address their many interpersonal and
social problems. Regular appointments with physical
examinations are recommended to demonstrate physician
interest in the patient’s concer ns and circumvent
symptom production as a requisite for physician contact.
Patients can be reassured that medical evaluation of their
symptoms has eliminated serious and disabling disease and
praised for their endurance of suffering. A management
focus based on long-term follow-up rather than pursuit
of further diagnostic procedures can allay patient fears,
reduces medical costs, and improves patient satisfaction
and well being[12,19,40]. Some of these principles can also be
helpful in management of highly symptomatic or difficult
IBS patients who do not meet diagnostic criteria for
somatization disorder.

PSYCHOTROPIC MEDICATION
Many patients do not respond adequately to reassurance or
education because of temperament, character, or learning
style. They may not respond to dietary and nutritional
advice, as there is no specific dietary component that can
be identified consistently in IBS patients[41]. Finally, patients
may not respond to medications for gastrointestinal
symptoms, either because the symptom does not derive
from the intestine itself, or because non-gastrointestinal
symptoms are dominant and not influenced by drugs
directed at gastrointestinal function. For these groups
of patients, psychotropic medications may be helpful.
The mainstay of psychopharmacotherapy in functional
gastrointestinal disease is antidepressant medication.
Antidepressants are not just for treatment of depression.
These medications are also useful in the treatment
of anxiety disorders, pain syndromes, and functional
disorders, even in patients without depression.
Evidence for the utility of antidepressant medication
in functional gastrointestinal disease has emerged from
an increasing volume of literature providing empirical
support. Randomized clinical trials, however, provide little
evidence that antidepressant therapy is superior to placebo
as treatment for IBS[1]. Most of the available studies are of
low or moderate quality and do not demonstrate any clearcut advantage of antidepressant therapy. Another difficulty
in assessing clinical trials of antidepressants for IBS is that
most IBS patients do not require psychopharmacologic
interventions because their symptoms are mild, infrequent,
and only periodically troublesome. Short-term treatments,
including over-the-counter preparations (e.g., laxatives,
anti-diarrhea medicines, and anti-spasmodics), dietary
modifications such as increased fiber, and behavioral
management and encouragement, may be sufficient to
manage most IBS symptoms. Antidepressant therapy is
generally reserved for patients with more chronic and
severe IBS.
www.wjgnet.com
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In a meta-analysis reviewing twelve randomized
placebo-controlled clinical trials, Jackson and colleagues[42]
concluded that antidepressants appear to be effective in the
treatment of functional gastrointestinal disorders with a
reported odds ratio exceeding 4.0. Unfortunately, however,
three patients needed to be treated to improve one
individual’s symptoms. A Cochrane database systematic
review, selecting only two studies using a dichotomous
endpoint for pain relief, four using such an endpoint for
global relief, and two using a continuous outcome for
pain, concluded there was no evidence of an effect [43].
In a comprehensive review of all agents for IBS, Jailwala
et al [44] concluded from seven double-blinded placebocontrolled and randomized studies that the evidence for
global improvement using psychotropic agents is “based
on a small number of studies of suboptimal quality”. In
their recent comprehensive review of antidepressants for
functional gastrointestinal disorders, Clouse and Lustman[1]
similarly cautioned that methodological issues may have
biased many of the conclusions of these studies. Many
of the studies they reviewed were older and subject to
criticisms of methodological designs not meeting current
research standards for clinical trials.
Most studies reviewed by Clouse and Lustman used
tricyclic antidepressants (primarily amitriptyline) rather
than the newer antidepressant classes such as SSRIs.
Studies concluding antidepressant effectiveness often
used outcome measures combining IBS target symptoms
with quality of life items and indicators of depression and
anxiety. The studies using narrower targets for outcome
measures, such as principal IBS symptoms, found fewer
treatment advantages for antidepressant medications.
Studies of antidepressant medications for functional
gastrointestinal disease have also suffered from use of
fixed dose protocols, an issue that is especially relevant
for tricyclic antidepressant medications with their wide
dosage range. In many of these studies, nonpsychiatric
physicians (g astroenterologists and primar y care
providers) administered the antidepressant agents, further
reducing the likelihood of demonstrating benefit from
antidepressant medication. In clinical practice, doses are
tailored to the patient rather than fixed, and patients are
heterogeneous. Though the accumulated research suggests
some beneficial effects of psychotropic medications with
this population, it is difficult to make a clear judgment
about their role with this population. At present, it is safest
to conclude that clinical experience suggesting benefit of
antidepressant medications in functional gastrointestinal
disease is more persuasive than evidence from carefully
executed randomized clinical trials.
How do antidepressants work?
Clouse and Lustman [1] recently observed that gastroenterologists now routinely prescribe antidepressant
medication for treatment of IBS. Talley [45] suggested
that it may be ludicrous to believe that antidepressants
directly treat the underlying pathology of IBS. He noted
that recent studies have demonstrated only that the older
tricyclic antidepressants and the newer SSRI agents alike
improve global measures of outcome such as patient
satisfaction and quality of life, but do little to relieve
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target IBS symptoms. In 1987, Clouse and Lustman [46]
showed in a placebo-controlled study of low-dose
trazodone for patients with functional esophageal illness
that trazodone reduced distress but did not improve
the esophageal symptoms. Thus, patients felt better, but
their gastrointestinal symptoms persisted. They likened
the antidepressant approach to treatment as a “bandaid” therapy. Not intuitively, response to antidepressant
medication is not predicted by the presence of a depressive
or anxiety disorder[1].
The restoration of normal intestinal motility and
reduction of intestinal sensitivity to food and other
irritating substances by antidepressants would be expected
to be relevant to treatment of functional gastrointestinal
disease. The mechanism of antidepressants considered
most relevant to functional gastrointestinal disease is their
modification of neurotransmitter activity. Antidepressants
are powerful presynaptic blockers of serotonin and
norepinephrine in the brain, improving mood and
reducing pain. It is thought that neurotransmitter actions
of antidepressants in the gut may also contribute to
their therapeutic effects in IBS. Serotonin is found in the
intestinal wall and in blood vessels, and its concentration
is greatest in the enteric nervous system. Blockade of
serotonin and norepinephrine in the enteric nervous
system may function to reduce transmission of messages
to pain centers and thereby re-establish normal braingut connections. Thus, serotonin could be an essential
link between motility, sensation and the brain-gut
connection. By increasing serotonin in both gut and
brain, antidepressants could be expected to raise the
threshold of gut discomfort and pain and simultaneously
facilitate emotional well-being. In patient studies of
functional gastrointestinal illness, however, antidepressants
have not been shown to have clinically significant
effects on gut physiology or individual gastrointestinal
symptoms, although global well-being does improve with
antidepressant therapy[1,46].
IBS patients have elevated plasma serotonin levels, and
IBS symptoms are more prominent after meals[47]. These
findings have led some workers to consider serotonin
central to the pathophysiology of IBS. However, the
peak increase in plasma serotonin is not well coordinated
with the time when patients most often experience postmeal symptoms (60-90 min after the meal) [48] . Other
hormonal changes that occur following a meal include
increased secretion of cholecystokinin (CCK), glucagonlike peptide 1 (GLP-1), and peptide YY (PYY) as well as
decreased secretion of ghrelin [49]. The degree of these
changes, however, is not altered in patients with functional
gastrointestinal illness compared to controls.
Clinical use of antidepressants in the treatment of
functional gastrointestinal disorders
The use of antidepressants in the treatment of
functional gastrointestinal disorders has been described
in detail in a recent review by Clouse and Lustman [1].
The physician should not expect these drugs to change
gut motility or physiology or necessarily reduce target
symptoms, but success in using these agents is best
measured in terms of functioning, quality of life, well-
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being, and patient satisfaction with treatment. In general,
tricyclic antidepressants may convey some advantages
over SSRIs for pain and for medically unexplained
physical symptoms[50,51]. Choice of antidepressant class
can be aided by consideration of side effect profiles
(especially anticholinergic effects, sedation, weight
gain, orthostasis, and cardiac conduction problems for
tricyclics and activation and gastrointestinal distress
for SSRIs). To reduce side effect burden, initial doses
of antidepressants should be low, e.g., 25-50 mg/d of
tricyclic antidepressants, and even lower (e.g., 10 mg/d)
for patients with somatization disorder. The dose should
be gradually increased (by 10-15 mg/d every 5-7 d) until
adequate response is achieved, sometimes requiring four
weeks at psychiatric dosage. Patients least likely to have a
good outcome with antidepressant therapy are those with
constipation-predominant IBS, patients with objective
indicators of gastrointestinal motility delay, patients with
medical comorbidities exacerbated by antidepressant
medications, and patients with somatization disorder[1,39,52].
Patients with a good antidepressant response can be
successfully maintained on antidepressant medications for
months to years. Tapering the dosage before antidepressant
withdrawal will minimize likelihood of discontinuation
syndromes.
Antidepressants are generally not useful for
somatization disorder, except for their utility for comorbid
conditions. There is no medication specific for treatment
of somatization disorder. Patients with somatization
disorder generally have more adverse reactions to
medications and liability for misuse of habit-forming
medications.

CONCLUSION
IBS is a heterogeneous syndrome with many potential
mechanisms responsible for its clinical presentations[53].
These mechanisms appear to relate to abnormal gut
motility, parallel abnor malities of enteric and/or
central nervous system functioning, and even immune
dysregulation. In the majority of patients, IBS is
complicated by psychiatric issues and unexplained
symptoms and functional syndromes in other organ
systems[1]. For these reasons, one mode of treatment is
unlikely to be universally effective or to resolve most
symptoms.
It has become clear in recent years that the majority
of IBS patients have multiple complaints without
demonstrated cause, and that these symptoms can affect
systems other than the intestine, e.g. bones and joints
(fibromyalgia, temporomandibular joint syndrome), heart
(non-cardiac chest pain), vascular (post-menopausal
syndrome), and brain (anxiety, depression). Viewed in this
light, most IBS patients do not have psychiatric illness per
se, but a range of psychoform complaints that accompany
their somatoform ones. It is not correct to label them
as psychiatric patients (except those more difficult
patients with true somatization disorder), but it appears
to be valid to utilize the techniques of psychotherapy or
cognitive-behavioral therapy to allow them to cope more
readily with their illness. Specific episodes of depressive
www.wjgnet.com
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or anxiety disorder can be managed as appropriate for
those conditions. It is not surprising, therefore, that
drugs designed to improve anxiety or depression are not
uniformly useful for psychiatric complaints in IBS, because
the psychoform symptoms that sound similar to those seen
in psychiatric disorders may not have the same significance
in patients with IBS.
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Abstract
The panel of serologic markers for inflammatory bowel
diseases (IBD) is rapidly expanding. Although antiSaccharomyces cerevisiae antibodies (ASCA) and
atypical perinuclear antineutrophil cytoplasmic antibodies
(P-ANCA) remain the most widely investigated, an
increasing amount of experimental data is available on
newly discovered antibodies directed against various
microbial antigens. The role of the assessment of various
antibodies in the current IBD diagnostic algorithm is
often questionable due to their limited sensitivity. In
contrast, the association of serologic markers with
disease behavior and phenotype is becoming increasingly
well-established. An increasing number of observations
confirms that patients with Crohn’s disease expressing
multiple serologic markers at high titers are more likely
to have complicated small bowel disease (e.g. stricture
and/or perforation) and are at higher risk for surgery
than those without, or with low titers of antibodies.
Creating homogenous disease sub-groups based on
serologic response may help develop more standardized
therapeutic approaches and may help in a better
understanding of the pathomechanism of IBD. Further
prospective clinical studies are needed to establish the
clinical role of serologic tests in IBD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Serologic response to various microbial and autoantigens
can develop in inflammatory bowel diseases (IBD).
In addition to the well-established atypical perinuclear
antineutrophil cytoplasmic antibodies (atypical P-ANCA)
and anti-Saccharomyces cerevisiae mannan antibodies (ASCA),
a number of new antibodies have recently been discovered
and data on their clinical significance has been rapidly
increasing.
The usefulness of different antibodies in Crohn’s
disease (CD) and ulcerative colitis (UC) as diagnostic
markers, follow-up parameters, or as subclinical markers
in affected families has been actively investigated. Another
field of interest is the association of the serologic markers
with the disease phenotype, disease course, and treatment
stratification. The role of the antibodies in disease
pathophysiology remains to be fully elucidated.
In this review we discuss current understanding of
the clinical importance of various established and newly
recognized serologic markers in IBD.

SEROLOGIC PANEL FOR INFLAMMATORY
BOWEL DISEASE
Anti-neutrophil cytoplasmic antibody
The classic anti-neutrophil cytoplasmic antibody (ANCA)
tests are used to diagnose and monitor the inflammatory
activity in primary small vessel vasculitides. On the
basis of an international consensus statement, ANCA
testing is performed with serum samples by indirect
immunofluorescence (IIF) on normal peripheral blood
neutrophils. Two basic ANCA patterns are detectable: the
cytoplasmic (C-ANCA) and the perinuclear (P-ANCA).
The C-ANCA pattern appears as a granular, diffuse
cytoplasmic f luorescence, often with accentuated
fluorescence around the nuclear lobes. Typical P-ANCA
reactivity results in homogeneous rim-like staining of the
perinuclear cytoplasm. ANCA positive serum samples and
also those with any other cytoplasmic fluorescence or an
antinuclear antibody (ANA) that results in homogeneous
or peripheral nuclear fluorescence should be tested
in enzyme-linked immunosorbent assays (ELISA)
for proteinase 3 (PR3) and myeloperoxidase (MPO)
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antibodies, because these are the most common targets of
C-ANCA and P-ANCA antibodies respectively (Minimum
recommendation of consensus group). Ideally, ELISAs
should be performed on all serum samples, since IIF alone
detects only 90% to 95% of all ANCA positive serum
samples in patients[1]. A third ANCA pattern of clinical
importance is the so-called atypical P-ANCA staining.
It has been suggested that since the target antigens of
atypical P-ANCA are nuclear rather than cytoplasmic, this
pattern would be more properly named anti-neutrophil
nuclear antigen (ANNA). Until the target of atypical
P-ANCA reactivity is identified however, it is likely that the
atypical nomenclature will remain in common use. Atypical
P-ANCA is recognized as a broad inhomogeneous rimlike staining of the nuclear periphery often with multiple
intranuclear foci [2] . The antigen specificity of these
atypical ANCAs are different from the classic C- and
P-ANCAs, being localized in the nuclear periphery, in
contrast to the cytoplasmic location of the classic C- and
P-ANCAs. Atypical P-ANCAs are most commonly seen
in patients with IBD, especially ulcerative colitis, and some
autoimmune liver diseases such as autoimmune hepatitis
(AIH) and primary sclerosing cholangitis (PSC).
Atypical P-ANCA is present in the sera of 40% to
80% of patients with UC[3,4] and to a lesser extent in CD
(5%-25%)[5]. The prevalence of the antibody is also high
in patients with PSC (88%)[6] and AIH typeⅠ(81%)[7], but
is detected in only 1%-3% of healthy control subjects.
Some sera with atypical ANCA reactivity are positive for
antibodies to elastase, lactoferrin, cathepsin G, lysosyme
or bactericidal permeability-increasing protein (BPI), but
since they are only detected in a few atypical P-ANCA
positive sera, these antigens do not appear to be the
primary targets of atypical P-ANCA reactivity.
The target antigen(s) of atypical P-ANCA have not
been definitively identified. What is in agreement is that
target antigen(s) are associated with inner side of the
neutrophil nuclear membrane. A 50-kilodalton myeloidspecific protein has been identified by Tejung and appears
to be the best current candidate as the primary target of
atypical P-ANCA. Histone H1, which binds to the DNA
linking nucleosomes, has been suggested as a target antigen
of atypical P-ANCA[8]. However, histone H1 is found in all
cells with nucleus and is not specific to neutrophils. There
has been little independent support of this idea.
Differentiation of the atypical P-ANCA from the typical
vasculitis P-ANCA pattern is difficult on ethanol-fixed
neutrophils. The patterns are most reliably differentiated
by testing sera on both ethanol and for malin-fixed
neutrophil slides. The typical P-ANCA pattern converts to
a cytoplasmic C-ANCA pattern when tested on formalinfixed neutrophils, while atypical P-ANCA is mostly
destroyed by the formalin treatment or presents weak
homogeneous staining[9]. Despite the above-mentioned
differences, IBD (and autoimmune liver disease)-associated
atypical P-ANCA is still often only referred to as P-ANCA.
This failure to clearly distinguish P-ANCA reactivity
from atypical P-ANCA reactivity can lead to considerable
confusion and should be highly discouraged because of
the different clinical implications of each result.
Since the exact target antigen(s) of atypical P-ANCA
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has not been identified, there are currently no sensitive
and specific solid-phase assays available to screen for
these antibodies. IIF is the only widespread method to
detect the antibodies; however it is technically demanding,
subjective, and requires experienced observers for good
interpretation. Joossens et al[10] evaluated the interassay and
interobserver variability in the detection of UC-associated
atypical P-ANCA comparing four different commercially
available assays. Their results confir med an earlier
observation reporting inter-laboratory variability[11]. Not
all ANCA assays are suitable for the detection of the antineutrophil cytoplasmic antibodies in IBD patients. The
differences among the commercially available substrates
are remarkable and probably result from differences in cell
preparation, fixation methodologies, and conjugates. In
addition to substrate differences, ANCA determinations
and titer assignment are subjective and are highly
dependent on the expertise of the observer. Furthermore,
unlike the Consensus Recommendations for the vasculitisassociated ANCAs, there are no clear guidelines for
immunofluorescence detection and interpretation of atypical
P-ANCA patterns. Consequently, different laboratories
may each observe the same pattern (i.e. the test performs
consistently), but interpret the pattern differently.
An alternative methodology for the identification of
the atypical P-ANCA reactivity developed by Targan and
associates, uses a 3-step process that includes ELISA
analysis, IIF assay on methanol-fixed neutrophils, followed
by another IIF testing on deoxyribonuclease (DNase)treated neutrophils. DNase-sensitive P-ANCA (i.e. not
detectable on DNase-treated neutrophils) is present in
the sera of 60% to 80% of the patients with UC and
approximately 10% to 30% of patients with CD. In
approximately 70% of UC sera, there is ablation of the
P-ANCA pattern and the antigen recognition after DNase
digestion of substrate cells [12]. This suggests that the
epitope recognized by the UC-associated atypical P-ANCA
is a protein-DNA complex or that the presence of intact
DNA is necessary for maintaining the integrity of the
epitope[4]. In up to 30% of the sera, there is conversion
to homogeneous cytoplasmic staining, while in 3% of
the sera the P-ANCA pattern was retained after DNase
treatment of the substrate.
The overall specificity of the atypical P-ANCA is
84%-95%, sensitivity is 48%-63%, positive predictive value
(PPV) is 69%, and negative predictive value (NPV) is 89%[5].
Anti-Saccharomyces cerevisiae antibodies
Anti-Sacchar omyces cer evisiae antibodies (ASCA) are
antibodies directed primarily ag ainst a 200 kDaphosphopeptidomannan cell wall component of the
common baker’s or brewers yeast’ Saccharomyces (S.)
cerevisiae[13]. ASCA reactivity could be a result of crossreacting antibodies to antigens found in a non-yeast
organism and has not yet been identified[14,15]. Mannose
is not only found in yeast but also in mycobacteria and
other microorganisms[16]. Both IgA and IgG antibodies are
formed. Separate and polyvalent ELISA configurations
are available for ASCA IgG and IgA detection. ASCA
are more frequently found in CD patients (50%-80%)
compared to patients with UC (2%-14%) and to normal
www.wjgnet.com
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healthy subjects (1%-7%)[17,18]. Approximately two-thirds
of the CD patients with ASCA IgG are also positive for
ASCA IgA, but 0% to 19% of the patients have only
ASCA IgA antibodies. This suggests that both ASCA IgG
and IgA antibodies should be measured. In CD, up to 90%
specificity has been reported in specimens positive for
both ASCA IgG and IgA antibodies, especially when the
magnitude of both the IgG and IgA ASCA antibodies is
high[19]. Sensitivity of ASCA testing ranges from 41%-76%,
PPV 88% and NPV 68%[20].
ASCA IgG and IgA levels in CD patients are highly
variable[19]. The prevalence of ASCA is much higher in
cases of sporadic CD and in families with only CD (63%)
compared to families with both CD and UC (33%). The
familial trait to ASCA is obvious, but it is questionable
whether this is due to the g enetic backg round or
environmental agents effect in childhood predisposing to
the disease susceptibility.
A comparative study revealed a wide rang e in
sensitivities and specificities among four assays, mainly as
a consequence of the cutoff values chosen. Sensitivity was
inversely related to specificity and PPV. Results correlated
well overall and the different ROC curves showed good
agreement[21].
Newly discovered serologic markers
Anti-OmpC antibody is directed against the outer
membrane porin C transport protein of the E. coli. The
detection of the IgA antibody is done with ELISA. AntiOmpC has been reported in 55% of CD patients[22], but in
children and young adults it was only reported 24%[23]. The
prevalence of anti-OmpC was insignificant in UC patients
and in healthy subjects (5%-11% and 5%, respectively).
Anti-OmpC may be of value to aid diagnosis of ASCA
negative CD patients. The prevalence of anti-OmpC
among ASCA negative patients is 5%-15%.
A fragment of bacterial DNA (I2), a homolog of
the tetR bacterial transcriptional factor family, has been
identified from lamina propria mononuclear cells in
active CD and shown to be associated with Pseudomonas
fluorescens[24,25]. Anti-I2 antibody IgA has been detected by
ELISA in IBD patients with a seroprevalance of 54% in
CD and 10% in UC. Anti-I2 antibody was also found in
patients with other inflammatory enteritis (19%) and also
in healthy subjects (4%)[5].
Serologic expression cloning was used by Lodes et al
to identify commensal bacterial proteins in colitic mice.
The dominant antigens were found to be flagellins. Strong
B-cell and CD4+ T-cell responses were observed against
one of these flagellins (anti-CBir1). Colitis was induced
when the T-cell line specific for CBir1 was transferred
into naive severe combined immunodeficient mice.
Approximately 50% of patients with CD had IgG serum
reactivity to CBir1 versus 6% of UC patients and 8% of
healthy subjects. CBir1 is the first bacterial antigen to
induce colitis in animal models of IBD and also leads
to a pathological immune response in IBD patients [26].
Among the population of CD patients positive for atypical
P-ANCA, but who do not react to other known antigens,
40%-44% are positive for anti-CBir1 whereas the antibody
has only been found in 4% of atypical P-ANCA positive
www.wjgnet.com
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UC patients. Serum responses to CBir1 may be of help in
differentiation between atypical P-ANCA positive CD and
UC patients independently of ASCA[27].
Anti-pancreatic antibodies (PAB) are directed against
the exocrine pancreatic tissue. The exact target antigen(s)
however, has not yet been identified. The detection of
PAB is done by IIF on human pancreas substrate. The
reported prevalence of PAB is approximately 30% in CD
patients compared to 2%-6% of UC patients and 0%-2%
of healthy subjects [28] . The relevance of PAB in the
pathogenesis of CD is unclear and whether the presence
of PAB identifies a CD subgroup also remains to be
determined[29].
Patients with CD express antibodies to cell wall
carbohydrate epitopes found in different pathogenic
bacteria and fungi. Using a glycan array (GlycoChip)
and ELISA, anti-glycan antibodies have been found in
CD patients including anti-laminaribioside carbohydrate
a n t i b o d y ( A L C A ) ( 1 8 % - 3 8 % ) , a n t i - ch i t o b i o s i d e
carbohydrate antibody (ACCA) (21%-36%), and antimannobioside carbohydrate antibody (AMCA) (28%)[30,31].
Importantly, 24%-44% of the CD patients found ASCA
negative in one study were positive for one or more of the
anti-glycan antibodies. Patients with CD who were positive
for at least one of ALCA, ACCA, or gASCA (very similar
to conventional ASCA) could be differentiated from
UC patients, with 77% sensitivity and more than 90%
specificity. PPV and NPV was 91% and 77%, respectively.
When the same criteria were applied to differentiation of
CD from control patients, the specificity fell to 70.3%[30].
As one might expect, combination of 2 or more antiglycan
antibodies resulted in a higher specificity and PPV in
differentiation of CD from UC, but with loss of sensitivity,
NPV, and efficiency. These data do not show a great
increase in the sensitivity and specifity by the glycan assays.
The low correlation between the presence of antibodies
against mannan, laminaribioside, and chitobioside
suggests that the antigens responsible for these antiglycan
antibodies are directed against different microorganisms.
Prevalence of different serologic markers in IBD and
their association with the disease phenotype is summarized
in Table 1.

DIAGNOSTIC VALUE OF THE SEROLOGIC
MARKERS IN IBD
The role of atypical P-ANCA and ASCA as diagnostic
markers for IBD appears to be limited because of their
moderate sensitivity and presence in other conditions.
Atypical P-ANCA can also be observed in other colitis,
e.g. collagenous or eosinophilc colitis and in various
autoimmune liver diseases such as AIH and PSC [32,33].
ASCA has been found in AIH (20%) and gastrointestinal
disorders such as celiac disease[34].
The combination of atypical P-ANCA and ASCA
however, may be of help in patients in whom distinction
between CD and UC is not obvious with the classic
diagnostic tools (patient history, radiologic examination,
endoscopy and biopsy). The ASCA+/atypical P-ANCAserologic pattern is mainly characteristic of CD, while the
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Table 1 Prevalence of different serologic markers in IBD and their association with disease phenotype

Atypical P-ANCA

Crohn’s disease Ulcerative colitis
(%)
(%)
2-28
45-82

ASCA

41-76

5-15

Anti-OmpC
(IgA)

24-55

5-11

Anti-I2
(IgA)

54

10

Anti-CBir1
(IgG)

50

6

Antiglycan antibodies 36
(ALCA ACCA)
PAB (IIF)
27-39

< 10
2-6

Healthy subjects Clinical significance
(%)
1-7
Assists in differentiation between CD and UC:
Atypical P-ANCA+/ASCA-: UC
Atypical P-ANCA-/ASCA+: CD
CD:
ASCA+: ileal involvement, complicated disease course, early need for surgery
Atypical P-ANCA+: left sided colitis, good therapeutical response,
5
uncomplicated disease course
UC:
Atypical P-ANCA+: severe left sided colitis, refractory to medical therapy, early
need for surgery
5
Identify ASCA- CD patients
Penetrating disease
Faster disease progression
Early need for surgery
4
Inflammatory enteritis (19%)
Stricturing form
Early need for surgery
8
Flagellin (CBir1) induce colitis in animal models of IBD
Leads to a pathological immune response in IBD patients
Differentiation between atypical P-ANCA+ CD and UC
Small bowel involvement
Penetrating and stenosing form
0
44% in ASCA- patients
ALCA-penetrating; ACCA-stenosing form (small differences)
0-2
High specificity, low sensitivity
Significance?
Distinct CD subgroup?

ASCA-/atypical P-ANCA+ is characteristic of UC. Several
independent studies found that these combinations had
sensitivities of from 30% to 64%, specificity more than
90%, and PPV from 77% to 96%[12,17,18,35,36].
It must be emphasized that neither ASCA, nor atypical
P-ANCA negativity rules out IBD. Similarly, the presence
of these antibodies does not confirm the diagnosis of
IBD.
Serologic evaluation may be of help in patients with
indeterminate colitis (IC) to increase the diagnostic
accuracy. Ninety-seven patients with IC were enrolled,
analyzed for atypical P-ANCA and ASCA, and followed up
prospectively in a multicentre study of Joosens et al. After
the 1-year follow-up, a definitive diagnosis was reached in
31 of 97 patients (37%). In IC patients, ASCA+/atypical
P-ANCA - results correlated with CD in 80%, whereas
ASCA-/atypical P-ANCA+ correlated with UC in 63%.
The remaining ASCA -/atypical ANCA + patients were
eventually determined to be CD, but clinically showed a
UC-like CD phenotype. Remarkably, during the 9.9 year
follow-up, 48.5% of the patients did not show antibodies
against ASCA or atypical P-ANCA. In 85% of these
seronegative patients the diagnosis remained indeterminate.
In contrast, 48% of the seropositive patients became CD
or UC on follow-up[37]. Adding anti-OmpC and anti-I2
to the serologic panel in patients with IC did not add
diagnostic clarification[38].
Several groups have studied whether atypical P-ANCA
and ASCA are preclinical markers of IBD in families.
Some studies [39,40] showed that presence of atypical
P-ANCA occurred frequently in healthy first-degree
relatives of UC patients, whereas other studies were not

able to confirm this observation[41,42]. ASCA positivity was
obviously found at a higher rate in unaffected first-degree
relatives of CD patients than in the general population
(20%-25% vs 5%)[43,44]. Further studies are necessary to
clarify whether the unaffected, but ASCA positive, family
members face an increased risk of disease development.
Israeli et al[45] demonstrated that the presence of ASCA
and atypical P-ANCA in healthy subjects can predict for
IBD before the emergence of overt clinical manifestations.
Serum samples were obtained systematically and stored
from 5% of all military recruits. ASCA were detected in
31% of CD patients before clinical diagnosis. The mean
interval between ASCA detection and diagnosis was 38
mo. There was no ASCA positivity in control population.
Atypical P-ANCA was present in 25% of patients with
available sera before the diagnosis of UC. None of their
24 matched controls were positive.

ASSOCIATION WITH DISEASE
PHENOTYPES AND PROGRESSION
The occurrence of atypical P-ANCA in UC is associated
with a characteristic clinical appearance and represents a
distinct subgroup which is often characterized by specific
HLA markers. These patients have a higher probability to
develop a severe left-sided ulcerative colitis, which is more
resistant to treatment than the usual case. The disease has
a more aggressive course requiring surgery earlier[47]. Some
authors suggest that pouchitis develops more frequently
after ileal pouch anastomosis [48], whereas others were
not able to confirm this observation. The presence of
www.wjgnet.com
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atypical P-ANCA identifies a subgroup of CD patients
characterized by UC-like colitis; the inflammation usually
involves the left side of the colon and the response to
therapy is generally good. The atypical P-ANCA in CD
patients associated with later age of onset and a relative
decreased incidence of complications such as stricture
and/or perforation[49-51].
Phenotype and the disease course of CD are heavily
dependent on the presence and extent of serologic
responses against various microbial antigens. In patients
with an ASCA + (IgG and/or IgA)/atypical P-ANCA phenotype, small bowel involvement (with or without
colonic disease) is more typical than the pure colonic
disease (68%-76% vs 34%-46%)[18,51,52]. ASCA positivity
predicts a more aggressive disease course with a higher
rate of complications. ASCAs have been associated with
stricturing (70%) and penetrating (51%) type of disease
as opposed to the inflammatory one (14%) and a higher
risk of small bowel resection[46,49,53]. Several studies suggest
that ASCA positivity is associated with an earlier onset of
disease[16,48]. ASCA IgA positivity in children may represent
a higher risk for relapses [OR 2.9 (95% CI 1.33-6.33)][54].
The presence of anti-OmpC in adult CD patients is
associated with an increased prevalence of the penetrating
form only[21,49,50], while in children both the penetrating and
stenosing forms[55] are more frequent. Moreover, antibody
positivity may lead to a more aggressive course of disease
and a higher risk for surgical interventions.
Like ASCA and anti-OmpC, anti-I2 also appears to
be associated with an increased risk for complications
in adult CD patients. It is an independent risk factor for
the development of the stenosing form and the need for
surgical interventions[21,49,50].
Recent research has shown that the anti-CBir1 antibody
is associated with ileal involvement in adult CD patients
independent of other serologic markers, and it predisposes
to the development of both stenosing and penetrating
forms[26].
Among the anti-glycan antibodies in CD, ALCA is
more often positive in the penetrating form (34% vs
25%) and ACCA in the stenosing one (29% vs 18%)
when compared to the inflammatory type; although, the
differences are small. No correlation was found between
the anti-glycan positivity and the need for small-bowel
resections[30].
The number of antibodies produced against microbial
antigens in CD shows a positive correlation with the
severity of the disease course. Mow et al[50] analyzed 303
patients retrospectively and found that simultaneous
presence of 3 antibodies (ASCA, anti-OmpC and anti-I2)
resulted in an increased risk of complications [stenosing
form (72% vs 23%), penetrating form (58.7% vs 27.9%)
and need for surgical intervention (72% vs 23%)], as
compared to the seronegative group. When all three
antibodies were present, the OR was 8.6 (95% CI 4.0-18.9).
In addition to qualitative correlations, quantitative
correlations with serologic responses are also present.
Patients expressing serologic markers at high titers are
more likely to have complicated small bowel CD. In a
prospective pediatric cohort (n = 196), Dubinsky et al[52], as
in a related study by Mow et al[50], found that the presence
www.wjgnet.com
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and magnitude of immune responses to microbial
antigens (ASCA, anti-OmpC, anti-I2 and anti-CBir1)
were significantly associated with more aggressive disease
phenotype. The risk of developing penetrating and/or
stricturing CD was increased 11-fold in those individuals
with immune responses to all four microbial antigens
compared to seronegative cases [95% CI (1.5-80.4)].
Moreover, they demonstrated that the time to develop
a disease complication during the 18 mo of follow-up
period was significantly faster in those children who had
a serologic response against at least one antigen. There
is a difference between the cohort studies performed in
children and adults indicating differences as to which
immune response has the greatest effect on the course
of the disease in children and adults. The reason for this
difference is not yet understood.
An elevated titer of several antiglycan antibodies also
predispose to the development of complicated ileal CD[30].
In patients positive for more than 2 anti-glycan antibodies
(ALCA, ACCA, gASCA), ileal involvement can be seen in
93% of the cases, as compared to seronegative patients
(60%) [OR 9.0; 95% CI (3.3-24.5)]. High ALCA titers
seem to be correlated with small bowel involvement and
the development of stenosing and penetrating disease
forms. ACCA titers, on the other hand, demonstrated no
such associations.
One should be aware that really striking differences in
serologic response are demonstrated only in a minority
of patients. About 1/4 of the patients are positive for
several antibodies and have markedly elevated antibody
titers at the same time. The proportion of seronegative
patients, or patients being positive for only 1 antigen with
a low antibody titer, is about the same. The remaining
50% of all CD patients have an intermediate phenotype
based on the serologic assessments. The aim is to find new
serologic markers with which we shall be able to identify
certain homogenous groups of patients in this grey zone
regarding disease progression and response to therapy[21,30].

SEROLOGICAL MARKERS IN THE
FOLLOW-UP AND TREATMENT OF IBD
In patients with UC, no correlation was found between
the presence and titer of atypical P-ANCA and the activity
of the disease. The titer of atypical P-ANCA remains
unchanged even after a colectomy[45]. Similarly, the presence
of ASCA in CD patients is relatively constant during the
course of the disease and seems to be independent of the
disease activity[45,48,51]. As a consequence, neither atypical
P-ANCA, nor ASCA is suitable for monitoring the disease.
The ALCA and ACCA titers also seem to be independent
of disease activity[30]. The prevalence of ASCA, anti-I2,
anti-OmpC, and the presence of multiple serologic
responses are more frequent when the disease persists for
a long time[49,56].
Landers et al found that following anti-TNF- α
treatment the prevalence and titer of various antibodies
(ASCA, atypical P-ANCA, anti-I2 and anti-OmpC)
remained unchanged in the majority of patients [30] .
Mesalamine treatment also leaves the ASCA level
unchanged in active CD patients [57]. ASCA positivity
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remains even after steroid treatment, but the antibody titer
decreases[58].
The role of the serologic response in the prediction
of therapeutical effectiveness is yet to be determined. A
Belgian study involving 279 CD patients failed to find
any correlation between the atypical P-ANCA or ASCA
positivity and the rate of response of patients given antiTNF-α treatment. The investigators observed a generally
poorer responsiveness in the case of atypical P-ANCA+/
ASCA- status, but the difference was not significant[59].
Patients exhibiting serologic responses against various
microbial antigens (OmpC and I2) should expect a
higher remission rate if the budesonide treatment was
supplemented with ciprofloxacin and metronidazole,
while in anti-OmpC/I2 seronegative group budesonide
treatment alone proved to be more effective [60] . The
study brings up the possibility that certain antibiotics are
more effectively used in those CD patients who present a
marked immunologic response against microbial antigens.
This group of patients may be the one that can be most
effectively treated by manipulating the bacterial flora.

MUTATIONS OF THE SEROLOGIC
MARKERS AND RECEPTORS TAKING
PART IN INNATE IMMUNITY
Genetic heterogeneity may be responsible for the
differences found in the serologic response. Literature is
split regarding the possible correlation between antibody
production in patients with CD and the NOD2/CARD
15 status. Several studies found the serologic response
(atypical P-ANCA, anti-I2, anti-OmpC, ASCA IgG/IgA)
to be independent of the NOD2/CARD 15 status[50,53].
A Belgian workgroup, on the other hand, confirmed
the proposed association in a large (n = 913) cohort of
patients. When more than 1 NOD2/CARD 15 mutation
was present, the investigators found the rate of gASCA
positivity and its titer to be significantly higher. Moreover,
they found a positive correlation between the number
of mutations and the prevalence of gASCA and ALCA,
which may indicate a gene dose effect[61].
Investig ating the association of the serologic
response with the toll-like receptor (TLR)-4 gene D299G
(Asp299Gly) polymorphism led to results in contrast to
those found with the NOD2/CARD 15 assessments.
If the patient had a variant TLR-4 genotype, the rate
of ACCA positivity was less frequent as compared to
the wild type, which again suggests a gene dose effect.
Polymorphism may also play a role in the development
of serologic responses against the Gram-negative E. coli
membrane protein. The Belgian workgroup also found a
correlation between anti-Omp positivity and TLR4 gene
polymorphism in patients with UC (n = 272)[59]. Anti-Omp
positivity was significantly less frequent among patients
with a TLR4 variant genotype and prevalence of the
antibody showed an inverse correlation with the number
of the variants[58].
It must be mentioned that the immune response
against microbial antigens seems to be more closely
correlated with disease phenotype and the frequency of
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complications in CD than the known predisposing genetic
factors.

SEROLOGIC MARKERS IN THE
PATHOPHYSIOLOGY OF IBD
T he real impor tance of the antibodies produced
against various microbial and autoantigens is still
unclear. A fundamental question that remains to be
answered is whether these antibodies play a role in the
immunopathogenesis of IBD, or their appearance is
merely a consequence of the inflamed, leaky bowel
mucosa. Several studies suggest that the main reason for
the antibody production is loss of the immune tolerance,
rather than increased bowel permeability [48,62]. Clinical
studies could not find any correlation between the
serologic response and bowel permeability in CD patients,
suggesting that the presence of different serologic markers
is not an epiphenomenon related to disease activity[21,45,48,51].
Lindbergh et al[63] demonstrated that CD was associated
with a high serologic response against yeast and mannose,
but no antibodies were produced against food antigens.
Konrad et al [64] found strong and specific lymphocyte
reaction against mannose in ASCA positive CD patients,
but not against the nutritional antigen, ovalbumin. Both
studies concluded that the serologic response in CD is a
highly selective process against certain antigens and not a
generalized immune hyperreactivity against the intestinal
content.
Dubinsky et al[52] reported that the immune response
against bacteria is not a consequence of the transmural
penetration, since it develops earlier. It remains, however,
an open question as to what was the extent of the immune
response before the onset of the complications in the
symptom-free patients, where no serologic assessments
were performed due to the lack of clinical signs. Results
of this study coincide with earlier observations that the
presence of serologic response in a given patient does not
change during the course of disease.
The currently accepted theory for the etiopathogenesis
of IBD suggests that susceptibility to the disease, the
clinical manifestations, and the progression depend equally
on genetic factors, impairment of immune regulation, and
environmental effects. The chronic inflammation of the
intestinal mucosa and the related systemic reactions in IBD
are consequences of an exaggerated immune response
against the endogenous gut flora.
When the immune and/or bar rier function of
the bowel mucosa are genetically impaired, certain
environmental factors may easily initiate a pathologic
process. Animal models[65-67] highlight the importance of
the interaction between host and its intraluminal bacteria.
In the presence of a particular genetic defect, not every
member of the commensal bacterial flora is able to
induce pathologic immune response and the extent of the
serologic reaction-and thus the clinical appearance of the
disease-may differ. A higher rate of antibody production
may reflect the extent of loss of tolerance against the
various microbial antigens. A clinical interpretation of
this observation may be that the effect of bacteria on the
www.wjgnet.com
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prevalence and extent of the inflammatory reaction may
affect the course of disease. Loss of immune tolerance in
CD develops against targeted microbial and autoantigens
and is not a global process[52].

CONCLUSION
ASCA and atypical P-ANCA remain the best-characterized
markers in IBD. Unlike ASCA assays, which are generally
ELISA tests and both simple to run and well-standardized,
atypical P-ANCA testing is dependent on experienced
personnel for both running and interpreting the test
results. Results of the various assays used for the detection
of atypical P-ANCA may differ significantly from each
other and must therefore be compared very carefully.
Individually ASCA and atypical P-ANCA tests have
moderate sensitivity and specificity. Atypical P-ANCA
and ASCA cannot be used for monitoring, because the
antibody titers are relatively stable and do not correlate
with disease activity.
Assessing both ASCA and atypical P-ANCA reactivity
allows better differentiation of CD from UC and from
non-CD than using the individual tests alone. The ASCA+/
atypical P-ANCA- phenotype is characteristic of CD, while
the ASCA-/atypical P-ANCA+ phenotype is seen primarily
in UC. Viewed together, the two assays offer a differential
diagnostic tool, which may be particularly helpful in those
cases when the diagnosis of CD or UC cannot be safely
established using conventional investigation methods
(medical history, radiological assessments, endoscopy and
biopsy). These markers can help in the assessment of
about half of the patients in the indeterminate colitis (CD
or UC) category. In Crohn’s disease ASCA positivity carries
a higher chance of a complicated disease behavior and the
need for early surgical intervention. In UC the presence of
atypical P-ANCA one can expect a dominantly left-sided
disease, which is often severe and resistant to therapy, with
a high risk of early surgical intervention.
Newer markers derived from various microbial
inhabitants of the gut, such as Omp, I2, and CBir1, as
well as various glycan markers offer new ways to stratify
patients into serologic subgroups. The cumulative presence
and extent of the serologic response against these various
markers may act as prognostic indicators of the severity
and behavior of the ileal disease. Although the prevalence
of antibodies is higher in healthy relatives of IBD patients
than in the control population, their role as subclinical
markers is yet to be established.
There is considerable overlap of the reactivity of many
of the new serological markers and additional studies to
more fully understand the basis for their development as
well as their clinical significance are required. Addition
of these, as well as yet to be discovered new markers, to
the serologic IBD diagnostic algorithm will likely result in
incremental increases in sensitivity. Increases in sensitivity
however, can often be accompanied by reductions in
specificity and this outcome must be carefully assessed
and recognized. Evolution of effective serological test
panels will involve shifting through the various markers to
arrive at optimal diagnostic utility balanced with practical
economic realities.
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We have made significant progress in understanding the
clinical features associated with various serologic markers
in IBD. The ongoing challenge is how to best utilize these
new assays to provide clinically relevant information in
a cost-effective manner. Assembly of logical panels of
serologic markers to identify patients at increased risk
of more severe disease and who may benefit from early
intensive monitoring and therapy to improve long-term
outcome is a primary practical goal. Further prospective
clinical trials will be needed to determine the evolving role
and practical clinical importance of serologic assessments
in IBD.
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Abstract
Primary hepatocellular carcinoma (HCC) is a quite
frequent tumor which results in high mortality and
most often exhibits a poor response to present drug
therapies. Clearly, a thorough understanding of the
biological bases of this malignancy might suggest
new strategies for its treatment. Here we examine the
evidences that both “pharmacological” mechanisms
(e.g. drug transporter or detoxification enzyme
over-expression) and alterations in other critical
factors, including the IAPs (Inhibitory of Apoptosis
Proteins), involved in enhancement of cell survival and
proliferation may determine the therapeutic resistance
of HCC; we also underline the possible role in the
process of the activation of transcription factors, like
NF-κB, capable of contemporaneously up-regulating
the mechanisms discussed. On this basis, we finally
comment on the possible use of natural multi-targeted
antitumoral agents like plant polyphenols to achieve
sensitization to treatments in HCC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Drug resistance, either innate or acquired and especially
in its multiple form (multidrug resistance, MDR), remains
a major and difficult problem to resolve in the therapy
of many cancer types. This process has previously been
interpreted mainly in a “pharmacological” manner focused
on the ability of tumor cells to extrude or inactivate the
cytotoxic agents or to modify their targets of action:
much attention has been drawn to the over-expression of
multidrug efflux transporters such as P-glycoprotein (P-gp),
Multidrug Resistance Related Proteins (MRPs) and others.
Nevertheless, available evidence suggests that the sole
reversion of such mechanisms has clinical success in few
situations. On the other hand, today it is recognized that
clinical MDR is often a multifactorial and heterogeneous
process; many other different molecular alterations,
known to be involved in the malignant transformation
and progression, may also be responsible for tumor drug
resistance[1]. For example, induction of tumor cell killing
is fundamental for the effectiveness of anticancer drugs
and a relevant mechanism of cellular protection from their
attacks is represented by the loss of pro-apoptotic factors
(e.g. functional p53 or Bax) or the over-expression of antiapoptotic ones, like Bcl-2, Bcl-XL or IAPs (Inhibitory of
Apoptosis Proteins)[1,2]. This interferes with the process
of cell death at the level of different steps, including
distal ones where there may be a convergence of diverse
mortal pathways: IAPs, which in humans include c-IAP-1,
c-IAP-2, XIAP, NAIP, survivin and livin-α, beside other
anti-apoptotic mechanisms, possess the ability of inhibiting
the terminal cell death effector proteases, caspase-3 and -7.
They can indeed block execution of cell death triggered
from many non-related pharmacologic, immunologic and
irradiation stimuli[3,4].
In this dimension, primary HCC is a frequent tumor,
which results in high mortality and most often exhibits
a poor response to current drug therapies[5,6]. Clearly, a
thorough understanding of the biological bases of this
malignancy might suggest new strategies for its treatment.
Here we examine the evidences that both drug transporter
or detoxification enzyme expression and alterations in other
critical factors, including the IAPs, involved in enhancement
of cell survival and proliferation may determine the
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Table 1 Major drug transporters possibly involved in the drug
resistance of HCC
Transporter

Drugs interested

P-glycoprotein (MDR1, ABCB1)

Anthracyclines, Mitoxantrone,
Podophyllotoxin derivatives, Taxanes,
Vinca alkaloids
Anthracyclines, Cisplatin, Methotrexate,
Irinotecan metabolites, Vinca alkaloids
Etoposide, Methotrexate
Cisplatin, Doxorubicin, Etoposide,
5-fluorouracil, Paclitaxel, Vincristine
Doxorubicin, Etoposide, Mitoxantrone,
Vincristine

MRP2 (ABCC2, cMOAT)
MRP3 (ABCC3)
LRP (Major vault protein, MVP)
TAP (Transporter associated
with antigen processing)

In normal hepatocytes, P-glycoprotein and the members of the MRP
family play an important role in biliary excretory function. Also vaults
have a transport function, mediating bidirectional nucleo-cytoplasmic
exchange and vesicular transport of compounds, including cytostatic
drugs. Physiologically, TAP translocates short peptides, mostly generated
by proteasome-mediated antigenic protein degradation in the cytosol, into
the lumen of the endoplasmic reticulum. All these factors may mediate
chemoresistance of various malignancies: the spectrum of the drugs that they
may transport does not necessarily derive from specific studies on HCC.

therapeutic resistance of HCC; we underline also the
possible role in the process of the activation of transcription
factors, like NF-κB, capable of contemporaneously upregulating the mechanisms discussed. On this basis, we
finally comment on the possible use of natural multitargeted agents such as plant polyphenols for achieving
sensitization to treatments in HCC.

ROLE OF ABC TRANSPORTERS,
CYTOCHROME P450 ENZYMES AND
GLUTATHIONE S-TRANSFERASES
HCC develops from hepatocytes, which physiologically
express different multidrug transporters, including P-gp,
and are rich of other drug elimination systems, like the
phaseⅠor Ⅱ biotransformation enzymes. Thus, preserved
or increased levels of these factors might contribute to
mediate the intrinsic chemoresistance of HCC.
P-gp (MDR1, ABCB1), the prototypical member of the
ATP binding cassette (ABC) family of proteins, is capable
of extruding from cells various unrelated antitumoral
agents, including anthracyclines, taxanes, Vinca alkaloids
and podophyllotoxin derivatives; though with different
substrate specificities, the other transporters can do the
same (Table 1). Further, at least in some cell models,
P-gp may also inhibit specific mechanisms of apoptotic
cell death from drugs and other stimuli[7]. P-gp has been
quite often examined in HCC, but there are contrasting
results on whether its over-expression is actually frequent
in untreated HCCs compared to non-neoplastic liver
tissues[8-12], possibly representing an adverse prognostic
factor correlated with reduced survival[9,10]. According to
several studies[8,11], P-gp content is significantly higher in
cirrhotic liver tissues, either from patients with overt HCC
or not, than in normal liver suggesting that the factor may
play a role in the development of the tumoral process.
For example, increased levels of the drug transporters in
the pre-malignant hepatocytes might provide them with a
www.wjgnet.com
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selection advantage in a toxic environment of carcinogens
or endogenous metabolic and inflammatory products. It
has been also proposed that the development of P-gp
over-expression and of an angiogenic phenotype are linked
to each other in the multidrug resistant HCC cells [13].
Instead, p53 mutation would not appear to be a major
determinant of P-gp expression[14].
Overall, it would appear that the presence of high
P-gp levels in HCC correlates with a poorer response
to chemotherapy [9,14]; nevertheless, in a clinical study
the addition of the P-gp inhibitor verapamil did not
improve the response of HCC to therapy with systemic
doxorubicin[15].
For the other drug transporters, on the basis of
analyses on clinical samples, MRP2 (ABCC2), TAP
(Transporter associated with Antigen Processing) and,
in individual cases, MRP3 (ABCC3) and LRP (Lung
Resistance-related Protein) are other possible candidates
for mediating the chemoresistance of HCC [12,16-18] .
Importantly, co-expressions can occur, as those of P-gp
and MRP2 documented in HCC cell line models[19]. In
a study on a limited number of patients, phospholipid
flippase MDR3 (ABCB4) and bile salt export pump (also
known as the sister of P-glycoprotein/ABCB11) showed
instead a trend for decreased levels in HCC[12]. The drug
resistance of HCC, beside to increased drug export, might
also be due to insufficient drug uptake, because of the
tendency to decrease important factors involved in this
process, like the organic anion-transport polypeptides 2
(OATP2) and 8 (OATP8) and the concentrative nucleoside
transporter CNT1[12,20].
F u r t h e r, a n i m mu n o h i s t o ch e m i s t r y s t u d y o n
biotransformation enzymes in HCC sug gested, that
although complex, their expression may contribute
to its drug resistance [21]. There was a consistent high
content of microsomal epoxide hydrolase, and a variable
expression of cytochromes P450 and cytosolic glutathione
S-transferases: cytochromes P450 1A and 3A stained in
64.5% and 41.9% of the 31 HCCs studied, respectively.
Glutathione S-transferase types alpha, mu and pi were
identified in 48.4%, 38.7% and 74.2% of the samples,
respectively [21] . Variable expressions of the broad
substrate specificity cytochrome P450 3A enzymes and of
glutathione S-transferases alpha or pi, which may increase
cell resistance to alkylating agents or cisplatin, have
been reported in other immunohistochemical studies on
HCC[22-25].

THE IAPS ARE ABUNDANT IN HCC
As anticipated, there is a large body of evidence that an
imbalance between unrestrained cell proliferation and the
low ability to perform apoptosis, either spontaneous or
induced from pharmacologic or immunologic agents, is
another critical feature of HCC. Like in other tumors, a
major factor, which can determine such behaviour, is the
re- or over-expression in HCC of inhibitors of apoptosis
like the proteins of the Bcl-2 family[26] and the IAPs.
It must be said that the majority of the studies related
to IAPs in HCC have focused mainly on survivin. Unlike
other IAPs, which can be expressed also in nor mal
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adult tissues, survivin is detected predominantly in fetal
or neoplastic tissues. Importantly, it is also recognized
that survivin not only inhibits apoptosis, but also, as a
component of the chromosomal passenger complex,
it favours cancer cell proliferative activity [27]. Several
studies[28-40] have indicated that, especially nuclear[30,34,38],
expression of survivin is frequent in HCC, higher than in
corresponding non-malignant tissues, and correlates with
increases in cell proliferation indexes, possibly lowered
apoptosis, as well as with adverse histological and clinical
features. In addition, some survivin alternative splice
variants (Survivin-2B, Survivin-deltaEx3 and Survivin3B), differing in their anti-apoptotic properties, have been
identified. Of these, at least survivin-2B and survivinΔ Ex3 can be expressed in HCC, where the levels of
survivin–ΔEx3, but not of survivin-2B, correlate with high
proliferative activity[33,37,38].
IAPs are present in chronic hepatitis and cirrhosis
possibly contributing to carcinogenesis [30-33,38,39]. With
regard to this, it has been shown that the hepatitis B virus
X protein (HBX) can up-regulate survivin in hepatoma
tissues as well as bind to survivin-HBX-interacting protein
(HBXIP) complexes to suppress caspase activation[39,41];
other authors have found increases in c-IAP-1 or c-IAP-2,
but not in the other IAPs, in a variant of the HepG2
HCC cell line persistently expressing hepatitis B virus
by integrated HBV genome[42], so that, collectively, the
available data suggest a link between the IAP family and
an important viral pathogen involved in hepatocellular
carcinogenesis.
Indeed, focusing on the behaviour of other IAPs
besides survivin in HCC, an immunohistochemical study[43]
has indicated that XIAP is another principal factor overexpressed in this tumor, which inversely correlates with
apoptosis, without an impact on proliferation. Others have
reported the expression of XIAP, c-IAP-1 and c-IAP-2
in HCC, although less frequently than survivin[39]. Our
personal observations, all on HCCs of hepatitis C origin,
have corroborated these last findings, emphasizing, in
particular, the possible role that the coordinated expression
of different IAPs (noticeably including NAIP) and of
their splice variants may play in the biology and resistance
to treatment of the tumor[33]. In relation to the particular
context of this paper, it should also be stressed that
targeting of survivin or XIAP with specific approaches
has determined chemo-, immuno- or radio-sensitization in
different tumor types, including HCC[44,45].

NF-κB: AN UNIFYING PILLAR IN HCC
RESISTANCE?
The regulatory mechanisms of IAP expression are
not completely defined yet, but it is known that their
expression (at least of c-IAP-1, c-IAP-2 and XIAP) can
be promoted by the transcription factor NF-κB[46,47]. The
activation of this signalling system is indeed emerging now
as a possible critical mechanism of treatment resistance
in the tumors. Further, owing to different mechanisms,
NF- κ B is frequently abnor mally present in clinical
HCC [48-50]; its persistent and inappropriate activation
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in hepatocytes is implicated in tumor initiation and
progression following events like viral infection (HBV or
HCV), exposure to carcinogens, growth factor stimulation
(TGF- α , HGF/SF and TGF- β ) and inflammation, as
recently reviewed by Arsura and Cavin[51]. Beside IAPs, the
transactivating forms of NF-κB (e.g. dimers containing
the p65/RelA subunit) may up-regulate the expression
of several other genes involved in anti-apoptosis, cell
proliferation and invasion, and drug resistance (e.g., Bcl-2,
Bcl-XL, cyclin D1, c-myc, IL-6, COX-2, iNOS, MMPs and
MDR1/P-gp). The links between NF-κB activation and
P-gp [52] or IAPs , like XIAP [52], expression have been
specifically evidenced for HCC. Accordingly, NF- κ B
mostly results anti-apoptotic, an activity to which may
contribute also post-trascriptional effects, but, depending
on certain cell types and stimuli, it can also promote cell
death. Undoubtedly, in many studies, interference with NFκB by different independent approaches has been shown to
increase tumor cell response to different NF-κB activating
anticancer drugs, including doxorubicin[46,47,53]; nevertheless,
other results have suggested that activation of NF-κB
may be required for the cytotoxicity of doxorubicin and
its analogs[54]. With reference to this, interestingly, recent
studies have shown that in some circumstances the p65
subunit can, non-canonically, repress the transcription of
anti-apoptotic genes; doxorubicin treatment may produce
p65 which is defective in post-translational modifications
and blocks NF-κB signaling[55,56], corroborating that in
some experimental models doxorubicin may rely on NFκB to exert its antitumoral activity.

SINGLE- VERSUS MULTI-TARGETED
AGENTS TO FACE HCC RESISTANCE
Here we have critically discussed only some selected critical
mechanisms of drug resistance in HCC, but there are many
others that could be highlighted for their responsibility
in the process. The multiplicity of the possible drug
resistance determinants poses the question of the optimal
strategies to contrast them and achieve sensitization to
treatments. During the last years, many novel molecular
therapies have been developed, represented for example
by monoclonal antibodies or tyrosine kinase inhibitors
directed against specific important targets. However,
the targeted agents currently in clinical use have not
generally shown to lead to cures or long-term survival for
most intractable cancers; whatever relevant the blocked
mechanism is, the genetic instability of cancer cells enables
them to devise adaptation changes and alternative signaling
pathways that stimulate cell proliferation and survival,
so that resistance develops. Reasonably, multi-targeted
agents might be less likely to encounter problems of drug
resistance than single-targeted ones; this might apply also
to HCC.
On the other hand, from the inspection of the
literature there emerges different natural compounds
endowed with a remarkable number of different
antitumoral activities and mechanisms, yet accompanied
by a limited toxicity for the host; their properties may be
exploited for chemopreventive purposes and possibly also
www.wjgnet.com
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Figure 1 Some of the principal tumor targets of polyphenols discussed in the text.
The agents may directly interfere with the affected molecules (e.g. Telomerase,
COX-2 and P-gp) and/or influence their activity or expression due to modifications
in an upstream regulatory signal or in factors (e.g. NF-κB) which regulate gene
transcription.

for the treatment of already established tumors. Among
these “privileged” structures[57], are the dietary polyphenols;
there are evidences[58,59] that representative members of
this family, like resveratrol (or its metabolite piceatannol),
curcumin and epigallocatechin-3-gallate (EGCG), in
general share the ability of: inhibiting the ligand binding to,
or phosphorylation of growth factor receptors, including
the EGFR family. This leads to down-regulation of the
MAPK cascades (ERK and also JNK or p38); inhibiting
the signaling through pAkt, NF-κB and STATs; inducing
cell cycle arrest, with involvement of decreases in cyclin
D1 and phosphorylation of Rb and of up-regulation
of p21 and p27; inducing cell death through release of
cytochrome c from mitochondria and activation of caspase
-9 and -3; Polyphenols also down-regulate Bcl-2, Bcl-XL
and IAP family members and up-regulate Bax; interfering
with telomerase, the enzyme that immortalize cancer cells,
thus releasing programs of apoptosis or senescencerelated cell growth arrest; down-regulating targets relevant
to angiogenesis, invasion and metastasis, like VEGF, matrix
metalloproteinases (MMPs), β-catenin, inducible nitric
oxide synthase (iNOS) and cyclooxygenase 2 (COX-2);
inhibiting the function of P-gp, other ABC transporters
(MRPs and BRCP), glutathione S-transferases (GSTP1
or GSTM1 type enzymes) and certain cytochrome P450
isoenzymes. Importantly, it has to be underlined that, at
least curcumin, does not appear to be itself transported by
P-gp; indeed, its antitumor activity is not affected in cells
over-expressing such a mechanism[60,61].

POLYPHENOLS AS THERAPEUTIC AND
CHEMOSENSITIZER AGENTS IN HCC?
Personally, our attention to these agents has been attracted
by the very simple consideration that examining the
effects of curcumin and other polyphenols in the HL-60
myeloid leukemia and MCF-7 breast cancer cell lines and
www.wjgnet.com
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in their variants endowed with different mechanisms (overexpression of P-gp and IAPs) of drug resistance together,
we could not observe any reduction in the antitumoral
activity of these compounds in the MDR cells (personal
unpublished observations). In addition, in many studies
the polyphenols have been shown to increase tumor cell
sensitivity to therapeutic agents and this being the result
of different mechanisms, including counteraction of
the drug transporters or of the detoxifying enzymes[62-64]
(Figure 1). However, one of the mechanisms which has
been particularly frequently put forth to explain these
synergies is the interference of the polyphenols with the
signaling of NF- κ B. Curcumin and other polyphenols
inhibit the transcription factor, generally by impeding the
phosphorylation of the I κ B factor by I κ B kinase and
thus preventing NF- κ B nuclear translocation; a study
has suggested that curcumin may also directly interfere
with DNA binding by NF-κB[65]. Polyphenols may also
inhibit Akt, which abrogates cell death signals through
phosphorylation of Bad, GSK3 and caspase-9, elevation
of different IAPs and other anti-apoptotic factors, and
activation of transcriptional factors such as Forkhead
and NF- κ B itself. In turn, NF- κ B may increase both
the expression and phosphorylation of Akt[66]; thus the
inhibition of each pathway may reinforce that of the other.
With reference to the points above discussed, we
have studied the effects of curcumin in the human HCC
HA22T/VGH cells, which constitutively express activated
NF- κ B, the different IAPs and P-g p all together [67] .
Curcumin exerted cell growth inhibitory and apoptotic
effects, related, at least in part, to free radical generation
and mainly dependent on caspase -9 and -3 activation.
Curcumin sensitized the cells to the antitumoral effects
of cisplatin, while the results were only additive in
combination with doxorubicin. As reported in similar
settings[53], curcumin reduced (only modestly) the basal
levels of nuclear activated NF- κ B (p65 subunit), but,
when combined with cisplatin or doxorubicin, it blunted
their increases induced from the two drugs, which were
slight for cisplatin and very remarkable in the case of
doxorubicin.
In the same cells, curcumin deter mined early
reductions in COX-2, c-myc, P-gp and IL-6 mRNAs.
Later it decreased Bcl-XL mRNA and increased Bcl-XS
and c-IAP-2 mRNAs. Cisplatin and doxorubicin exerted
distinct effects on gene expression and the interactions
of these agents with curcumin were accompanied by
synergistic (in particular with cisplatin) or additive
reductions in the levels of different mRNAs, including
those of c-myc, Bcl-XL, c-IAP-2, NAIP, XIAP and P-gp.
Overall, the effects of curcumin on HA22T/VGH cells
did not show a simple relationship to its influences on
NF-κB activation, clearly implying the involvement of
additional mechanisms; strikingly, curcumin affected above
all the strong NF-κB activation from doxorubicin, but
its antitumor effects were more favorable when it was
combined with cisplatin. Further, at a molecular level, the
effects of curcumin were in part different from those of a
pure NF-κB inhibitor, dehydroxymethylepoxyquinomicin
(DHMEQ), which also sensitized the cells to cisplatin[68].
In a study on ovarian cancer cells, in which increases in
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response to cisplatin induced by curcumin also occurred,
this result was attributed, at least in part, to the ability of
the agent in interfering with the autologous production
of interleukin 6 (IL-6) by the cells[69]. Cancer cells may
indeed often support their own growth, survival and drug
resistance by autocrine/paracrine or also intracrine loops
based on the production of different factors; similar IL6-based loops, possibly driven by constitutive NF- κ B
activation, are operative in tumors like multiple myeloma
and prostate or renal cancer[69-71].
Nevertheless, on the basis of different, also personal,
observations on the inhibitory effect of IL-6 on the
growth of HCC cell lines[72,73], we can propose that drug
resistance mediated by autologous IL-6 is less likely to
occur in HCC with respect to other cancers; further,
even though curcumin or DHMEQ efficiently inhibited
the abundant release of IL-6 by HA22T/VGH cells, this
result, due to the lack of the IL-6 receptor alpha subunit
in the cells, could not explain the direct antitumor effects
of these agents, alone or in combination with cisplatin, in
this model of HCC[68]. Nevertheless, since release of IL-6
by tumor cells is frequent in the more advanced stages of
HCC[74], the use of curcumin or DHMEQ in this tumor
might be beneficial also to contrast the adverse systemic
effects (e.g. cachexia) of the cytokine.
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CONCLUSIONS AND FUTURE DIRECTIONS
Overall, the findings of our and other groups support
the possible use of natural multi-targeted agents like the
polyphenols, alone or in combination with conventional
chemotherapeutic agents, in the treatment of HCC[67,75-79].
Nevertheless, one of the principal limitations to the in vivo
use of such compounds is their low oral bioavalaibility; in
addition, free curcumin is highly hydrophobic and difficult
to be administered systemically. Several efforts are now
addressed to development of analogues, pro-drugs or
delivery systems (liposomes, nanoparticles and others)
to improve the pharmacokinetic characteristics of the
polyphenols and enhance their disposition to the target
tissues and tumors.
At the moment, however, different polyphenols are
now already undergoing clinical trials, which ultimately will
confirm or not the expectations regarding the efficacy and
safety of their use in advanced cancers, including HCC.

14

15

16

17

18
19

REFERENCES
1
2
3
4

5

D’Alessandro N, Flugy A, Borsellino N, Travali S. Biology
versus pharmacology in drug resistance. Oncol Rep 1997; 4:
207-210
Reed JC. Dysregulation of apoptosis in cancer. J Clin Oncol
1999; 17: 2941-2953
LaCasse EC, Baird S, Korneluk RG, MacKenzie AE. The
inhibitors of apoptosis (IAPs) and their emerging role in
cancer. Oncogene 1998; 17: 3247-3259
Notarbartolo M, Cervello M, Dusonchet L, Cusimano A,
D'Alessandro N. Resistance to diverse apoptotic triggers in
multidrug resistant HL60 cells and its possible relationship
to the expression of P-glycoprotein, Fas and of the novel antiapoptosis factors IAP (inhibitory of apoptosis proteins). Cancer
Lett 2002; 180: 91-101
Falkson JM, MacIntyre JM, Moertel CG. Primary liver cancer.

20

21

22
23

2041
Cancer 1994; 54: 977-980
Montalto G, Cervello M, Giannitrapani L, Dantona F,
Terranova A, Castagnetta LA. Epidemiology, risk factors, and
natural history of hepatocellular carcinoma. Ann N Y Acad Sci
2002; 963: 13-20
Smyth MJ, Krasovskis E, Sutton VR, Johnstone RW. The
drug efflux protein, P-glycoprotein, additionally protects
drug-resistant tumor cells from multiple forms of caspasedependent apoptosis. Proc Natl Acad Sci USA 1998; 95:
7024-7029
Chenivesse X, Franco D, Brechot C. MDR1 (multidrug
resistance) gene expression in human primary liver cancer and
cirrhosis. J Hepatol 1993; 18: 168-172
Ng IO, Liu CL, Fan ST, Ng M. Expression of P-glycoprotein
in hepatocellular carcinoma. A determinant of chemotherapy
response. Am J Clin Pathol 2000; 113: 355-363
Kato A, Miyazaki M, Ambiru S, Yoshitomi H, Ito H, Nakagawa
K, Shimizu H, Yokosuka O, Nakajima N. Multidrug resistance
gene (MDR-1) expression as a useful prognostic factor in
patients with human hepatocellular carcinoma after surgical
resection. J Surg Oncol 2001; 78: 110-115
Grude P, Conti F, Mennecier D, Louvel A, Houssin D, Weill B,
Calmus Y. MDR1 gene expression in hepatocellular carcinoma
and the peritumoral liver of patients with and without
cirrhosis. Cancer Lett 2002; 186: 107-113
Zollner G, Wagner M, Fickert P, Silbert D, Fuchsbichler A,
Zatloukal K, Denk H, Trauner M. Hepatobiliary transporter
expression in human hepatocellular carcinoma. Liver Int 2005;
25: 367-379
Lasagna N, Fantappie O, Solazzo M, Morbidelli L, Marchetti
S, Cipriani G, Ziche M, Mazzanti R. Hepatocyte growth factor
and inducible nitric oxide synthase are involved in multidrug
resistance-induced angiogenesis in hepatocellular carcinoma
cell lines. Cancer Res 2006; 66: 2673-2682
Chou YY, Cheng AL, Hsu HC. Expression of P-glycoprotein
and p53 in advanced hepatocellular carcinoma treated by
single agent chemotherapy: clinical correlation. J Gastroenterol
Hepatol 1997; 12: 569-575
Lai EC, Choi TK, Cheng CH, Mok FP, Fan ST, Tan ES, Wong
J. Doxorubicin for unresectable hepatocellular carcinoma. A
prospective study on the addition of verapamil. Cancer 1990;
66: 1685-1687
Nies AT, Konig J, Pfannschmidt M, Klar E, Hofmann WJ,
Keppler D. Expression of the multidrug resistance proteins
MRP2 and MRP3 in human hepatocellular carcinoma. Int J
Cancer 2001; 94: 492-499
Raidl M, Berger W, Schulte-Hermann R, KandiolerEckersberger D, Kappel S, Wrba F, Micksche M, Grasl-Kraupp
B. Expression of the lung resistance-related protein in human
and rat hepatocarcinogenesis. Am J Physiol Gastrointest Liver
Physiol 2002; 283: G1117-G1124
Deng XL, Chen W, Cai MY, Wei DP. Expression of class I
MHC molecule, HSP70 and TAP in human hepatocellular
carcinoma. World J Gastroenterol 2003; 9: 1853-1855
Minemura M, Tanimura H, Tabor E. Overexpression of
multidrug resistance genes MDR1 and cMOAT in human
hepatocellular carcinoma and hepatoblastoma cell lines. Int J
Oncol 1999; 15: 559-563
Vavricka SR, Jung D, Fried M, Grutzner U, Meier PJ,
Kullak-Ublick GA. The human organic anion transporting
polypeptide 8 (SLCO1B3) gene is transcriptionally repressed
by hepatocyte nuclear factor 3beta in hepatocellular
carcinoma. J Hepatol 2004; 40: 212-218
Murray GI, Paterson PJ, Weaver RJ, Ewen SW, Melvin WT,
Burke MD. The expression of cytochrome P-450, epoxide
hydrolase, and glutathione S-transferase in hepatocellular
carcinoma. Cancer 1993; 71: 36-43
Hayes PC, May L, Hayes JD, Harrison DJ. Glutathione
S-transferases in human liver cancer. Gut 1991; 32: 1546-1549
Fritz P, Behrle E, Beaune P, Eichelbaum M, Kroemer HK.
Differential expression of drug metabolizing enzymes in
primary and secondary liver neoplasm: immunohistochemical
characterization of cytochrome P4503A and glutathione-Swww.wjgnet.com

2042

24

25

26

27
28

29
30
31
32

33

34

35

36

37
38

39

40

41
42
43

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

transferase. Histochemistry 1993; 99: 443-451
Yusof YA, Yan KL, Hussain SN. Immunohistochemical
expression of pi class glutathione S-transferase and alphafetoprotein in hepatocellular carcinoma and chronic liver
disease. Anal Quant Cytol Histol 2003; 25: 332-338
Shen LJ, Zhang HX, Zhang ZJ, Li JY, Chen MQ, Yang
WB, Huang R. Detection of HBV, PCNA and GST-pi in
hepatocellular carcinoma and chronic liver diseases. World J
Gastroenterol 2003; 9: 459-462
Frommel TO, Yong S, Zarling EJ. Immunohistochemical
evaluation of Bcl-2 gene family expression in liver of hepatitis
C and cirrhotic patients: a novel mechanism to explain
the high incidence of hepatocarcinoma in cirrhotics. Am J
Gastroenterol 1999; 94: 178-182
Wheatley SP, McNeish IA. Survivin: a protein with dual roles
in mitosis and apoptosis. Int Rev Cytol 2005; 247: 35-88
Ito T, Shiraki K, Sugimoto K, Yamanaka T, Fujikawa K, Ito M,
Takase K, Moriyama M, Kawano H, Hayashida M, Nakano
T, Suzuki A. Survivin promotes cell proliferation in human
hepatocellular carcinoma. Hepatology 2000; 31: 1080-1085
Ikeguchi M, Hirooka Y, Kaibara N. Quantitative analysis of
apoptosis-related gene expression in hepatocellular carcinoma.
Cancer 2002; 95: 1938-1945
Moon WS, Tarnawski AS. Nuclear translocation of survivin
in hepatocellular carcinoma: a key to cancer cell growth? Hum
Pathol 2003; 34: 1119-1126
Shiraki K, Nakano T, Hisatomi H. Survivin in liver. Gastroenterology 2003; 124: 1565-1566; author reply 1566-1567
Morinaga S, Nakamura Y, Ishiwa N, Yoshikawa T, Noguchi
Y, Yamamoto Y, Rino Y, Imada T, Takanashi Y, Akaike M,
Sugimasa Y, Takemiya S. Expression of survivin mRNA
associates with apoptosis, proliferation and histologically
aggressive features in hepatocellular carcinoma. Oncol Rep
2004; 12: 1189-1194
Notarbartolo M, Cervello M, Giannitrapani L, Meli M, Poma P,
Dusonchet L, Montalto G, D'Alessandro N. Expression of IAPs
and alternative splice variants in hepatocellular carcinoma
tissues and cells. Ann N Y Acad Sci 2004; 1028: 289-293
Fields AC, Cotsonis G, Sexton D, Santoianni R, Cohen C.
Survivin expression in hepatocellular carcinoma: correlation
with proliferation, prognostic parameters, and outcome. Mod
Pathol 2004; 17: 1378-1385
Zhu H, Chen XP, Zhang WG, Luo SF, Zhang BX. Expression
and significance of new inhibitor of apoptosis protein survivin
in hepatocellular carcinoma. World J Gastroenterol 2005; 11:
3855-3859
Duan XX, Ou JS, Li Y, Su JJ, Ou C, Yang C, Yue HF, Ban
KC. Dynamic expression of apoptosis-related genes during
development of laboratory hepatocellular carcinoma and its
relation to apoptosis. World J Gastroenterol 2005; 11: 4740-4744
Kannangai R, Wang J, Liu QZ, Sahin F, Torbenson M. Survivin
overexpression in hepatocellular carcinoma is associated with
p53 dysregulation. Int J Gastrointest Cancer 2005; 35: 53-60
Takashima H, Nakajima T, Moriguchi M, Sekoguchi S,
Nishikawa T, Watanabe T, Katagishi T, Kimura H, Minami M,
Itoh Y, Kagawa K, Okanoue T. In vivo expression patterns of
survivin and its splicing variants in chronic liver disease and
hepatocellular carcinoma. Liver Int 2005; 25: 77-84
Zhang X, Dong N, Yin L, Cai N, Ma H, You J, Zhang H,
Wang H, He R, Ye L. Hepatitis B virus X protein upregulates
survivin expression in hepatoma tissues. J Med Virol 2005; 77:
374-381
Guo RP, Zhong C, Shi M, Zhang CQ, Wei W, Zhang YQ, Li
JQ. Clinical value of apoptosis and angiogenesis factors in
estimating the prognosis of hepatocellular carcinoma. J Cancer
Res Clin Oncol 2006; 132: 547-555
Marusawa H, Matsuzawa S, Welsh K, Zou H, Armstrong R,
Tamm I, Reed JC. HBXIP functions as a cofactor of survivin in
apoptosis suppression. EMBO J 2003; 22: 2729-2740
Lu X, Lee M, Tran T, Block T. High level expression of
apoptosis inhibitor in hepatoma cell line expressing Hepatitis
B virus. Int J Med Sci 2005; 2: 30-35
Shiraki K, Sugimoto K, Yamanaka Y, Yamaguchi Y, Saitou

www.wjgnet.com

44

45

46

47

48

49
50

51
52

53

54

55
56

57
58
59
60

61

April 14, 2007

Volume 13

Number 14

Y, Ito K, Yamamoto N, Yamanaka T, Fujikawa K, Murata K,
Nakano T. Overexpression of X-linked inhibitor of apoptosis
in human hepatocellular carcinoma. Int J Mol Med 2003; 12:
705-708
Yamaguchi Y, Shiraki K, Fuke H, Inoue T, Miyashita K,
Yamanaka Y, Saitou Y, Sugimoto K, Nakano T. Targeting of
X-linked inhibitor of apoptosis protein or survivin by short
interfering RNAs sensitize hepatoma cells to TNF-related
apoptosis-inducing ligand- and chemotherapeutic agentinduced cell death. Oncol Rep 2005; 14: 1311-1316
Nakao K, Hamasaki K, Ichikawa T, Arima K, Eguchi K, Ishii
N. Survivin downregulation by siRNA sensitizes human
hepatoma cells to TRAIL-induced apoptosis. Oncol Rep 2006;
16: 389-392
Wang CY, Mayo MW, Korneluk RG, Goeddel DV, Baldwin AS
Jr. NF-kappaB antiapoptosis: induction of TRAF1 and TRAF2
and c-IAP1 and c-IAP2 to suppress caspase-8 activation.
Science 1998; 281: 1680-1683
Mitsiades N, Mitsiades CS, Poulaki V, Chauhan D, Richardson
PG, Hideshima T, Munshi N, Treon SP, Anderson KC. Biologic
sequelae of nuclear factor-kappaB blockade in multiple
myeloma: therapeutic applications. Blood 2002; 99: 4079-4086
Liu P, Kimmoun E, Legrand A, Sauvanet A, Degott C, Lardeux
B, Bernuau D. Activation of NF-kappa B, AP-1 and STAT
transcription factors is a frequent and early event in human
hepatocellular carcinomas. J Hepatol 2002; 37: 63-71
Chiao PJ, Na R, Niu J, Sclabas GM, Dong Q, Curley SA. Role
of Rel/NF-kappaB transcription factors in apoptosis of human
hepatocellular carcinoma cells. Cancer 2002; 95: 1696-1705
Chan CF, Yau TO, Jin DY, Wong CM, Fan ST, Ng IO.
Evaluation of nuclear factor-kappaB, urokinase-type
plasminogen activator, and HBx and their clinicopathological
significance in hepatocellular carcinoma. Clin Cancer Res 2004;
10: 4140-4149
Arsura M, Cavin LG. Nuclear factor-kappaB and liver
carcinogenesis. Cancer Lett 2005; 229: 157-169
Kuo MT, Liu Z, Wei Y, Lin-Lee YC, Tatebe S, Mills GB,
Unate H. Induction of human MDR1 gene expression
by 2-acetylaminofluorene is mediated by effectors of the
phosphoinositide 3-kinase pathway that activate NF-kappaB
signaling. Oncogene 2002; 21: 1945-1954
Chuang SE, Yeh PY, Lu YS, Lai GM, Liao CM, Gao M, Cheng
AL. Basal levels and patterns of anticancer drug-induced
activation of nuclear factor-kappaB (NF-kappaB), and its
attenuation by tamoxifen, dexamethasone, and curcumin in
carcinoma cells. Biochem Pharmacol 2002; 63: 1709-1716
Ashikawa K, Shishodia S, Fokt I, Priebe W, Aggarwal BB.
Evidence that activation of nuclear factor-kappaB is essential
for the cytotoxic effects of doxorubicin and its analogues.
Biochem Pharmacol 2004; 67: 353-364
Campbell KJ, Rocha S, Perkins ND. Active repression of
antiapoptotic gene expression by RelA(p65) NF-kappa B. Mol
Cell 2004; 13: 853-865
Ho WC, Dickson KM, Barker PA. Nuclear factor-kappaB
induced by doxorubicin is deficient in phosphorylation and
acetylation and represses nuclear factor-kappaB-dependent
transcription in cancer cells. Cancer Res 2005; 65: 4273-4281
Costantino L, Barlocco D. Privileged structures as leads in
medicinal chemistry. Curr Med Chem 2006; 13: 65-85
Manson MM. Inhibition of survival signalling by dietary
polyphenols and indole-3-carbinol. Eur J Cancer 2005; 41:
1842-1853
D'Incalci M, Steward WP, Gescher AJ. Use of cancer
chemopreventive phytochemicals as antineoplastic agents.
Lancet Oncol 2005; 6: 899-904
Anuchapreeda S, Leechanachai P, Smith MM, Ambudkar SV,
Limtrakul PN. Modulation of P-glycoprotein expression and
function by curcumin in multidrug-resistant human KB cells.
Biochem Pharmacol 2002; 64: 573-582
Bielak-Mijewska A, Piwocka K, Magalska A, Sikora E.
P-glycoprotein expression does not change the apoptotic
pathway induced by curcumin in HL-60 cells. Cancer
Chemother Pharmacol 2004; 53: 179-185

D’Alessandro N et al . HCC drug resistance
62
63
64
65

66
67

68

69

70

71

			

Garg AK, Buchholz TA, Aggarwal BB. Chemosensitization
and radiosensitization of tumors by plant polyphenols.
Antioxid Redox Signal 2005; 7: 1630-1647
HemaIswarya S, Doble M. Potential synergism of natural
products in the treatment of cancer. Phytother Res 2006; 20:
239-249
Sarkar FH, Li Y. Using chemopreventive agents to enhance
the efficacy of cancer therapy. Cancer Res 2006; 66: 3347-3350
Brennan P, O'Neill LA. Inhibition of nuclear factor kappaB
by direct modification in whole cells--mechanism of action
of nordihydroguaiaritic acid, curcumin and thiol modifiers.
Biochem Pharmacol 1998; 55: 965-973
Meng F, D'Mello SR. NF-kappaB stimulates Akt phosphorylation
and gene expression by distinct signaling mechanisms. Biochim
Biophys Acta 2003; 1630: 35-40
Notarbartolo M, Poma P, Perri D, Dusonchet L, Cervello M,
D'Alessandro N. Antitumor effects of curcumin, alone or in
combination with cisplatin or doxorubicin, on human hepatic
cancer cells. Analysis of their possible relationship to changes
in NF-kB activation levels and in IAP gene expression. Cancer
Lett 2005; 224: 53-65
Poma P, Notarbartolo M, Labbozzetta M, Sanguedolce R,
Alaimo A, Carina V, Maurici A, Cusimano A, Cervello M,
D'Alessandro N. Antitumor effects of the novel NF-kappaB
inhibitor dehydroxymethyl-epoxyquinomicin on human
hepatic cancer cells: analysis of synergy with cisplatin and of
possible correlation with inhibition of pro-survival genes and
IL-6 production. Int J Oncol 2006; 28: 923-930
Chan MM, Fong D, Soprano KJ, Holmes WF, Heverling
H. Inhibition of growth and sensitization to cisplatinmediated killing of ovarian cancer cells by polyphenolic
chemopreventive agents. J Cell Physiol 2003; 194: 63-70
Borsellino N, Bonavida B, Ciliberto G, Toniatti C, Travali
S, D'Alessandro N. Blocking signaling through the Gp130
receptor chain by interleukin-6 and oncostatin M inhibits PC-3
cell growth and sensitizes the tumor cells to etoposide and
cisplatin-mediated cytotoxicity. Cancer 1999; 85: 134-144
Xiao W, Hodge DR, Wang L, Yang X, Zhang X, Farrar WL.

72

73
74

75

76

77

78
79

2043
NF-kappaB activates IL-6 expression through cooperation
with c-Jun and IL6-AP1 site, but is independent of its IL6NFkappaB regulatory site in autocrine human multiple
myeloma cells. Cancer Biol Ther 2004; 3: 1007-1017
Cervello M, Notarbartolo M, Landino M, Cusimano A,
Virruso L, Montalto G, D'Alessandro N. Downregulation of
wild-type beta-catenin expression by interleukin 6 in human
hepatocarcinoma HepG2 cells: a possible role in the growthregulatory effects of the cytokine? Eur J Cancer 2001; 37: 512-519
Moran DM, Mayes N, Koniaris LG, Cahill PA, McKillop
IH. Interleukin-6 inhibits cell proliferation in a rat model of
hepatocellular carcinoma. Liver Int 2005; 25: 445-457
Giannitrapani L, Cervello M, Soresi M, Notarbartolo M, La
Rosa M, Virruso L, D'Alessandro N, Montalto G. Circulating
IL-6 and sIL-6R in patients with hepatocellular carcinoma. Ann
N Y Acad Sci 2002; 963: 46-52
Lin LI, Ke YF, Ko YC, Lin JK. Curcumin inhibits SK-Hep-1
hepatocellular carcinoma cell invasion in vitro and suppresses
matrix metalloproteinase-9 secretion. Oncology 1998; 55:
349-353
Jung EM, Lim JH, Lee TJ, Park JW, Choi KS, Kwon TK.
Curcumin sensitizes tumor necrosis factor-related apoptosisinducing ligand (TRAIL)-induced apoptosis through reactive
oxygen species-mediated upregulation of death receptor 5
(DR5). Carcinogenesis 2005; 26: 1905-1913
Yoysungnoen P, Wirachwong P, Bhattarakosol P, Niimi H,
Patumraj S. Effects of curcumin on tumor angiogenesis and
biomarkers, COX-2 and VEGF, in hepatocellular carcinoma cellimplanted nude mice. Clin Hemorheol Microcirc 2006; 34: 109-115
Wu SL, Sun ZJ, Yu L, Meng KW, Qin XL, Pan CE. Effect of
resveratrol and in combination with 5-FU on murine liver
cancer. World J Gastroenterol 2004; 10: 3048-3052
Nishikawa T, Nakajima T, Moriguchi M, Jo M, Sekoguchi
S, Ishii M, Takashima H, Katagishi T, Kimura H, Minami
M, Itoh Y, Kagawa K, Okanoue T. A green tea polyphenol,
epigalocatechin-3-gallate, induces apoptosis of human
hepatocellular carcinoma, possibly through inhibition of Bcl-2
family proteins. J Hepatol 2006; 44: 1074-1082
S- Editor Wang J

L- Editor Karam SM E- Editor Chen GJ

www.wjgnet.com

World J Gastroenterol 2007 April 14; 13(14): 2044-2047
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

GASTRIC CANCER

Inhibitory effect of vascular endothelial growth factors-targeted
small interfering RNA on proliferation of gastric cancer cells
Wen-Hua Xu, Yin-Lin Ge, Quan Li, Xiao Zhang, Jian-Hua Duan
Wen-Hua Xu, Yin-Lin Ge, Quan Li, Xiao Zhang, Jian-Hua
Duan, Department of Biochemistry and Molecular Biology,
Medical College, Qingdao University, Qingdao 266021, Shandong
Province, China
Supported by Science Project of Qingdao Science and Technology
Administration, No. 03-1-YN-14
Correspondence to: Professor Yin-Lin Ge, Department of
Biochemistry and Molecular Biology, Medical College, Qingdao
University, Qingdao 266021, Shandong Province,
China. geyinlin@126.com
Telephone: +86-532-83780075
Received: 2006-11-16
Accepted: 2007-02-25

Abstract
AIM: To examine the effects of vascular endothelial
growth factor (VEGF)-targeted small interfering RNA
(siRNA) on proliferation of gastric cancer cells in vitro.
METHODS: Several siRNAs were transfected into human
gastric cancer cell line SGC-7901 with Lipofectamine
TM
2000. Cells not transfected with Lipofectamine 2000 or
scrambled (SCR) siRNA served as controls. The inhibitory
effect of siRNA on the expression of VEGF mRNA and
protein was detected by RT-PCR and ELISA. MTT assay
was used to examine the inhibition rate of cell growth.
The change in cell cycling of siRNA-treated cells was
detected by flow cytometry.
RESULTS: siRNA targeting human VEGF effectively
inhibited the proliferation of gastric cancer cell line
SGC-7901 and the distribution of cell cycle. The
percentage of G0/G1 phase was significantly higher in
siRNA1- and siRNA2-transfected cells than in control cells.
The expression of VEGF mRNA was significantly inhibited
in siRNA1- and siRNA2-transfected cells compared with
that in control cells. VEGF protein notably decreased in
siRNA-transfected cells, but had no effect on SCR siRNA.
CONCLUSION: VEGF siRNA inhibits proliferation of
gastric cancer cells in vitro.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
A number of tumor-released angiogenic cytokines
affecting vessel formation, tumor growth, invasion, and
metastasis have been identified. Vascular endothelial
growth factor (VEGF) is one of the most important
angiogenic factors[1-3].
Tumor neoangiogenesis plays an important role
in identifying subsets of cancer patients with poor
outcome. As neoangiogenesis is crucial for sustained
tumor growth, angiogenesis inhibitors may be used as
therapeutic agents in treatment of cancer. Long doublestranded RNAs (dsRNAs; typically > 200 nt) can be
used to silence the expression of target genes in a
variety of organisms and cell types (e.g., worms, fruit
flies, and plants). Upon introduction, long dsRNAs
enter a cellular pathway which is commonly referred to
as the RNA interference (RNAi) pathway [4,5]. dsRNAs
can be transformed into 21-23 nucleotide (nt) small
interfering RNAs (siRNAs) by a RNase Ⅲ-like enzyme
called Dicer and silence the expression of target genes
distinctively[6]. Gastric cancer is the most common cause
of cancer-related death and one of the most malignant
carcinomas in China[7-11]. In this study, we investigated
the effects of VEGF siRNA on proliferation of gastric
cancer cells in vitro.

MATERIALS AND METHODS
Materials
Human gastric cancer cell line (SGC-7901 was purchased
from the Cell Center of Peking Union Medical College.
Dulbecco's modified Eagle's medium (DMEM),
Lipofectamine TM 2000, TRIzol reagent, and RPMI
medium1640 were purchased from Invitrogen Company.
T7 RiboMAXTM express RNAi system kit and Access RTPCR introductory system were purchased from Promega
Company. MTT (thiazolyl blue tetrazolium bromide) was
purchased from Sigma Compan. Human VEGF ELISA
kit was purchased from Boster Biological Technology
Company.
Preparation of siRNA
The sequence data of human VEGF mRNA (ACCESSION
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Table 1 Sequence of designed siRNA
siRNA
SiRNA1
siRNA2
siRNASCR

Sense strand
5’-GAUCAAACCUCACC
AAGGCUU-3’
5’-GGAGUACCCUGAUG
AGAUCUU-3’
5’-GCGUAACGCGGGAA
UUUACUU-3’
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Antisense strand
5’-GCCUUGGUGAGG
UUUGAUCUU-3’
5’-GAUCUCAUCAGG
GUACUCCUU-3’
5’-GUAAAUUCCCGC
GUUACGCUU-3’

No: AB021221) used in this study were collected from
GenBank. Two siRNAs targeting human VEGF and one
scrambled siRNA were designed on line and obtained by
in vitro transcription using a kit from Promega Company
(Table 1). (The basic GC composition of scrambled
siRNA was the same as siRNAs targeting human VEGF,
but had no distinguished homology with human VEGF
RNA, used as a negative control)[12].
Cell culture
SGC-7901 cell line was maintained in RPMI medium 1640
supplemented with 100 mL/L newborn calf and incubated
at 37℃ with a humidified incubator containing 50 mL/L
CO2.
MTT assay
Cells were divided into 7 groups: (1) 100 nmol/L siRNA1
or siRNA 2 group, (2) 200 nmol/L group, (3) 400 nmol/L
group, (4) 1000 nmol/L group, (5) 200 nmol/L scrambled
siRNA group, (6) lipofectin group with no siRNAs,
(7) untreated group with no siRNAs and lipofection.
LipofectamineTM2000 in transfection medium was used
according to the manufacturer’s instructions (0.5 mL/well).
Cells (6 × 10 7 /L cells) were suspended in RPMI
medium 1640, plated onto gelatinized 96-well culture
plates (0.1 mL/well), and incubated in a humidified
incubator containing 50 mL/L CO2 at 37℃ for 24 h. The
media were replaced with transfection medium or OptiMEM (0.1 mL/well). After incubated for 6 h, newborn
calf serum were added (10 mL/well) and incubated for 24 h,
Cell proliferation was determined by MTT assay.
Cell cycle assay
Cells (1.5 × 105/L cells) were suspended in RPMI medium
1640 and then plated onto 25 cm2 culture flasks. After
gene transferring for 2 d, cells were collected, suspended
in 0.01 mol/L phosphate-buffer saline (PBS) and fixed in
70 mL/L ethanol for 30 min. The cells were washed once
with PBS, digested by 200 μL RNase (1 g/L) at 37℃ for
30 min, and stained with propidium iodide (PI) at room
temperature for 30 min. DNA histograms were assayed
by flow cytometry (EPICS-ELITE-ESP). In each sample,
a minimum of 11 000 cells was counted and stored in list
mode. Data analysis was performed using standard Cell
Quest software (Becton-Dickinson).
Semi-quantitative reverse transcription-PCR analysis
The sequences of PCR primers used for VEGF
amplification are 5′-TCCGGGCCTCCG AAACC-3'
and 5′-CCTGGTGAGATCTGG-3′. The predicted
size of PCR products was 421 bp. Glyceraldehyde-

Figure 1 Growth of SGC-7901 cells after transfected by siRNA for 24 h in
lipofectin group (A) and siRNA2 group (B).

3-phosphate -dehydrogenase (GAPDH) ser ved as a
positive control (Terada et al, 1992). The sequences
of PCR primers used for GAPDH amplification
a r e 5 ′ - AC T G C C AC C C AG A AG AC T- 3 ′ a n d
5'-GCTCAGTGTAGCCCAGGAT-3′. The predominant
cDNA amplification product was 292 bp in length.
Cells (1.0 × 10 5/L cells) were suspended in RPMI
medium 1640, plated onto 6-well culture plates, and
incubated with a humidified incubator containing 50 mL/L
CO2 for 24 h at 37℃. After transfected with siRNAs for
24 h, cells were collected and total RNA was extracted.
Thirty cycles of PCR were performed at 94℃ for 30
s, at 53℃ for 60 s, at 72℃ for 60 s, and a final extension
at 72℃ for 5 min. After electrophoresis and ethidium
bromide staining, DNA bands were visualized with an
ultraviolet transilluminator. The results were scanned into
computer to measure DNA band intensities by Tianneng
Technology Company.
Concentration of VEGF in cell culture
After gene transfer ring for 24 h, super natant was
collected. The concentration of VEGF in cell culture
supernatants was determined using sandwich enzymelinked immunosorbent assay (ELISA) kits according to the
manufacturer’s instructions.
Statistical analysis
Results were presented as mean ± SD. Data were analyzed
using analysis of variance (ANOVA). P < 0.05 was
considered statistically significant.

RESULTS
Inhibition of proliferation of SGC-7901 cells
The OD value of MTT reduction assay showed that
siRNA1 and siRNA 2 markedly inhibited the growth
of SGC-7901 cells while the scrambled siRNA showed
no inhibitory effects on the growth of SGC-7901 cells.
Compared with the untransfected group, there was a
significant difference between siRNA1 and siRNA2 groups
(Figure 1). The scrambled siRNA or lipofectin group (no
siRNAs) had no statistical significance compared with
untreated group (no siRNAs and no lipofectin)（P > 0.05,
Table 2).
Influence of cell cycle
The change of cell cycle is listed in Table 3. Compared
with the untreated group, the percentage of cells increased
in the G 0/G 1 phase and decreased in the S and G 2/M
www.wjgnet.com
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Table 2 Data of MTT assay after transfected by siRNA for 24 h
(mean ± SD, n = 5)

n = 3)

Grouping

Absorption

Inhibitory rate (%)

Group

AVEGF/AGAPDH

Untreaded group
Lipofectin group
siRNASCR group
siRNA1-100 nm group
siRNA1-200 nm group
siRNA1-400 nm group
siRNA1-1000 nm group
siRNA2-100 nm group
siRNA2-100 nm group
siRNA2-100 nm group
siRNA2-100 nm group

0.444 ± 0.027
0.440 ± 0.029
0.438 ± 0.023
0.377 ± 0.024b
0.279 ± 0.023d
0.383 ± 0.022b
0.395 ± 0.040
0.379 ± 0.031b
0.278 ± 0.025d
0.383 ± 0.026b
0.394 ± 0.033

0.9
1.3
15.1
37.2
13.7
11.0
14.6
37.3
13.7
11.3

Normal control group
Lipofectin group
siRNASCR group
siRNA1 group
siRNA2 group

0.856 ± 0.009
0.834 ± 0.020
0.815 ± 0.017
0.456 ± 0.030b
0.468 ± 0.019b

b

P < 0.01 vs lipofectin group.

Table 5 Change of VEGF protein in supernatant (mean ± SD,

n = 3)

d

P < 0.01, P < 0.001 vs the lipofectin group.

Normal control group
Lipofectin group
siRNASCR group
siRNA1 group
siRNA2 group

Table 3 Change of cell cycle measured by flow cytometry
Group

G0/G1 phase (%)

S phase (%)

G2/M phase (%)

Untreaded group
Lipofectin group
siRNASCR group
siRNA1 group
siRNA2 group

58.37
58.76
58.23
75.04b
76.52b

39.52
40.18
41.34
17.82b
16.73b

2.11
1.06
0.43
7.14
6.75

P < 0.01 vs untreated group.

phase in siRN-treated group. The scrambled siRNA group
and lipofection group (no siRNAs) had no significant
change compared with the untreated group, suggesting
that siRNA inhibited the growth of SGC-7901 cells.
Expresson of VEGF mRNA after tranfected with siRNA
RT-PCR data showed that VEGF mRNA expression was
markedly down-regulated in SGC-7901 cells transfected
with siRNA1 and siRNA2 for 24 h, while the scrambled
siRNA and lipofectin showed no effects on the VEGF
mRNA expression in SGC-7901 cells (Table 4) .
Change of VEGF protein in supernatant
The ELISA data showed that secretion of VEGF protein
in the supernatant of SGC-7901 cells transfected with
siRNA1 and siRNA 2 for 24 h was significantly lower than
that of untransfected cells, while the scrambled siRNA
showed no such effects (Table 5) .

DISCUSSION
Gastric adenocarcinoma remains the second common
cause of cancer-related death in the world[13]. Although
surgery can cure it in some patients, the majority of
the patients lose their surgical chance when they visit
hospitals. With the rapid development of molecular
biology, potential treatment methods for gastric cancer
are available[14]. Solid tumors need adequate blood supply
to grow and metastasize. VEGF has therefore been
extensively studied in many types of tumor (Please provide
the references for the studies ).
VEGF has been shown to be a critical angiogenic
cytokine involved in blood supply for different tumors[15].
www.wjgnet.com
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Table 4 Data of absorbance (AVEGF/AGAPDH) (mean ± SD,

Group

b

Volume 13

VEGF (p/ng per L)
414.0 ± 61.5
366.3 ± 25.5
350.0 ± 25.7
164.6 ± 22.7b
166.3 ± 26.6b

Inhibition efficiency (%)
4.46
55.1
54.6

b

P < 0.01 vs lipofectin group; Inhibition efficiency = (lipofectin group- siRNA
group)/lipofectin group.

VEGF is a highly potent angiogenic agent that increases
vessel permeability and endothelial cell growth, proliferation,
migration and differentiation. In addition, VEGF induces
vasodilation and increases per meability of vascular
beds [16]. VEGF, also known as VEGF-A, belongs to a
gene family consisting of placental growth factor (PlGF),
VEGF-B, VEGF-C, VEGF-D and VEGF-E. VEGF
gene splicing generates four main VEGF isoforms that
differ in their molecular mass and biological activities. In
humans, it corresponds to isoforms VEGF121, VEGF165,
VEGF189 and VEGF206 [17,18]. Secreted VEGF121can
freely diffuse in extracellular matrix without binding to
heparin or extracellular matrix. Secreted VEGF165 can
also bind to cell surface heparin and extracellular matrix.
VEGF189 and VEGF206 have a higher affinity to heparin
and heparin sulphate than VEGF165. The secreted
forms of VEGF induce proliferation of endothelial cells,
in vivo angiogenesis and expression in carcinomas including
gastric adenocarcinoma. VEGF165 is one of the most
common VEGF isoforms and plays an important role in
angiogenesis[19,20]. RNAi technology is a powerful reverse
genetic tool that has been widely employed to silence
gene expression in mammalian and human cells. RNAibased gene therapy has become a promising therapy for
cancer[21,22]. This therapy targeting the molecular mechanism
of angiogenesis, especially those interacting with VEGF and
its receptors or antibody against VEGF and its receptors
may prove useful in the management of cancer[23,24].
By using molecular biology technology, we obtained
two kinds of siRNA by in vitro transcription, and then
transfected them into SGC-7901 cells with lipofectin
to inhibit the expression of VEGF. The results showed
that siRNAs could significantly inhibit the expression
of VEGF mRNA and the seceretion of VEGF protein.
At the same time, the growth of SGC-7901 cells was
markedly inhibited, indicating that VEGF is an effective
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target site in the gene therapy for gastric adenocarcinoma.
The two kinds of siRNA obtained by in vitro transcription
had a high purity and could be used to transtfect cultured
cells. Cationic liposome is a potential candidate for gene
delivery. Formation of RNA-cationic liposome complex
and its adherence to the surface of cells may be the
mechanism of gene transfection[25].
In conclusion, RNAi gene therapy is effective against
gastric adenocarcinoma. The accessory genes in cancers
take part in cell growth, proliferation and migration.
Silencing these genes is a good strategy for the treatment
of cancers. RNAi inhibits the expression of VEGF in
human gastric cancer cells[26]. Further study is required
before VEGF technology can be used in treatment of
gastric adenocarcinoma.
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Abstract
AIM: To investigate the role of major non-protein and
protein sulfhydryls and disulfides in chemically induced
gastric hemorrhagic mucosal lesions (HML) and the
mechanism of gastroprotective effect of sucralfate.
METHODS: Rats were given 1 mL of 75% ethanol, 25%
NaCl, 0.6 mol/L HCl, 0.2 mol/L NaOH or 1% ammonia
solutions intragastrically (i.g.) and sacrificed 1, 3, 6 or
12 min later. Total (reduced and oxidized) glutathione
(GSH + GSSG), glutathione disulfide (GSSG), protein free
sulfhydryls (PSH), protein-glutathione mixed disulfides
(PSSG) and protein cystine disulfides (PSSP) were
measured in gastric mucosa and liver.
RESULTS: Reduced glutathione (GSH) was depleted in
the gastric mucosa after ethanol, HCl or NaCl exposure,
while oxidized glutathione (GSSG) concentrations
increased, except by HCl and NaOH exposure. Decreased
levels of PSH after exposure to ethanol were observed,
NaCl or NaOH while the total protein disulfides were
increased. Ratios of reduced to oxidized glutathione or
sulfhydrils to disulfides were decreased by all chemicals.
No changes in thiol homeostasis were detected in the
liver after i.g. abbreviation should be spelled out the first
time here administration of ethanol. Sucralfate increased
the concentrations of GSH and PSH and prevented
the ethanol-induced changes in gastric mucosal thiol
concentrations.
CONCLUSION: Our modified methods are now suitable

for direct measurements of major protein and nonprotein thiols/disulfides in the gastric mucosa or liver.
A common element in the pathogenesis of chemically
induced HML and in the mechanism of gastroprotective
drugs seems to be the decreased ratios of reduced and
oxidized glutathione as well as protein sulfhydryls and
disulfides.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The biochemical basis of chemically induced acute
gastroduodenal hemorrhagic mucosal lesions (HML) and
protection remains unclarified. Injury to gastric mucosa
and isolated gastric mucosal cells by damaging chemicals
or H pylori involves a complex sequence of biochemical
and morphological events, e.g., activation of oxidative
stress pathways, diminished prostaglandin (PG) and GSH
metabolisms and early microvascular injury[1-10].
In addition to the PG-dependent mucosal protection[11,12] increasing evidence indicates that endogenous
sulfhydryls (SH) play an important role in the maintenance
of gastroduodenal integrity and in the protection against
chemically-induced lesions in cells, tissues and organs[13-15].
The relatively high concentration of non-protein sulfhydryls (NPSH) which is mostly reduced glutathione (GSH,
γ -glutamyl-cysteinyl glycine) besides cysteine (CSH),
coenzyme A and other thiols in the gastric mucosa also
indicates their possible implications for gastroprotection[16].
The direct organo- or cytoprotective effects of
reduced GSH, N-acetylcysteine (NAC) or other SH
compounds, (e.g., taurin) were demonstrated biochemically
and phar macologically in vivo against concentrated
ethanol [2,13,16-20], non-steroidal anti-inflammatory drugs
www.wjgnet.com

2054

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

(NSAID) [1,21,22] and acrylonitrile [23] as well as in vitro
with cultured or isolated gastric mucosal cells against
ethanol[24-27] or HCl[28].
Rapid activation and release of SH protease cathepsin
B was detected after ethanol exposure in the rat stomach.
Both the increase of protease activity and development of
acute gastric mucosal lesions were prevented by sulfhydryl
alkylators iodoacetate, iodoacetamide and N-ethylmaleimide
(NEM) [29,30] . In addition, inactivation of endogenous
protease inhibitors and activation of catepsins B, L and H
were demonstrated after ammonia-solution and ethanol
exposures in the stomach. It has been concluded that
various cysteine proteases and their endogenous inhibitors
may have a role in the pathogenesis of chemically induced
gastric mucosal lesion and protection[30-32].
Other studies also indicate that changes in PSH, PSSG
and PSSP are also involved in both mechanisms of tissue
damage and defense[33,34].
Various chemicals such as ethanol (50% or 75%), NaCl
(25%), HCl (0.6 N), NaOH (0.2 N) or ammonia-solution
(1%) provoke acute HML in minutes[3,5,11,31]. Since previous
biochemical and pathophysiologic studies with endogenous
SH compounds involved only ethanol and NSAID, we
tested the hypothesis that changes in PSH, NPSH and
disulfides (especially depletion of GSH in the rat gastric
mucosa) might represent common pathogenic factors in
the mechanisms of mucosal injury induced by endogenous
chemicals such as HCl or ammonia (a product of H pylori),
as well as exogenous NaOH, ethanol and hypertonic NaCl.
In addition, we also investigated the possibility, whether
non-protein and protein sulfhydryls might be protective
mechanisms by which gastroprotective drugs such as
sucralfate overcome these damaging substances.

MATERIALS AND METHODS
Animals
Female Sprague-Dawley (S-D) rats (Taconic Far ms,
Germantown, NY), weighing 160-200 g were fasted for
24 h before experiment, but water was available ad libidum.
Groups of rats (n = 4-6) were given 1 mL of deionized
water (in controls) or 1 mL of 75% (v/v) ethanol, 0.6 mol/
L HCl, 0.2 mol/L NaOH, 25% (w/v) NaCl and 1% (v/v)
ammonia water solution intragastrically (i.g.) by using gavage
with a rubber stomach tube (Rusch No. 8). Rats were killed
by cervical dislocation 1, 3, 6 or 12 min later. The abdomen
was opened and the stomach was rapidly removed, opened
along the greater curvature, rinsed in cold saline and blotted.
A small piece of liver was also removed. The mucosa of
the glandular stomach was scraped off with a blunt knife,
weighed, then put in 5% (w/v) of ice-cold trichloroacetic
acid (TCA) solution prepared with 0.01 mol/L HCl
containing 5 mmol/L EDTA making a 1:20 w/v dilution.
The liver samples were also rapidly weighed and put in TCA
solution which was kept on ice.
Chemicals
N-Ethylmaleimide (NEM), 5,5’-dithio-bis(nitrobenzoic
acid) (DTNB), glutathione, reduced form, crystalline
(GSH), glutathione, oxidized form (GSSG), L-cysteine
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Figure 1 Flow diagram of sample preparation and measurement of thiols in the
rat gastric mucosa and liver.

HCl (CSH), glutathione reductase (GSSGR) (EC 1.6.4.2)
type Ⅲ from baker’s yeast (155 units/mg protein),
nicotinamide adenine dinucleotide phosphate, reduced
form (NADPH), guanidine HCl, bovine serum albumin
(BSA), n-octyl alcohol, sodium borohydride (NaBH 4),
Trizma base, sodium phosphate dibasic and sodium
hydroxide, were purchased from Sigma Chemical, (St.
Louis, MO). Ammonium hydroxide (ammonia water),
hydrochloric acid, ethylenediamine-tetraacetate (EDTA)
disodium, ethyl ether, sodium chloride, sodium hydroxide,
sodium phosphate monobasic, TCA were obtained from
Fisher Scientific (Pittsburgh, PA). Ethanol was purchased
from Florida Distillers (Lake Alfred, FL). Sucralfate was
obtained from Marion Laboratories (Kansas City, MO).
Preparation of samples
Figure 1 shows the flow chart of all major steps of
biochemical procedures. Tissue samples were homogenized
in TCA (1:20, w/v) solution for 60 s in plastic conic tubes
using an ultra turrax homogenizer (Tissumizer, Tekmar
Co., Cincinnati, OH) driven at 50 000 r/min for 10 s three
times. The homogenates were kept on ice and centrifuged
at 4℃, 6000 × g for 15 min. Supernatants and pellets were
separated for further preparation and biochemical assays
of NPSH and protein SH fractions.
The supernatants were washed 5 times with ethyl ether
(1:2, v/v) at 0℃. With this procedure triglycerides and
TCA could be removed and the remaining 0.01 mol/L HCl
could maintain slight acidity of solution to minimize the
spontaneous oxidation of GSH. One portion of diluted
(1:10-100, v/v) supernatants with 0.1 mol/L phosphate
buffer saline (PBS, pH 7.4) at 0℃ without further
treatment was used for enzymatic and spectrophotometric
measurement of the total glutathione (GSH + GSSG) levels.
Another 0.5-1.0 mL portion of the original supernatant
was incubated (1:1, v/v) with 0.05 mol/L NEM in 0.1
mol/L PBS containing 5 mmol/L EDTA (pH 7.4) for 1
h at room temperature. Using this procedure the tissue
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concentration of GSSG could be determined following
preliminary reaction of reduced GSH with excess of
NEM. The rapid and complete reaction between GSH
and the SH alkylator NEM prevents the participation of
reduced GSH in the enzymatic assay as well as its further
spontaneous oxidation to GSSG[35,36]. After removal of
non-reactive NEM by 10 extractions with cold ether (1:3,
v/v) the GSSG could be measured enzymatically with
GSSGR with or without further dilution.
The protein pellets were vigorously washed with 3.0
mL of ice-cold 5% (w/v) TCA containing 5 mmol/L
EDTA in 0.01 mol/L HCl, centrifuged at 4000 × g for
15 min then washed 3 times again in 3.0 mL of ethyl
ether. The vacuum-dried pellets were suspended for
protein denaturation in 2.0 mL of 6.0 mol/L guanidine
HCl plus 1.0 mL of 0.1 mol/L PBS, pH 7.4, containing
5 mmol/L EDTA with vigorous agitation for 10 min
producing an almost complete dissolution of pellet. The
clear supernatant (i.e., “protein solution”) was separated
by centrifugation at 4000 × g for 20 min for further
preparation of samples or for biochemical assays.
Detection of protein disulfide groups (PSSP) was
based on the reduction of disulfide bridges with 0.1 mol/L
sodium borohydride (NaBH 4) as reducing agent, and
DTNB (Ellman’s reagent) as thiol disulfide exchanger on
previously denaturated protein samples[37,38]: 200 µL of
0.1 mol/L NaBH4 in 0.1 mol/L NaOH containing 0.02%
Na2EDTA and a drop of octyl alcohol as an antifoaming
agent was added to an 50 µL aliquot of diluted (50%)
“protein solution”. The reduction was performed for 1.5 h
at 37℃ in a shaking water bath. The excess of sodium
borohydride was removed by adding 30 µL of 6 mol/L
HCl. Since DTNB color should be developed in a mild
alkaline environment, the pH of the reaction mixture was
brought to about pH 8 with 400 µL of 2.0 mol/L TrisHCl buffer, pH 8.3, containing 0.02% EDTA.
Enzymatic assays of both the total glutathione and oxidized glutathione
This sensitive spectrophotometric measurement of SH
groups was based on formation of color product resulting
from reaction of DTNB and GSH[39,40]. The components,
dissolved in 0.1 mol/L PBS (pH 7.4) containing 5 mmol/L
EDTA were added in the following amounts: 100 µL of
original or NEM-treated supernatant (containing 0.05-0.5
mg tissue) mixed with 600 µL of PBS (0.1 mol/L, pH 7.4),
100 µL of 6 mmol/L Ellman’s reagent (0.6 µmol) and 100 µL
of GSSGR solution (10 µg). The reaction was initiated
with 100 µ L of 2 mmol/L NADPH (0.2 µ mol). The
mixture (1.0 mL) was incubated while shaking at 37℃ for
exactly 6 min, and the absorption at 412 nm was measured
10 min later against water[41] using a cuvette with 1 cm light
path (standard assay for all GSH-containing disulfides).
The difference between the original and NEM-treated
supernatants indicates the level of GSSG.
Measurement of free protein SH
One hundred µ L of diluted (50%) “protein solution”
was mixed with 800 µ L of PBS (0.1 mol/L, pH 7.4)
containing 5 mmol/L EDTA and 100 µL of 6 mmol/L
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DTNB solution. Absorbance at 412 nm was measured
spectrophotometrically 10 min later.
Determination of protein-GSH mixed disulfides
The diluted (50%) “protein solution”, 100 µ L, 10 µ g
GSSGR in 100 µL PBS, 600 µL of PBS (0.1 mol/L, pH
7.4, containing 5 mmol/L EDTA), 100 µL of 6 mmol/L
DTNB and 0.2 µmol NADPH in 100 µL PBS were mixed
and kept at 37℃ in shaking water bath for exactly 6 min.
Absorption at 412 nm was read immediately afterwards.
Measurement of protein cystine disulfides
The half cystine residues of proteins were quantified
using Ellman’s reagent after guanidine-induced protein
denaturation plus sodium borohydride reduction of
cystine disulfide bonds, using untreated “protein solution”
samples as control as described earlier in this paper.
Assay of protein concentration
Protein concentration was determined using the Coomassie
blue (BIO-RAD) method [42] after 50% dilution of the
“protein solution” sample. Absorption at 595 nm was
measured with samples, blanks and known concentrations
of bovine serum albumin.
Investigations with sucralfate
The experiments with gastroprotective doses of sucralfate
were carried out in additional groups of fasted rats which
were given 1 mL of 75% ethanol by gavage and were killed
sacrificed 12 min later. Two of the groups received sucralfate
at 10 or 50 mg/100g i.g. alone or (at 50 mg/100 g) 30 min
before the administration of ethanol. The concentrations
of all five types of non-protein and protein thiols in
homogenates of mucosal scrapings of glandular stomach
were measured immediately after autopsy as described
above.
Data analysis and statistical evaluation
The nmol GSH/mg wet tissue and nmol GSSG/mg wet
tissue were calculated from freshly prepared GSH dose
response curves (5-100 ng). The dose curves of GSH and
GSSG following reduction were identical. Protein SH data
were expressed as nmol cysteine/mg protein corrected for
the background absorbance measured in samples without
protein solution. Protein disulfides were expressed as nmol
cysteine (half cystine)/mg protein after reducing disulfides
with sodium borohydride. Protein-GSH mixed disulfides
were expressed as nmol GSSG equivalent/mg protein
calculated from a GSSG (or GSH) dose curves prepared in
the standard assay.
All experiments were carried out 3 times, the biochemical measurements were performed in duplicates
and the results were pooled. Arithmetic means and
standard errors of mean (SEM) were calculated. Statistical
evaluation was performed using Mann-Whitney U-test,
ANOVA and two-tailed Student’s t-test for unpaired
comparisons. The level of significance was P < 0.05. All
experiments were carried out according to the protocol
approved by the Ethics Committee.
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Table 1 Total glutathione (GSH + GSSG) in the mucosa of
rat glandular stomach and liver following i.g. administration of
gastrotoxic chemicals
0 min

1 min

3 min

6 min

Ethanol
HCl
NaOH
NaCl
Ammonia
Liver
Ethanol

2.6 ± 0.3
2.3 ± 0.7
2.6 ± 0.5
2.9 ± 0.6
3.0 ± 0.7

1.7 ± 0.5
1.5 ± 0.6
2.4 ± 0.4
2.5 ± 0.5
2.6 ± 0.5

1.6 ± 0.3
0.9 ± 0.4
1.9 ± 0.6
2.0 ± 0.2
2.3 ± 0.4

1.4 ± 0.3a
0.9 ± 0.3
1.9 ± 0.6
1.8 ± 0.1
2.8 ± 0.4

1.2 ± 0.2b
0.5 ± 0.2a
1.9 ± 0.5
1.5 ± 0.3a
2.9 ± 0.7

3.8 ± 0.5

3.9 ± 1.0

4.1 ± 0.6

4.3 ± 0.8

4.2 ± 0.5

The damaging agent, 1 mL of 75% ethanol, 0.6 mol/L HCl, 0.2 mol/L
NaOH, 25% NaCl or 1% ammonia-water was given by gavage to fasted
S-D rats (n = 4-6), and the animals were killed subsequently at time-points
indicated. Data are expressed as mean ± SEM of nmol GSH mg wet tissue.
a
P < 0.05, bP < 0.01, vs corresponding control values (0 min).

1.5

a

P < 0.05
P < 0.01
P < 0.001

b

GSH/GSSG × 10

-2

d

75% Ethanol
0.6 mol/L HCl
1% Ammonia
0.2 mol/L NaOH
25% NaCl

Volume 13
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Table 2 Oxidized glutathione (GSSG) in the mucosa of rat
glandular stomach and liver following i.g. administration of
gastrotoxic chemicals

12 min

Stomach

April 14, 2007

Stomach
Ethanol
HCl
NaOH
NaCl
Ammonia
Liver
Ethanol

0 min

1 min

3 min

6 min

12 min

20.0 ± 3.0
19.0 ± 6.0
20.0 ± 2.0
27.0 ± 1.9
28.1 ± 8.9

17.0 ± 3.5
18.0 ± 4.0
25.0 ± 2.1
25.0 ± 2.1
34.7 ± 7.1

26.0 ± 4.0
18.0 ± 2.8
26.0 ± 3.7
35.0 ± 5.7
57.0 ± 9.9

32.0 ± 5.1
22.0 ± 4.8
25.0 ± 4.6
35.7 ± 6.9
63.0 ± 10.3a

39.0 ± 2.1b
20.0 ± 4.5
24.0 ± 3.1
58.0 ± 8.9b
60.0 ± 9.7a

74.0 ± 13.1 81.4 ± 15.2 64.0 ± 11.3 58.9 ± 10.8 66.6 ± 13.3

The damaging agent, 1 mL of 75% ethanol, 0.6 mol/L HCl, 0.2 mol/L
NaOH, 25% NaCl or 1% ammonia-water was given by gavage to fasted
S-D rats (n = 4-6), and the animals were killed subsequently at time-points
indicated. Data are expressed as mean ± SEM of pmol GSSG in 1 mg wet
tissue. aP < 0.05, bP <0.01, vs corresponding control values (0 min).

Table 3 Protein SH (PSH) in the mucosa of rat glandular
stomach and liver following i.g. administration of gastrotoxic
chemicals
0 min

1.0

1 min

3 min

6 min

12 min

Stomach
a
a
0.5

b
b

0

1

d

b
d
d

3
6
Time after chemicals (min)

a
d
d
d

12

Figure 2 Ratios of reduced glutathione (GSH) and glutathione disulfide (GSSG) in
mucosa of glandular stomach after i.g. administration of gastrotoxic chemicals in
rats.

RESULTS
The total glutathione (GSH + GSSG) concentration in
the glandular stomach mucosa of control rats was 2.3-3.0
nmol GSH/mg tissue measured by the enzymatic method.
In these experiments the GSH level in normal rat liver was
slightly higher (3.8 + 0.5 nmol GSH/mg tissue) than in the
gastric mucosa (Table 1).
Very rapid and time-dependent depletion-which reached
statistical significance within 6-12 min - were found in
total GSH concentrations in the gastric mucosa after i.g.
administration of ethanol, HCl or hypertonic NaCl solution.
In contrast, the diminished GSH levels in the gastric mucosa
did not reach the level of statistical significance following
0.2 mol/L NaOH or 1% ammonia solution. Similarly, no
significant alterations were found in GSH concentrations in
the liver at any time after i.g. injection of ethanol (Table 1).
GSSG represents 0.7%-4.0% of total GSH pools.
The concentrations of GSSG were significantly and timedependently increased in the glandular stomach from
0.7%-1.4% to 3.2%-4.0% after ethanol, ammonia water or
hypertonic NaCl treatments. However, these parameters
www.wjgnet.com

Ethanol
HCl
NaOH
NaCl
Ammonia
Liver
Ethanol

32.9 ± 1.2
34.2 ± 3.0
26.9 ± 1.0
26.7 ± 3.6
29.8 ± 2.9

29.6 ± 1.9
39.8 ± 2.1
22.3 ± 2.1
26.5 ± 2.1
22.6 ± 2.0

22.4 ± 1.1b
38.7 ± 1.3
13.0 ± 4.1b
23.1 ± 6.9
26.6 ± 3.9

15.9 ± 1.3d
35.7 ± 3.3
11.8 ± 3.5b
13.0 ± 6.7
30.9 ± 2.1

13.7 ± 1.0b
31.7 ± 4.2
14.0 ± 4.9a
15.1 ± 2.1a
26.3 ± 4.9

55.4 ± 4.8

51.2 ± 2.4

53.0 ± 1.8

54.3 ± 4.1 50.6 ± 4.5

The damaging agent, 1 mL of 75% ethanol, 0.6 mol/L HCl, 0.2 mol/L
NaOH, 25% NaCl or 1% ammonia-water was given by gavage to fasted
S-D rats (n = 4-6), and the animals were killed subsequently at time-points
indicated. Data are expressed as mean ± SEM of nmol cysteine in 1 mg
protein. aP < 0.05, bP < 0.01, dP < 0.001, vs corresponding control values (0
min).

did not increase markedly after exposure to HCl or NaOH
solutions. Ethanol did not substantially modify glutathione
disulfide levels in the rat liver at any time during the 12 min
period studied, and the proportion of GSSG remained
below 1% (Table 2).
The moderate or marked changes in GSH and GSSG
levels resulted in significant decreases of the GSH/GSSG
ratios after the administration of all gastrotoxic chemicals
used. However, lower ratio values were found in the gastric
mucosal thiol concentrations following ethanol, HCl or
NaCl than after ammonia or NaOH administration. The
relatively small changes in GSH or GSSG levels in the
mucosa after ammonia or NaOH exposures resulted in
statistically significant decreases in the GSH/GSSG ratios
(Figure 2).
The concentrations of PSH in the gastric mucosa
decreased rapidly and significantly following exposure to
ethanol, nevertheless, were also diminished after NaOH or
hypertonic NaCl. These values remained unchanged in the
liver samples following ethanol and in the gastric mucosa
after exposure to ammonia or HCl solutions (Table 3).
Table 4 shows the concentrations of PSSG in protein
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2.0

Table 4 Protein-GSH mixed disulfides (PSSG) in rat glandular
stomach mucosa and liver following various chemicals given i.g.
6 min

12 min

0.17 ± 0.04
0.20 ± 0.02
0.22 ± 0.03
0.20 ± 0.02
0.26 ± 0.03

0.28 ± 0.08
0.62 ± 0.11a
0.31 ± 0.10
0.19 ± 0.04
0.25 ± 0.04

0.37 ± 0.03b
0.83 ± 0.15a
0.36 ± 0.09
0.17 ± 0.04
0.27 ± 0.04

0.35 ± 0.02b
0.83 ± 0.16a
0.45 ± 0.12
0.20 ± 0.01
0.36 ± 0.11

0.49 ± 0.04d
0.84 ± 0.09b
0.43 ± 0.15
0.22 ± 0.05
0.32 ± 0.04

0.68 ± 0.03 0.86 ± 0.03 0.74 ± 0.03 0.64 ± 0.11 0.81 ± 0.10

The damaging agent, 1 mL of 75% ethanol, 0.6 mol/L HCl, 0.2 mol/L
NaOH, 25% NaCl or 1% ammonia-water was given by gavage to fasted
S-D rats (n = 4-6), and the animals were killed subsequently at time-points
indicated. Data are expressed as mean ± SEM of nmol GSSG in 1 mg
protein. aP < 0.05, bP <0.01, dP < 0.001, vs corresponding control values (0
min).

Table 5 Protein disulfides (PSSP) in rat glandular stomach
mucosa and liver following various chemicals given i.g.

Stomach
Ethanol
HCl
NaOH
NaCl
Ammonia
Liver
Ethanol

0 min

1 min

3 min

6 min

12 min

0.55 ± 0.08
0.54 ± 0.20
0.44 ± 0.07
0.57 ± 0.02
0.39 ± 0.07

0.94 ± 0.06b
0.57 ± 0.04a
0.52 ± 0.17
0.53 ± 0.02
0.52 ± 0.17

1.36 ± 0.20b
0.90 ± 0.30
0.55 ± 0.04
1.00 ± 0.12b
0.56 ± 0.15

1.72 ± 0.05d
1.33 ± 0.45
0.66 ± 0.14
1.01 ± 0.18b
0.78 ± 0.20

1.71 ± 0.13d
1.69 ± 0.09b
0.59 ± 0.20
1.35 ± 0.05d
0.64 ± 0.15

0.89 ± 0.25 0.75 ± 0.20 0.95 ± 0.30 0.86 ± 0.17 0.69 ± 0.05

The damaging agent, 1 mL of 75% ethanol, 0.6 mol/L HCl, 0.2 mol/L
NaOH, 25% NaCl or 1% ammonia-water was given by gavage to fasted
S-D rats (n = 4-6), and the animals were killed subsequently at time-points
indicated. Data are expressed as mean ± SEM of nmol half cystine residue
in 1 mg protein. bP < 0.01, dP < 0.001, vs corresponding control values (0
min).

samples of the gastric mucosa and liver of control and
treated rats. The concentration of PSSG was higher in the
liver at all the times examined than in the gastric mucosa of
control rats or during the development of gastric mucosal
damage. Furthermore, time-dependent and significant
increments of these mixed disulfides were found in the
mucosa after administration of ethanol or HCl. Since these
proteins contained moderately (e.g. HCl) or markedly (e.g.
ethanol, NaOH, NaCl exposures) less free SH groups than
those obtained from control groups, the ratios of PSH to
PSSG groups were rapidly and significantly decreased by
the gastrotoxic chemicals used, except by ammonia solution
(Figure 3).
The concentrations of cystine disulfides in the proteins
were also significantly increased in the gastric mucosa by
ethanol, HCl or NaCl measured after denaturation and
borohydride reduction. No significant changes were found
in the liver after ethanol or in the gastric mucosa following
ammonia water or NaOH administration (Table 5).
Figure 4 shows the changes in the ratios of PSH to
PSSP prepared from rat gastric mucosa. In contrast to
moderate alterations by ammonia solution, the ratio of
PSH to PSSP in the proteins rapidly decreased by all other

-2

3 min

Protein SH/Protein SSG × 10

1 min

d

75% Ethanol
0.6 mol/L HCl
1% Ammonia
0.2 mol/L NaOH
25% NaCl

1.5

1.0

b

a
b

0.5

d
d

a

a
b
b
d

0

1

3
6
Time after chemicals (min)

b
d
d

12

Figure 3 Ratios of protein SH (PSH) to protein-GSH mixed disulfides (PSSG) in
the gastric mucosa after i.g. administration of gastrotoxic chemicals in rats.

0.75

a

P < 0.05
P < 0.01
d
P < 0.001
b

-2

0 min

P < 0.05
P < 0.01
P < 0.001

b

Protein SH/Protein SSP × 10

Stomach
Ethanol
HCl
NaOH
NaCl
Ammonia
Liver
Ethanol

a

75% Ethanol
0.6 mol/L HCl
1% Ammonia
0.2 mol/L NaOH
25% NaCl

0.50
a

a
*

b
b

0.25
d

0

1

d

a

a
d
d
d

3
6
Time after chemicals (min)

b
d
d
d
12

Figure 4 Ratios of protein SH (PSH) to protein disulfides (PSSP) in the gastric
mucosa following i.g. administration of gastrotoxic chemicals in rats.

chemicals calculated from the protein thiol data in the
gastric mucosa.
All measured alterations in PSH, NPSH and disulfides
of the gastric mucosa as well as the calculated ratios are
summarized in Table 6. The common elements seem to
be the trend in decreased GSH and increased GSSG levels
both of which reached level of statistical significance with
three out of five gastrotoxic chemicals tested, very often
in an overlapping manner. Similar changes were apparent
with decrease in PSH and increase in PSSP, i.e., in 3/5 and
4/5 cases, respectively. Consequently, the most consistent
patterns of alterations were, however, detected in the slight
or marked decreases in GSH/GSSG and the PSH/PSSP
ratios involving all the five tested and commonly used
gastrotoxic chemicals. One should also stress that these
biochemical changes preceded the full development of
hemorrhagic erosions which were virtually absent at 1 min,
barely detectable at 3 and 6 min, and visible at 12 min.
Our direct pharmacologic results demonstrate that
the gastric mucosal levels of reduced GSH and the ratio
of GSH/GSSG increased dose-dependently increased
www.wjgnet.com
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Table 6 Changes in the concentrations of nonprotein and protein sulfhydryls and disulfides in the rat glandular stomach in the early
phase of chemically-induced mucosal injury
Agent
Ethanol
HCl
NaOH
NaCl
Ammonia

Total GSH
DD
D
DD
No
No

GSSG
Ⅱ
Ⅰ
No
No
Ⅰ

GSH/GSSG
DD
DD
D
D
D

PSH
DD
D
No
D
No

PSSG
Ⅲ
No
Ⅰ
No
No

PSSP
Ⅲ
Ⅱ
Ⅰ
Ⅰ
No

PSH/PSSG
DD
No
DD
DD
No

SH/PSSP
DD
DD
DD
D
D

Total GSH: GSH + GSSG; GSSG: glutathione disulfide; PSH: protein SH; PSSG: protein-GSH mixed disulfide; PSSP: protein disulfides; I: increase; D:
decrease, Ⅰor D: P < 0.05; Ⅱ or DD: P < 0.01; Ⅲ or DDD: P < 0.001; No: no significant change in comparison with corresponding controls in the 12 min
experiments.

P < 0.05

GSM (nmol/mg tissue)

3.5
3
2.5
2

P < 0.001

1.5
1
0.5

GSH/GSSG x 10

-2

0
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

P < 0.001

Control

Ethanol

Sucralfate
(10 mg)

Sucralfate
(50 mg)

Sucralfate
(50 mg)
+ Ethanol

Figure 5 Concentration of GSH (nmol/mg tissue) and ratio of GSH/GSSG in the
glandular mucosa of rat stomach after i.g. administrations of sucralfate (10 and
50 mg/100 g, b.w.), 1 mL of 75% ethanol, and sucralfate (50 mg/100 g, b.w.) plus
ethanol (n = 5). Data are expressed as means SEM.

following sucralfate administration. In addition, the ethanolinduced decrease in GSH concentration was almost completely prevented by pretreatment with gastroprotective dose
(50 mg/100 g body weight) of sucralfate (Figure 5). The
decrease of mucosal PSH/PSSP caused by ethanol was also
abolished after pretreatment with sucralfate.

DISCUSSION
Because of previous observations with gastric mucosal thiols[12,13] and protein sulfhydryls (including SH-proteases)[30,31]
we wanted to study the early changes in tissue levels of
major sulfhydryls and disulfides in the mucosa of the
glandular stomach in a time-dependent manner after the
administration of various gastrotoxic chemicals, i.e., before
the development of HML.
Our results of the present study revealed rapid changes
in SH and disulfide concentrations in the rat gastric mucosa
after exposure to damaging chemicals such as ethanol,
hypertonic NaCl, HCl, NaOH or ammonia solutions. The
depletion of reduced GSH and the elevation of GSSG
concentration were more marked after ethanol, HCl or
NaCl, than following base solutions such as NaOH and
www.wjgnet.com

ammonia water. The ratios of reduced to oxidized glutathione were significantly decreased by all gastrotoxic
chemicals. No changes in the thiol homeostasis were found
in the liver.
Previous investigations demonstrated that concentrated ethanol, acid and base solutions and other chemicals
may induce time-dependent severe acute mucosal lesions in the rat stomach within minutes[2,3,5,6,31]. Different biochemical events, i.e., generation of oxygen free
radicals, lipid peroxidation, impaired prostaglandin metabolism, endothelial injuries have been implicated in the
pathogenesis of chemically-induced acute mucosal lesions
or epithelial cell damages [2,3,5,7,9,11]. Lipid peroxides and
peroxiradicals in the gastric mucosa can be detoxified by
GSH peroxidase via formation of GSSG from reduced
GSH. Cytotoxins can also be eliminated by GSH conjugation catalyzed by glutathione S-transferase. Other
findings revealed decreased GSH and increased GSSG in
the gastric mucosa, thus increased oxidative stress might be
one of the first mechanisms of the mucosal damage. The
role of lipid peroxidation in the development of HML
seems to be more limited than previously thought[2,3,43].
Several researchers found a significant decrease of
reduced GSH in gastric mucosa following chemicals such
as NSAID and acrylonitrile[1,13,16,21-23]. Acute depletion of
GSH during gastric mucosal injury may be due to: (1)
direct oxidation of GSH to GSSG; (2) formation of mixed
disulfides with protein SH groups or cysteine; (3) nonenzymatic conjugation with GSH[44].
Exogenously administered SH agents such as L-cysteine,
N-acetylcysteine, cystamine, cysteamine, penicillamine, GSH
exert dose-dependent protection against the ethanol-induced
HML in the rat stomach [1,2,13,17]. Direct cytoprotective effect
of GSH was demonstrated in vitro against ethanol[25] or
acid-induced[28] injury in cultured rat gastric mucosal cells.
On the other hand, s.c. injection of SH alkylators such as
iodoacetate or NEM 10 min before or after gastroprotective
thiol or PG compounds eliminated the protective effect of
SH drugs in ethanol model[45,46]. These results also show the
importance of reduced SH groups in gastroprotection.
We detected significant increase of GSSG concentration
in the glandular stomach after ethanol, HCl or hypertonic
NaCl exposures, but this increment was minor following
ammonia or NaOH solutions. The increased level of
oxidized GSH is one of the elements in pathogenesis of
mucosal injury. It is known that GSSG is rapidly reduced
to GSH by NADPH-dependent GSSGR [47]. When the
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rate of GSH oxidation to GSSG exceeds the capacity of
GSSGR, GSSG is actively transported out of the cell.
GSSG selectively destroys cysteine protease inhibitors[48],
consequently it may activate lysosomal thiol protease
cathepsins B, H, L in gastric mucosal which participate in
the early development of HML[29-31,45].
Thus, our present studies revealed a rapid and significant
decrease in the concentration of gastric mucosal protein SH
following i.g. administration of ethanol, hypertonic NaCl or
NaOH. Tissue levels of PSH remained unchanged during
the development of ammonia or HCl-induced gastric
lesions. Furthermore, slight or profound increases of PSSG
or PSSP were detected in gastric mucosa using GSSGR
enzymic method or borohydride reduction of disulfide
bridges in the protein samples, respectively. But ratios of
protein SH and disulfides (PSSG + PSSP) were significantly
decreased by all chemicals used. No changes were found in
liver protein SH concentrations after i.g. administration of
ethanol. Thus, protein thiol changes are also involved in the
pathogenesis of chemically-induced gastric mucosal lesions
in rats. What are the possible mechanisms?
Protein SH groups play a critical role in the catalytic
mechanisms of numerous enzymes including metabolic
enzymes such as creatine kinase and glyceraldehyde-3phosphate dehydrogenase. A large group of these enzymes
play an important role in cell metabolism or membrane
transport. PSH has been implicated in the maintenance of
plasma membrane integrity and ion fluxes, of mitochondrial
permeability[49], of membrane-bound ATP-ase[50], and of
various receptors and G protein which might be one of
the universal mediators of gastric mucosal protection. PSH
are important for the maintenance of protein structure and
functions in the gastric mucosa, e.g., their modifications
via oxidation, alkylation and conjugation may change the
functions of mucosal parenchymal or endothelial cells[13,51].
On the other hand, numerous thiol proteases such as calpain
in the plasma membranes and cytosol, and the lysosomal
cysteine protease cathepsins B, H and L may be activated
during the early phase of acute gastric HML[30,32].
The results presented here have revealed that exposure
of gastric mucosa to toxic concentrations of chemicals also
caused a rapid loss of total protein SH groups. During this
period cysteine proteases can be activated and released[30-32].
Our group demonstrated previously that formation of
reversible protein disulfides might be advantageous in the
maintenance of integrity of gastric mucosa due to: (1)
their possible antioxidant or reactive metabolite-eliminating
effects; (2) a more stable tertiary structure integrity and
functions of several structure (membrane) protein or
metabolic enzymes might be more resistant against noxious
influences; (3) inhibition of PSH may be associated with
decreased activity of cysteine proteases.
Our results with rats given sucralfate alone revealed
a significant and dose-dependent increase in both the
GSH concentration and the GSH/GSSG ratio in the
gastric mucosa. In addition, a gastroprotective dose of
sucralfate almost completely prevented the ethanol-induced
decrease of GSH concentration and ratio of GSH/PSSP.
These results are also in agreement with our previous
pharmacologic experiments demonstrating an SH-sensitive
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step in the mechanism of gastroprotection by sucralfate[52].
We conclude that rapid and time-dependent depletion
of total GSH in the gastric mucosa precedes the development of erosions induced by ethanol, HCl or NaCl. This
biochemical change was not evident after exposure to
ammonia or NaOH solutions. However, GSSG concentrations in glandular mucosa increased, except after
HCl or NaOH exposure. Thus, the ratios of reduced to
oxidized GSH concentrations markedly decreased by all
gastrotoxic chemicals studied. Considerable decreases of
PSH concentration were also detected after concentrated
ethanol, NaCl and NaOH solutions, while the protein
disulfides were increased, resulting in diminished ratios
of PSH and protein disulfides in the gastric mucosa. We
also conclude that sucralfate increases the concentration
of GSH in the gastric mucosa and this biochemical effect
may be one of the mechanisms of gastroprotection by
sucralfate and possible other similar drugs.
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Abstract
AIM: To investigate if iron deposition and fat accumulation
in the liver play a pathogenetic role in dimethylnitrosamine
(DMN)-induced liver fibrosis in rat.
METHODS: Thirty rats were treated with DMN at does
consecutive days of 10 µL/kg daily, i.p., for 3 consecutive
day each week for 4 wk. Rats (n = 30) were sacrificed
st
on the first day (model group A) and 21 d (model group
B) after cessation of DMN injection. The control group
(n = 10) received an equivalent amount of saline. Liver
tissues were stained with hematoxylin & eosin (HE) and
Masson and Prussian blue assay and oberserved under
electron microscopy. Serum alanine aminotransferase (ALT)
and liver tissue hydroxyproline (Hyp) content were tested.
RESULTS: The liver fibrosis did not automatically
reverse, which was similar to previous reports, the
perilobular deposition of iron accompanied with collagen
showed marked characteristics at both the first and
st
21 d after cessation of DMN injection. However, fat
st
accumulation in hepatocytes occurred only at the 21 d
after cessation of DMN injection.

Gastroenterol 2007; 13(14): 2061-2065
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INTRODUCTION
Iron deposition and liver steatosis are important
pathological changes in chronic liver diseases like
viral hepatitis and alcoholic liver diseases [1-5]. The two
pathological changes have also been demonstrated to occur
in CCL4-induced liver damage or fibrosis[6,7]. Iron overload
in the liver may damage hepatocyte and stimulate reactive
oxygen species and lipid peroxidation, eventually resulting
in liver fibrosis, cirrhosis, or other liver diseases [8-10].
Additionally, liver steatosis is also closely related to fibrosis
and can increase the severity of fibrosis[11]. It was reported
that hepatic inflammation may mediate fibrogenesis in
patients with liver steatosis[12].
Rat liver fibrosis induced by dimethylnitrosamine
(DMN) is a good reproducible model and has been widely
used in screening drugs and researching mechanisms
associated with liver fibrosis or cirrhosis[13-16]. However,
it is currently unknown whether iron deposition and fat
accumulation also occur in DMN-induced rat liver fibrosis.
The pathogenesis of this model includes fibrillar
septa formation, focal nodule formation, biochemical
abnormalities and the development of ascites[13,14]. After
cessation of DMN, the death of rats continued and liver
function continues to deteriorate over time[17]. Anti-fibrotic
drugs usually need to be administered for as long as
about 3 wk to evaluate their effects. Therefore, this study
determined the characteristics of the time points at the
first day and 21st d after cessation of DMN.

MATERIALS AND METHODS

Key words: Liver fibrosis; Dimethylnitrosamine; Iron; Fat

Animals
Male and female Sprague-Dawley rats of 120-150 g body
weight were used. They were fed with standard rat diet
and water according to guidelines approved by the China
Association of Laboratory Animal Care. They were
settled in plastic cages in an SPF-grade animal room in the
Experimental Animal Center of Guangzhou University of
Chinese Medicine.

He JY, Ge WH, Chen Y. Iron deposition and fat accumulation
in dimethylnitrosamine-induced liver fibrosis in rat. World J

Treatment protocol
The rats were randomly divided into the control group

CONCLUSION: Iron deposition and fat accumulation
may play important roles in pathological changes in
DMN-induced rat liver fibrosis. The detailed mechanisms
of these characteristics need further research.
© 2007 The WJG Press. All rights reserved.

www.wjgnet.com

2062

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Volume 13

Number 14

Table 1 Changes of serum ALT and tissue Hyp means ± SD

DMN
Day

April 14, 2007

1

7

14

21

24

31

38

45

Figure 1 Schematic representation of the DMN treatment protocol.

and the model group. The animals in the model group (n
= 30) received DMN (Tianjin Chemical Reagent Research
Institute) dissolved in saline at does of 10 µL DMN/kg,
i.p., for 3 consecutive d each wk for 4 wk. The control
group (n = 10) received an equivalent amount of saline.
On the last day of DMN administration, the rats in model
group were randomly divided into 2 groups as group
model A and group model B. Group model A (n = 10)
rats were sacrificed on the first d after cessation of DMN
and group B and the control group were sacrificed in
21st d after cessation of DMN. The treatment protocol is
presented in Figure 1.
Histopathology
The liver tissue was observed under light microscopy after
fixation with Bouin fluid for 24-36 h. Paraffin sections
were stained with hematoxylin & eosin (HE) for routine
examination, followed by Masson staining for collagen,
and Prussian blue for iron. Processing for electron
microscopy included fixation with glutaraldehyde in 0.2
mol/L phosphate buffer and embedding in epon/araldite.
Quantitative determination of the deposition of collagen,
fat and iron
Quantitative determination of collagen was done by
analyzing the Masson-stained paraffin sections under an
optical microscope by a grading method. The degree of
fibrosis of liver sections was graded numerically based on
the following criteria: 0, no fibrosis; + 1, slight fibrosis,
fibrosis located in the central liver lobule; + 2, moderate
fibrosis, widened central fibrosis; + 3, severe fibrosis,
fibrosis extended to the edge of liver lobule; + 4, liver
cirrhosis.
A grading method through analyzing the sections under
electron microscopy was used for quantitative evaluation
of fat accumulation according to previous methods[18]. The
four-point scale was: 0-4 or none, normal, slight, moderate
and severe. Scores 1-4 are considered to correspond to fat
deposition in 5%-10% 10%-33%, 33%-66% and > 66%
of the hepatocytes, respectively; 0 represents < 5% of the
hepatocytes.
The semiquantitative measurement of iron deposition
was done using the following criteria: the blue-colored
iron particles were divided into 4 sizes as small (graded as
1), middle (2), large (3), or larger (4). Three closely linked
lobules and their perilobular spaces of each Prussian
blue-stained section were randomly chosen to count the
iron particles and analyze the size for calculating iron
deposition scores.
Biochemical measurements
The serum alanine aminotransferase (ALT) levels were
measured using an ultraviolet method. The liver tissue
www.wjgnet.com

Group
Control
Model A
Model B

n
10
10
12

ALT (U/mL)
20.8 ± 4.96
60.2 ± 8.01b
58 ± 10.32a,b

Hyp (μg/g)
109.14 ± 29.06
351.46 ± 65.86b
367.37 ± 42.06a,b

Statistical method: Nemenyi method. aP > 0.05 vs model A; bP < 0.01 vs
Control.

hydroxyproline (Hyp) content was determined according
to the method of Sakaida et al[14].
Statistical analysis
Results are expressed as means ± SD. Nemenyi’s method
or Student’s t test were used to determine comparisons
between two groups. BiomedCalc software was used for
statistical analysis.

RESULTS
Grossly observed changes
Throughout the experiments, the body weight of most
treated animals increased regularly but remained 30%
lower than the weight of controls, except for 3 treated
animals, who did not show an increase in weight. The
animals started to die from the 4th wk of treatment and
continued to the last d of cessation of observation. In
total, 8 rats died during the whole observation period, 1
died before the cessation of DMN and 7 died after the
cessation of DMN. Upon opening of the abdomen, the
liver of all treated animals showed diffuse hyperemia and
granularity in the liver surface. Ascites were visible in all
treated rats. Three bloody ascites were found in treated
rats sacrificed at the first day after cessation of DMN. The
other treated rats had bloody acites when sacrificed at the
last d of observation.
Serum ALT levels and liver tissue Hyp
Both the serum ALT and liver tissue Hyp were markedly
increased at the first day after cessation of DMN (model
A). By the 21 st d (model B) after cessation of DMN,
the serum ALT and liver tissue Hyp were also markedly
increased and were not significantly different compared
with the 1st d after cessation of DMN. The level of serum
ALT and liver tissue Hyp are shown in Table 1.
Histopathological manifestatiion
The liver lobules of the control group showed no
pathological changes and the liver cells were normal
(Figure 2A).There were pseudo-lobules in 8 samples at the
first d after cessation of DMN). Large numbers of black
and brown particles were deposited and accompanied with
fibrosis tissue (Figure 2B). A similar pattern was evident
in model B, with pseudo-lobules present in 9 samples.
Hemorrhagic necrosis and mononuclear infiltration was
slight but there was still evidence of new bleeding in all the
samples with HE staining. Compared with model A, liver
cell steatosis was apparent in 7 of 12 samples in model
B (Figure 2C). Each sample of models A and B showed
enlarged portal tracts and severe fibrosis deposition (Figure
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A

B

C

D

Figure 2 Liver histopathology of DMN-treated rats (HE). A: Control group, no
marked pathological changes (× 400); B: Group model A, hemorrhagic necrosis
with foci of lymphomonocytic infiltration around fibrosis tissue can be seen (×
400); C: Group model B, fat accumulated in numerous liver cells (× 400); D: Group
model B, quantities of fiber deposited and linked with each other (× 400).

A

2063

A

B

Figure 4 Ultrastructural changes of the liver in DMN-treated rats. A: model group
A, no marked lipid drops deposited in the liver cells and from which we also can
see an erythrocyte pass through extracellular matrix and closely stick to the liver
cell membrane; B: model group B, numerous lipid drops deposited in liver cell
(electron microscopy, × 6000).

B

A

B

Figure 5 Iron deposition in rat liver induced by DMN (Prussian blue). A: model
group A, the iron is mainly accompanied by fiber (× 100); B: model group B,
similar to the model A in iron deposition, iron nodules are deep blue in color and
mainly located extracellularly or in the Kupffer cells (× 400).
Figure 3 Rat liver fibrosis induced by DMN (Masson). A: Group model A,
the green fiber distributed between liver cells and accompanied with necrotic
hemorrhage; B: Group model B, similar to group model A in fibrosis (× 400).

2D). Hemorrhagic necrosis with foci of lymphomonocytic
infiltration around fibrosis tissue can be seen.
The collagen was shown to be green-colored in the
Masson-stained section. The collagen was mainly deposited
perilobularly without marked differences in location or
severity of collagen deposition between the first (Figure
3A) and 21st d (Figuire 3B) after cessation of DMN.
Electron microscopy showed that in the first day after
cessation of DMN, there were alterations of sinusoidal
walls accompanied with numerous erythrocytes in the
space of Disse and some of the erythrocytes nearly
touched the liver cell membrane (Figure 4A). Other
structural alterations of liver cells included altered
mitochondrial configuration and evidence of intracellular
bile retention with a distorted canalicular membrane.
Numerous transitional cells showing the features of lipidcontaining myofibroblases were observed although there
was no fat accumulation in liver cells in all the samples
of the group. However, on the 21st d after cessation of
DMN, numerous liver cells containing small or large fat
droplets were found in all the samples of the group (Figure
4B). Extended segments of the sinusoidal wall were still
deprived of endothelium. Myofibroblasts and typical
fibroblasts were numerous in fibrotic septa. Occasional
plasma cells were also observed together with lymphoid

Table 2 Histopathological semiquantitative scores of collagen
deposition in the liver
Groups

n

Control 10
Model A 10
Model B 12

0

+1

+2

+3

+4 Staging scores (mean ± SD)

10
0
0

0
0
0

0
1
1

0
1
2

0
8
9

0
3.70 ± 0.67
3.67 ± 0.65a

Statistic method: Student’s t test. aP > 0.05 vs model B.

cells in close contact with hepatocytes.
Prussian blue-stained sections showed that the black
and brown particles in the HE-stained sections were iron
particles (Figure 5A and B). The iron was mainly deposited
around liver lobules. Few hepatocytes showed invasion by
iron and most of the iron was extracellularly deposited or
in the kupffer cells.
Semiquantitative measurement of collagen, fat and iron
The results showed that the collagen deposition scores
(Table 2) are markedly increased on both the first and
21st d after cessation of DMN compared with the control
group, although there were no marked differences between
the two time points (P > 0.05). However, fat accumulation
(Table 3) was significantly increased on the 21st d (P <
0.01) after cessation of DMN, but not on the first day (P
> 0.05). Similar to the collagen deposition, iron deposition
www.wjgnet.com
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Table 3 Histopathological semiquantitative scores of fat deposition
in the liver
Groups

n

0

+1

Control
Model A
Model B

3
3
3

1
1
0

2
2
0

+2 +3 +4 Staging scores (mean ± SD)
0
0
0

0
0
2

0
0
1

0.67 ± 0.58
0.67 ± 0.58a
3.33 ± 0.58b

Statistic method: Student’s t test. bP < 0.01 vs control group; aP > 0.05 vs
control group.

(Table 4) was markedly increased in both of the model
groups compared with control group, but there were no
differences between the two model groups.

DISCUSSION
In the present study special attention was paid to the time
points of the first and 21st d after cessation of DMN
injection, which is closely associated with liver fibrosis
reversal during drug screening. DMN was injected for 3
consecutive days each week for 4 wk, which is a similar
modeling method for drug screening. The results showed
that serum ALT, liver tissue Hyp and liver collagen
staging scores showed no significant differences between
the first d and 21 st d after cessation of DMN. These
results revealed that the severity of liver fibrosis was not
significantly reversed after cessation of DMN for 3 wk.
Additionally, this model has the following merits: (1) as
a good reproducible model, fewer rats died during the
whole observation stage and a shorter time was spent for
modeling compared with CCL4-induced rat liver fibrosis,
(2) the mechanism of DMN-induced liver fibrosis has
been shown to be associated with immune function, which
is similar to the mechanism of human liver fibrosis[19].
Thus, DMN-induced rat liver fibrosis may be a useful
model for determination of liver fibrosis during drug
screening.
The tissue pathological changes of DMN-induced
rat liver fibrosis are re por ted to include fibrillar
septa formation, focal nodule formation and severe
hemorrhage. A three-week treatment with a low dose
of DMN produces micronodular cirrhosis following
diffuse hemorrhagic necrosis without steatosis (35th d of
observation, 19 d after cessation of treatment)[20]. In a
longer duration study[20], liver steatosis was not found after
cessation of DMN for 24 wk. However, in the present
study, liver cell steatosis was observed in 7 of 12 samples
of Model B with HE stain on the 45th d of observation
(4 wk DMN administration and 21 d of treatment
cessation). Under electron microscope, numerous liver
cells containing small or large fat droplets were found in
all the samples at the 21st d after cessation of DMN. But
in the model group A, there was no marked deposition of
fat drops, which was similar to the control group in liver
cells in all of the samples both with HE staining and under
the electron microscope. This experiment was repeated
twice and similar results were obtained. This phenomenon
revealed that treatment with DMN for 3 consecutive days
each weak for 4 wk can result in significantly different liver
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Table 4 Histopathological semiquantitative scores of iron deposition
in the liver
Groups

n

Iron deposition scores (mean ± SD)

Control
Model A
Model B

10
10
12

0
396.10 ± 32.83
389.92 ± 49.42a

Statistic method: Student’s t test. aP > 0.05 vs model B.

tissue pathological changes compared with 3 wk or other
time spans of DMN treatment.
According to recent studies, steatosis is involved
in liver pathological changes [11] , and it has also been
demonstrated that steatosis is a cofactor of other liver
diseases[5]. Steatosis of both alcohol and nonalcoholicrelated etiologies is associated with the development of
more advanced diseases, including necroinflammation
(steatohepatitis), fibrosis, and cirrhosis [21] . There is
also direct evidence showing a correlation between
the severity of steatosis and the degree of hepatic
stellate cell activation[22]. Steatosis of most nonalcoholic
etiologies is also associated with the development of
necroinflammation (so-called non-alcoholic steatohepatitis
or NASH)[21]. There are also studies demonstrating that
steatosis is a direct contributor to inflammation and/or
fibrosis[23,24]. In the present study, the accumulation of fat
drops in liver cells occurred only in model group B (21st
d after cessation of DMN treatment), suggesting that
although DMN treatment was stopped, lipid metabolism
had been perturbed by necroinflammation or fibrosis. On
the contrary, the lipid deposition may exacerbate fibrosis
and/or inflammation.
Previous studies have not discussed the role of iron
deposition in DMN-induced rat liver fibrosis. In this study,
we showed that the iron deposition accompanied with
fibrosis and increased numbers of erythrocytes in the liver
tissue is a marked phenomenon in both models A and
B. This may indicate that the deposited iron may play a
role in the maintenance and progression of pathological
changes in the liver after cessation of DMN treatment.
Additionally, the iron is mainly extracellularly deposited or
in Kupffer cells and is accompanied with fiber, which may
block the nutrition and information transfer between cells
or lobes. The hemorrhage in liver fibrosis is severe and the
iron in the erythrocytes situated near the normal liver cells
can be metabolized. However, when the cell function of
fibrotic tissue is attenuated, the Kupffer cells and liver cells
are not capable of processing the iron in the erythrocytes
located close to the fiber and, consequently, the iron is
deposited. Adversely, the deposited iron can accelerate the
advancement of liver fibrosis and may even facilitate hep
atocarcinogenesis[25,26]. Is this a general principle of liver
diseases typified with chronic hemorrhage? This may need
further research. Actually, Iron deposition is characteristics
of many forms of liver diseases including viral hepatitis
B[27], C[28], alcoholic[29] and nonalcoholic[30,31] hepatitis. In
the experimental animal model, Iron overload can enhance
the development of CCL 4 -induced liver cirrhosis of
mice[32]. Iron toxicity may thus be due to promotion of
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oxidant stress. It has been reported that free radicals and
membrane oxidation by-products can cause hepatocellular
death by triggering organelle dysfunction, or by activating
cells involved in hepatic inflammation and fibrogenesis,
such as Kupffer cells and hepatic stellate cells[33]. Actually,
iron deposition characterizes many forms of DMNinduced rat liver fibrosis.
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Abstract
AIM: To clarify the innervation of human gallbladder,
with special reference to morphological understanding of
gallstone formation after gastrectomy.
METHODS: The liver, gallbladder and surrounding
structures were immersed in a 10 mg/L solution of alizarin
red S in ethanol to stain the peripheral nerves in cadavers
(n = 10). Innervation in the areas was completely
dissected under a binocular microscope. Similarly,
innervation in the same areas of 10 Suncus murinus
(S. murinus ) was examined employing whole mount
immunohistochemistry.
RESULTS: Innervation of the gallbladder occurred
predominantly through two routes. One was from the
anterior hepatic plexus, the innervation occurred along
the cystic arteries and duct. Invariably this route passed
through the hepatoduodenal ligament. The other route
was from the posterior hepatic plexus, the innervation
occurred along the cystic duct ventrally. This route also
passed through the hepatoduodenal ligament dorsally.
Similar results were obtained in S. murinus .
CONCLUSION: The route from the anterior hepatic
plexus via the cystic artery and/or duct is crucial
www.wjgnet.com

for preserving gallbladder innervation. Lymph node
dissection specifically in the hepatoduodenal ligament
may affect the incidence of gallstones after gastrectomy.
Furthermore, the route from the posterior hepatic plexus
via the common bile duct and the cystic duct to the
gallbladder should not be disregarded. Preservation of
the plexus may attenuate the incidence of gallstone
formation after gastrectomy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Over the last five decades, many reports have shown an
at least 10% higher incidence of gallstones in people
who have undergone gastrectomy than in the general
population [1-9]. With respect to lymph node dissection,
the incidence of gallstone formation was 16.3% after D3
and 8.5% after D2-1[8]. More recently, Kobayashi et al[10]
reported that the incidence of gallstone formation is 27.9%
after total gastrectomy and 7.8% after partial gastrectomy,
28.2% versus 7.5% for dissection or nondissection in the
hepatoduodenal ligament, and 25.1% versus 8.2% at 5
years for reconstruction after gastrectomy with duodenal
exclusion or non-exclusion, indicating that lymph
node dissection in the hepatoduodenal ligament, total
gastrectomy and exclusion of the duodenum are risk
factors for gallstones after gastrectomy. However, the
morphological understanding of the risk factors evaluated
remains poor.
Examination of silver-impregnated and methylene
blue-stained material has shown that the extrahepatic
portion of human biliary tree has a rich nerve supply[11].
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Innervation of the gallbladder (GB) and biliary pathways
have been studied in men and other species by means of
immunohistochemistry and/or histochemical methods
(mainly the indirect immunofluorescent technique) using
whole mount preparations or sections of the GB. Most
neurotransmitters such as vasoactive intestinal peptide
(VIP), cholecystokinin (CCK), acetylcholine, serotonin,
dopamine, nitric oxide synthase (NOS), calcitonin generelated peptide (CGRP), galanin, tyrosine hydoxylase
(TH), neuropeptide Y (NPY), peptide YY (PYY),
pancreatic polypeptide (PP), somatostatin, substance
P (SP), and gastric inhibitory peptide (GIP), have been
comprehensively discussed[12-27]. However, there has been
no detailed description concerning clinico-anatomical and
morphologic studies on the innervation, especially the
extrinsic neural distribution and spread, of the GB and the
biliary pathways.
Therefore, in the present study, the currently used
gross anatomical dissection was not employed, but the
effective method to label and dissect autonomic nerves of
the viscera was employed, as in our previous studies[28-31].
We attempted to clarify the innervation of the GB in
humans from a clinico-anatomical point of view, and
to obtain a morphological understanding of gallstone
formation after gastrectomy. Furthermore, an experimental
animal, Suncus murinus (S. murinus), has been shown to
exhibit general morphological characteristics more similar
to those of humans than other currently used laboratory
animals, such as mouse, rat, rabbit [28,30,31]. Hence, this
animal was employed for a comparative study to confirm
our morphological observations in humans in the present
study.

MARERIALS AND METHODS
Cadavers
The study was performed on 10 cadavers (5 men and 5
women) with a mean age of 79.8 (range 50 to 94) years.
All cadavers free from diseases of the abdominal viscera
were selected from among bodies used for anatomy
research and practice at the Kanazawa University School
of Medicine in 1999-2000 (Table 1).
Animals and tissue preparation
Adult laboratory house musk shrews, S. murinus, were
obtained from a closed breeding colony bred and maintained
in the Department of Anatomy and Neuroembryology,
Kanazawa University, Japan. The animals were housed
and handled in accordance with the Guide for the Care
and Use of Laboratory Animals and the Guide for the
Care and Use of Experimental Animals of the Canadian
Council on Animal Care. Briefly, all shrews were kept
individually after weaning (20 d after birth) in plastic cages
equipped with a wooden nestbox containing paper strips,
in a conventionally conditioned animal room (23℃-27℃
, no humidity control, and 14 L: 10 D light). Commercial
trout pellets containing 45.0% protein, 3.5% fat, 3.0%
fiber, 13.0% ash and 26.2% complex carbohydrate
(Nippon Haigou Shiryou, Tokyo, Japan) and water were
supplied ad libitum. The mother colony, JIc: CR, was

Table 1 Cadavers used in this study and GB innervation
1

2

Case Sex

Age

Death

AHPlx

A
B
C
D
E
F
G
H
I

F
F
F
M
M
M
M
M
F

94
81
83
87
86
73
87
75
82

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

R&L
R
R
R
R
R
R

J

F

50

Pneumonia
Cerebral hemorrhage
Myocardial infarction
Myocardial infarction
Pneumonia
Cerebral hemorrhage
Cerebral hemorrhage
Myocardial infarction
Subarachnoid
hemorrhage
Pneumonia

PHPlx Phrenicus

O

O

R

3

Route arising from the anterior hepatic plexus (AHPlx); 2Route arising from
the posterior hepatic plexus (PHPlx); 3There are offshoots of the right (R) or
left (L) phrenic nerve to the hepatic portal vein.
1

maintained in the Central Institute for Experimental
Animals, Kawasaki, Japan[28,30,31]. Adult animals (6 females
and 4 males, weighing 45-80 g) were first anesthetized
with ether and then given an intraperitoneal injection of
a solution of urethrane (sodium ethyl carbamate, 900
mg/kg). After each S. murinus was completely narcotized,
the abdominal cavity was opened, and a catheter was
inserted retrogradely into the abdominal aorta at the level
immediately above the bifurcation of this artery into
the common iliac arteries. Perfusion was commenced
with normal saline containing heparin (10 KU/L), and
thereafter with 4% paraformaldehyde buffered with 0.01
M sodium phosphate (PFA, pH 7.4). After perfusion, the
animals were injected with neoprene latex to label the
blood vessels. Thereafter, the abdominal organs including
the liver, GB, stomach, duodenum, common bile duct, and
pancreas were extracted en bloc with the related nerves and
vessels, and then postfixed with 4% PFA at 4℃ overnight
for whole mount immunostaining.
Anatomical procedures under stereoscopic microscopy
Anatomical procedures for the cadavers were in accordance
with our previous descriptions[29-31]. The viscera of the
upper abdomen (including the liver, GB, pancreas, lower
esophagus, stomach, and duodenum) were resected en
masse with the abdominal aorta (the region including the
celiac artery and superior mesenteric artery), portal system,
and nerves (including the vagus nerve, celiac ganglion,
and plexus). The resected specimens were immersed in a
10 mg/L solution of alizarin red S (Wako, Osaka, Japan)
in ethanol to melt the fat tissue and to stain the peripheral
nerves. The solution was changed three times, every 2 to 3
d in principle, but this process was longer depending on the
degrees of fat elimination and staining. The area of each
sample surrounded by the horizontal plane that passes
through the portal region and the lower margin of the
horizontal part of the duodenum, and the sagittal plane
that passes through the descending part of the duodenum
and hilum of the spleen was dissected to the depth of the
celiac plexus with the aid of a stereoscopic microscope,
keeping the sample completely immersed in 100% ethanol.
On dissection, lymphatic vessels and lymph nodes were
removed, with particular attention paid to the preservation
www.wjgnet.com
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Figure 1 Innervation of the gallbladder (GB) from the ventral aspect (A) in a
cadaver and a schematic representation of it (B). The branches innervating the
GB originate from the anterior hepatic plexus, and run along the cystic duct (CD)
and the cystic artery (CA). The hepatic divisions (*) of the vagus join in the anterior
hepatic plexus in the proper hepatic artery (PHA). Arrows indicate nerve branches.
CBD: common bile duct; CHA: common hepatic artery; D: duodenum; GDA:
gastroduodenal artery; L: liver; RGA: right gastric artery.

not only of the nerves but also of the arteries and veins
in the areas of the hepatic portal and hepatoduodenal
ligament.
Whole mount immunohistochemistry
Whole mount immunostaining procedures for the S. murinus
were performed as previously described[28,30,31]. Briefly, after
rinsing in PBS, the fixed specimens were treated with 10
g/L periodic acid for 20 min to prevent any intrinsic
peroxidase reaction. They were then incubated in freshly
prepared 5 g/L Papain (Sigma) in 0.025 mol/L Tris-HCl buffer
(pH 7.6) for 1 h, and then 25 g/L, 50 g/L, and 100 g/L sucrose
in PBS for 30 min, respectively, followed by freezing and
thawing three times. The specimens were incubated with
the primary antibody (NFP-Ab) in PBS containing 2 g/L
bovine serum albumin (BSA), 3 g/L Triton X-100, and 1 g/L
sodium azide for 3 d at 4℃. After a thorough wash in PBS,
the specimens were incubated with the secondary antibody
labeled with peroxidase-conjugated affinity-purified sheep
anti-mouse IgG (HRP) in PBS containing 2 g/L BSA and
3 g/L Triton X-100 for 3 d at 4℃. After a thorough wash
in PBS, coloration was performed in 0.05 mol/L TrisHCl buffer containing 20 mg/L 3, 3’-diaminobenzidine (DAB)
and 0.1 mL/L H2O2 for 1-3 d at 4℃. The stained preparations
were then stored in glycerin to obtain transparency. The primary
antibody was the anti-neurofilament protein (NFP) antibody,
a monoclonal mouse anti-all neurofilament consisting of
three subunit proteins: NF-H (200 kDa), NF-M (160 kDa),
and NF-L (70 kDa) (M0762, lot 089, clone: 2F11, Dako).

RESULTS
In humans
The innervation of the GB in humans involved three
routes: via the anterior and posterior hepatic plexus,
respectively, and the phrenic nerves.
Via the anterior hepatic plexus
The hepatic division of the vagus, arising from the anterior
vagal trunk, ran through the hepatogastric ligament near
the edge of the liver (caudal liver), and joined the anterior
hepatic plexus in the hepatoduodenal ligament. The plexus,
containing parasympathetic and sympathetic fibers, arose
from the celiac plexus and wound around the common
www.wjgnet.com

GB
CD
PSPDA

ICV
CHA

SMA

CA

PHA
PV
CHA
RCeG

GB

CBD
PSPDA

Ao

RCeG
CeA

Number 14

L

CBD

PV

CD

Volume 13

B

L

PHA

CA

CHA

April 14, 2007

CA

←
CD

←

GB

CN 14-1219/R

D
P

P
D

Figure 2 Innervation of the gallbladder (GB) from the dorsal aspect (A) in a
cadaver and a schematic representation of it (B). The branches innervating the
GB arise from the posterior hepatic plexus, and run along the cystic duct (CD).
Ao: aorta; CA: cystic artery; CBD: common bile duct; CeA: celiac artery; CHA:
common hepatic artery; D: duodenum; IVC: inferior vena cave; L: liver; PHA:
proper hepatic artery; PSPDA: posterior superior pancreatoduodenal artery; PV:
portal vein; RCeG: right celiac ganglion; SMA: superior mesenteric artery.

hepatic artery, i.e., the proper hepatic artery[30], and then
sent some branches to the GB via the deep and superficial
branches of the cystic artery, which were distributed in the
peritoneal aspect of the GB and the site of attachment of
this organ in the bed between the GB and the liver (Figure
1). This route was seen in all ten specimens.
On the other hand, the anterior hepatic plexus sent
some branches directly to the GB along the cystic duct, i.e.,
forward to the neck, body, fundus of the GB. However,
the route concentrated mainly in the cystic duct and the
neck of the GB compared with the body and fundus of
the GB (Figure 1). However, it was not observed that the
branches arising from the hepatic division of the vagus
were sent directly to the GB.
Via the posterior hepatic plexus
The posterior hepatic plexus or the dorsal hepatic
plexus[30], arising from the celiac plexus on its right side
and running along the dorsal side to the portal vein, was
composed of 4-5 nerve fascicles, divided into two groups
of nerve bundles, and the thickest branches, about 80%
of the nerve fibers, extended along the upper part of the
common bile duct and portal vein, joined the liver and the
GB, or descended, sending branches to the proximal side
of the descending part of the duodenum and the lower
common bile duct[30] (Figure 2). Abundant communicating
rami behind the common bile duct and portal vein
between the ascending and descending plexuses were
observed, showing the existence of direct bidirectional
neural connections between the duodenal papilla and the
biliary tract containing the GB (Figure 2).
As in the case of the anterior hepatic plexus, the
branches sent to the GB were distributed mainly in the
cystic duct and the neck of the GB (Figure 2). This route
was also seen in all ten specimens.
Moreover, abundant communicating rami were seen
between the anterior and posterior hepatic plexuses around
the cystic duct.
Via the phrenic nerves
In addition, the phrenic nerves sent offshoots forward to
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the hepatic portal, which ran along the sagittal sulcus of
the liver (data not shown). The offshoots were observed in
eight out of ten cases, originating predominantly from the
right phrenic nerve in seven and from both the right and
left phrenic nerves in one (Table 1).

DISCUSSION
The present paper concerns detailed observation of the
innervation of the GB and biliary pathways, with the aim
of providing an anatomical basis for understanding the
surgical clinical phenomenon of gallstone formation after
gastrectomy.
Functionally, inner vation of the GB in humans
involves both sympathetic postganglionic nerve fibers and
parasympathetic fibers. Morphologically, innervation of the
GB occurred predominantly through two routes. One was
from the anterior hepatic plexus containing the branches
arising from the hepatic division of vagal nerves and the
celiac plexus, the innervation occurred along the cystic
arteries and the cystic duct. Invariably this route passed
through the hepatoduodenal ligament. The other route was
from the posterior hepatic plexus, containing the branches
originating from the celiac branches of the posterior vagal
trunk and the celiac plexus, the innervation occurred along
the cystic duct ventrally. This route also passed through
the hepatoduodenal ligament dorsally. Furthermore, nerve
offshoots arising from the phrenic nerves were observed,
and communicating twigs between the GB and the
duodenal papilla were identified. Although there were no
anterior and posterior hepatic plexuses, similar results were
obtained for a laboratory animal, S. murinus.
The incidence of gallstone formation is higher in patients
after gastrectomy than in the general population. Kobayashi
et al[10] identified lymph node dissection specifically in the

C

GB

GB

C
CeT
CBD
Es

GDA

In S. murinus
In S. murinus, the GB was supplied by the cystic artery,
a branch of the hepatic artery, corresponded to that in
humans. However, there were no anterior and posterior
hepatic plexuses in S. murinus.
Abundant plexus was found in the common bile duct
of S. murinus, which arose from the celiac plexus via the
common hepatic artery. The plexus ran along the common
bile duct, descending to the lower common bile duct
and the duodenal papilla, and ascending to the liver and
common bile duct (Figure 3). Moreover, innervation of the
GB occurred mainly in the cystic duct and the neck of the
GB. Namely, it showed the existence of direct bidirectional
neural connections between the duodenal papilla and the
biliary tract including the GB as in humans (Figure 3).
Similarly, innervation of the GB along the cystic artery
was also observed. However, it was much poorer than that
in the route starting from the common bile duct, cystic
duct (Figure 3).
In addition, communicating rami arising from
diaphragm, which were obser ved running along the
ligament between the xiphoid process of the sternum
and the GB with an approach to the fundus of the GB,
innervated the GB (data not shown).

A

B

CBD

LGA/V
St

RGA

Figure 3 Innervation of the gallbladder (GB) in S. murinus revealed on whole-mount
immunostaining (A) and high magnification of the boxed areas (B and C). Arrows
indicate the stained/labeled nerve branches or bundles. CBD: common bile duct;
CeT: celiac trunk; Es: esophagus; GDA: gastroduodenal artery; LGA/V: left gastric
artery/vein; RGA: right gastric artery; St: stomach. Scale bar = 2 mm in A.

hepatoduodenal ligament as a significant risk factor for
gallstone formation, suggesting that dissection of nerve fibres
near the GB might be important. This viewpoint is consistent
with our morphological observations, i.e., innervation of
the GB, either via the anterior or posterior hepatic plexus,
occurred through the hepatoduodenal ligament. However,
innervation of the GB arising from the anterior hepatic
plexus surrounded the common hepatic artery, i.e., the
proper hepatic artery to the cystic artery. If skeletonization
of the hepatoduodenal ligament, especially the common
and proper hepatic arteries, can be avoided in dissection,
preser vation of inner vation of the GB originating
from the hepatoduodenal ligament is possible. Virtually,
the entire idea of radical resections for gastric cancer
remains somewhat controversial, with different results
obtained in Asia vs the US. It is not necessary to perform
skeletonization of the hepatoduodenal ligament for
all cancer resections of stomach, although it is general
maneuver to excise lymph nodes in the hepatoduodenal
ligament. Both potential risk of metastasis and quality of
life after operation should be taken into consideration. It is
important to have a suitable excision of lymph nodes and
to avoid skeletonization of the hepatoduodenal ligament
for quality of life and the formation of cholelithiasis after
gastrectomy.
Although the degree of lymph node dissection in
D2 affects the incidence of gallstone formation as it has
been shown that there is an at least% higher incidence
of gallstone formation in people who have undergone
gastrectomy than in the general population[10], we cannot
agree with the idea that prophylactic cholecystectomy
should be performed during radical gastrectomy, even if
the GB is normal, in order to prevent the complications
of acute cholecystitis and cholelithiasis[7]. Kobayashi et al[10]
reported that most patients with gallstone formation after
gastrectomy are asymptomatic and less than 0.5% of
them require cholecystectomy, suggesting that preventive
cholecystectomy appears to be unnecessary.
www.wjgnet.com

2070

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

However, besides complete abolition of the innervation
of the GB, gallstone development after gastrectomy also
depends on the extent of gastrectomy (total or partial
gastrectomy), on reconstruction after gastrectomy and
exclusion or non-exclusion of the duodenum[10].
Furthermore, studies on other species have shown
the existence of direct bidirectional neural connections
between the GB and duodenum containing the sphincter
of Oddi, indicating that local reflux between the GB and
the sphincter of Oddi might be important in regulation
of the pressure within the bile ducts and the flow across
the sphincter[14,16,24,27,32,33], demonstrating the presence of
this intrinsic neural pathway from the duodenum to the
GB in these species. Our data also showed the presence of
extrinsic neural connections between the duodenum and
the GB in humans and S. murinus, and supported that local
reflux between the GB and the duodenum, the sphincter of
Oddi, might be important in the regulation of the flow in
the GB and duodenum[31]. The integrity of these extrinsic
neural connections may play a role both in maintaining the
GB motor activity and in preventing gallstone formation
after distal gastrectomy[34].
Whether the cystic duct plays any regulatory role in the
process of GB filling and emptying remains unknown. The
cystic duct clearly possesses contractile muscle and is the
narrowest part of the extrahepatic biliary tree. Poiseuille's
law dictates that only minor changes in the caliber of the
duct could greatly influence the resistance to the flow
of bile[35]. In dogs, the innervation density parallels the
thickness of the musculature, which is the greatest toward
the neck of GB[36]. Our data supported this viewpoint.
In our study, abundant neuron fibers were distributed in
the neck of GB and the cystic duct both in humans and
S. murinus. This may be important for the emptying of GB
and the cystic duct.
In addition, horseradish peroxidase is utilized to
study the distribution of afferent fibers from the GB in
cats. Afferent cell bodies have been found in the nodose
ganglion and the T4 to L1 dorsal root ganglia [37,38] .
Iwahashi et al[39] also reported that the GB of cats was
innervated by bilateral phrenic nerves, the nodose ganglia
and dorsal root ganglia T2-L3. The phrenic nerves were
concerned in about 33% of the subjects, the right side
predominating over the left. In our study, the human
subjects with some twigs to the GB from the phrenic
nerves accounted for 80% (eight of 10 cases). In one case
both the right and left phrenic nerves were the origin of
the twigs, the right phrenic nerve was predominant in the
other seven cases. Iwahashi et al[39] and Inomata[38] showed
that some afferent fibers from the GB traveling via the
phrenic nerves, particularly on the right side, and entering
the cervical segments may be a supplementary mechanism
as to the generation of the referred pain in GB disease.
In conclusion, we revealed the details of innervation
of the GB from morphologic and clinico-anatomical
perspectives in this study. The whole mount immunostaining
with a peripheral neuron marker for S. murinus, and the
alizarin red S staining technique for humans are effective
for peripheral nerve labeling. There are three routes for
GB innervation in humans, of which the route from the
anterior hepatic plexus via the cystic artery and/or duct
www.wjgnet.com
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is crucial for preserving GB innervation. Lymph node
dissection specifically in the hepatoduodenal ligament
may affect the incidence of gallstone formation after
gastrectomy. However, the route from the posterior hepatic
plexus via the common bile duct and the cystic duct to the
GB should not be disregarded. Preservation of the plexus
may attenuate the incidence of gallstone formation after
gastrectomy. However, in the present study, we did not
examine the intrinsic neurons system in the biliary duct
(containing GB) or the upper gastrointestinal tract. Both
extrinsic nerves and intrinsic neurons containing abundant
neurotransmitters, participate in the regulation of GB
motion.
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Abstract
AIM: To assess the incidence and analyze the risk
factors for Clostridium difficile-associated diarrhea (CDAD)
after living donor liver transplantation (LDLT) in adult.
METHODS: The micobiological data and medical records
of 242 adult recipients that underwent LDLT at the Tokyo
University Hospital were analyzed retrospectively. The
independent risk factors for postoperative CDAD were
identified.
RESULTS: Postoperative CDAD occurred in 11 (5%)
patients. Median onset of CDAD was postoperative d 19
(range, 5-54). In the multivariate analyses, male gender
(odds ratio, 4.56) and serum creatinine (≥ 1.5 mg/dL,
odds ratio, 16.0) independently predicted postoperative
CDAD.
CONCLUSION: CDAD should be considered in the
differential diagnosis of patients with postoperative
diarrhea after LDLT.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Clostridium difficile (C. difficile) is a Gram-positive
anaerobic spore-forming bacteria, first identified as the
cause of antibiotic-associated diarrhea and colitis in
1978[1]. The pathogenesis of this infection involves several
steps, including alteration of the normal colonic flora by
antibiotic therapy, colonization of the gut by C. difficile,
and finally, intestinal mucosal damage and inflammation
due to enterotoxin production by this organism[2,3].
The incidence of infection with C. difficile is increasing
in hospitals worldwide, and it is the leading identified
cause of nosocomial diarrhea associated with antibiotic
therapy, due to the widespread use of broad-spectrum
antibiotics [4,5] . McFarland reported that C. difficileassociated diarrhea (CDAD) occurred in 31 of 126 (25%)
patients that developed nosocomial diarrhea[6]. In a more
recent prospective study, CDAD occurred in 47 of 271
(17%) patients admitted to the general medical wards[7].
Illness associated with C. difficile ranges from mild
diarrhea to life-threatening colitis[8,9]. In one prospective
study, 38 of 908 patients with CDAD died, among whom
pseudomembranous colitis was the primary cause of death
in 5[10]. Liver transplant recipients are high-risk candidates
for CDAD, as multiple antibiotics are administered for
perioperative prophylaxis or postoperative therapy[11]. Some
studies have analyzed the prevalence of CDAD among
deceased LDLT recipients[12,13]. Samore et al reported that
liver transplantation was associated with the highest risk
of C. difficile infection: transplantation recipients that
acquired C. difficile were more likely to be symptomatic
than were nonrecipients that acquired the infection (3 of
4 recipients vs 7 of 30 nonrecipients were symptomatic)[12].
Wong et al[13] reported that diarrhea occurred in 31 of 302
patients, and 10 of the 31 were infected with C. difficile.
To date, there have been no detailed studies on the
prevalence and magnitude of CDAD among patients
after LDLT. The aim of the present study was to assess
the incidence and analyze the risk factors for CDAD after
adult-to-adult LDLT.
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MATERIALS AND METHODS

Table 1 Background of the 242 patients

We retrospectively reviewed the data from 242 patients
that underwent LDLT at the Tokyo University Hospital,
a 1150-bed teaching hospital, between January 1996 and
November 2004. The backgrounds of the 242 patients
are shown in Table 1. The microbiological data, including
the results of stool culture, immunochromatography assay
(ICA) for toxin A (UNIQUICK, Kanto Chemical Co., Inc.,
Tokyo, Japan), and latex agglutination test for C. difficile
protein (glutamate dehydrogenase, CD CHECK, Shionogi
& Co., Ltd., Osaka, Japan), and medical records of the
patients from hospital admission to 3 mo after LDLT were
reviewed. Our surgical technique for recipient and donor
surgery is described elsewhere[14].
Perioperative management protocol
Antibacterial prophylaxis consisted of intravenous
cefotaxime (1 g immediately before surgery, followed by
1 g every 6 h intraoperatively and thereafter), ampicillin/
sulbactam (1 g immediately before LDLT, followed by
1.5 g every 12 h intraoperatively and thereafter), and
gentamicin, 60 mg every 12 h after surgery for 5 d.
To prevent fungal infection, fluconazole (200 mg every
24 h) was given intravenously for 7 d after LDLT. All the
patients received the same immunosuppressive regimens
using tacrolimus and methylprednisolone. The detailed
regimen is reported elsewhere[15].
Indications for perioperative aphaeresis were as follows.
Hemodialysis or continuous hemodiafiltration were
indicated when the serum creatinine level exceeded 3.0
mg/dL or when there was a 10% increase in body weight
compared to the preoperative baseline. Plasma exchange
combined with hemodialysis was indicated for fulminant
hepatitis, hyperbilirubinemia (serum bilirubin ≥ 20 mg/dL),
and postoperative graft dysfunction with or without multiorgan failure.
Microbiologic surveillance and definition of C. difficileassociated diarrhea
Stool cultures were obtained at least once a week during
the first month after LDLT, and additional samples
were taken when diarrhea occurred. Stool samples were
transferred to the laboratory, inoculated anaerobically
onto cycloserine-cefoxitin-mannitol agar, and incubated
at 37℃ for 48 h. ICA for toxin A (from October 2001 to
November 2004) or latex agglutination test for C. difficile
protein (glutamate dehydrogenase; from January 1996
to September 2001) were also added when CDAD was
suspected. Cytotoxin assay for toxin B was not available
during the study period.
Diarrhea was defined as the passage of three or more
unformed stools on at least two consecutive days [16] .
CDAD was defined as diarrhea that was not attributed to
any other cause and when at least one of the following
tests was positive: stool culture for C. difficile, ICA for
toxin A, or latex agglutination test for C. difficile protein
(glutamate dehydrogenase). Patients without diarrhea but
positive for the aforementioned tests were regarded as
asymptomatic carriers.

Age (yr)
Gender, male/female
Underlying Liver disease
Hepatitis C
Primary biliary cirrhosis
Hepatitis B
Fulminant hepatitis
Biliary atresia
Autoimmune hepatitis
Primary sclerosing cholangitis
Metabolic disease
Cryptogenic cirrhosis
Alcoholic cirrhosis
Other
Hepatocellular carcinoma
Child-Pugh score
MELD score

51 (18-67)1
132/110
66
52
35
27
14
9
9
9
6
4
11
68
10 (5-10)1
13 (-3-48)1

1

Median and range. MELD: model for end stage liver diseases.

Table 2 Characteristic of patients with postoperative CDAD in
11 patients
Onset of CDAD (postoperative day)
Symptoms other than diarrhea
Fever
Abdominal pain
Duration
Treatment
Oral vancomycin
Conservative management
Recurrence
Use of antibiotics one month prior to LDLT

19 (5-54)1
9
3
11 (5-43)1
8
3
2
9

1

Median and range. CDAD: clostridium difficile associated diarrhea.

Statistical analysis
Quantitative variables are expressed as median and range.
Categorical variables are described by their absolute
counts. Univariate analysis was used to identify associations
between each of the variables recorded and postoperative
CDAD. Fisher’s exact test was used to compare categorical
data. For multivariate analysis, only variables with a P
value of less than 0.20 in the univariate analysis were
entered into a logistic regression model by the backwardelimination procedure. The final regression model included
covariates associated with a likelihood ratio of P less than
0.1. The results of the logistic regression are reported
as odds ratios with 95% confidence intervals. A P value
of less than 0.05 was considered statistically significant.
All statistical analyses were performed using the JMP 5.1
software package (SAS institute Inc., Cary, NC).

RESULTS
Diarrhea occurred in 76 of 242 patients after LDLT,
among whom 11 patients developed CDAD (Table 2).
Median onset of CDAD was postoperative d 19 (range,
5-54). Nine patients received antibiotics during the month
prior to the onset of diarrhea. As for symptoms other than
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Table 3 Microbiological data of patients with postoperative
CDAD and asymptomatic carriage of C. difficile

CDAD1
Asymptomatic carriage2
Total

ICA for toxin A
10
1
11

Variables
3

Latex test
1
0
1

Total
11
16
27

Age (yr)
< 55
≥ 55
Gender, male/female
Underlying liver disease
Hepatitis C
PBC
Hepatitis B
Fulminant hepatitis
Biliary atresia
Autoimmune hepatitis
PSC
Metabolic disease
Cryptogenic cirrhosis
Alcoholic cirrhosis
Other
Hepatocellular carcinoma
Child-Pugh score
< 10
≥ 10
MELD score
< 20
≥ 20
Ascites
Use of Diuretics
Encephalopathy
Preoperative apheresis
PT-INR
< 2.0
≥ 2.0
Serum bilirubin (mg/dL)
< 10.0
≥ 10.0
Serum albumin (mg/dL)
< 2.5
≥ 2.5
Serum creatinine (mg/dL)
< 1.5
≥ 1.5

1

C. difficile was detected both by stool culture and ICA for toxin A in 4
patients, and both by stool culture and latex agglutination test for C. difficile
protein (glutamate dehydrogenase) in one patient; 2C. difficile was detected
both by stool culture and ICA for toxin A in one patient; 3Detection for C.
difficile protein (glutamate dehydrogenase). ICA: immunochromatography
assay; C. difficile: Clostridium difficile; CDAD: Clostridium difficile
associated diarrhea.

Table 5 Association between postoperative CDAD and surgical
and postoperative variables
Variables
Surgical variables
Operation time (h)
< 16
≥ 16
Blood loss (mL)
< 10 000
≥ 10 000
Blood transfusion (mL)
< 10 000
≥ 10 000
GV/SLV ratio (%)
< 50
≥ 50
Duct to duct biliary
reconstruction
Postoperative variables
Postoperative ICU stay (d)
< 10
≥ 10
Postoperative apheresis
Reoperation after LDLT
Acute rejection
Cytomegalovirus infection
Variation number of
antibiotics administered
after LDLT
<6
≥6

CDAD (-)
(n = 231)

P

CDAD (+)
(n = 11)

15.3 (10.7-40.1)1 14.9 (12.5-19.8)1
143
8
88
3
5150 (830-55 165)1 5155 (1555-17 475)1
191
9
40
2
7000 (900-46 120)1 8640 (2860-14 800)1
169
8
62
3
46 (25-88)1
46 (36-67)1
152
8
79
3
160
9

5 (3-242)1
205
26
28
86
66
105
5 (3-9)1

6 (3-22)1
10
1
3
2
2
3
5 (3-8)1

159
72

72
3

0.54

1

1
0.75

0.51

1
0.15
0.37
0.73
0.35
1

Use of steroid
Preoperative antibiotics use
Beta lactam
Second or third
generation cepharosporins
Glycopeptide
Fluroquinolone
Aminoglycoside
Other
History of abdominal surgery
Diabetes mellitus
Preoperative ICU stay
Yes
No

1

Median and range. GV: graft volume; SLV: standard liver volume; ICU: intensive care unit; LDLT: living donor liver transplantation.

diarrhea, fever was observed in 9 and abdominal pain in 3.
Median duration of diarrhea was 11 d (range, 5-43). Oral
vancomycin was used to treat 8 patients, and conservative
management was used to treat the 3 other patients.
Recurrence occurred in 3 patients.
Microbiological data of the patients with postoperative
CDAD or asymptomatic carriers of C. difficile are shown
in Table 3. C. difficile was detected in 27 patients during
the 3 mo after LDLT. Among these 27 patients, C. difficile
was detected both by stool culture and ICA for toxin A
in 2 patients, stool culture and latex test for C. difficile
protein (glutamate dehydrogenase) in 4, only stool culture
www.wjgnet.com
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Table 4 Association between postoperative CDAD and
preoperative variables

Positive microbiological test
Culture
5
16
21

April 14, 2007

CDAD (-)
(n = 231)
51 (18-67)1
161
70
123/108

CDAD (+)
(n = 11)
55 (26-64)1
5
6
9/2

P

0.1
0.07

62
4
49
3
33
2
26
1
14
0
   9
0
  9
0
  8
1
6
0
4
0
11
0
63
5
0.3
10 (5-14)1
9 (7-14)1
107
6
0.76
124
5
13.3 (-3.4-48.2)1 15.9 (5.3-33.9)1
153
6
0.52
78
5
110
6
0.76
123
8
0.23
39
3
0.41
50
3
0.71
1.61 (0.89-7.48)1 1.56 (1.33-2.73)1
187
8
0.45
44
3
4.4 (0.3-40.0)1
5.1 (0.8-17.9)1
163
9
0.52
68
2
2.9 (1.5-4.4)1
2.6 (1.8-3.3)1
37
194
0.03
5
6
0.69 (0.2-7.7)1
1.02 (0.4-4.4)1
6
0.0003
219
5
12
28
1
1
58
3
1
45
3
0.46
17
0
1
3
15
5
4
108
29

2
2
1
1
5
0

25
206

2
9

0.02
0.18
0.25
0.21
1
0.37
0.35

1

Median and range. PBC: primary biliary cirrhosis; PSC: primary sclerosing
cholangitis; MELD: model for end stage liver diseases; PT-INR: the international normalized ratio of prothrombin time; ICU: intensive care unit.

in 15, only ICA for toxin A in 2, and only latex test for C.
difficile protein (glutamate dehydrogenase) in 4.
Among preoperative covariates (Table 4), postoperative
CDAD was significantly associated with serum albumin
level (< 2.5 mg/dL) (P = 0.03) and serum creatinine level
(≥ 1.5 mg/dL, P = 0.0003). No variable was associated with
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Table 6 Multivariate analysis of risk factors for CDAD after
LDLT
Variable
Age ≥ 55
Male gender
Serum creatinine (mg/dL) ≥ 1.5

Odds ratio
(95% CI)
3.56 (0.92-15.0)
4.56 (1.02-33.3)
15.99 (3.85-68.3)

P
0.07
0.05
0.0003

postoperative CDAD by univariate analysis (Table 5). In
the multivariate analyses (Table 6), 7 risk factors with a P
value less than 0.20 were entered into a logistic regression
model by the backward-elimination procedure. In the final
model, male gender (odds ratio, 4.56), and serum creatinine
(≥ 1.5 mg/dL; odds ratio, 16.0) independently predicted
postoperative CDAD.

DISCUSSION
This is the first large series report on the incidence
and risk factors of CDAD after LDLT. In the present
retrospective study, CDAD occurred in 11 of 242 patients
(5%). This finding is consistent with the previous report
by Wong et al, in which the incidence of CDAD among
liver transplant recipients was 3%[13]. Unlike in previous
studies of surgical patients[17-20], all patients with CDAD
were successfully treated with conventional modalities that
prevented exacerbation of the disease to a fatal condition.
CDAD occurred soon after LDLT. Of the 11 patients
with CDAD, 7 (64%) developed CDAD within 1 mo after
LDLT. A possible explanation for this finding is that many
immunosuppressive drugs and prophylactic or therapeutic
antibiotics are administered during the early period after
LDLT, rendering patients more susceptible to C. difficile
infection[21,22]. CDAD recurs after treatment in 8 % to 50%
of cases[4]. In the present study, 2 of 8 (25%) patients who
received oral vancomycin experienced CDAD recurrence.
A similar result was reported in a recent prospective study,
in which 7 of 34 (21%) patients relapsed during the 3 mo
after successful treatment of CDAD with oral metronidazole or vancomycin[22]. In the current series, recurrent
disease was treated without difficulty with repeated application of the previous treatment.
Intensity of antibiotic use, measured by the presence
of preoperative antibiotic use or number of antibiotics
used postoperatively, did not correlate with the incidence
of CDAD in the present study. In general, recent antibiotic
use is the most important risk factor for developing
CDAD because the normal stable gut microbial flora must
be disrupted before C. difficile can become established and
produce toxins[23]. This discrepancy is probably due to the
following reasons. First, only 11 patients were complicated
with CDAD in the present study, which limited the power
to examine risk factors specific for diarrhea. Second, all
the patients received multiple antibiotics as perioperative
prophylaxis in the present study, and it is difficult to detect
the effect of antibiotics on the occurrence of CDAD after
LDLT. Similar results were reported by Thibault et al[24],
in which no specific antibiotic could be linked to CDAD
in surgical patients because of uniform perioperative

antibiotic use. Males were more susceptible than females
to CDAD in the present study, although the reason for
this finding is not known. In contrast, some previous
studies reported more females than males among patients
with CDAD[25-28]. Renal insufficiency increased the risk for
CDAD after LDLT in the present study. The reason for
the association between renal insufficiency and CDAD
is unclear, but might be related to impaired host-defense
mechanisms in patients with renal insufficiency[29].
One of the limitations of the present study is that
a cytotoxin assay for toxin B was not examined. Tissue
culture cytotoxin assay detecting the presence of toxin
B in stool culture is considered the “gold standard”
for the diagnosis of CDAD because of its accuracy[23].
In addition, we could not find toxin A-negative/toxin
B-positive strains[30-32] and could not differentiate strains
that produced binary toxins[33] from toxin A-positive/toxin
B-negative strains in the present study. A prospective
study is needed to examine the true incidence of CDAD,
including strains such as toxin A-negative/toxin B-positive
strains, among LDLT recipients.
The future direction of the current series is to study the
clinical impact of asymptomatic carriage of C. difficile on
postoperative CDAD after LDLT. Asymptomatic carriage
of C. difficile appears to reduce the risk of subsequent
development of CDAD[7,34]. In the present study, 16 of 27
(59%) patients with C. difficile were asymptomatic, but it
is not known whether they were asymptomatic carriers on
admission or colonized after admission.
In conclusion, CDAD should be considered in the
differential diagnosis of patients with postoperative
diarrhea. Male gender and renal insufficiency independently
increased the risk for CDAD after LDLT.
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Abstract
AIM: to evaluate the role of endoscopic ultrasonographyg u i d e d f i n e n e e d l e a s p i ra t i o n ( E U S - F N A ) i n t h e
preoperative diagnosis of gastrointestinal stromal tumor
(GIST).
METHODS: From September 2002 to June 2006, Fiftythree consecutive EUS-FNAs of GI tract subepithelial
hypoechoic tumors with continuity to proper muscle
layer suspected as GIST by standard EUS were evaluated
prospectively. The reference standards for the final
diagnosis were surgery (n = 31), or clinical follow-up (n
= 22). Additionally, immunophenotyping of specimens
obtained by EUS-FNA and surgical resection specimens
were compared.
RESULTS: In 2 cases puncture was not performed
because of anatomical problems. The collection rate
of adequate specimens from the GI tract subepithelial
hypoechoic tumor with continuity to proper muscle
layer was 82% (42/51). The diagnostic rate for the
tumor less than 2 cm, 2 to 4 cm, and 4 cm or more
were 71% (15/21), 86% (18/21), and 100% (9/9),
respectively. In 29 surgically resected cases, the
sensitivity, specificity, positive predictive value, negative
predictive value, and diagnostic accuracy of EUS-FNA
using immunohistochemical analysis of GIST were 100%
(24/24), 80% (4/5), 96% (24/25), 100% (4/4), and
97% (28/29), respectively. No major complications were
encountered.
CONCLUSION: EUS-FNA with immunohistochemical
analysis is a safe and accurate method in the pretherapeutic diagnosis of GIST. It should be taken into
consideration in decision making, especially in early

diagnosis following minimal invasive surgery for GIST.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GIST) were described
in 1983 as tumors in the gastrointestinal tract and
mesentery, characterized by a specific histological and
immunohistochemical pattern [1] . GIST has a risk of
metastatic relapse, specifically in the liver and peritoneum,
after initial surgery for localized disease[1-6]. Since every
GIST is now considered as potentially malignant, all GISTs
may need to be resected, even small intramural lesions
of the gastrointestinal tract[1,5,6]. However, since not all
intramural lesions of the gastrointestinal tube are GISTs,
a preoperative pathological diagnosis should be obtained.
However, even when a biopsy is performed during a
conventional endoscopy, usually the GIST is covered by
normal mucosa, leading to insufficient endoscopic biopsy
specimens from deeper layers. Endoscopic ultrasonography
(EUS), enabling intramural scanning of the GI tract, has
been reported to be useful in the diagnosis of submucosal
tumor (SMT) and in differentiating SMT from extraluminal
lesions[7-9]. Nevertheless, the diagnosis on the basis of EUS
is presumptive and cannot replace a histological diagnosis
of GIST. Therefore, definitive tissue diagnosis of SMT and
extraintestinal lesions is elusive without surgery, and a less
invasive method of obtaining tissue diagnosis is desirable.
Endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) has emerged as a minimally invasive technique
that allows identification and sampling of various SMT
and extraintestinal mass lesions[10-15]. In accordance with
current knowledge, the diagnosis of GIST should be based
on immunohistochemical analysis. The purpose of the
www.wjgnet.com

2078

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

April 14, 2007

Volume 13

Number 14

Figure 1 Toshiba-Fujinon curved linear
array echoendoscope PEF-708FA.

present study was to determine the diagnostic usefulness
of EUS-FNA using immunohistochemical analysis for
preoperative diagnosis of GIST.

MATERIALS AND METHODS
From September 2002 to June 2006, 53 consecutive
patients with subepithelial hypoechoic tumors originating
in the fourth sonographic layer of the GI tract wall
suspected as GIST by standard EUS underwent EUS-FNA
for histologic diagnosis at Aso Iizuka Hospital. There
were 14 males and 39 females, and the mean age was 66
years (range 34-91 years). Informed written consent for
the study was obtained from all patients. One attending
endosonographer (KA) performed all EUS and EUS-FNA
procedures.
Standard EUS was perfor med on an outpatient
basis, with the patient under conscious sedation, using a
conventional radial scanner echoendoscope GF-UM20
(Olympus, Tokyo, Japan) or 12 MHz ultrasound catheter
probe SP-702 (Fujinon, Saitama, Japan). EUS-FNA was
performed on a one-day inpatient basis, with conscious
sedation, using PEF-708FA (Toshiba-Fujinon, Tokyo,
Japan) convex array echoendoscope [16] (Figure 1). The
echoendoscope was connected to a Toshiba ultrasound
scanner SSA-550A (Toshiba, Tokyo, Japan). Color flow
and Doppler sonography were performed to exclude
intervening vascular structures and to select a vessel-free
needle track. All FNA procedures were performed using
the Olympus needle (NA-11J-KB) (Figure 2) consisting
of a 180 cm long steel needle 0.8 mm in diameter (22G)
with a stylet passing through a metal catheter with an
outer diameter of 1.6 mm. It has a power-shot style that
advances to a maximum of 4 cm instantly with the push of
a button. The needle is inserted into the working channel
of the echoendoscope. Once the tip of the catheter was
visualized, the needle was advanced from the catheter
sheath through the wall of the GI tract and into the target
lesion under ultrasonographic guidance (Figure 3). The
stylet was removed and continuous suction applied with
a 20-mL syringe. The needle was moved back and forth
within the lesion under ultrasonographic guidance. The
suction was then released and the needle removed from
the biopsy channel.
The aspirates were placed on glass slides, and both airdried and alcohol-fixed smears were prepared. Air dried
smears were stained with a modified Giemsa stain (Figure
3) and reviewed immediately by a cytopathologist on site
to ensure specimen adequacy. The remaining prepared
histologic specimens were processed at a later time in the
pathology laboratory for hematoxylin and eosin staining
and additional ancillary studies such as immunochemistry
(Figure 4). Immunohistochemical analysis was performed
as follows: Both the EUS-FNA and surgical resection
specimens were fixed in 10% formaldehyde and tissue
blocks were embedded in paraffin. Sections were stained
with hematoxylin and eosin. The polymer method was
used for immunohistochemical staining with the following
antibodies: c-kit (polyclonal, 1:200; Dako North America
Inc, Carpenteria CA, USA), CD34 (QBend 10, monoclonal,
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Figure 2 Olympus power shot type
metallic needle NA-11J-KB.
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Figure 3 A: Submucosal lesion in the angulus of the stomach shown on
endoscopy; B: EUS using ultrasound catheter probe reveals 3 cm subepithelial
hypoechoic tumor with continuity to proper muscle layer (arrow-mp); C: Puncture
of the small GIST under direct endosonographic visualization. The needle can
be visualized; D: EUS-FNA smear of GIST showing a small tissue fragment
composed of ovoid to spindle-shaped nuclei with minimal to no atypia arranged in
fascicles (modified Giemsa stain).

1:100; Novocastra, Benton Lane, UK), muscle actin (1A4,
monoclonal, 1:100; Dako A/S, Glostrup, Denmark),
S-100 (polyclonal, 1:12; Dako A/S, Glostrup, Denmark).
A tumor with positive reaction to c-kit and/or CD34 was
diagnosed as GIST. A tumor with a negative reaction to
c-kit, CD34, and S-100 and a positive reaction for muscle
actin was diagnosed as a myogenic tumor (leiomyoma). A
tumor with a negative reaction to c-kit, CD34, and muscle
actin and positive reaction for S-100 was diagnosed as a
neurogenic tumor (neurinoma).
EUS-FNA diagnoses were analyzed for correlations
with final diagnoses, which were based on histological
examination of surgically resected pathology materials
and/or clinical follow-up (mean; 8 mo, range; 3 to 36 mo)
findings. To determine the operating characteristics of
EUS-FNA in the diagnosis of subepithelial hypoechoic
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Table 1 Clinicopathological characteristics (n = 53)
Anatomic sites of the lesions
Esophagus
n=4
Duodenum
n=1
Pancreas
n=1
Final diagnosis after EUS-FNA
Surgically resected cases (n = 32)
GIST:
n = 27
Neurinoma:
n=2
Esophageal cancer:
n=1
Not surgically rsected cases (n = 21)
GIST:
n=6
Recurrence of rectal cancer: n = 2
Leiomyoma:
n=1
Not diagnostic:
n=8

D

Stomach
Rectum:

n = 43
n=4

Leiomyoma:
Accessory spleen:1

n=1
n=1

Ectopic pancreas:
Neurinoma:
Pancreatic cancer:

n=2
n=1
n=1

1

Laparotomic biopsy only.

E

Table 2 Technical results of EUS-FNA (n = 53)

Figure 4 Photomicrographs of EUS-FNA specimen of GIST. A: Hematoxylineosin stain; B: Immunohistochemical stain for c-kit; C: Immunohistochemical stain
for CD34; D: Immunohistochemical stain muscle actin; E: Immunohistochemical
stain for S-100. The tumor is diffusely positive for c-kit and CD34 and negative for
muscle actin and S-100. The immunohistochemical pattern diagnosis is GIST.

Puncture not performed
Puncture success rate
Number of EUS-FNA passes
Collection of adequate specimen
Complications

1

2/53 (4%)
51/51 (100%)
1 to 6 passes (Average, 2.4)
42/51 (82%)
0/53 (0%)

1

Reason: 1 intervening vessel, 1 tumor location.

RESULTS
A

B

←mp
C

D

Figure 5 A: Endoscopy showing submucosal lesion in the upper body of
the stomach; B: EUS using ultrasound catheter probe demonstrating 1.5 cm
subepithelial hypoechoic tumor with continuity to proper muscle layer (arrow-mp); C:
The hypoechoic mass shown on EUS was punctured under real-time EUS guidance;
D: The FNAB specimen consisted of acinar cells. The histologic diagnosis was
ectopic pancreas.

tumors originating in the fourth sonographic layer of the
GI tract suspected as GIST by standard EUS, histologic
diagnostic rate according to tumor size and sensitivity,
specificity, positive predictive value, negative predictive
value and accuracy for the differential diagnosis of GIST
or non-GIST were calculated. This study was reviewed and
approved by our institutional review board.

Clinicopathological characteristics of the lesions are
summarized in Table 1. All patients had previously had
lesions detected with gastrointestinal endoscopy and
EUS that had prompted their referral for EUS-FNA
for tissue diagnosis. There were 4 FNA specimens (8%)
from the esophagus, 43 (81%) from the stomach, 1 (2%)
from the duodenum, 4 (8%) from the rectum, and 1
(2%) from the pancreas. Final diagnosis after EUS-FNA
were GIST (n = 33), leiomyoma (n = 2), neurinoma (n =
3), ectopic pancreas (n = 2), accessory pancreas (n = 1),
esophageal cancer (n = 1), pancreatic cancer (n = 1), and
not diagnostic (n = 8). Surgical resection was performed
in 32 patients and followed up in 21 patients (2 cases with
recurrence of rectal cancer were treated by chemotherapy.
6 cases with GIST refused surgery.)
Table 2 summarizes the technical results of EUSFNA. Puncture was not performed because of anatomical
problems (intervening vessel and tumor location) in two
cases. The collection rate of adequate specimens was
82% (42 of 51 patients), and histological diagnosis was
successfully performed in all 42 adequate specimens. We
encountered no severe complications associated with this
procedure.
Representative EUS and EUS-FNA findings in a
patient with GIST are shown in Figure 3. The result of
immunohistochemical analysis of the tumor (Figure 4) was
positive reaction for c-kit and CD34, and negative reaction
for muscle actin and S-100. The tumor was diagnosed as
GIST, and then the patient underwent local resection. The
immunohistochemical staining pattern in the surgically
resected lesion was similar (diagnosed as GIST). Figure 5
shows EUS and EUS-FNA findings in a patient with nonwww.wjgnet.com
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Table 3 Diagnostic rate according to tumor size
Tumor size (mean)
0-2 cm (1.5)
2-4 cm (3.3)
4- cm (6.6)
Total (3.0)
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Subepithelial hypoechoic tumor with continuity with
muscularis propria diagnosed by EUS (n = 53)

Diagnostic rate (%)
15/21 (71)
18/21 (86)
9/9 (100)
42/51 (82)

EUS-FNA (n = 42)

GIST (n =31)

GIST
Non-GIST

GIST
24
1

EUS-FNA
Non-GIST
0
4

Overall accuracy 97% (28 of 29); sensitivity 100% (24 of 24); specificity 80% (4
of 5); positive predictive value 96% (24 of 25); negative predictive value 100%
(4 of 4).

GIST. The tumor was diagnosed as ectopic pancreas by
the histologic result of EUS-FNA specimen, and then
follow-up was performed in the patient. Diagnostic rate of
GI tract subepithelial hypoechoic tumor with continuity
to proper muscle layer according to tumor size appears
in Table 3. When the size of the tumors was classified
into three grades, using 2-cm intervals, the larger the size
of the lesion, the higher the diagnostic rate, the overall
diagnostic rate was 82% (42 of 51 patients). GIST or
non-GIST was correctly diagnosed by EUS-FNA using
immunohistochemical analysis in 28 of the 29 surgically
resected cases (Table 4). The sensitivity, specificity,
positive and negative predictive values and accuracy for
diagnosis of GIST were 100%, 80%, 96%, 100% and 97%,
respectively.
Figure 6 shows EUS-FNA diagnosis and following
management. Local resection was perfor med in 25
out of 31 patients diagnosed as GIST by EUS-FNA.
The remaining 6 patients rejected surgery. Appropriate
m a n a g e m e n t , i n c l u d i n g f o l l ow - u p, s u r g e r y, a n d
chemotherapy, was perfomed in the all 11 patients
diagnosed as non-GIST. It was impossible to diagnose the
remaining 11 patients because of insufficient material, but
eight patients were carefully followed up and three patients
(GI bleeding 1, patient’s wish 2) received local resection.

DISCUSSION
GISTs are uncommon abdominal malignancies. Despite
being the most common GI sarcomas, GISTs represent
only 1% of alimentary tract tumors[17]. Identification of
GISTs has been facilitated by the recent application of
c-kit immunohistchemistry that identifies the c-kit protooncogene product that is overexpressed in nearly all GIST
and distinguishes these neoplasms from leiomyomas,
leiomyosarcomas, or schwannomas[5]. C-kit has become
the predominant immunomarker for the identification
of GISTs. Although a number of clinicopathologic
features have been implicated in the determination of
malignancy potential, even those that demonstrate the
www.wjgnet.com

Clinical follow-up (n = 6)
1 leiomyoma
1 neurinoma
1 accessory spleen
2 ectopic pancreas
1 pancreatic cancer

Non-GIST (n =11)
Surgery (n = 3)
1 leiomyoma
1 neurinoma
1 esophageal cancer

Table 4 Diagnosis of GIST or non-GIST using immunohistochemical analysis in the 29 surgically resected cases
Surgery

Number 14

Local resection
(n = 25)

Clinical follow-up due
to patient’s wish

Chemotherapy (n = 2)
2 recurrence of rectal
cancer

Figure 6 EUS-FNA diagnosis and following management.

best correlation only allow the prediction of relative risk.
The 2 strongest predictors of GIST’s behavior remain
tumor size and mitotic activity[1,6]. However, predicting
their behavior remains difficult. Since every GIST is
now considered as potentially malignant, all GIST may
need to be resected, even small intramural lesions of the
gastrointestinal tract. Surgery has been and continues to
be the primary treatment modality for GIST. The overall
5-year survival rate for patients with primary gastric GISTs
who underwent complete resection ranges from 20% to
63%, with a recurrence rate of 17 to 76%[18,19]. Miettinen
reported that small GIST (< 2 cm) occurred no metastasis
in 1765 cases broken down into prognostic categories,
with follow-up information[6]. In other words, it means that
surgical complete resection of GIST smaller than 2 cm
produces 100% cure. In our study, postoperative metastasis
of GIST occurred in one case with a 3 cm tumor, and
in all GISTs less than 2 cm there was no postoperative
relapse. So, early diagnosis and early surgical resection is
vital to improve the prognosis of this disease.
However, preoperative pathological diagnosis must
be obtained because all subepithelial lesions of the
gastrointestinal tract are not GIST. Endoscopy alone has
suboptimal accuracy of as low as 40% for identifying
the cause of submucosal bulges[20]. Usually the mucosal
surface is nor mal, and conventional forceps biopsy
results are frequently negative. Other noninvasive imaging
methods such as transabdominal ultrasound and computed
tomography are also suboptimal for evaluating submucosal
indentations[21]. EUS combines the endoscopic view with
ultrasonographic images generated by a high-frequency
intraluminal probe. This allows clear imaging of the
gastrointestinal wall layers and precise evaluation of the
submucosal tumor whether from extrinsic compression
or the layer in which the intramural lesion originates.
Although EUS provides impor tant mor phologic
information from submucosal lesions, including some
features suggestive of malignancy (size > 3-4 cm, irregular
margins, internal echogenic foci or cystic spaces, and rapid
growth rate at follow-up EUS)[22,23], it cannot establish a
final pathologic diagnosis. In the diagnostic process of
GIST, immunohistochemical analysis of tissue sample

Akahoshi K et al . EUS-FNA for GIST

2081

Endoscopy

Submucosal tumor

Conventional EUS
Hyperecoic mass (lipoma)
Anechoic mass (cyst)

Hypoecoic solid mass

Clinical follow-up

EUS-FNA

GIST

Leiomyoma
Schwannnoma

Local resection

Other lesions

Clinical follow-up

Appropriate management

Figure 7 Algorithm of diagnosis and treatment of gastrointestinal submucosal
tumor.

such as c-kit is vital for confirmation of this disease.
Preoperative percutaneous biopsy carries the theoretical
risk of peritoneal seeding or tumor r upture, and is
indicated only for clearly irresectable disease or when
treatment needs to be altered, as would be the case if
the mass proved to be lymphoma or germ cell tumor[24].
One alternative technique is EUS-FNA, which has been
used increasingly for the evaluation of different types of
intraabdominal and intrathoracic lesions[7-15]. Observations
to date indicate that EUS-FNA is a safe and accurate
procedure.
The majority of reports on EUS-FNA, however, have
focused on pancreatic lesions and lymphadenopathy. Few
reports have specifically investigated the use of EUS-FNA
in evaluating intramural and extramural structures of the
GI tract[15]. Furthermore, the clinical usefulness of EUSFNA for GIST is unclear in previous literature[10-15]. In this
study, the collection rate of adequate specimens from a
GI tract subepithelial hypoechoic tumor with continuity
to proper muscle layer was 82%. No major complications
were encountered. The diagnostic rate for the tumor less
than 2 cm, 2 to 4 cm, and 4 cm or more were 71%, 86%,
and 100%, respectively. In our 29 surgically resected cases,
the sensitivity, specificity, positive predictive value, negative
predictive value, and diagnosctic accuracy of EUS-FNA
using immunohistochemical analysis of GIST were
100%, 80%, 96%, 100%, and 97%, respectively. Reported
accuracy of preoperative diagnosis of EUS-FNA using
immunohistochemical analysis for surgically resected
GIST cases ranged from 91% to 100%[11,25]. The diagnostic
accuracy of EUS-FNA using immunohistochemical
analysis is excellent. This accurate preoperative histological
proof of GIST facilitates the surgeon’s decision making
for early local resection.
At present, a precise algorithm for diagnostic or
therapeutic workup of GIST is still lacking. A large
group of submucosal lesions such as lipomas, cysts,
and submucosal varices has typical features that allow
accurate diagnosis based solely on the data gathered from

endoscopy and EUS imaging[7,8,12]. However, an important
subset of submucosal lesions such as GISTs, granular cell
tumors, carcinoid tumors, ectopic pancreas, neurofibromas,
adenocarcinomas, glomus tumors, lymphoid mass tissues,
squamous cell cancer, recurrent neoplasms, and metastases
may have overlapping echo and endoscopic features
and cannot be accurately determined without a biopsy
sample. A precise preoperative histological diagnosis has
the potential to directly affect clinical treatment[12]. This
study supports the role of EUS in the evaluation of
lesions within, or adjacent to, the gastrointestinal tract.
EUS-FNA can be carried out safely, and the results of
FNA can significantly alter management of the patients.
In our study, management decisions were simplified and
delineated when GIST (local resection) or non-GIST
such as ectopic pancreas, recurrent cancer, and SMT-like
cancer (follow up, chemotherapy, appropriate surgery, etc)
was confirmed by EUS-FNA. In the author’s experience
and discussions with surgeons at our institution, crucial
preoperative planning and management are facilitated
by the histological diagnoses provided with EUS-FNA.
Operative planning and the type of surgery conducted
vary dramatically in relation to the diagnosis [1,17-19,23-29].
For example, a patient with a GIST can be cured with a
wedge resection, or if inoperable, SMT-like anastomotic
recurrence can receive chemotherapy; however, a patient
with SMT-like advanced esophageal carcinoma would
undergo esophagectomy with lymph-node dissection and
might need postoperative chemotherapy or radiotherapy. A
patient with benign SMT could avoid surgery completely
because of histological confirmation of benignancy
such as ectopic pancreas. In addition, EUS-FNA can
provide a definitive histological diagnosis, which is
routinely requested by oncologists before initiating any
chemotherapy, radiotherapy, or palliative treatment [26].
Figure 7 outlines a proposed diagnosis and treatment
algorithm for patients who are diagnosed with SMT
or SMT-like lesion by conventional endoscopy. EUSFNA thus evidently has a significant positive impact on
clinical management of patients by providing a definitive
histological diagnosis.
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Abstract
AIM: To u n d e r s t a n d t h e d i g e s t i ve s t a b i l i ty a n d
mechanism of release and intestinal uptake of pea
ferritin iron in caco-2 cell line model.
METHODS: Pea seed ferritin was purified using salt
fractionation followed by gel filtration chromatography.
The bioavailability of ferritin iron was assessed using
coupled in vitro digestion/Caco-2 cell model in the
presence or absence of ascorbic acid and phytic acid.
Caco-2 cell ferritin formation was used as a surrogate
marker of iron uptake. Structural changes of pea ferritin
under simulated gastric pH were characterized using
electrophoresis, gel filtration and circular dichroism
spectroscopy.
RESULTS: The caco-2 cell ferritin formation was
significantly increased (P < 0.001) with FeSO4 (19.3 ±
9.8 ng/mg protein) and pea ferritin (13.9 ± 6.19 ng/mg
protein) compared to the blank digest (3.7 ± 1.8 ng/
mg protein). Ascorbic acid enhanced while phytic acid
decreased the pea ferritin iron bioavailability. However,
either in the presence or absence of ascorbic acid, the
ferritin content of caco-2 cells was significantly less with
pea ferritin than with FeSO 4. At gastric pH, no band
corresponding to ferritin was observed in the presence of
pepsin either on native PAGE or SDS-PAGE. Gel filtration
chromatography and circular dichroism spectroscopy
revealed a pH dependent loss of quaternary and
secondary structure.
CONCLUSION: Under gastric conditions, the iron core
of pea ferritin is released into the digestive medium due
to acid induced structural alterations and dissociation of

INTRODUCTION
Iron deficiency anemia (IDA) is a serious public health
problem worldwide, affecting about two billion people
globally[1,2]. In India, the major etiology for the alarming
prevalence of iron deficiency is poor density and bioavailability of iron from commonly consumed cereal/pulse
based diets[3,4]. Therefore, food fortification is considered
as a measure to increase the iron intake of the general
population[5,6]. Nevertheless, it is often difficult due to
traditional consumption of whole grains such as rice,
whose chemical fortification is not possible.
Ferritins are iron storage proteins ubiquitously present
in all organisms. Like mammals, plants (particularly
legumes) store iron in their seeds in the form of ferritin[7].
Therefore, increasing the expression level of ferritin
in plants is thought to increase the iron density of the
staple grains and thereby the iron intake of iron deprived
populations as well[8]. Nevertheless, iron bioavailability
from these sources remains a concern due to the presence
of high concentrations of phytates and tannins, which are
known to inhibit iron absorption.
Iron bioavailability studies on purified ferritin or
soybean, a rich source of ferritin, are conflicting[9-15]. Nonanemic women fed on reconstituted soybean ferritin as the
iron source showed improvement in iron status[16]. These
observations along with the high stability of ferritin protein
against denaturants and complex chemistry of ferritin
iron led to the conclusion that either ferritin or its released
iron core is directly absorbed by the enterocytes[14,15]. This
is in contrast with the reported low bioavailability of iron
from legumes[17]. Additionally, the transgenic maize over
www.wjgnet.com
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expressing soybean ferritin gene together with phy-tase
resulted in improved bioavailability of iron[18]. Apparent
discrepancy between these observations has been explained by various procedures such as iron labeling of
ferritin, source of ferritins in vitro or in vivo methods and
the physiological and nutritional status of the subjects [16,19].
Thus, there is a need to understand the digestive stability
of plant ferritin, the possible mechanism(s) of iron release
and the influence of dietary factors on ferritin iron uptake
in the gut. These studies are of specific interest in the
context of ferritin-mediated biofortification as a strategy
to improve bioavailable iron in plant food.
Caco-2 cell based screening methods have been used
extensively in recent years to assess iron and carotenoid
bioavailability from various foods and meals [20-24]. The
model consists of sequentially simulating gastric and
intestinal digestion of a test sample and adding it to
differentiated cultures of caco-2 cells. Furthermore,
ferritin formation in the caco-2 cells exposed to digests
containing iron has been used as a surrogate marker of
cellular iron status and is therefore, proportional to the
bioavailability of iron[23]. The objective of the present study
was to evaluate modulation of purified pea ferritin iron
bioavailability by ascorbic and phytic acids using coupled in
vitro digestion/Caco-2 cell model and its digestive stability,
and the possible mechanism of iron release.

MATERIALS AND METHODS
Materials
Dried pea (Pisum sativum) seeds were procured from the
local market. Ferrous sulfate (FeSO4·7H2O) was obtained
from Sisco Research Laboratories, Mumbai, India. Unless
otherwise stated, all chemicals, enzymes were purchased
from Sigma Chemical Co. (St. Louis, MO). Purification
of ferritin from pea seeds was performed as described
by Laulhere et al[25]. Briefly, 150 g powdered pea seed was
suspended and homogenized in 3 volumes of 10 mmol/L
phosphate buffer at pH 7.5, containing 1 mmol/L EDTA.
The suspension was filtered through three layers of muslin
cloth and further clarified with centrifugation at 10 000
r/min for 20 min at 4℃ (Sorval RC 5B). The supernatant
was subjected to MgCl2 precipitation and centrifuged at
12 000 r/min for 35 min and collected the reddish-brown
pellet. The pellet was dissolved in water and subjected to
Sepharose-6B gel filtration chromatography. The ferritin
rich fractions, identified by high iron (420 nm) to protein
ratio (280 nm), pooled and concentrated using Amicon
5K filters. The protein was estimated by BCA protein
assay kit (Sigma Chemical Co.). Purified pea ferritin was
characterized using capillary electrophoresis, PAGE and
SDS-PAGE (Figure 1).
In vitro digestion
The simulated in vitro digestion was performed as described
previously by Glahn et al [23] with minor modifications.
Briefly, reagents required for the digestion such as saline,
40 g/L pepsin (0.1 mol/L HCl), pancreatin-bile salt
mixture (0.05 g pancreatin and 0.3 g bile extract/25 mL
0.1 mol/L NaHCO3) were prepared freshly and mixed
with 5% Chelex-100 and incubated for 30 min at room
www.wjgnet.com
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temperature to remove the endogenous iron present in
these solutions. The Chelex-100 was removed from these
solutions by passing it through a sintered glass funnel.
Peptic digestion was carried out in 50 mL screw-cap
culture tubes. One hundred microlitre of stock purified pea
ferritin (780 µg of iron/2.5 mg protein/mL) was diluted
to 9 mL with saline in the presence and absence of 1:5 and
1:1 molar ratios of ascorbic acid and phytic acid (inositol
hexa phosphate dodeca sodium salt isolated from rice,
Sigma Cat#P3168), respectively. The pH of the samples
was adjusted to 2.0 with 6 mol/L HCl and 0.5 mL of the
pepsin solution was added and the volume adjusted to 10
mL. The tubes were immersed in a shaking water-bath at
37℃ for 60 min. For intestinal digestion, the pH of the
sample (also referred to as the “digesta”) was increased to 6
with 1 mol/L NaHCO3, 2.5 mL of pancreatin-bile extract
mixture added and further adjusted to pH 7 with 1 mol/L
NaOH. The final volume made up to 15 mL with saline
and the digestion was carried out in the upper chamber of
the transwell plate for 2 h as described below. Saline and
ferrous sulfate treated similarly were fed to cells and run
simultaneously as control and reference, respectively.
Assessment of iron bioavailability in caco-2 cells
Caco-2 cells were obtained from the National Center for
Cell Sciences (Pune, India) and used in experiments at
passage 15-20. Cells were seeded at a density of 50 000
cells/cm 2 in 6-well plates (Corning, India). The cells
were grown in Dulbecco’s modified Eagle’s medium with
20% fetal bovine serum (FBS), 10% non-essential amino
acids and 0.4 mmol/L glutamine and 1% antibioticantimycotic solution. The cells were maintained at 37℃
in an incubator with a 5% CO2/95% air atmosphere at
constant humidity. Once the cells reached confluence, the
concentration of FBS in the medium was reduced to 10%
and it was changed every 2 d. These cells were used for
iron bioavailability experiments at 12-14 d after seeding.
Immediately prior to the intestinal digestion, the
growth medium was removed from culture wells and the
monolayer washed thrice with MEM (MEM was used
because it contains less amount of endogenous iron
compared to the DMEM). A fresh 2 mL aliquot of MEM
(5% chelex-100 treated) covered the cells during the
experiment. A sterilized insert ring fitted with a dialysis
membrane (12 000 MW cut-off, Spectrapore) using an
adaptor was introduced into the wells, thus creating a twochamber system. An aliquot of 2 mL intestinal digest was
pipetted into the upper chamber. The plate was covered
and incubated in humidified CO2 incubator at 37℃ for a
period of 2 h with regular mixing at 15 min intervals. After
the intestinal digestion, the upper chamber was removed
and the plates were further incubated for a period of 22
h. At the end of this the cells were washed thrice with
ice-cold saline and collected by scraping into 400 µ L
saline. The contents were sonicated for 20 s using a probe
sonicator and centrifuged at 5000 r/min for 5 min. Protein
concentration in the cell lysates was estimated using BCA
protein assay kit.
Ferritin measurement
A human ferritin sandwich ELISA method developed in-

Bejjani S et al . Gastric digestion and bioavailability of pea ferritin iron

A

B

200.00
mAU

1

2

C

1

2

3

kDa
66
24.30

149.97

99.94

45
36
29
24

49.90

-0.13
Min. 0.00

2085

6.00

12.00

18.00

24.00

30.00

14
6.5
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chromatography on Sepharose-6B column. B1 and 2: Purified ferritin (10 μg). C1: Molecular weight markers; C 2 and 3: 10 μg of purified ferritin.

house and validated against recombinant ferritin (94/572)
obtained from WHO International Laborator y for
Biological Standards (NIBSC, UK) was used to estimate
the caco-2 cell ferritin content[26]. Ferritin content was
estimated either in neat or diluted caco-2 cell lysate using
human liver ferritin IgG-HRP and the substrate system
orthophenylene diamine-H2O2. The color intensity was
measured using ELISA plate reader (Multiskan Accent,
Lab systems, USA). Iron and inorganic phosphate
content of purified pea ferritin was deter mined by
bathophenonthroline method [27] and micro-method of
Chen et al[28], respectively. Purified pea ferritin (1 mg/mL)
was electrophoresed (Biofocus 3000, Bio-Rad) in an
uncoated silica capillary column (50 µm ID, 375 µm OD,
50 cm length) using 10 mmol/L phosphate buffer pH 2.3
at 20 kV and detected at 215 nm.
Native and SDS–PAGE
To study the digestive stability, purified pea ferritin (1
mg/mL) at pH 7.2 (10 mmol/L phosphate buffer) and at
gastric pH 2 (saline-HCl) was incubated in the presence
and absence of 1.6 mg/mL of pepsin at 37℃ for 1 h.
At the end of the incubation, the pH of the solution was
adjusted to pH 7.2 with 1 mol/L sodium bicarbonate.
Aliquots of the reaction mixtures were immediately mixed
with sample buffer with or without SDS. The samples
were analyzed on 6% native PAGE and 12.5% SDSPAGE. The gels were stained for iron by Prussian blue
staining method [29] or for protein by the coomassie
brilliant blue method.
Gel filtration chromatography
Gel filtration chromatography of purified pea ferritin was
performed using TSK-2000 SW (Altex) column connected
to HPLC (Agilent, Model: 1100). Briefly, 200 µ g of
purified pea ferritin was incubated at pH 7.2 or pH 2 for
20 min and then subjected to size fractionation using 10
mmol/L phosphate buffered saline pH 7.5, at a flow rate
of 1 mL/min and the elution was monitored at 280 nm
for protein and at 420 nm for protein bound iron.
Circular dichroism spectra analysis
Purified pea ferritin (1 mg/mL) was incubated for 20
min at room temperature either in 10 mmol/L phosphate
buffer saline pH 7.2 or in saline HCl pH 2. Circular

dichroism (CD) was measured with a spectropolarimeter
(JASCO-810) using 1 mm cell at 0.2 nm intervals and 1
nm bandwidth. Spectra were signal averaged by adding five
accumulations. The baseline was corrected by subtracting
the spectra of respective buffer blanks obtained under
identical conditions. Percentage of secondary structure
was calculated using the web-based program K2D (http://
www.emblheidelberg.de/~andrade/k2d).
Statistical analysis
Statistical analysis was performed using the software
package SPSS-7. Each experiment was conducted in
triplicate and analyzed in duplicate. The ferritin data were
log transformed and the means were compared using oneway ANOVA followed by least significant difference (LSD)
post-hock test. The results were considered significant if P
value was < 0.05.

RESULTS
Purification and characterization of pea seed ferritin
Purification of pea ferritin using MgCl 2 precipitation
followed by gel filtration on Sepharose-6B column resulted
in reddish-brown colored protein fractions. Capillary zone
electrophoresis of pooled fractions showed a single peak
suggesting high purity of the protein (Figure 1A). Native
PAGE of this protein followed by staining for protein
(Figure 1B) and iron (data not shown) revealed a single
band and intense reaction with iron confirming the identity
of ferritin. Upon SDS-PAGE, the purified ferritin showed
two bands at 28 and 26 kDa regions (Figure 1C). The iron
and phosphate concentrations of pea ferritin were 325
and 375 µg/mg protein, respectively. The yield of purified
protein was 13-16 mg protein/kg of seeds using the above
purification procedure.
Effect of ascorbic acid and phytic acid on pea ferritin iron
bioavailability
The bioavailability of iron from both FeSO 4 and pea
ferritin was assessed using simulated in vitro digestion/
Caco-2 cell model either in the presence or absence of
ascorbic acid (1:5 molar ratio) and ferritin in the presence
of phytic acid (1:1 molar ratio) (Figure 2). The caco-2 cell
ferritin formation was significantly increased (P < 0.001)
with iron from FeSO4 (19.3 ± 9.8 ng/mg protein) or pea
www.wjgnet.com
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Figure 3 Digestive stability of pea ferritin: Purified pea ferritin (1 mg/mL) was
incubated at pH 7.2 and at pH 2 in the presence and absence of 1.6 mg/mL of
pepsin for 2 h at 37℃ and analyzed by 6% PAGE (A) A1. pH 7.2; A2: pH 2; A3:
pH 2 + pepsin, and 12.5% SDS-PAGE (B) B1: Molecular weight markers; B2: pH
7.2; B3: pH 2; B4: pH 2 + pepsin.

ferritin (13.9 ± 6.19 ng/mg protein) compared to the blank
digest (3.7 ± 1.8 ng/mg protein). Addition of ascorbic
acid along with either FeSO4 (188.8 ± 82.8 ng/mg protein)
or pea ferritin (125.1 ± 55.49 ng/mg protein) resulted in
marked increase in the ferritin formation compared to
controls without ascorbic acid (P < 0.001). Addition of
phytic acid along with pea ferritin reduced the caco-2 cell
ferritin formation compared to pea ferritin alone (4.45
± 2.2 ng/mg protein) (P < 0.001). However, the ferritin
content of caco-2 cells exposed to FeSO4 was significantly
higher than pea ferritin either in the presence or absence
of ascorbic acid (P < 0.004).
Effect of gastric pH and pepsin on stability of pea ferritin
The digestive stability of purified pea ferritin was studied
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Figure 4 Pea ferritin dissociates under gastric conditions and releases bound
iron. The elution profile of purified pea ferritin (200 μg) either at pH 7.2 or pH 2
fractionated on TSK 2000 column. The protein was monitored at 280 nm and
protein bound iron at 420 nm.

in the presence and absence of pepsin at gastric pH (pH 2).
At pH 7.2, pea ferritin predominantly migrated as a single
high molecular weight protein band on native PAGE
(Figure 3A 1). However, no band was observed either in
the absence or presence of pepsin at gastric pH (Figure 3A
2 and 3). Subjecting the protein to SDS-PAGE revealed 28
and 26 kDa subunits at pH 7.2 and 2 (Figure 3B 2 and 3), no
other band except a protein band at 36 kDa region (pepsin)
in the presence of pepsin (Figure 3B 4).
Effect of gastric pH on pea ferritin quaternary structure
The quaternary structural changes of pea ferritin as a
function of pH were studied using gel filtration chromatography on TSK-2000 column (Figure 4). At pH 7.2, pea
ferritin eluted at 4.8 min as a single peak having absorption
at 280 (protein) and 420 nm (protein bound iron). Pea
ferritin incubated at pH 2 eluted at 9.5 min predominantly
as low molecular weight protein when monitored at 280
nm and only minor fraction of protein eluted at 4.8 min.
However, the peak due to absorption of protein bound
iron at 420 nm was completely absent at pH 2 (Figure 4).
Effect of gastric pH on pea ferritin secondary structure
The secondary structural changes of pea ferritin as a
function of pH were studied using far UV CD spectral
analysis. At native pH, purified pea ferritin showed a
typical α-helical spectrum, and acidification led to loss
of secondary structure (Figure 5). Analysis of the CD
spectrum indicated high content of α-helix (76%) in the
protein followed by β-sheet (2%) and random coil (22%)
conformation at pH 7.2 (Figure 5, inset). However, on
acidification α-helical content of pea ferritin decreased
(28%) while β -sheet (23%) and random coil (49%)
conformations increased.

DISCUSSION
On a chemical basis, dietary iron is classified as non-heme
iron of plant origin (inorganic ferric or ferrous iron) and
heme iron of animal origin. Ferritins are ubiquitous iron
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storing proteins present in animals and plants and each
ferritin molecule is known to store about 4500 atoms of
iron[14]. Since ferritin iron is masked by a protein coat, it is
likely that ferritin-bound iron is less sensitive to chelators
such as phytates present in the diet and, therefore, forms
a bioavailable source of iron. This is further supported by
observations that ferritin iron bioavailability is comparable
to that of FeSO4 in human subjects[16,30]. The bioavailability
of iron from soybeans, which contain large amounts of
ferritin iron, has been shown to be high despite relatively
high concentrations of phytates [13] . Based on these
observations, on the complex chemistry of ferritin iron and
on the unusual stability of ferritin protein, it was proposed
that ferritin might escape the digestion process and be
directly absorbed by the enterocyte[13-14]. However, survival
of a protein harsh gastric conditions is unlikely. Moreover,
dietary factors such as phytates chelate ferric iron and make
it unavailable for absorption in the gut while ascorbic acid
and other reducing compounds convert ferric iron into
ferrous iron, which is absorbed in the gut by a specific
membrane receptor, divalent metal ion transporter-1[31].
Considering the importance of plant ferritin as a target
molecule for biofortification of iron and its success in
enhancing the iron density of staple foods[8], systematic
investigations on the bioavailability of ferritin iron and its
associated mechanisms are needed. Therefore, we have
purified the pea seed ferritin and used this as a source
of iron. The purified protein was found to contain high
amounts of iron and phosphate, characteristic of plant
ferritins. The subunit composition and secondary structure
of the protein are in agreement with those reported by
others[14,25,32].
The bioavailability and the miscibility of pea ferritin
iron was assessed using the well-established system of
simulated in vitro digestion/Caco-2 cell model. Ascorbic
and phytic acids are known to promote and inhibit iron
bioavailability from non-heme iron sources, such as FeSO4,
respectively. In this study, we found that bioavailability of
iron from FeSO4 was significantly enhanced by addition of
ascorbic acid to the digest. Interestingly, pea ferritin iron
bioavailability was also found to be enhanced by ascorbic
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acid and inhibited by phytic acid. These results are in
agreement with the known effects of phytate on nonheme iron absorption[3,4]. The observation that reduction
of phytate concentration by over-expression of Aspergillus
phytase in transgenic maize over expressing soybean
ferritin gene enhances the bioavailability of iron[18], also
supports the above findings. However, the bioavailability
of pea ferritin iron was relatively less than that of FeSO4
possibly due to a high phosphate content of purified pea
ferritin or incomplete dissolution of the released ironphosphate core in the chyme. These results suggest that
the gastric and duodenal milieu dissociates iron from pea
ferritin core and the iron thus released is accessible for
either reduction or chelation by ascorbic and phytic acids,
respectively.
In an attempt to understand the stability of pea ferritin
at gastric pH, we incubated the protein at pH 2 in the
presence and absence of gastric enzyme pepsin followed
by native or SDS-PAGE analysis. The results revealed
dissociation of protein even in the absence of pepsin with
the appearance of only a weak smear of protein stain on
native-PAGE, possibly due to dissociation of protein at
gastric pH. The appearance of low molecular weight peaks
during gel filtration analysis of acidified ferritin further
confirms the above findings. Interestingly, absence of
absorption at 420 nm (due to protein-bound iron) implies
release of iron core from ferritin at gastric pH. Taken
together, these observations suggest that pea ferritin is
dissociated at gastric pH and releases its iron core into the
digestive medium. The released iron core is then accessible
for reduction by ascorbic acid or chelation by phytic acid,
leading to modulation of iron induced ferritin formation
in caco-2 cells.
In general, acidification is known to denature proteins
by altering the quaternary, tertiary and secondary structural
elements leading to loss of function such as enzyme
activity or ligand binding properties. At native pH (pH 7.2),
purified pea ferritin showed a typical α-helical spectrum
similar to the observations reported with horse spleen
ferritin[32,33]. However, on acidification (pH 2) there was a
significant loss of α-helical structure and increase in the
β-sheet and random coil conformation, implying severe
secondary structural alternations in the protein at gastric
pH. Collectively, the findings from PAGE, gel filtration
and CD spectroscopic studies on pea ferritin strongly
suggest loss of quaternary and secondary structures of
the protein at gastric pH. Thus, under these conditions it
is unlikely that the denatured pea ferritin protein retains its
iron binding ability.
Interestingly, these observations contrast with the
human studies using either purified reconstituted soybean
or horse spleen ferritin[16,30]. These studies have concluded
that the relative bioavailability of ferritin iron is close to 1.0
when compared with FeSO4. Based on studies in rats, it was
proposed that ferritin iron is bioavailable in the presence
of dietary inhibitors[15]. However, studies in women with
low iron stores suggest a lower bioavailability (~ 0.46) of
iron from intrinsically labelled soybean when compared to
FeSO4, which is comparable to the results of the present
study [13]. Other possible reasons for the relatively high
bioavailability of ferritin iron in human subjects (30%-35%)
www.wjgnet.com
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could be the variations in gastric conditions and iron status
prevailing in the study subjects[13,16,30]. It is also noteworthy
that unlike the in vitro digestion model, gastric digestion and
emptying in humans is a dynamic process. Therefore, the
released ferritin iron has equal chances of interaction with
either enterocyte or chelators/reducers in the food, and
thereby the observed high bioavailability of ferritin iron in
humans. The other likely reason may be subtle differences
between pea and soy ferritins.
In conclusion, purified pea ferritin under gastric conditions losses its quaternary and secondary structural
elements and undergoes peptic digestion leading to release
of protein bound iron. The released iron is accessible
to ascorbic and phytic acids to bring about reduction or
chelation reflecting as increased or reduced bioavailability
of pea ferritin iron, the characteristic properties of nonheme iron pool. Therefore, apart from increasing the
iron density through plant ferritin, ensuring substantial
reduction in phytate concentrations appears to be necessary for biotechnological approaches to use plant ferritin
as a tool in crop-biofortification.
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Abstract
AIM: To study the effect of infliximab on fatigue in
relation to cytokine levels in Crohn’s disease (CD) patients.
METHODS: Fourteen CD patients were blinded for
treatment and received placebo at baseline, and infliximab
2 wk later, with a follow-up of 4 wk. Blood samples were
drawn on a regular basis, and questionnaires on fatigue,
depression, quality of life, and clinical disease activity
were completed at regular intervals.
RESULTS: After placebo infusion, fatigue scores
decreased within 3 d (3.5 points ± 1.1, P ≤ 0.01), but
returned to baseline values 14 d after this infusion.
The drop of fatigue scores following infliximab infusion
sustained until the end of the study (3.8 points ± 1.4, P
≤ 0.05). Quality of life was increased at the end of the
study compared to baseline values (138.6 ± 9.4 vs 179.4
± 6.7; P ≤ 0.005), whereas depression scores were
decreased (20.4 ± 9.4 vs 11.3 ± 2.2; P ≤ 0.01). No
correlation between the severity of fatigue and the level
of cytokines was observed.
CONCLUSION: The reduction of fatigue after infliximab
infusion is subjective to a placebo effect. The effect of
infliximab on fatigue, however, persists while the placebo
effect disappears after a short period of time. A clear
role of cytokines could not be substantiated.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Fatigue is a frequently reported symptom in inflammatory
bowel disease (IBD) patients, even when the disease is in
remission. It can be disabling when it has consequences
for the patient’s work, daily life, and quality of life.
Recently, we reported fatigue in 40% of IBD patients with
quiescent disease[1]. Our data also indicated that disease
activity leads to a higher prevalence and level of fatigue.
Despite the high prevalence, fatigue in Crohn’s disease
(CD) patients remains poorly understood as biochemical
and haematological tests seldom provide an explanation.
Studies in patients with chronic fatigue syndrome
suggest an immunological basis for fatigue, mediated by
cytokines[2-5]. Some of these cytokines also play a role in
IBD, especially in active disease (TNF- α , IL-6, IL-10,
IL-18)[6-11].
The treatment of CD has dramatically changed since
the introduction of infliximab, a chimeric antibody against
TNF-α. A clinical response was reported in two-thirds of
the treated patients and even remission in one-third of
the CD patients following treatment with infliximab[12-15].
Infliximab has a direct effect on circulating TNF-α and is
thought to induce apoptosis of activated T-cells[15]. Patients
frequently experience a rapid reduction of fatigue after
treatment with infliximab. A previous, placebo-controlled
study has shown a significant decrease of fatigue in CD
patients treated with infliximab, based on a disease-specific
health related quality of life questionnaire[16]. This finding
has been confirmed by Persoons et al[17], although not in a
placebo-controlled study.
The primary aim of this pilot study was to assess,
in a placebo-controlled way, the role of cytokines in the
pathogenesis of fatigue in CD patients, using infliximab.
Furthermore, we measured the effect of infliximab on
fatigue, clinical disease activity and depression scores, using
validated questionnaires developed for these purposes.

MATERIALS AND METHODS
Patients
Fourteen consecutive CD patients from the Outpatient
Department of Gastroenterology of the University Medical
Centre in Utrecht were enrolled in the study. The diagnosis
of CD was based on clinical, radiological, endoscopic and
histological features[18]. Comorbidity, possibly resulting in
fatigue (e.g. kidney or adrenal insufficiency, autoimmune
diseases, malignancy, sodium depletion in case of an
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Table 1 Demographic and clinical characteristics of the patients
Clinical characteristics
Age (yr) (mean ± SD)
Disease duration (yr) (median; range)
Gender male (n)
Refractory, clinical active luminal disease (n)
Active (draining) fistulae (n)
Medication use
Mesalamine (n) (range)
Azathioprine (n) (range)
Prednisone (n) (range)
Infliximab naïve (n)

Included CD patients (n = 14)
32.2 (± 8.6)
7.5 (1-28)
5
9
5
9 (1.5-3 g/d)
12 (25-175 mg/d)
5 (10-50 mg/d)
8

ileostomy), was considered an exclusion criterion.
Demographic and clinical characteristics of the included
patients are presented in Table 1. Four patients, including 3
patients with fistulising disease, had a stoma (3 ileostoma, 1
colostoma). In 4 of the patients who used corticosteroids,
the dose was tapered to two weeks after infliximab infusion.
Doses of other medications were stable during the whole
study period. None of the subjects used infliximab within
3 mo prior to study entry. The study was approved by the
Medical Ethical Committee of the University Medical
Centre Utrecht, and written informed consent was obtained
from all subjects.
Study protocol
The study was designed as a single blinded study. All
patients received placebo (i.e. saline) at baseline, followed by
infliximab (5 mg/kg) at 2 wk. Patients with fistulae received
one extra dose of infliximab, 4 wk after baseline. All patients
were followed up for 4 wk after the last infliximab infusion.
Fatigue scores were obtained every week (plus three days
after each infusion), using the Multidimensional Fatigue
Inventory (MFI). Depression scores were assessed every two
weeks by the Center for Epidemiological Studies Depression
scale (CES-D). Quality of life was measured at baseline
and at the end of the study, using the Inflammatory Bowel
Disease Questionnaire (IBDQ). Clinical disease activity was
determined by the Crohn’s disease activity index (CDAI),
while in patients with fistulising disease the perianal Crohn’s
disease activity index (PCDAI) was employed as well. Blood
samples were drawn every two weeks.
Questionnaires
Fatigue was assessed using the Multidimensional Fatigue
Inventory (MFI-20) a 20-item self-report instrument
designed to measure five fatigue dimensions: general
fatigue, physical fatigue, reduced activity, reduced motivation and mental fatigue[19-21]. Each scale consists of two
items indicating fatigue and two items contraindicating
fatigue, to limit possible inf luences of answering
tendencies. A higher score indicates a higher level of
fatigue (range 4-20). The questionnaire was developed and
validated in the Netherlands[20]. In some studies the scale
of general fatigue was preferred to the use of numerical
rating scale because of its more favourable psychometric
properties. Therefore, the general fatigue scale can be
referred to as “fatigue”[19,22]. In the present study, we only
www.wjgnet.com
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used this scale. If fatigue is defined as the 95 percentile of
the score on the general fatigue scale of a healthy control
group, a score of 13 or higher indicates “fatigued”[1].
Quality of life was measured by the Inflammatory
Bowel Disease Questionnaire (IBDQ). The IBDQ is a
disease- specific health related quality of life questionnaire,
containing 32 items, with a graded response range of 1
(worst) to 7 (best) and a total score of 32 to 224[23]. The 32
items can be divided into 4 dimensional scores, including
bowel symptoms (10 items), systemic symptoms complaints
(5 items), emotional well being (12 items), and social
function (5 items). The subscale “systemic symptoms”
contains two questions evaluating fatigue/energy loss.
The IBDQ has been translated and validated in the Dutch
language and proven to be valid, discriminative and
reliable[24].
Depression scores were assessed every two weeks by
the Center for Epidemiological Studies Depression scale
(CES-D). The CES-D consists of 20 questions, 16 questions
are related to feelings of mental depression (negative
questions) and four questions are related to the absence
of feelings of mental depression (positive questions). All
questions refer to the situation during the last week, with a
graded response range of 0 (< 1 d) to 3 (5 to 7 d). The total
CES-D score ranges from 0-60. A high score reflects more
feelings of mental depression and reduced psychological
wellbeing. The CES-D has been translated and validated in
the Dutch language[25,26].
Clinical disease activity
Crohn’s disease activity index (CDAI): Disease activity
was assessed using the CDAI[27], the most frequently used
and accepted clinical activity score for Crohn’s disease
worldwide. A clinical response was defined as a reduction
of 70 or more points of the CDAI score[13,15]. The CDAI
was not computed for patients with a stoma (n = 4).
Perianal Crohn’s disease activity index (PCDAI):
The PCDAI was used to measure the severity of perianal
Crohn’s disease in patients with fistulising disease[28]. The
PCDAI incorporates 5 items: discharge, pain, restriction
of sexual activity, type of perianal disease, and degree of
induration. Each category is graded on a 5-point Likert
scale ranging from no symptoms (score of 0) to severe
symptoms (score of 4). A higher score indicates more
severe disease.
Cytokine, biochemical and hematological tests
The cytokines TNF- α , interleukin (IL)-6, IL-10, and
IL-18 were assessed before, two weeks after each infusion,
and 4 wk after the last infliximab infusion, using the
Luminex Multiplex system which is described in detail
previously[29,30]. Biochemical and haematological tests (e.g.
haemoglobin, C-reactive protein CRP) were performed
at the same time as the cytokines were assessed. A CRP
under 7 mg/L was considered normal.
Statistical analysis
The distributions of the data were evaluated by means
of descriptive statistics (mean or median; SEM or range).
Paired Student t tests or Wilcoxon Signed Ranks tests
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Table 2 Decrease in general fatigue score and CDAI score after
infusion mean ± SEM
t /D
D3
D7
D 14
D 21
D 28

General fatigue
Placebo
Infliximab
3.5 ± 1.1b
2.4 ± 1.5
3.5 ± 1.1b
3.5 ± 1.6a
1.9 ± 1.1
2.6 ± 1.2a
.
3.6 ± 1.4a
.
3.8 ± 1.4a

Placebo
40 ± 10.6b
39 ± 13.3a

Table 3 Effect of infliximab on IBDQ and CES-D scores, and
IL-18, CRP mean ± SEM

CDAI score
Infliximab

Parameters
Total IBDQ
(range 32-224)
Systemic symptoms
(range 5-35)
CES-D (range 0-60)
IL-18 (ng/L)
CRP (mg/L)

63 ± 18.9b
65 ± 27.1a
72 ± 28.9a
68 ± 36.2

a

P ≤ 0.05, bP ≤ 0.01 vs baseline. CDAI: Crohn’s disease activity index.

Placebo infusion
Baseline
d 14
138.6 ± 9.4
19.9 ± 5.9

Infliximab infusion
Baseline
d 14
d 28
179.4 ± 6.7a
25.1 ± 1.6b

20.4 ± 9.4 17.0 ± 2.9 17.0 ± 2.9 14.0 ±2.4 11.3 ± 2.2b
37.1 ± 6.4 37.3 ± 6.5 37.3 ± 6.5 27.4 ± 5.2c 26.6 ± 3.8e
21.4 ± 6.2 21.9 ± 6.3 21.9 ± 6.3 9.1 ± 1.4d 8.7 ± 0.8e

a

were performed for comparisons before and after the
different infusions. Dichotomous variables were expressed
as frequency (%), and differences between frequencies
were analysed using the McNemar test. Partial correlation
coefficients were computed between general fatigue and
the IBDQ, the CES-D, the decrease in clinical activity
scores, cytokines, and haematological tests. P < 0.05
was considered to be significant. Statistical analysis was
performed with the SPSS version 11.5 for Windows.

RESULTS
Fatigue scores
Table 2 shows the average decrease of fatigue score
(subscale “general fatigue”) after placebo and infliximab
infusion. At baseline the mean general fatigue score (±
SEM) was 15.8 (± 1.00). Three and 7 d after placebo
infusion, a significant decrease in fatigue was measured
compared to the baseline values. Fourteen days after
placebo infusion, the fatigue scores had returned to
baseline value. After infliximab infusion, the fatigue score
dropped significantly after 7 d, and this effect sustained
until the end of the study (4 wk after the last infliximab
infusion).
If fatigue is defined as a score on the general fatigue
scale of 13 or higher[1], 86% of the patients was fatigued at
baseline. Of these patients, 33% responded to the placebo
infusion, leaving 57% of all participating patients fatigued.
After infliximab administration, this percentage reduced
to 36% and 21% of all participating patients after 2 and 4
wk. Analysing infliximab naïve patients separately did not
change the outcomes.
Quality of life
Quality of life was significantly increased 4 wk after the
last infliximab infusion compared to the baseline values.
Table 3 shows the average of the total IBDQ score and
the subscale systemic symptoms.
Depression scale
Placebo infusion did not interfere with feelings of mental
depression or reduced psychological well-being. A significant
effect of infliximab infusion on feelings of depression was
found 4 wk after the last infusion (Table 3).
Clinical disease activity
CDAI: At baseline, the mean CDAI score (± SEM) was
222.3 (± 25.7). After the infliximab infusion and placebo
infusion, CDAI scores showed a significant decrease (Table 2).

P ≤ 0.005; bP ≤ 0.01 between baseline (before infliximab infusion) and 4
wk after infliximab infusion; cP ≤ 0.005; eP ≤ 0.05 between baseline and
2 or 4 wk after infliximab infusion. IBDQ: Inflammatory Bowel Disease
Questionnaire; CES-D: Center for Epidemiological Studies Depression scale;
IL-18: Interleukin 18; CRP: C-reactive protein.

If clinical response is defined as a reduction of 70
or more points of the CDAI score, 50% of the patients
clinically responded after infliximab infusion, compared
to 20% after placebo infusion. Excluding the patients with
fistulising disease (n = 2), the same results were obtained,
with a more explicit, although not significant, difference in
CDAI score decrease after both infusions.
PCDAI: No significant decrease in the PCDAI score in
the five patients with fistulising disease was measured at
the end of the study, compared to the baseline values. No
differences were found in the effect of the two infusions.
Cytokine, biochemical and haematological tests
IL-18: All patients had detectable levels of IL-18. A
significant decrease was found 2 wk after infliximab
infusion, which still existed 4 wk after the last infliximab
infusion. Placebo infusion did not influence the levels of
IL-18 expression (Table 3).
IL-6, IL-10, TNF-α: These cytokines were detected in
half of the patients or less, at different measure points.
The circulating levels of IL-6, IL-10 and TNF-α were not
affected by infliximab or placebo.
Hemoglobin, CRP: No differences in levels of hemoglobin were found after both infusions. At baseline, 6
patients had a CRP above 7 mg/L. A significant decrease
in CRP was found 2 wk after Infliximab infusion, which
still existed 4 wk after infusion. Placebo infusion did not
influence the CRP level (Table 3).
Partial correlation
The general fatigue score was positively related to the total
CES-D score (r = 0.781; P < 0.001), as was the decrease
in general fatigue levels to the decrease in CDAI score (r =
0.642; P < 0.001). The total IBDQ score, and the subscale
systemic symptoms were both inversely correlated to the
fatigue scores (r = 0.765, and r = 0.791; both P < 0.001).
No significant correlations were found between fatigue
scores and CRP and haemoglobin, or with any of the
tested cytokines.

DISCUSSION
The present study is the first placebo-controlled study
that was conducted to examine the effect of infliximab
www.wjgnet.com
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on fatigue in CD patients, and the role of cytokines in
this respect. Our results show that fatigue is significantly
reduced by administration of infliximab, although it is
important to bear in mind that complaints like fatigue are
susceptible to a placebo effect, as was clearly demonstrated
in the present study. Furthermore, infliximab reduces
depression scores, and improves the quality of life.
This particular study design enabled us to use patients
as their own controls, restricting the sample size. A crossover design was not thought to be appropriate since we
anticipated a long lasting carry-over effect of infliximab.
Although the number of subjects studied was relatively
small, we believe that this study truly reflects the influence
of infliximab on fatigue in patients with active CD. In daily
practice, patients frequently experience a rapid reduction
of fatigue after treatment with infliximab. In the present
study, fatigue scores rapidly decreased after infusion with
placebo, but returned to baseline values within 14 d. In
contrast, the decrease of fatigue scores after infliximab
infusion persisted until the end of the study, suggesting a
real pharmacological effect of infliximab.
The effect of infliximab on fatigue has been described
previously [16,17,31], but this has never been studied in a
placebo-controlled study, using dedicated and validated
instruments. Lichtenstein et al[16] reported a significant
increase in the subscale systemic symptoms of IBDQ in
infliximab-treated CD patients. The IBDQ, however, is
not designed to study fatigue. As mentioned before, the
subscale “systemic symptoms” contains only two questions
evaluating fatigue/energy loss. Persoons et al reported a
significant improvement of fatigue levels in CD patients
after treatment with infliximab within two weeks. In this
uncontrolled study, a dedicated instrument designed to
measure multiple fatigue dimensions was used[17].
We also demonstrated a beneficial effect of infliximab
on feelings of mental depression or psychological wellbeing, as did Persoons et al recently[32]. Fatigue is known to
be related to negative emotions, in particular depression[17,22],
which was confirmed in the present study by a positive
relation between fatigue and feelings of depression. The
impact of fatigue on the quality of life was demonstrated by
the inverse correlation between both questionnaires.
A clinical response was found after infliximab infusion
as well as after placebo infusion, indicating the presence of
a placebo effect. This is in line with the findings of Targan
et al who demonstrated a clinical response in patients
treated with infliximab (50%-81%), as well as in the
placebo group (17%)[13]. Su et al[33] reported in their metaanalysis place rates of remission up to 50%.
Studies of human and experimental models indicate
that IL-18 plays an important role in CD[6,7,11]. IL-18 is upregulated in colonic specimens of CD patients, especially
in the mucosal samples taken from areas with disease
activity[7]. In the present study, IL-18 was expressed in all
patients, showing a significant decrease of IL-18 levels
after infliximab infusion. Simultaneously with the decrease
in IL-18 levels, a decrease in fatigue scores was detected
after infliximab infusion, suggesting a relation between
both parameters. However, this could not be demonstrated
statistically.
In conclusion, we confirmed the impact of fatigue
www.wjgnet.com
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on the quality of life, and psychological well-being.
Furthermore, we have shown that the reported rapid
reduction of fatigue after treatment with infliximab in
daily practice is subjective to a placebo effect. The effect
of infliximab on fatigue, however, persists while the
placebo effect extinguishes after a short period of time.
This implicates that infliximab can interfere with the
pathogenesis of fatigue in CD patients. An evident role
of cytokines in the generation of fatigue could not be
substantiated.
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Abstract
AIM: To investigate the in vivo effect of beta-casomorphin-7
on the regulation of gastric somatostatin and gastrin
messenger RNA in rat gastric mucosa.
METHODS: Somatostatin and gastrin mRNA were
quantified by RT-PCR and in situ hybridization (ISH)
in 24 rats. The rats were divided into three treatment
groups: basal diet + physiological saline (n = 8), basal
-7
diet + beta-casomorphin-7 (7.5 × 10 mol) (n = 8),
and basal diet + poly-Gly-7 (containing equal mol of
-7
N with 7.5 × 10 mol beta-casomorphin-7) (n = 8).
After oral administration for 30 days, rats were killed by
exsanguinations.
RESULTS: After intra-gastric administration of betacasomorphin-7 for 30 d, gastrin mRNA increased by
52.8% (P < 0.05, n = 8), and somatostatin mRNA levels
decreased by 30.7% compared with the controls (P <
0.01, n = 8). No significant differences in the expression
of the two genes were observed in the poly-Gly-treated
group, although gastrin mRNA expression was elevated
by 35.6% as against the control group (P = 0.15, n =
8). The long-term oral administration of a casomorphin
solution significantly decreased the even gray of D-cells,
but did not lower the number of D-cells both in the
antrum and fundus. Interestingly, the number of G-cells
increased in the antrum and fundus, but its average
density was augmented only in the antrum.
CONCLUSION: Beta-casomorphin-7 is capable of
modulating gene expression of the regulatory peptides
from G and D cells. Data from in situ hybridization
studies indicate that beta-casomorphin-7 affects gastrin
gene expression indirectly by means of the paracrine
action of somatostatin, and depends on its intrinsic
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INTRODUCTION
Milk proteins are found with a number of biologically
active peptides (BAP) of different biological functions.
One particular peptide sequence in β-casein attracts higher
research interests than other BAPs. This class of peptides
was isolated from β -casein hydrolysate and is referred
to as beta-casomorphins. Beta-casomorphins have been
detected in vivo in the intestinal chyme of mini-pigs[1] and
human[2]. Passive transport of beta-casomorphins across
intestinal mucosal membranes does occur in neonates,
which may experience various physiological responses,
such as an analgesic effect on the nervous system, resulting
in calmness and sleep in infants[3]. In contrast, because
their absorption in the gut has not been observed in adults,
it is generally concluded that the physiological influences
of beta-casomorphin are related to their concentration and
their transit speed through the gastrointestinal tract. Once
the beta-casomorphins are released in the gastrointestinal
tract from milk protein or through oral administration,
they first come into contact with the luminal mucosa and
produce a number of rapid effects on the gastrointestinal
system.
Endocrine cells within the stomach respond to luminal acidity and dietary nutrients and, in turn, regulate
gastric secretion by the paracrine and hormonal actions
of regulatory peptides[4]. The importance of the luminal
environment in gastric G and D cell secretory and synthetic
function is reflected in the animal’s nutritional status[5,6].
Furthermore, the regulatory peptides and neurotransmitters
involved in normal gastric function are associated with
gastrin mRNA and somatostatin mRNA[7,8]. Studies have
shown that endogenous opioid peptides do contribute
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to the stimulation of gastric acid secretion [9-11]. There
are other studies proving that postprandial release of
somatostatin is regulated by endogenous opioid peptides
in vivo and in vitro[12,13]. Compatible with the presence of
endogenous opioid peptides in the gastrointestinal tract,
beta-casomorphins, as exogenous opioid ligands, prolong
the gastrointestinal transit time by inhibiting intestinal
peristalsis and motility[14], modulate ion transport[15], and
regulate various endocrine responses, such as the secretion
of insulin[16], somatostatin[17] and gastrin[18,19]. However, these
functions have not yet revealed whether exogenous peptides
can modulate target endocrine cells in the gastrointestinal
tract or if they just correspond to the nitrogen status of the
animal.
This study was designed to examine the in vivo effects
of intra-gastric beta-casomorphin-7 on gastrin and
somatosatin messenger RNA expression in the gastric
mucosa. In addition, it aims at determining whether this
peptide’s actions on G cell secretory function and gastrin
gene expression were related to the paracrine influences of
somatostatin.

MATERIALS AND METHODS
Animals and experimental design
Adult female Sprague-Dawley rats (n = 24, Shanghai SLAC
Laboratory Animal Co., Ltd, China), weighing 220-240
g, were housed indoor under controlled lighting (12 h
per day), constant temperature (20 ± 3℃) and humidity
(50% ± 3%). The Institutional Animal Care and Use
Committee of Nanjing Agricultural University approved
the animal care and use protocol. The rats were fed with a
commercially available basic diet for 7 d and then randomly
assigned to one of three treatment groups: basal diet +
physiological saline, basal diet + beta-casomorphin-7 (7.5
× 10-7 mol), and basal diet + poly-Gly-7 (containing equal
mol of N with 7.5 × 10-7 mol beta-casomorphin-7). After
treated with beta-casomorphin-7, physiological saline and
poly-Gly-7 by gastric tube for 30 d, the rats were killed by
exsanguinations. The stomachs were removed, cut open
along the greater curvature, rinsed with ice-cold 0.9%
saline, and then dissected. The gastric tissue was cut open
in parallel to the greater curvature. The moiety of the
stomach tissue was fixed for 6 h in 4% paraformaldehyde
in 0.1 mol/L PBS, and soaked overnight in 20% sucrose,
prior to sectioning at 10 µm. Sections were collected onto
poly (L-lysine) slides and left overnight to dry at 37℃.
Other gastric tissues were flattened on a cold (4℃) glass
plate with the mucosa directed upwards, and the mucosal
lining was scraped off with a scalpel, and stored at -70℃
until analyzed.
Assay of gastrin and somatostatin mRNA by semiquantitative RT-PCR
Total RNA was extracted from the mucosal samples by
the acid guanidinium thiocyanate-phenol-chloroform
method, and the RNA concentration was quantified with
a photometer (Eppendorf Biophotometer). Both RT
and PCR were performed in a Gene Amp PCR System
9600 (Perkin Elmer, USA). The PCR primers for gastrin,
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somatostatin, and β -actin were designed using Primer
Premier 5.0 (Premier Biosoft International, USA) and
synthesized with an instrument made by Haojia Biotech
(China). The nucleotide sequences of these primers and
PCR conditions set for respective genes are shown in
Table 1.
Each target gene was co-amplified with β-actin in the
same reaction. By adjusting the ratio of β-actin primers
to primers of the target genes in the reaction system, the
overall PCR amplification efficiency of β-actin can be
reduced to the level comparable to that of target genes. All
samples were included in the same run of RT–PCR and
repeated three times. An aliquot (20 µL) of PCR products
was analyzed by electrophoresis on 2% agarose gels stained
with ethidium bromide and then photographed. The net
intensities of individual bands were measured using Kodak
Digital Science 1D software (Eastman Kodak, Rochester,
NY, USA). The ratios of net intensities of target genes to
β-actin were used to represent the relative levels of target
genes expressed.
Cell localization and quantitative assay of G and D cells by
in situ hybridization
In situ hybridization: Diethyl pyrocarbonate (DEPC)treated Milli-Q water was used in each step. Sections
were immersed in 30% H2O2/methanol (1:50 dilution)
solution for 30 min to eliminate endogenous peroxidase
activity. After rinsed in 0.1 mol/L phosphate-buffered
saline (PBS), sections were treated with pepsin (0.02%) at
37℃ for 10 min. Thereafter, sections were fixed in freshly
prepared 4% paraformaldehyde in PBS for 20 min at 4℃,
rinsed in PBS, and immersed in 0.25% acetic anhydride,
0.1 mol/L triethanolamine and 0.9% NaCl for 10 min at
room temperature. The probe for rat somatostatin and
gastrin were single stranded oligonucleotide labeled with
digoxigenin (Boster Bio-technology Code MK 1751 and
MK 1445). Sections were hybridized overnight at 40℃
in hybridization buffer containing digoxigenin labeled
oligonucleotide probe at a final concentration of 400 mg/L.
After hybridization, sections were washed in fresh graded
SSC (saline sodium citrate) at 37℃ for 1 h, incubated in 5%
bovine serum albumin for 30 min at room temperature,
and in biotin-anti-digoxigenin for 1 h, conjugated at 37℃
and then washed and incubated in SABC for 30 min at
37℃. The anti-digoxigenin antibody bound peroxidase
reacts with DAB to generate a brown precipitate at the site
of digoxigenin-probe hybridization.
Controls for specificity: The specificity of the dig-labeled
probe was tested by: (1) omission of the labeled probe
from the hybridization buffer, (2) pretreatment of sections
before hybridization with RNase, and (3) staining tissues
with non-immune serum and inappropriate antiserum
(rabbit anti-prolactin) as the first layer. Negative results
were achieved in all these procedures.
Quantitative assay of G and D cells: The number of
positive cells was expressed as the mean number per unit
area (0.64 × 0.45 = 0.29 mm2) from the sections × 200.
Optical densities were quantified by an observer blinded
to treatment using a computer image analysis system
(ImagePro Plus5.2, Media Cybernetics, Maryland). The
www.wjgnet.com
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Table 1 Nucleotide sequences of specific primers and PCR conditions
Target genes
Gastrin

GenBank accession
M38653

PCR products
315 bp

Somatostatin

M25890

330 bp

β-actin

AF122902

200 bp

A

M

Con

Poly-Gly

Primer sequences
F: 5'- CCTACTGCCACAACAGTTAA -3'
R: 5'- CATCCATCCGTATGCTTC -3'
F: 5'- ATGCTGTCCTGCCGTCTC -3'
R: 5'- CAGCCAGCTTTGCGTTCC -3'
F: 5'- CCCTGTGCTGCTCACCGA -3'
R: 5'- ACAGTGTGGGTGACCCCGTC -3'

B

β CM

M

Con

PCR conditions
94℃, 30 s; 52℃, 30 s; 72 ℃, 60 s; 32 cycles
94℃, 30 s; 60℃, 30 s; 72 ℃, 60 s; 30 cycles
-

Poly-Gly

β CM

Somatosratin
β-actin

Gastrin
β-actin

2.5

a

Gastrin mRNA/β-actin mRNA

2
1.5
1.0
0.5
0

1.6

D
Somatostatin mRNA/β-actin mRNA

C

Con

Poly-Gly

β CM7

1.2
b
0.8

0.4

0
Con

Poly-Gly

β CM7

Figure 1 Effect of beta-casomorphin-7 on gastrin and somatostatin mRNA expression by RT-PCR. (A) and (B): graphs of RT-PCR analysis. (C) and (D): densitometric
analysis of somatostatin and gastrin signals over beta-actin signals. The vertical lines indicate the mean ± SE of three different experiments. aP < 0.05 vs control group, bP <
0.01 vs control group.

individual value for each animal was the average of three
sections measured within the areas of interest.
Statistical analysis
Data are expressed as the mean ± SE. SPSS 13.0 software
was used. An F test was performed to separate means
and compare among groups, and an analysis of variance,
followed by the Duncan’s test, was utilized for unpaired
data. A statistical significance was considered if P ＜ 0.05.

RESULTS
Effect of beta-casomorphin-7 on gastrin and somatostatin
mRNA expression
As shown in Figure 1, after administration of betacasomorphin-7 (7.5 × 10-7 mol), the relative abundance of
gastrin mRNA was significantly increased by 152.8%, P <
0.05, n = 8) and the mRNA levels of somatostatin were
decreased by 30.7% compared with the control group, P
< 0.01, n = 8). No significant differences in the poly-Glytreated group were observed in gastrin and somatostatin
mRNA expression, although poly-Gly numerically, but
insignificantly, augmented the gastrin mRNA expression
level by 35.6% as agaist the control group (P = 0.15, n = 8).
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Location and quantity of G and D cells in situ hybridization
In situ hybridization with digoxigenin-labeled oligonucleotide
probes of gastrin and somatostatin detected positive cells in
both pyloric and oxyntic glands. The distributions of cells
expressing gastrin and somatostatin mRNA fit quite well.
Somatostatin-positive cells were present in both pyloric
and oxyntic glands (Figure 2C and D). Most of the cells
appeared round, elliptical, fusiform, triangular or irregular,
and were located along the lateral sides of the middle and
basal parts of the glands. Gastrin-positive cells were mainly
located in the lower 2/3 of the mucosa and rarely in the
upper 1/3. The appearance of G cells with large nuclei was
similar to those of D cells (Figure 2A and B). They differed
from the typical endocrine cells of the gastroduodenum
where they produced long cytoplasms and processed the end
with small bulbous expansions on the putative effecter cells.
Intra-gastric beta-casomorphin-7 administration for
30 d resulted in a significant increase in the number of
positive cells of gastrin mRNA by 121.9% in oxyntic
mucosa and 117.5% in pyloric mucosa, P < 0.05, n = 8),
but the number of positive cells of somatostatin mRNA
was not significantly different from that in the control
rats. Unexpectedly, however, the mean intensity, recorded
as the grey value (GV) of signals that corresponded

Zong YF et al . Beta-casomorphin-7 in somatostatin and gastrin gene expression

A

B

C

D
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Figure 2 In situ hybridization
for gastrin and somatostatin
mRNA in rat gastric mucosa. The oligonucleotide
probes were labeled with
digoxigenin. A: gastrin,
corpus; B: gastrin, antrum;
C: somatostatin, corpus; D:
somatostatin, antrum. All
of the sections magnify at
100 (10 × 10) and stained
with DAB. The positive cells
show brown precipitate at
the site of digoxigenin-probe
hybridization (black arrows).

Table 2 G cells of gastric mucosa in adult rats (n = 8, mean
± SE)

Table 3 D cells of gastric mucosa in adult rats (n = 8, mean
± SE)

Group

Group

Control
βCM7
Poly-Gly

Oxyntic
Number of cells
Control
69.8 ± 3.4
69.6 ± 3.2
βCM7
Poly-Gly
70.2 ± 2.9

Oxyntic gland
Pyloric gland
Number of cells Even grey Number of cells Even grey
93.0 ± 3.3
82.80 ± 2.24
103.2 ± 2.2
79.06 ± 0.69
113.4 ± 1.4a
89.91 ± 3.00
121.3 ± 3.4a
90.18 ± 2.92a
97.0 ± 5.4
89.68 ± 1.50
99.7 ± 2.2
96.85 ± 4.18b

gland
Pyloric gland
Even grey Number of Cells Even grey
98.95 ± 5.30
79.7 ± 1.9
108.32 ± 7.03
77.16 ± 1.98a
78.0 ± 3.2
87.25 ± 3.84b
88.24 ± 4.91
78.8 ± 2.4
109.43 ± 5.74

a

a

to somatostatin mRNA, was significantly lower in the
casomorphin-treated group than in the poly-Gly-treated
group and the control group by 22.0% in oxyntic mucosa
and 19.5% in pyloric mucosa, P < 0.05, n = 8). In contrast,
the antrum G-cell density was increased in the casomorphintreated and in the poly-Gly-treated groups. The G-cell
density was increased by 22.5% (P < 0.01) in rat antrum
treated with ploy-Gly solution, although a decrease in D-cell
density was not observed. Results are shown in Tables 2 and 3.

peptide gene expression.
In recent years, constant attention has been paid to
BAP’s role in regulating regional events within the stomach.
Opioid peptide-mediated regulation of gastrointestinal
function was well documented; however, less has been
reported on its effect on gastrointestinal function of
exorphins after luminal administration. Most of the
researches on exorphins involved acute responses of
isolated organs or tissue preparations. Compatible with
the presence of beta-casomorphins in the gastrointestinal
tract, opioid effects in gastrointestinal functions have
also been shown upon casein digestion. Several studies
have demonstrated that beta-casomorphins affect gastrin
release from stomach mucosa in rats and piglets in vivo[18,19]
and in vitro[20]. The current study also showed that intragastric bovine beta-casomorphin-7 administration for 30
days helped evoke gastrin mRNA expression and inhibit
somatostatin expression. In contrast, given the effect of
beta-casomorphin-7 observed here, poly-Gly treatment
yielded no effect on somatostatin gene expression, but
only a modest augmentation of gastrin mRNA expression.
Food, especially high protein diets, has been observed
to increase gastrin release and gene expression. This is

P < 0.05 vs control group, bP < 0.01 vs control group.

DISCUSSION
This report demonstrates that beta-casomorphin-7 is
not only a transmitter substance modulating peptide
secretion from D and G cells, but it is also involved in
the control of somatostatin and gastrin gene expression.
It is indicated that the ability of beta-casomorphin-7 to
promote G cell secretion and gastrin messenger RNA
levels is indirect and dependent primarily on the paracrine
actions of somatostatin. Previous studies on the role of
gastric afferents in regulating antral D cell function further
suggest that exogenous opioid peptides contribute to
feedback mechanisms in the modulation of regulatory

P < 0.05 vs control group, bP < 0.01 vs control group.
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considered to be one of the nutritional functions of protein.
The authors concluded that their effects on endocrine
function of beta-casomorphin-7 and poly-peptides (equal
quantity of N with beta-casomorphin-7) were distinct with
regard to their intrinsic configuration and their role in N
nutrition.
With regard to gastric somatostatin secretion, there
were differences among previous studies[17] in dogs and
the current results. In the current experiment, each rat
was infused with 7.5 × 10-7 mol beta-casomorphin-7 daily
by gastric tube for 30 d. The expression of somatostatin
mRNA in the gastric mucosa was reduced by 30.7% as
compared with the control group. Schusdziarra et al[17] have
described a significant increase in the postprandial levels
of peripheral vein plasma SLI following the administration
of 12 mg beta-casomorphins to conscious dogs. They
observed that these peptides were able to rapidly inhibit
insulin release, which exerted an influence on the release
of somatostatin [16]. These differences might be due to
the experimental designs used and the dosage of applied
opioid peptides[21].
Reciprocal regulation of gastrin and somatostatin gene
expression of these regulatory peptides has provided a
basis for understanding negative feedback control in the
prevention of acid hypersecretion and, conversely, helped
explain hypergastrinemia in hypochlorhydria[22]. Gastrin gene
expression in antral explants has been shown to be reduced
by both exogenous and endogenous somatostatins [23].
Several studies suggested that somatostatin exerted its
inhibitory effects on gene expression [24], in part, by altering post-transcriptional processing through stabilization
and decreased the turnover of gastrin mRNA. In vitro
studies[25] with somatostatin antibody have demonstrated
quantitatively greater responses in antral gastrin gene expression. The present study demonstrated that long-term
casomorphin solution administered orally significantly
decreased D-cell density, but did not affect the number of
D-cells both in the antrum and fundus. Interestingly, longterm administration with casomorphin intragastrically has
been observed to increase the number of G-cells both in
the antrum and fundus, and to augment G-cell density only
in the antrum. These differences may be due, in part, to the
differential regulation of somatostatin in the antrum and
fundus[26-28]. Antral D cells were open cells with an apical
process in contact with the lumen and controlled by nearby
G cells, while corpus D cells were closed cells and regulated
directly or indirectly parietal cell function[27]. It remained
to be studied how the relevant factors act at a cellular level
to control somatostatin mRNA abundance. These factors
could include regulation of gene expression or regulation
of mRNA stability[25,29], which is similar with the result
from the recent studies on gastrin. Changes in somatostatin
mRNA abundance might not be directly reflected in
changed tissue stores[30]. It was clear, however, that factors
which influence gastric somatostatin mRNA were able to
act over relatively short periods[31], and that the same factors
also rapidly influence somatostatin secretion[32,33], supporting
the idea that the two were functionally linked. In addition,
the G-cell density was increased in rat antrum treated with
ploy-Gly solution, although the decrease in D-cell density
was not observed. That is to say, that endocrine function
www.wjgnet.com
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of casomorphin is functionally dependent on its intrinsic
configuration.
In conclusion, beta-casomorphin-7 is capable of
regulating the mRNA levels of somatostatin and gastrin
from D and G cells in an in vivo experimental system. The
reciprocal effects on somatostatin and gastrin mRNA
abundance of the respective regulatory peptides suggested
that casomorphins might be involved in the negative
feedback control of G cell function. In situ hybridization
studies indicated that beta-casomorphin-7 indirectly affects
gastrin gene expression through the paracrine actions of
somatostatin, and this action depends on its intrinsic form.
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Beta casomorphins belong to a family of opioid peptides derived from milk
protein. Since the bovine beta casomorphin 7 (Tyr-Pro-Phe-Pro-Gly-Pro-Ile) was
first isolated from an enzymatic digest of bovine beta-casein, the effects of beta
casomorphins have been found as neurotransmitters and neuromodulators on the
central nervous, endocrine, cardiovascular, and gastrointestinal systems. Beta
casomorphins, released in gastrointestinal tract from the bovine milk protein or
through oral administration, firstly might come into contact with luminal mucosa.
To characterize the effect of bovine beta-casomorphin 7 in gastrointestinal tract
is an essential precondition to analyze its physiological value. Gastrin secretes
from gastric endocrine cells and regulates the secretion of gastric acid, the motility
of the stomach, and the gastric, small and large intestinal mucosa. Endogenous
opioid peptides strongly affect gastrointestinal function but without influencing
the gastrin release. Beta casomorphins has been reported to affect gastrin
release from stomach mucosa in rats and piglet in vivo and in vitro. However,
the physiological mechanism of beta casomorphins about release of gastrin is
ambiguous.
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As a classical bioactive peptide from casein, the main milk proteins, beta
casomorphins has been reported to have health enhancing potentials for food
and pharmaceutical applications. Opioid-mediated regulation of gastrointestinal
function is well documented; however, less has been reported on the effect
on gastrointestinal function of exorphins after luminal administration. Most of
the studies on exorphins involve acute responses of isolated organs or tissue
preparations. Few studies have determined these tissue effects on the digestion
passage and nutrient utilization in vivo.
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The present study is speculated, for the first time, that the beta-casomorphin-7
indirectly affects gastrin gene expression through the paracrine actions of
somatostatin and depends on its intrinsic form.
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It is hopeful that beta casomorphins will be applied as potential health enhancing
nutraceuticals for food and pharmaceuticals.
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Abstract
AIM: To investigate the genotype and allelic frequencies
of Cytochrome P450 2B6 polymorphisms in four southern
Chinese populations.
METHODS: DNA was obtained from blood samples from
Han Chinese from Hong Kong and three minority groups,
the Wa, Bulang and Lahu from Yunnan in southern
China. Genotyping was performed using real-time PCR
and confirmed by direct sequencing.
RESULTS: A total of 507 subjects from southern China
were studied. Results showed there is a high prevalence
of 516G > T (34.5%) in ethnic Chinese compared
to literature reports on other Asian populations and
Caucasians. The frequency of the 516TT genotype is
higher in the Han majority (23.1%) than in three other
ethnic minority groups (i.e., 7.4%, 9.1% and 15.8%) in
southern China.
CONCLUSION: This was the first study to document
the spectrum of CYP2B6 allelic variants and genotypes
in a southern Chinese population. The 516G > T allele
is associated with a defective metabolism of efavirenz
(EFV), which therefore may predispose to drug toxicity.
Treatment regimens for human immunodeficiency virus
(HIV) and heroin addiction may need to be optimized in
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different populations because of the marked variability of
the key metabolizing enzyme.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Human hepatic cytochrome P450 is involved in the
metabolism of a variety of dr ugs, many of which
c o n t r i b u t e t o p u b l i c h e a l t h c o n t r o l o f d i s e a s e s.
Cytochrome P450 2B6 is one of the poorly characterized
CYP isofor ms, but the list of known substrates is
growing [1]. Efavirenz (EFV), a non-nucleoside reverse
transcriptase inhibitor commonly used in HIV treatment, is
one of the substrates. Previous in vitro studies have shown
that CYP2B6 allele 516G > T can alter enzyme expression
levels and/or activity[2]. Allele 516G > T is associated with
greater plasma EFV exposure during the first 24 wk of
antiretroviral therapy, and an increase in central nervous
system side effects especially during the first week [3].
The mean plasma EFV concentrations of patients with
CYP2B6 *6/*6 genotype (516TT genotype together with
785GG genotype) was significantly higher than those
of patients with *6 heterozygous genotypes and non-*6
alleles[4]. CYP2B6 also metabolizes nevirapine (another
key drug used in HIV treatment and the prevention of
mother-to-child HIV transmission), methadone, nicotine
and other anticancer drugs, antidepressant drugs, and
antimalarial drugs[5]. Methadone is used as a maintenance
treatment for opiate addiction and is a useful means of
reducing HIV risk in injection drug users. With the rising
problem of HIV in drug users globally, the optimal dose
of methadone may vary with CYP2B6 polymorphisms.
Ethnicity is an important variable accounting for
interindividual variability as a result of polymorphisms,
as has been demonstrated in many populations. In this
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Table 1 CYP2B6 genotypes in four study populations
A

Lahu (n = 216)

Wa (n = 202)

Bulang (n = 198)

Hong Kong (n = 398)

Allelic frequency
allele
64C > T
516G > T

% (95% CI)
6.5 (3.2-9.8)
31.5 (25.3-37.7)

% (95% CI)
6.4 (3.1-9.8)
40.1 (33.3-46.9)

% (95% CI)
11.6 (7.2-16.1)
29.3 (23.0-35.6)

% (95% CI)
11.6 (8.4-14.7)
35.9 (31.2-40.6)

Lahu (n = 108)

Wa (n = 101)

Bulang (n = 99)

Hong Kong (n = 199)

% (95% CI)
89.8 (84.1-95.5)
7.4 (2.5-12.3)
2.8 (0-5.9)
44.4 (35.1-53.8)
48.1 (38.7-57.6)
7.4b (2.5-12.3)

% (95% CI)
91.1 (85.5-96.6)
5 (0.7-9.2)
4 (0.2-7.8)
35.6 (26.3-45.0)
48.5 (38.8-58.3)
15.8 (8.7-23.0)

% (95% CI)
82.8 (75.4-90.3)
11.1 (4.9-17.3)
6.1 (1.4-10.8)
50.5 (40.7-60.4)
40.4 (30.7-50.1)
9.1d (3.4-14.8)

% (95% CI)
81.9 (76.6-87.3)
13.1 (8.4-17.7)
5 (2.0-8.1)
51.3 (44.3-58.2)
25.6 (19.6-31.7)
23.1 (17.3-29.0)

B
Genotype frequency
Genotype
64 CC
CT
TT
516 GG
GT
TT
b

P < 0.01, Hong Kong Chinese vs Lahu, Chi-square test; dP < 0.01, Hong Kong Chinese vs Bulang, Chi-square test.

study, we investigated the genotypes and allelic frequencies
of two common 2B6 variants in four southern Chinese
populations, and made comparisons with results reported
in the literature.

MATERIALS AND METHODS
Study population
We collected blood samples from 199 healthy Hong
Kong Chinese donors via Hong Kong Red Cross Blood
Transfusion Service from October 2005 to May 2006.
Blood samples from people of three ethnic minority
groups from Bulang (99), Wa (101) and Lahu (108) were
collected from Yunnan Province by Kunming Medical
College from May to September 2005. Approval was
obtained from the Ethics Committee of both the Chinese
University of Hong Kong and Kunming Medical College.
DNA isolation, primers, probes and discrimination PCR
Genomic DNA was isolated from blood samples using
QIAGEN QIAamp DNA Mini Blood Kit (Hilden,
Germany) according to the manufacture’s instructions.
Primers and TaqMan MGB probes used for discrimination
real-time PCR in this study were described by Tsuchiya
et al [4] . The sequences of primers and probes were:
6 4 C > T, C C T C A AC AG G AC T C T T G C T AC T C
(forward), AGGCGGTCATGGGTGTTAG (reverse),
V I C - T G G T T C AG C G C C AC C - M G B ( w t ) , FA M C T G G T T C AG t G C C AC C - M G B ( mu t ) ; 5 1 6 G
> T, T C A T G G AC C C C AC C T T C C T ( f o r w a r d ) ,
G AC G AT G G AG C AG AT G AT G T T G ( r e v e r s e ) ,
V I C - T T C C AG T C C AT T AC C - M G B ( w t ) , FA M CTTCCAtTCCATTACC-MGB (mut). PCR reaction was
carried out using an ABI 7500 Real Time PCR System
with the following conditions: 50℃ for 2 min, 95℃ for
10 min, then 40 cycles of 95℃ for 15 s and 60℃ for 40 s.
The SNPs were analyzed using ABI 7500 Real Time SDS
software.
Sequencing
For direct sequencing, 2 sets of primers were designed
for amplification of genomic DNA fragments and

sequencing in this study. Set 1 primers (forward, 5'-A
CCCACACACCCACACATTCACTTGCT-3’; reverse,
5'-TCCACACAGGCTGCA AACTGCTCAGAT-3’) were
used to amplify a genomic fragment containing exon 1 and
a part of the promoter region. 64 C > T polymorphisms
were explored from this set of sequences. Set 2 primers
(forward, 5’-GCAGAGTGAGAACCGGCTGCATGGA3’; reverse, 5’-TCCCTCCAGGTCTCCATGTCCCTG-3’)
were used to amplify a DNA fragment containing exon
4 and its flanking introns, and to explore 516G > T
polymorphisms.
Genotyping
Genotyping was conducted by real-time PCR and
confirmed by direct sequencing. The GeneBank accession
numbers of CYP2B6 references used in this study are
NG_000008 and NM_000767.
Statistical analysis
Fisher’s exact test and chi-square test ( χ 2) with Yates
correction were used where appropriate, using the SPSS
version 13.0 software package. P < 0.05 was considered to
be statistically significant.

RESULTS
Demographics of the study groups
A total of 507 subjects from southern China were studied.
Males accounted for 52%, 90%, 70%, and 47% of ethnic
Lahu, Wa, Bulang, and Hong Kong Chinese, respectively.
The median age was 25, 27, 32 and 30 years, respectively.
Allele frequency and genotype distribution
Two commonly reported alleles were evaluated in this
study and the frequencies of 64C > T and 516G > T are
listed in Table 1A. The frequency of the 64C > T allele
was slightly higher in Bulang (11.6%) and Hong Kong
(11.6%) compared to Lahu (6.5%) and Wa (6.4%). The
overall 516G > T frequency was 34.5%, with a higher level
in Wa (40.1%) than the other groups (Lahu 31.5%, Bulang
29.3%, and Hong Kong 35.9%). There was no significant
difference in the frequency of the two alleles across the 4
www.wjgnet.com
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Table 2 Comparison of allele 516G > T frequency between
ethnic minority group and other ethnic populations
Population
Southern Chinese (current study)
Caucasian Germany[6]
Germany[6]
American[7]
Switzerland[8]
Canadian[9]
European-American[3]
United Kingdom[10]
Germany[4]
African
African-American[7]
African-American[11]
African-American[3]
African-Canadian[9]
Ghanaians[11]
Hispanics Spanish[12]
Hispanic-American[7]
Hispanic-American[3]
Hispanic-Canadian[9]
Asian
Japanese[13]
Japanese[11]
Japanese[14]
Korean[11]
Taiwan[11]
Han Chinese[15]
Hong Kong[16]

n

Frequency of allele
516G > T

1014
242
1146
86
418
354
178
270
430
58
90
100
246
82
200
14
30
122
530
90
176
92
92
386
152

0.345
0.252a
0.26a
0.22a
0.24a
0.254a
0.224a
0.281a
0.286
0.28
0.278
0.38
0.329
0.488a
0.265a
0.43
0.266
0.328
0.16a
0.144a
0.2a
0.152a
0.141a
0.21a
0.43a

n: Total number of alleles. aP < 0.05, Southern Chinese vs other ethnic
population, Chi-square test.

groups. The genotypic distributions of the alleles in the
minorities are in Hardy-Weinberg equilibrium.
Table 1B shows the distribution of CYP2B6 genotypes
in our study populations. The prevalence of the 516TT
genotype in Hong Kong Chinese (23.1%) was significantly
higher than in the Lahu and Bulang groups (P < 0.01).
Comparison of CYP2B6 allele 516G > T frequencies
between the ethnic minority groups in Yunnan and the
other ethnic groups
We compared the allelic frequency of 516G > T in
our southern Chinese populations (34.5%) with other
ethnic groups reported in the literature (Table 2). The
frequency was significantly higher than for all other Asian
populations, including Japanese, Korean, Taiwan, and
Chinese-Han. The difference was also demonstrated with
Caucasian populations including 2 series from Germany,
Switzerland, the United Kingdom, and 3 CaucasianAmerican populations. No significant difference was
found between results for our study populations and most
Hispanic and African populations, except for a Spanish
cohort and Ghanaians.

DISCUSSION
In this present study, we analyzed the genetic variability
of the CYP2B6 gene in four ethnic Chinese groups: Han
Chinese from Hong Kong and three ethnic minorities
in Yunnan. There are 56 official ethnic groups in China,
accounting for 8% of the total population. In Yunnan, a
third of the population of 44 million belong to an ethnic
www.wjgnet.com
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minority. The three selected ethnic minority groups in this
study are also related to populations in South East Asian
countries, including Myanmar and Thailand. Our study
revealed no significant difference in the frequencies of the
two alleles 64C > T and 516G > T between the minority
ethnic groups and the Han majority (Hong Kong Chinese).
The 516TT genotype was, however, more prevalent in the
Hong Kong group than in the Lahu and Bulang groups.
Our study is the first to document the distribution of
CYP2B6 allelic variants and genotypes in a spectrum of
southern Chinese populations, providing evidence that
the 516G > T allele frequency is similar to Hispanics
and African populations but markedly different from
those of other Asian and Caucasian populations [3,4,6-14].
Our result differs from another study of Han Chinese,
which reported a similar allelic frequency for 516G >
T compared to other Asians, including Japanese and
Korean, but was significantly different from American
Caucasians[15]. A difference in sampling may account for
the discrepancy between the studies. As a majority ethnic
group, the Han Chinese recruited in Guangdong Province
in south China might have come from other northern
provinces. While the same may also be true for the Hong
Kong Chinese in our study, blood donors are more likely
to be young and truly local residents. On the other hand,
the three minority ethnic groups comprise people living
in isolated mountainous areas in Yunnan Province. Our
results confirm that of a previous study yielding an even
higher frequency for 516G > T 0.43, which might have
arisen from a smaller sample size[16].
In our study, the 516TT genotype in Hong Kong
Chinese is more prevalent than in Lahu and Bulang
Chinese, suggesting that some ethnic groups might have
higher plasma EFV concentrations during HIV treatment,
a phenomenon already reported in African-Americans
and Hispanics[3]. With the scaling up of HIV treatment
around the world, variability in the pharmacokinetics of
antiretroviral drugs may affect outcomes of treatment
programmes. To better understand the phenotypegenotype association, pharmacokinetic analyses involving
different ethnic Chinese people are needed. Our results
on the pattern of CYP2B6 polymorphism in southern
Chinese provided the rationale for follow-up research. It
is, for example, important to determine the extent that
different alleles of CYP2B6 among ethnic groups can
affect enzymatic activity in the liver. Such research is even
more important in places where there is a dual epidemic
of HIV and heroin addiction. The widespread use of the
latter in a harm reduction programme may create unique
patterns of drug interactions that are associated with
ethnic variation in CYP2B6 polymorphism. In some cases,
individualization of drug therapy may be indicated when
there is concurrent use of antiretroviral drugs, such as
efavirenz and opiate agonists like methadone. Treatment
optimization is becoming an important strategy in the
development of HIV treatment guidelines in different
countries, particularly multi-ethnic countries.
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CONCLUSION: Serum HBV DNA level is not correlated
to histological grade or stage of liver disease in CHB
5
patients with HBV DNA more than 10 copies/mL.
Compared to HBeAg positive patients, HBeAg negative
patients are older and have a lower HBV DNA level and
a longer HBV infection history. There is no significant
difference in sex ratio, ALT and AST levels and liver
histology between the two groups.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To study the relationship between hepatitis B
virus (HBV) DNA levels and liver histology in patients
with chronic hepatitis B (CHB) and to determine the
prevalence and characteristics of hepatitis B e antigen
(HBeAg) negative patients.
METHODS: A total of 213 patients with CHB were
studied, and serum HBV DNA levels were measured by
the COBAS Amplicor HBV Monitor test. All patients were
divided into two groups according to the HBeAg status.
The correlation between serum HBV DNA levels and liver
damage (liver histology and biochemistry) was explored.
RESULTS: Of the 213 patients with serum HBV DNA
5
levels higher than 10 copies/mL, 178 (83.6%) were
HBeAg positive, 35 (16.4%) were HBeAg negative. The
serum HBV DNA levels were not correlated to the age,
history of CHB, histological grade and stage of liver
disease in either HBeAg negative or HBeAg positive
patients. There was no correlation between serum
levels of HBV DNA and alanine aminotransferanse (ALT),
aspartate aminotrans-ferase (AST) in HBeAg positive
patients. In HBeAg negative patients, there was no
correlation between serum levels of HBV DNA and AST,
while serum DNA levels correlated with ALT (r = 0.351, P
= 0.042). The grade (G) of liver disease correlated with
ALT and AST (P < 0.05, r = 0.205, 0.327 respectively)
in HBeAg positive patients. In HBeAg negative patients,
correlations were shown between ALT, AST and the G
(P < 0.01, and r = 0.862, 0.802 respectively). HBeAg
negative patients were older (35 ± 9 years vs 30 ±
9 years, P < 0.05 ) and had a longer history of HBV
infection (8 ± 4 years vs 6 ± 4 years, P < 0.05) and a
lower HBV DNA level than HBeAg positive patients (8.4
± 1.7 Log HBV DNA vs 9.8 ± 1.3 Log HBV DNA, P <
0.001). There were no significant differences in sex ratio,
ALT and AST levels and liver histology between the two
groups.
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INTRODUCTION
Hepatitis B virus (HBV) infection is a significant problem
in the world. It is estimated that over 350 million persons
have chronic hepatitis B (CHB) and more than one million
individuals die of HBV-related chronic liver disease
annually[1]. China is a high endemic area of HBV infection,
where the prevalence of CHB is 9.09%[2]. Chronic HBV
infection still represents a serious health problem in China.
Availability of sensitive HBV DNA assays, knowledge
of the HBV genome organization and replication cycle,
and understanding of the host immune response to
HBV infection have changed our concept of the natural
history of chronic HBV infection[3]. Most patients who
were previously considered to have non-replicative
infection have detectable serum HBV DNA and HBV
replication persists throughout the course of chronic HBV
infection. In addition, chronic hepatitis is characterized by
negative hepatitis B e antigen (HBeAg), detectable HBV
DNA, elevated aminotransferase, and continuous necroinflammation[4].
Serum HBV DNA level is used as a criterion for
antiviral treatment in patients with CHB. Nevertheless,
the relationship between serum HBV DNA level and liver
histology remains controversial. The primary aim of this
study was to investigate whether serum HBV DNA level
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is related with liver histology. The results of our study
demonstrate that serum HBV DNA level has a relatively
high sensitivity and a wide detection range[5].

MATERIALS AND METHODS
This was a retrospective study testing stored sera
from Chinese patients in Hepatic Depar tment of
People’s Hospital, Peking University. According to the
recommendations of American Association for the Study
of Liver Disease for monitoring patients chronically
infected with HBV, liver biopsy was performed in HBeAg
positive patients with elevated ALT levels and HBV DNA
greater than 105 copies/mL[6]. Liver biopsy was performed
in 213 patients with HBV DNA greater than 105 copies/mL
to evaluate liver damage from September 2001 to July
2005. All patients gave their written consent before liver
biopsy. None of them received interferon or antiviral
therapy before liver biopsy.
All patients had positive HBsAg for more than 6 mon.
Patients co-infected with hepatitis C virus and hepatitis D
virus accompanying autoimmune hepatitis, primary biliary
cirrhosis, alcoholic hepatitis, drug hepatitis and Wilson’s
disease were excluded.
Serological HBV DNA assay
All the sera were collected one week before liver biopsies
and frozen at -20℃ till HBV DNA testing. ALT and
AST were detected by the Hitachi 7600 Series automatic
biochemical analyzer (Hitachi, Tokyo, Japan). HBsAg,
HBeAg, anti-HBe, anti-hepatitis C virus (third generation
assay) and anti-hepatitis D virus were tested with enzymelinked immunosorbent assay kits (Abbott Laboratories,
Abbott Park, IL, USA).
Quantificatio n o f H BV D N A wa s p er fo r m ed
according to the manufacturer’s instructions by the Cobas
Amplicor HBV Monitor test (Roche Diagnostic Systems,
Branchburg, NJ, USA). The detection of HBV DNA
ranged 300-106 copies/mL. To extend this range, samples
with high HBV DNA levels were retested after dilution.
Liver histology assessment
Sections of the liver biopsy specimens were stained
with hematoxylin-eosin and Masson, and assessed by a
pathologist unaware of the clinical and virological results.
The evaluation of liver pathology followed the modified
criteria for grading and staging of chronic hepatitis. The
degree of necro-inflammation was classified into G0-4 and
fibrosis was staged as S0-4[7].
Statistical analysis
Statistical analyses were carried out with the Statistical
Program for Social Sciences. Categorical data were tested
by Chi-square test. Student t test was used for comparison
of parametric quantitative data and the Mann-Whitney or
Kruskal-Wallis test for similar comparison of nonparametric
data. Relations between two quantitative variables were
performed by Spearman’s correlation analysis. Two tailed
P value of less than 0.05 was considered statistically
significant. Results are presented as mean ± SD.
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Table 1 HBeAg negative correlation coefficient and HBeAg
positive correlation coefficient
Patients
characteristic

HBeAg
correlation
coefficient

P

Negative

HBeAg
correlation
coefficient

P

Positive

Age (yr)
History (yr)
Serum ALT
Serum AST
Histological grade
Histological stage

-0.194
-0.295
0.351
0.334
0.265
-0.108

0.271
0.090
0.042
0.054
0.130
0.544

0.016
-0.072
0.018
0.039
-0.035
0.139

0.828
0.342
0.811
0.603
0.641
0.064

RESULTS
Characteristics of the patients
A total of 173 males and 40 females were enrolled in the
study. Their mean age was 31 ± 9 years, ranging from 16
to 65 years. All patients had elevated ALT levels and the
median level was 131 U/L (range 48-411 U/L). Serum
HBV DNA levels were higher more than 105 copies/mL.
The median Log HBV DNA level was 9.66 copies/mL
(range = 6.0-14.7) in 10 patients. According to the criteria
for chronic hepatitis, the median (range) grading and
staging scores were 2 (0-4) and 2 (0-4), respectively. Of the
213 patients, 178 (83.6%) were HBeAg positive, 35 (16.4%)
were HBeAg negative.
Correlation of serum HBV DNA level to demographic data,
liver histology and laboratory findings
HBV DNA level correlated with the age, history of CHB
in either HBeAg negative or HBeAg positive patients.
In both HBeAg negative and HBeAg positive patients
with CHB, HBV DNA was not related to histological
grade and stage of liver disease (Table 1). There was no
correlation between the levels of HBV DNA, ALT and
AST in HBeAg positive patients (P = 0.811 and 0.603,
respectively). In HBeAg negative patients, there was no
correlation between the levels of HBV DNA and AST (P
= 0.054), while serum HBV DNA level was correlated to
ALT (P < 0.05 = 0.042), and the correlation coefficient
was 0.351 (Table 1).
Patients were divided into four groups (HBV DNA
level ≤ 107 copies/mL, ≤ 109 copies/mL, ≤ 1011 copies/
mL, ≤ 1013 copies/mL). In terms of histological grade
and stage, patients with their HBV DNA level ≤ 10 13
copies/mL did not differ from those with their BV DNA
level ≤ 107 copies/mL (Table 2).
Relationship between liver histology, ALT and AST
There was a correlation between the grade and stage of
liver disease and ALT, AST (P < 0.01, r = 0.744 and 0.741
respectively) in HBeAg positive patients. However, there
was no correlation between ALT, AST and the stage of
liver disease in HBeAg negative patients. The correlation
between the grade of liver disease and ALT, AST was higher
than that between the stage of liver disease and ALT, AST
in either HBeAg positive or HBeAg negative patients.
Comparison HBeAg negative with HBeAg positive patients
HBeAg negative patients were older and had a longer
www.wjgnet.com
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Table 2 Histological scores of CHB patients with respect to
different HBV DNA levels
≤ 107

Grades
Median
2 (1-3)
score (range)
Stages
Median
2 (0-4)
score (range)

9

P
10
copies/mL
< HBV DNA
13
leve ≤ 10
copies/mL
(n = 23)

2 (1-3)

2 (0-4)

2 (1-3)

0.995

2 (0-4)

2 (0-4)

2 (0-4)

0.187

history of HBV infection and a lower HBV DNA level
than HBeAg positive patients (P < 0.05). There was no
significant difference in sex ratio, ALT and AST levels and
liver histology between the two groups. The clinical and
laboratory data of 213 patients are shown in Table 3.

DISCUSSION
All participants had elevated HBV DNA level greater than
105 copies/mL detected by a highly sensitive PCR assay
with the detection limit of 300 copies/mL for serum HBV
DNA level, which suggested that HBV replication was still
active in both HBeAg positive and negative CHB patients.
It was reported that HBV replication persists throughout
the whole course of chronic HBV infection[3]. Moreover,
elevated HBV DNA level is a strong risk factor for
hepatocellular carcinoma independent of HBeAg, serum
ALT level, and liver cirrhosis[8].
In our study, HBV DNA level was not correlated with
liver histology between HBeAg positive and negative
patients with CHB. However, whether HBV DNA level is
correlated with liver histology in HBeAg negative patients
remains controversial because different methods and assays
were used in different studies[9-12] and HBeAg negative
patients had different HBV DNA levels. Furthermore,
in our study, no different histological scores were found
with respect to HBV DNA levels, whatever the status of
hepatitis B e antigen was, suggesting that no correlation
exists between HBV DNA levels and liver histology in
either HBeAg positive or negative patients with HBV
DNA levels more than 105 copies/mL.
We did not find the correlation between HBV DNA
levels and ALT, AST in HBeAg positive patients. In
HBeAg negative patients, serum HBV DNA level was
not correlated with AST, but with ALT. However, the
correlation coefficient was not high. Our results show
that HBV DNA level could not reflect liver damage, as
far as CHB patients with HBV DNA higher than 10 5
copies/mL were concerned. It is known that HBV itself is
not directly cytopathic and host immune response plays a
pivotal role in HBV-related liver diseases[3]. Application of
sophisticated immunological techniques has demonstrated
that patients with chronic HBV infection have impaired
immune response to HBV[13], which may explain why HBV
DNA level is not an indicator for liver damage.
www.wjgnet.com
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Table 3 Comparison of demographic, clinical and virological data
between HBeAg negative and positive patients mean ± SD

11

Levels 10
copies/mL
< HBV DNA
11
level ≤ 10
copies/mL
(n = 145)

HBV DNA
7
copies/mL 10 copies/mL
(n = 14) < HBV DNA
9
level ≤ 10
copies/mL
(n = 31)

April 14, 2007

Male: Female
Age
History
ALT (U/L)
AST (U/L)
Log 10 HBV DNA

HBeAg-positive
patients
136:31
30 ± 9
6±4
151 ± 82
98 ± 65
9.8 ± 1.3

HBeAg-negative
patients

P

37:9
35 ± 9
8±4
162 ± 94
113 ± 103
8.4 ± 1.7

0.245
0.011
0.036
0.501
0.418
0.000

In the present study, 16.4% patients fulfilled the
definition of HBeAg negative chronic hepatitis B. It
was reported that the prevalence of CHB is lower than
33.9% and 35.9% in Chinese individuals[12,14], which is,
however, consistent with the prevalence in Hong Kong
population[11]. The difference may be due to the following
factors. First, patients in our study were younger than those
in the study of Li et al[14]. As we know, sero-conversion
from HBeAg to anti-HBe occurs in 4%-10% of patients
during the immune clearance stage. After 5 to 10 years of
follow-up, 50% and 70% of HBeAg positive persons still
undergo HBeAg sero-conversion[6]. Second. All patients
never received anti-HBV therapies such as interferon
or nucleoside analogue treatment. Since all patients had
elevated ALT, our sample was biased to patients with
active chronic hepatitis B. In addition, geographical
variation in HBV genotypes in study population would
influence the prevalence of CHB. Finally, ALT levels
would fluctuate and HBeAg status of HBV would change
as CHB progresses in some HBeAg negative patients. The
prevalence of CHB increases in HBeAg negative persons
and decreases in HBeAg positive persons, which may be
due to the awareness of HBeAg negative CHB, decrease in
new HBV infection, and aging of existing carries[3].
In our study, HBeAg negative patients were older and
had a longer HBV infection history than HBeAg positive
patients, which is consistent with other studies[9-11]. HBV
infection usually occurs at birth or during early childhood
in Asia. The longer the HBV infection is, the more
spontaneous the immune clearance occurs, thus leading to
HBeAg sero-conversion and HBV replication inhibition.
At the same time, immune pressure may also cause precore or basic core promoter mutations, which may explain
why HBeAg negative patients are older and have a longer
HBV history than HBeAg positive ones[11,15]. In our study,
although HBeAg positive patients had a higher HBV DNA
level, HBV DNA level was as high as 1012 copies/mL in
HBeAg negative patients, indicating that there is still active
HBV replication in HBeAg negative patients. Additionally,
there were no significant differences in sex ratio, ALT and
AST levels and liver histology between HBeAg positive
and negative patients, showing that HBeAg negative
hepatitis may be at a late phase in the natural history of
chronic HBV infection, rather than a result of de novo
infection with a mutated variant[16].
So far liver histology is still considered to be the gold
standard for assessing chronic hepatitis. In this study,
higher serum ALT and AST levels were not associated
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with liver histological grades, and the correlation between
liver histological grade and ALT, AST was higher than that
between the stage of liver disease and ALT, AST in both
HBeAg positive and negative patients, suggesting that ALT
and AST levels could reflect the inflammatory activity in
the liver of patients with CHB.
In conclusion, HBV DNA level is not correlated with
liver histology in CHB patients. HBeAg negative patients
have different clinical features. Considering the fluctuation
of serum HBV DNA in CHB patients, a longer and closer
monitor is needed for patients with CHB infection.
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Abstract
AIM: To investigate the relationship between the staging
by endoscopic ultrasonography (EUS) and the expression
of carcinoma metastasis associated gene in the patients
with gastric carcinoma.
METHODS: Sixty-three patients with gastric cancer
were diagnosed by electric gastroscopy and EUS. The
preoperative staging of gastric cancer was measured
by EUS and compared with pathologic staging and
MMP-9 expression. Peripheral serum level of MMP-9 was
measured with enzyme-linked immunosorbent assay
(ELISA), while the expression of MMP-9 protein was
tested with immunohistochemistry and hybridization in
situ in the gastric carcinoma tissues.
RESULTS: The total accuracy of EUS in estimating
invasive depth of gastric cancer was 80.95%, while
that in estimating lymphatic metastasis was 73.02%.
Serum MMP-9 levels were consistent with the expression
of MMP-9 protein and MMP-9 mRNA in tissue, a result
closely correlated with invasive degree, staging with EUS
and lymphatic metastasis in gastric cancer (P < 0.05).
The total accuracy of estimating invasive depth in gastric
cancer was 95.22% using both EUS and MMP-9.
CONCLUSION: The MMP-9 level of preoperative serum
presents the reference value for preoperative staging
by EUS in the patients with gastric cancer. When serum
MMP-9 level in gastric cancer is significantly high,
physicians should pay closer attention to the metastasis
which reaches the serosa or beyond. Combining EUS and
MMP-9 improves the accuracy in deciding the invasion
and metastasis in the patients with gastric carcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Correct preoperative staging of gastric carcinoma plays
a crucial role in choosing the right therapeutic strategy,
applying a proper surgical operation, improving curative
effect and the patient's living quality after operation.
Endoscopic ultrasonography (EUS), playing the role of
both endoscope and ultrasound, is remarkably superior
to computed tomography (CT) and magnetic resonance
imaging (MRI), as it displays high demixing image for
alimentary tract[1,2]. EUS has become a routine process for
preoperative examination of patients with gastric cancer
in clinical practice abroad [3,4]. However, how to avoid
overstaging and understaging in the preoperative staging
by EUS in gastric carcinoma remains an issue to tackle.
In order to probe into the relationship between preoperative staging with EUS and genic expression in
tumor metastasis, serum level of matrix metalloproteinase
9 (MMP-9), this study simultaneously explores the
preoperative staging by EUS, postoperative pathologic
stage and the protein expression of MMP-9.

MATERIALS AND METHODS
Subjects
A total of 63 patients (aged between 29 and 75 years) with
gastric carcinoma were included in this research. The mean
age of the 63 patients was 58.4 ± 15.3 years, of whom
37 patients were males and others were females. The foci
of 31 subjects lied in gastric antrum and gastric angle, 13
cases in the body of the stomach, and 19 cases in cardias.
Each patient was examined with gastroscope and EUS
before operation. Cancerous tissue and peri-carcinoma
tissue (5 cm beyond the edge of foci), which were taken
immediately in surgery, were fixed with 10% formaldehyde
and routinely dehydrated; then they were embedded by
paraffin and cut into serial sections of 4 μm in thickness.
The final diagnosis of HE-staining sections was made
by two pathologists respectively. No subjects received
treatment against gastric carcinoma and 3 mL of fasting
peripheral venous blood were taken in the day before and
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Figure 1 Gastric body carcinoma
(ulcer type).

Figure 2 Structure of the gastric
wall was not intact and the serous
membrane was discontinuous.

a week after surgery. The supernatant liquid of blood
specimens was taken and quickly stored in a refrigerator
of -80℃ for preparation after blood clotting. A superficial
gastritis group comprised 30 subjects (aged between 26
and 72 years), among whom 18 were males and others
were females; the mean age was 56.8 ± 14.2 years. Of the
30 normal control subjects (aged between 28 and 74 years),
19 subjects were males and others were females; the mean
age was 57.5 ± 13.8 years.

and hybridization in situ. Each stained slice was reviewed in
a double-blind manner.

Methods
Main instruments: Olympus GF-240 electronic gastroscope; GF-UMQ 240 electro-ultrasonic gastroscope,
360-degree circular scan, frequency range: 7.5 MHz to 20
MHz.
Main reagents: MMP-9 mouse monoclonal antibody,
S-P Kit (Fuzhou Maixin biotechnology Co, Ltd.); MMP-9
probe, hybridization in situ kit (Boster Biotechnology
Co. Ltd, Wuhan, China); MMP-9 ELISA Kits (Jingmei
Company, Shenzhen, China).
EUS inspection: Such methods as the water-filled balloon
method, water immersion or both were adopted to inspect
different foci. The hierarchical structure of foci and perifoci was scanned with a ultrasonic transducer, and lymph
nodes around stomach were inspected from the greater
curvature to a lesser curvature in sequence.
Histopathological staging of gastric cancer: all patients
in question were operated within two weeks after the
EUS inspection; examinations performed include detailed
pathologic examinations on the depth of gastric wall
invasion, the invasion of surrounding tissue and lymphatic
metastasis. The postoperative pathologic TN staging was
selected for comparison.
MMP-9 detection: MMP-9 level in gastric carcinoma
tissue was detected with S-P immunohistochemical
technique; expression of MMP-9 mRNA was detected
with hybridization in situ. MMP-9 level of peripheral serum
was detected with ELISA.
Classification criteria: Tumor cells which contain
brownish yellow grains were regarded as positive. Four
different visual fields were pinpointed under a high power
microscope, identifying 200 cancer cells in each field.
These cells were classified into four grades according to
the percentage of their positive grains: no cell with positive
grains was marked (-), cells with positive grains below 30%
were marked (+), those with positive grains from 30% to
50% were marked (++), and those with positive grains
above 50% were marked (+++). Those marked (++) or
(+++) were regarded positive in immunohistochemistry

Statistical analysis
Statistical analysis was made using the software package
SPSS10.0 for Windows. The results of immunohistochemistry and in situ hybridization were examined by χ2
test. The results of ELISA were expressed as mean ± SD,
and examined by t test. Probability value (P) below 0.05
was considered statistically significant.

RESULTS
Comparison between EUS staging and pathologic staging
Combining gastroscope and biopsy histopathology, the
diagnostic accuracy reached 93.7% (59/63) in this group
(Figure 1). The diagnostic accuracy of EUS was 92.1%
(58/63) (Figure 2); with gastroscope and EUS inspection
combined, the diagnostic accuracy reached 100%. The
preoperative stagings with EUS for 63 patients with gastric
carcinoma found 9 cases (T1), 14 cases (T2); 28 cases (T3);
12 cases (T4), respectively. As for lymphatic metastases
(N), 32 cases were N 0 , and 31 cases were N + . When
pathologic staging was taken as the gold standard, the
accuracy with EUS for each stage was: T1 87.50% (7/8),
T2 73.33% (11/15), T3 85.19% (23/27), T4 76.92% (10/13)
respectively. Seven cases were under-staged while 5 cases
were over-staged; the total accuracy was 80.95% in the
judgment of invasion depth in gastric cancer. The accuracy
with EUS for cases staged N0 and N+ was 80.00% (20/25)
and 68.4% (26/38) respectively. The staging results of 46
cases staged with EUS were in line with pathologic staging.
The total accuracy of lymphatic metastasis was 73.02%
(46/63).
Relationship between MMP-9 level and pathologic staging
The MMP-9 serum level of 63 preoperative patients with
gastric carcinoma [(380.20 ± 295.76) ng/L] were obviously
higher than that of normal group [(98.79 ± 86.43) ng/L]
and that of chronic gastritis group [(110.28 ± 90.35) ng/
L] (P < 0.01); the MMP-9 serum level [(145.17 ± 133.84)
ng/L] of postoperative patients dropped dramatically
within one week (P < 0.01), approaching normal levels.
Compared with the normal control, the discrepancy was
of no statistical significance (P > 0.05). The positive
expression rate of MMP-9 protein was 63.49% (40/63) in
63 cases with gastric carcinoma (Figure 3A). Twenty-nine
cases (78.38%) were MMP-9 positive in the tissue among
www.wjgnet.com
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Figure 3 Positive expressions of MMP-9 protein (A) and MMP-9 mRNA (B) in
gastric carcinoma tissue.

Table 1 Relationship between the expression of MMP-9 protein
in gastric cancer tissue and clinical pathological parameters
T2 T3 T4 N0 N+

8
7 3 14 9
7 20 10 11 29
< 0.05
< 0.05

37 cases of poorly differentiated carcinoma or signet-ring
cell carcinoma, while only 11 cases were MMP-9 positive
among 26 cases of well-differentiated or moderately
differentiated adenocarcinoma (42.31%); the discrepancy
between the positive expression rates was remarkable (P
< 0.05). Of 40 cases with confirmed invasion of serous
membrane or further, 30 cases were MMP-9 positive
(75.00%); however, among 23 cases without invaded
serous membrane, only 10 cases were reported positive
(43.48%). The discrepancy is statistically significant (P
< 0.05). With respect to lymphatic metastasis, 29 cases
(76.32%) were MMP-9 positive among 38 cases which had
lymphatic metastasis; and 11 cases (44.00%) were MMP-9
positive among 25 cases without lymphatic metastasis. The
discrepancy is also of statistical significance (P < 0.05)
(Table 1).
MMP-9 and MMP-9 mRNA positive expression
was not detected in 30 cases of normal gastric mucosa,
while weakly positive staining was detected in 63 cases
of peri-tumor tissue. In the tissues of gastric carcinoma,
MMP-9 mRNA was mainly found in the matrix of
cancer cells; and the positive expression rate was 63.49%
(40/63), which was consistent with the results of MMP-9
immunohistochemistry (Figure 3B). The serum level and
the tissue expression of MMP-9 in patients with gastric
carcinoma was not interrelated with gender, age, location
and dimension of tumor (P < 0.05).
Relationship between EUS staging and MMP-9 expression
The correlation between preoperative EUS staging and
MMP-9 expression of gastric carcinoma was concluded
(Table 2).
The mean level of MMP-9 in stage T1 was 188.75 ±
114.63 ng/L, and the preoperative serum level of MMP-9
rose gradually along with the depth of cancerous invasion;
the MMP-9 level of stage T4 reached (485.60 ± 351.36)
www.wjgnet.com
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Table 2 The preoperative EUS staging of gastric cancer and the
expression of MMP-9
EUS staging

Well differentiated Poorly differentiated T1
MMP-9
carcinoma and
and moderately
protein
signet-ring cell
differentiated
expression
carcinoma
adencarcinoma
--+
15
8
5
++-+++
11
29
3
P
< 0.05
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Depth of invasion
T1
T2
T3
T4
Lymphatic metastasis
N0
N+

Accuracy Preoperative serum Expression rate
level of MMP-9
of MMP-9
(%)
(ng/L, mean ± SD) (%)

n of EUS

  9
14
28
12

87.5
73.3
85.2
76.9

188.8 ± 114.6
230.5 ± 197.3
271.7 ± 251.1
485.6 ± 351.3

25
40
70
76.9

25 80.0
38 68.4

297.2 ± 201.7
506.6 ± 358.7

40
71.1

ng/L, which was the highest in all stages. In addition,
the expression level of MMP-9 in tissue was consistent
with that in serum as well; the MMP-9 level of stage T4
was also the highest among all stages. Although the mean
serum level and tissue expression of MMP-9 in stage T1
and stage T2 were different, the discrepancy was of no
statistical significance (P > 0.05); however, compared with
stage T1 and T2, increment was observed in MMP-9 serum
level in stage T3 and T4; and the MMP-9 serum levels were
much higher in stage N+ than that in stage N0, which was
of statistical significance (P < 0.05).
There was a positive correlation between MMP-9 expression and EUS staging. In the 12 cases which were
not correctly staged, 2 cases of stage T2 were staged T1,
2 cases of stage T3 and 3 cases of stage T4 staged T2, 1
case of stage T1 staged T2, 2 cases of stage T2 staged T3,
and 2 cases of stage T3 staged T4. Among 7 cases which
were under-staged, 5 cases were turned out to be stage
T3 or T4; the serum level of MMP-9 reached 410 ng/mL,
though they were confirmed as stage T2 by EUS. Among 5
cases which were over-staged, 4 cases were pathologically
confirmed stage T2 or T3; the MMP-9 serum level was
220 ng/L. Combining EUS inspection and detection of
MMP-9 level, the total accuracy for the determination of
invasion depth of gastric cancer reached 95.22%.

DISCUSSION
The correct staging for carcinoma is significant for reaching
a reasonable treatment option and evaluating the prognosis;
therefore, preoperative staging plays an important role in the
diagnostic model of modern medicine. In the preoperative
diagnosis of gastric cancer, EUS is greatly superior to
other methods available in that the ultrasound transducer
installed on the tip of the endoscope can get closer to
foci inside the body, presenting a more accurate and detailed resultant ultrasound image than those obtained with
traditional ultrasound[4]. Moreover, high consistency can be
identified between results of EUS and that of postoperative
pathology. It is indicated in our research that the diagnostic
accuracy with EUS was 87.50% (T1), 73.33% (T2), 85.19%
(T3), 76.92% (T4), respectively; and the diagnostic accuracy
for lymphatic metastasis was 80.00% (N0), and 68.42%
(N+), respectively. The results were basically consistent with
current literature[5]. However, further efforts are expected
to avoid overstaging or understaging and to reflect the
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biological characteristics of gastric cancerous tissue through
preoperative staging.
Matrix metalloproteinases (MMPs) are a group of
proteinases that can digest extra-cellular matrix and basal
membrane. In the process of invasion and metastasis of
cancer cells, it is necessary for them to break the barrier
formed by extra-cellular matrix and basal membrane[6,7].
MMP-9 is an important member of MMP-9 family; it is
widely regarded as proteinase that correlates closely with
invasion and metastasis of tumor. MMP-9 can degrade
extra-cellular matrix and basal membrane and promote
invasion and metastases of cancer cells. In our research,
the serum levels of MMP-9 in 63 preoperative patients
with gastric carcinoma was remarkably higher than that of
normal control and that of chronic gastritis group (P <
0.01). The MMP-9 serum levels rose gradually along with
the depth of cancerous invasion in patients with gastric
carcinoma; the MMP-9 serum levels in patients with
invaded serous membrane (T3, T4) were much higher than
that of those without suffered (T1, T2). Furthermore, the
MMP-9 serum levels are obviously higher in patients with
lymphatic metastasis than those without. Our research
identifies the consistency between MMP-9 serum levels
and MMP-9 protein expression in tissue of our subjects.
There is a high MMP-9 protein expression in the tissue of
subjects with high MMP-9 serum levels; the MMP-9 serum
levels are much higher in subjects with positive expression
of MMP-9 protein than those without. It indicates that
gastric cancer tissue can secrete much MMP-9, which
participates in the degradation of collage Ⅳ of basal
membrane. Not only can MMP-9 make invasion in situ but
break extracellular membrane (ECM) barrier and vessel
wall, and finally prepare for successful metastasis.
Preoperative EUS reflects the extent of invasion of
gastric cancer; it is not yet satisfactory, even if the total
accuracy of depth of cancerous invasion and lymphatic
metastases by EUS was 80.95% and 73.02% respectively.
It is worthwhile mentioning that 7 cases were understaged and 5 cases were over-staged with EUS. Combining
preoperative EUS and the detection of MMP-9 serum
level combined, the accuracy of judgment on the depth
of invasion will be significantly raised up to 95.22%. This
combination can also make up for insufficiencies of EUS
staging. Possible causes for unsatisfactory EUS staging
are as follows: with respect to early gastric cancer, routine
EUS is not satisfactory in diagnostic accuracy of invasion
depth, especially when scanning the gastric antrum or
gastric notch. This setback may be caused by the ultrasonic
transducer placed too close to the gastric wall, preventing
ultrasound from efficiently focusing on foci. However, a
water-filled space between the transducer and gastric wall
will press gastric wall directly, which obscures the display
of the inner three layers of gastric wall. It is difficult to
come to a precise judgment on the depth of the invasion.
Besides, the overstaging of early gastric cancer is correlated
with deep-seated fibrosis. It seems that EUS with a small
ultrasonic transducer is superior to the routine EUS when
scanning superficial or small foci. In evaluation of the
invasion depth, EUS is optimal for progressive gastric
cancer, as the mean accuracy is over 80%. In addition, it
is also effective in the evaluation of peri-gastric lymphatic
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metastases. Failure to detect the tiny invasive foci outside
the sub-mucosa should be responsible for the understaging
of progressive stage gastric cancer. Combining EUS with
detection of preoperative MMP-9 serum level will help
improve the accuracy of evaluation on the invasion and
metastases of gastric cancer.
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COMMENTS
Background

In gastric carcinoma, the expression of MMP-9 was related to invasion and lymph
node metastasis, but not to age and gender. High expression of MMP-9 promotes
tumor metastasis. Patients with high MMP-9 expression are found with a low
survival rate. However, there exists no significant relationship between MMP-9 and
stage of bladder cancer.
EUS is one of the most accurate methods for assessing the locoregional
extent of neoplasia in alimentary tract; it plays an important role in preoperative
T and N staging of gastric carcinoma, but further efforts are expected to avoid
overstaging or understaging, and to identify metastatic lymph nodes.

Research frontiers

MMP-9 was reported to be associated with tumor biological characteristic.
Inhibition of the enzyme activity of MMP-9 might become a novel therapeutic
strategy of cancer. EUS and EUS-guided techniques are found superier not only in
diagnosis but also in treatment of pathological changes.

Innovations and breakthroughs

MMP-9 was reported as playing an important role in the development and
metastasis in such cancers as hepatocellular carcinoma, gastric carcinoma, and
bladder cancer. Some reports found MMP-9 level in serum or tissue likewise
associated with tumor stage. EUS was widely used in diagnosing and judging
the location and resectability of carcinoma; however, few reports probe into the
combination of EUS and MMP-9 level. Our research found improved accuracy of
EUS in staging tumors when used together with MMP-9 level detection.

Applications

Endoscopic color Doppler ultrasonography (ECDUS) can further increase the
accuracy of diagnosis by clearly presenting blood signal of tissue. High resolution
EUS (HREUS) can display distinctly the five-layer structure of the alimentary
tract, which is superior to MRI and CT. Among mushrooming new techniques,
EUS emerges as a superior technique in clinical practice, such as EUS-guided
pancreatic pseudocyst drainage, EUS-guided celiac plexus neurolysis (EUS-CPN),
endoscopic mucosal resection (EMR), EUS-guided radio frequencv ablation (EUSRFA), EUS-guided needle injection (EUS-FNI), to name a few.

Terminology

Endoscopic Ultrasonography (EUS): A procedure that combines endoscopy
and ultrasound to obtain images and information on the digestive tract and
the surrounding tissue and organs. In EUS, a small ultrasound transducer is
installed on the tip of the endoscope, allowing the transducer to get closer to
the organs inside the body. Therefore, the resultant ultrasound images are often
more accurate and detailed than those obtained by traditional ultrasound; Matrix
Metalloproteinase: A member of a group of enzymes that can break down proteins,
such as collagen, that are normally found in the spaces between cells in tissues.
Because these enzymes need zinc or calcium atoms to work properly, they are
called metalloproteinases. They are involved in wound healing, angiogenesis, and
tumor cell metastasis; Enzyme-linked Immunosorbent Assay (ELISA): A sensitive
laboratory test method that relies on an enzymatic conversion reaction and is
used to detect the presence of specific substances (such as enzymes or viruses
or antibodies or bacteria); hybridization in situ: A laboratory test that locates a
gene or gene product by adding specific radioactive or chemically tagged probes
for the gene and locates the radioactivity or chemical on the chromosome or in
www.wjgnet.com
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the cell after hybridization.
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Peer review

The approach of combining EUS and a MMP-9 as biomarker is an innovative way
of studying prognosis in gastric cancer by means of translational research; it gives
a clear delineation of the research background, objectives, materials and methods,
results and conclusions. The design of the controls is rational. Tables and figures
reflect the major findings of the study and they are appropriately presented, and
the references are appropriate.
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Abstract
AIM: To study the effect of adenovirus (Ad)-p 53 gene
therapy on hepatocellular carcinoma (HCC) in a rabbit
model.
METHODS: VX2 tumor was grown in the liver of 24
rabbits. Animals were divided into four groups: group
A receiving trans-arterial gene therapy (Ad-p 53) only,
group B receiving combined Ad-p 53 therapy and transarterial embolization (lipiodol), group C receiving transarterial chemoembolization (lipiodol + mitomycin C),
control group (D) receiving sodium chloride. Tumor
volume (V1) was measured by using MRI (d 13).
Interventional procedure was applied (d 14).Tumor
volume (V2) was assessed by MRI (d 21) and the mean
ratio (V2/V1) was calculated. After the second MRI,
specimens of the liver were abstained and examined
immunohistochemically using mutant-type p 53 antibody.
The positive expression was scored.
RESULTS: Compared with control group ( x = 3.14
± 0.64), therapeutic groups all showed a significant
decrease in the tumor growth ratio (P < 0.05) . A slight
difference was found between group A ( x =2.35 ±
0.59) and group B ( x = 1.75 ± 0.28) (P = 0.048). No
statistically significant difference was observed between
group B and group C ( x = 2.00 ± 0.44). The positive
expression rate of mutant-type p 53 was the lowest
in group B and significantly different between group
A and group C (P < 0.05).Compared to the control
subjects, groups A and C both showed a decrease in
the expression of mutant-type p 53, but there was no
significant difference between them.
CONCLUSION: Trans-arterial Ad-p 53 gene therapy can
reduce tumor growth of HCC in rabbit model.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies worldwide, responsible for an
estimated 1 million deaths annually and a poor prognosis
due to its rapid infiltrating growth and complicating liver
cirrhosis[1]. To date, surgical approaches including liver
resection and liver transplantation are regarded potentially
as curative treatments for HCC, particularly in patients with
small and non-invasive tumors[2]. However, only a small
number of patients are suitable for surgical treatment due to
multicentric tumors, extrahepatic metastases, early vascular
invasion, shortage of donor organs, high complication rates
and comorbidities[3-5].
Local methods of tumor ablation including transarterial chemoembolization (TACE), percutaneous
ethanol injection (PEI), radiofrequency ablation (RFA)[6-8],
microwave coagulation therapy (MCT) and laser-induced
thermotherapy (LITT), are promising additional tumor
therapies, especially in patients with poor liver function
and unresectable or multifocal tumors [9]. Since TACE
was introduced as a palliative treatment in patients with
unresectable HCC, it has become one of the most common
forms of interventional proceduces[10-12]. TACE has been
shown to reduce systemic toxicity, enhance local effects and
thus improve the therapeutic results[11]. Its therapeutic effect
is limited due to the lack of appropriate and reliable embolic
agents in patients when the tumor is infiltrative in nature or
hypovascular[13].
In the past years, it was proved that p53 gene absence
is correlated with the occurrence of HCC[14]. Wild-type
p53 tumor suppressor gene is praised as a gene guardian
and the loss of wild-type p53 is thought to be responsible
for the lack of apoptotic signals in tumor cells and thus
for their uncontrolled proliferation and recurrence [15].
Many human tumors carry mutations in the p53 and
mutant or absent p53 status has been associated with
resistance to radiation therapy and to apoptosis-inducing
chemotherapy[16]. Gendicine, a recombinant human Ad-p53
injection (Shenzhen Sibiono Bentech, China) has obtained a
www.wjgnet.com
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drug license from the State Food and Drug Administration
of China (SFDA; Beijing, China) and become the first
commercially-licensed gene therapy drug in the world.
Gendicine consists of advenovirus vectors and normal
wild-type p53 tumor suppressor gene. Gendicine was used
in clinical trial on patients with late-stage head and neck
squamous cell carcinoma (HNSCC), showing that complete
and partial regression of the tumor can be achieved in 64%
and 32% of patients, respectively[17]. A similar study by Sze et
al[18] also showed that hepatic arterial infusion of p53 gene in
combination with chemotherapy results in tumor regression.
The purpose of our study was to compare the effects of the
gene therapy and other therapies on HCC in rabbit model.

MATERIALS AND METHODS
Tumor implantation
A total of 30 adult New Zealand white rabbits (3.0-3.5 kg)
were used. The study was approved by the Animal Care
Committee of Shandong University School of Medicine,
and experiments were performed in accordance with the
institutional guidelines. VX2 tumors were first grown
for 2 wk on the hind legs of each of six carrier rabbits.
Each carrier rabbit was used to supply tumor cells for
implantation in four separate rabbits. The carrier rabbit was
then killed under deep anesthesia by intravenous injection
of 100 mg/kg pentobarbital. All animals were anesthetized
with a mixture of promethazine (2.5 mg/kg) and ketamine
hydrochloride (44 mg/kg) administered intramuscularly.
Intravenous access was gained via a marginal ear vein and
pentobarbital was given intravenously to maintain anesthesia.
VX2 tumor tissue was excised from the carrier rabbit and
placed in Hanks solution. Abdomens of the recipient
rabbits were shaved and prepared with povidone iodine, and
then a midline subxyphoid incision was made. The anterior
surface of the liver was exposed and the harvested tumor
cells (0.1-0.2 cm3) were implanted onto the left lobe of the
liver using a 21-gauge angioneedle. This method allowed the
growth of a solitary, well-demarcated tumor. The abdomen
was closed in two layers. Proper aseptic technique was
rigorously observed during each implantation. After surgery,
the animals were returned to their cages, kept warm, and
monitored in the animal laboratory until they recovered
from anesthesia. Buprenorphine (0.01 mg) was administered
for analgesia when the animals showed pain or physical
distress. The tumors were allowed to grow for another 12 d
when they reached a mean diameter size of 1.0-2.0 cm. No
animal died during that phase of the protocol.
Interventional therapy
After 2-wk implantation of VX2 tumors in the rabbit livers,
transcather hepatic arterial embolization was performed.
A total of 24 animals were treated in such a manner. The
animals were brought to the angiography table. Surgical
incision was done in order to gain access to the right
common femoral artery, into which a 3-F sheath was placed.
A specially manufactured 3-F catheter with a tip in the shape
of a hockey stick (Terumo, Japan) was manipulated into the
celiac axis, after which celiac arteriography was performed
to delineate the blood supply to the liver and confirm the
www.wjgnet.com
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location of the tumor. In all cases, the tumor could be
readily visualized as a region of hypervascular blush located
on the left side, near the gastric fundus. The left hepatic
artery, which nearly exclusively provides flow to the tumor,
was selectively catheterized off the common hepatic artery.
When the catheter was adequately positioned within the
left hepatic artery, the mixture of drugs was infused into
the artery. Group A received Ad-p53 (1 × 1011 VP/10
mL), group B Ad-p53 (1 × 1011 VP/10 mL) and 0.6-0.8
mL lipiodol, group C 0.5mg/kg mitomycin C and 0.6-0.8
mL lipiodol, group D 10 mL sodium chloride, respectively.
Digital spot images obtained after interventional therapy
demonstrated intense staining of the tumor consistent
with excellent distribution of the mixture in the tumor.
The catheter was then removed and the common femoral
artery was ligated using resorbable suture material to obtain
hemostasis. The procedure was successfully performed
in all animals. Proper aseptic techniques were observed
throughout the procedure. The animals were monitored
after the procedure and given analgesics if they showed any
sign of physical distress.
MR imaging
All studies were performed with a 3.0-T GE EXCITEⅡ
MR scanner (Milwankee, Wisconsin, USA) using a knee coil
before (d 13) and after therapy (d 21). T1-weighted (FSPGR:
TR/TE, 120/2.1 ms) and T2-weighted (FSE:TR/TE,
3000/89.2 ms) transverse images with a section thickness
of 3 mm, 0.5 mm gap and 128 × 128 matrix were acquired.
All images were interpreted regarding tumor size, tumor
necrosis and exhepatic metastatic lesions by two radiologists,
respectively. No contrast medium was administered. The
tumor volume was evaluated and calculated on T2-weighted
image according to the following formula[19]: tumor volume
(m3) = largest diameter (mm) [smallest diameter (mm)]²/2.
Histologic analysis
After completion of the MR imaging experiments, the liver
was carefully dissected and excised. The liver containing
tumor nodules, which were easily identifiable as hard
white areas, was prepared for histologic examination.
The formalin-fixed, paraffin-embedded specimens were
examined immunohistochemically using mutant-type p53
antibody BAO521 at dilution: 1:100 (Boster Co., Wuhan,
China). Positive controls were selected cases known to
be positive for primary antibody (supplied by Boster
Co.). Negative controls were stained with a nonspecific
IgG (normal goat IgG) and Tris-buffered saline. Brownyellow staining in nuclei of cancer cells was found in p53
positive cells. All slides were reviewed with JD morphology
image analysis system (JD801, TSJEDA Technology, Inc)
and percentage of positive expression was scored by two
independent observers in blind. A few cases with discrepant
scores were reevaluated to reach a final agreement.
Statistical analysis
The mean growth ratio of V2/V1 and the p53 protein
expression were analyzed by using Dunnett’s test (SPSS,
USA) comparing the effect of each therapeutic group. P < 0.05
was considered statistically significant.
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Table 1 Tumor volume (mm ) and the mean ratio in different groups
No.
1
2
3
4
5
6

V1
847
527
405
900
385
446

Group A p 53
V2
V2/V1
1296
1.53
1008
1.91
936
2.31
2268
2.52
1250
3.25
1152
2.58

A

V1
650
196
612
445
847
527

Group B p 53 + TAE
V2
V2/V1
908
1.40
320
1.63
1150
1.88
962
2.16
1296
1.53
1008
1.91

B

Error bars show 95%
Cl of mean
Bars show means

p 53

0.60

0.40

0.20

0.00

Ad-p 53

Ad-p 53 + TAI

TACE

Group C TACE
V2
V2/V1
2267
1.32
2001
2.28
886
2.39
3402
2.31
1328
1.69
1524
2.28

A

Figure 1 Images in a VX2 rabbit with a solid HCC in group B. A: Pretherapeutic
unenhanced T2-weighted axial MR imaging with FSE sequence (3000/89.2).
The hyperintense lesion with a size of 9 mm×10 mm is well discernible from the
surrounding liver tissue. B: Post-therapeutic unenhanced T2-weighted axial MR
imaging with FSE sequence (3000/89.2) showing the hyperintense lesion (15
mm × 11 mm) with central hypointense area corresponding to the intratumoral
necrosis.

0.80

V1
1714
879
370
1470
786
668

Control

Group

Figure 3 Positive cell rate of mutant-type p53 protein in different groups.

RESULTS
Tumor implantation
The rate of tumor implantation reached 100%. None of the
animals died during implantation or interventional therapy.
All the 24 VX2 tumors were seen with no enhanced MR
imaging (100%) before treatment.
MR imaging
The mean ratio of V2/V1 was 2.35 ± 0.59 in group A,
1.75 ± 0.28 in group B, 2.00 ± 0.44 in group C and 3.14 ±
0.64 in group D. Compared to group D, the other groups
all showed a significant decrease in the tumor growth ratio

V1
580
908
445
582
908
850

Group D
V2
1912
3402
1089
1538
2468
3402

V2/V1
3.30
3.75
2.45
2.64
2.72
4.00

B

Figure 2 Images in a VX2 rabbit with a solid HCC in group D. A: Pretherapeutic
unenhanced T2-weighted axial MR imaging with FSE sequence (3000/89.2).
The hyperintense lesion with a size of 12 mm × 13 mm is well discernible from
the surrounding liver tissue; B: Post-therapeutic unenhanced T2-weighted axial
MR imaging with FSE sequence (3000/89.2) showing an inhomogeneous area
corresponding to the intrahepatic metastasis. The tumor with a size of 23 mm × 27
mm had a rapid growth compared with that before therapy.

(P < 0.05) using Dunnnett’s t test. A slight difference in
the tumor growth ratio was found between groups A and
B (P = 0.048). Group A showed a little increase compared
to group C (P > 0.05). There was no statistically significant
difference between groups B and C (Table 1).
One intrahepatic metastasis lesion in group A and two
intrahepatic foci in group D were detected respectively
at T2 weighted imaging. Hyper-dense areas on the T2weighted images, probably due to intratumoral necrosis
with bleeding , occurred in three of six rabbits in groups B
and C, respectively (Figures 1 and 2).
Pathologic analysis
The mean expression of mutant-type p53 was 0.66 ± 0.11 in
group A, 0.53 ± 0.05 in group B, 0.70 ± 0.06 in group C and
0.77 ± 0.07 in group D. The positive cell rate of mutanttype p53 was the lowest in group B, and differed significantly
from that in groups A and C (P < 0.05). Compared to the
control group, groups A and C showed a decrease in the
expression of mutant-type p53, but there was no significant
difference between them (Figures 3 and 4).

DISCUSSION
Rabbit VX2 tumor model has been well established for
many years. Because its vascularization is similar to that of
human liver tumor, it has been used in clinical research on
liver tumor imaging, chemotherapy and tumor etiology[20].
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B

Figure 4 Histological examination of VX2 tumor in different groups. A:
immunohistochemical stain showing the low expression of mutant-type p53 gene
high in VX2 cells in group B, magnification × 400, B: The same stain showing the
expression in group D, (× 400).

VX2 tumor is hypervascular, and cellular necrosis is more
easy to occur at its early stage, which may influence the
outcome evaluation of therapy. So this study applied
the method of performing MR examination one week
after interventional therapy. Because the tumor volume is
different before therapy, we took the ratio of V2/V1 as
the evaluation index for tumor growth.
The wild-type p53 gene is a tumor suppressor gene
involved in the control of cell proliferation. Loss of wildtype p53 function is associated with the uncontrolled growth
of many types of human cancer. The reintroduction and
expression of wild-type p53 into p53-altered tumor could
suppress tumor growth or induce apoptosis both in vitro
and in vivo. In the present study, mutant-type p53 protein
was detected in all VX2 tumors by immunohistochemical
method. Ad-p53 is a recombinant adenoviral vector
containing the wild-type human p53 gene. The wild-type
p53 protein brings specific anti-tumor cells into effect
by inducing apoptosis or necrosis, immune response, or
by regulating cell cycle. Recently some studies have used
Ad-p53 to suppress tumor growth in liver [17-18]. In our
study, Ad-p53 therapy also suppressed the tumor growth in
liver. Histological examination revealed the low expression
rate of mutant-type p53 protein in group A, as shown in
TACE therapy. Wild-type p53 gene can express normal p53
protein. However, normal p53 protein stays for a short time
in blood and tissue and degrades quickly, making it hard
to be detected. On the contrary, mutant-type p53 protein
produced by mutant-type p53 tumor cells is easy to be found
in tissue. We took the mutant-type p53 protein to reflect the
effective of tumor reduction indirectly. Combined Ad-p53
therapy with trans-arterial embolization could inhibit tumor
growth, suggesting that tumor growth is related with the
local concentration of Ad-p53. Because of high-velocity
blood stream, Ad-p53 gene drug may stay in the tumor for
a short time and cannot exert its antiproliferative effects on
liver tumor cells. Iodized oil could embolize the local vessels
to slow the washout of local drug, and significantly enhance
the anticancer effect of Ad-p53 gene drug.
TACE has become one of the most common interventional therapies. It has been shown to result in regression of HCC and reduction of systemic toxicity, thereby
improving the therapeutic effects[21]. Some patients with
unresectable HCC cannot endure the effect of chemotherapeutics, and some patients are resistent to the chemotherapy. However, they may receive the treatment with transwww.wjgnet.com
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arterial Ad-p53 and TAE instead of TACE. We should pay
attention to the toxicity of Ad-p53.
In summary, combined TAE and Ad-p53 can suppress
the growth of VX2 tumors and can be used in the treatment
of HCC. However, more accurate and specific evaluation
methods are required.
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Abstract
AIM: To compare and identify the differences in
expression of retinal proteins between normal and
diabetic rats, and to analyze the molecular pathogenetic
mechanisms of retinal diseases caused by diabetes.
METHODS: Changes in protein expression of retinal
tissues from diabetic and normal rats were observed
using 2-dimensional polyacrylamide gel electrophoresis
(2-DE). Some protein spots exhibiting statistically
significant variations (P < 0.05) were selected randomly
and identified by tandem mass spectrometry and
analyzed by bioinformatics.
RESULTS: 2-DE showed that the expression was upregulated in 5 retinal proteins, down-regulated in 23
retinal proteins, and disappeared in 8 retinal proteins.
Eight spots were identified from the 36 spots by
tandem mass spectrometry (MS/MS) and analyzed by
bioinformatics. Guanylate kinase 1, triosephosphate
isomerase 1, ATP synthase subunit d, albumin and
dimethylarginine dimethylaminohydrolase 2 played an
important role in signal transduction. Triosephosphate
isomerase 1, crystallin alpha B, ATP synthase subunit d
and peroxiredoxin 6 were involved in energy metabolism
of retinal tissues. Guanylate kinase 1 played an important
role in photoexcitation of retinal rod photoreceptor cells.
Whether crystallin beta A1 plays a role in diabetic retinas
is unknown so far.
CONCLUSION: There are differences in expression
of retinal proteins between diabetic and normal rats.
These proteins may be involved in the mechanisms and
prognosis of retinal diseases caused by diabetes.
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INTRODUCTION
Diabetes mellitus (DM) is a life-long disease characterized
by high blood-sugar levels and is the fifth-deadliest disease
in the United States. Retinal diseases such as diabetic
retinopathy are a frequent complication of both type 1
and type 2 diabetes. DM is responsible for 8% of legal
blindness in the USA, making it the leading cause of
new cases of blindness in adults at 20-74 years of age[1].
However, the pathogenetic mechanism of retinal disease
caused by DM is unclear and there is no satisfactory
therapy for diabetes so far. The immediate goals of therapy
are to stabilize blood sugar and eliminate its symptoms.
The long-term goals of treatment are to prolong life,
relieve symptoms, and prevent long-term complications
such as retinal disease.
Some factors, such as vascular endothelial growth factor
(VEGF), intercellular adhesion molecule-1 (ICAM-1),
vascular cellular adhesion molecule-1 (VCAM-1), CD45
(leukocyte common antigen), angiopoietin-1, insulin-like
growth factor-Ⅰ, polymerase (ADP-ribose), hyperglycemia
and hypoxia, are known to play an important role in retinal
pathogenesis[2-8]. However, these changes do not reflect
the biological nature of diabetic retina changes completely
and precisely. Hence, expression profile analysis of genes
and proteins in diabetic retina tissue is an essential step
in understanding the pathogenetic mechanisms of DM.
Joussen et al[9] have reported changes in mRNA expression
of diabetic rat retinae by cDNA microarray. Mei et al[10]
obtained a total of 3639 significant retinal transcriptional
fragments by restriction fragment differential displayPCR (RFDD-PCR). Quin et al[11,12] have observed protein
changes in rat retina induced by short-term diabetes.
However, further comparative analyses of protein expre-
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ssion profiles in diabetic rat retinae are needed.
Proteomics is defined as the characterization of all
proteins encoded by the genome and allows identification
of protein-protein interactions and disease-associated
proteins. Tools, such as 2-dimensional polyacrylamide
gel electrophoresis (2-DE) and matrix assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS), enable the study of disease-associated
proteomics[13-15]. Using this technology, the changes of
protein expression in retinal tissue from diabetic rats can
also be demonstrated.
The present study was to compare the expression
profile of retinal protein in diabetic and normal rats, and
to analyze the molecular pathogenetic mechanisms of
retinal diseases caused by diabetes.

MATERIALS AND METHODS
Reagents and apparatus
Alloxan tetrahydrate, tributyl phosphine (TBP), urea and
low-melt agarose were from Sigma (St. Louis, MOU,
SA). Acrylamide, bis-acrylamide, Coomassie brilliant blue
R-250, Tris, ammonium persulfate, glycine, EDTA, SDS,
bromophenol blue, 2-mercaptoethanol, endonuclease,
mineral oil and TEMED were from Amersco (Solon,
Ohio, USA). Dithiothreitol (DTT) was from Merck
(Darmstadt, Germany). Iodoacetamide was from Acros
(Geel, Belgium). ReadyStrip IPG strip, 40% bio-lyte
ampholyte, 3-[(3-cholamidopropyl) dimethylammonio]-1
-propanesulphonate (CHAPS), protein assay kits, gel
cassettes, model 550 microplate reader, protean IEF cell
and protean Ⅱ xi cell were from Bio-Rad (Hercules, CA,
USA). All other chemicals were of analytical grade.
Establishment of diabetic rat models
The study was approved by the Medical Ethical Committee
of North Sichuan Medical College. Sixty healthy adult
(eight-week-old) female Sprague-Dawley (SD) rats
weighing 180-200 g (provided by Animal Experimental
Center, North Sichuan Medical College) were randomly
divided into diabetic group and normal control group.
Forty rats in diabetic group received a single intra-peritoneal
injection of alloxan tetrahydrate (200 mg/kg) in normal
sodium, 20 rats in the control group received injection
of an equal volume of normal sodium alone. Rats with
positive urine glucose (measured by reagent papers)
and blood glucose levels higher than 16.7 mmol/L 72 h
(measured by blood glucose appearance) after injection
served as diabetes models. Then the urine glucose levels
were measured once a day and the blood glucose levels
were measured once a week. The rats with negative urine
glucose or with their blood glucose level lower than 16.7
mmol/L were excluded.
All rats were housed in an air-conditioned room with
free access to standard laboratory chow and water in a
12-h light/dark cycle.
Extraction and purification of rat retinal protein
After eight weeks, the glucose levels in urine and blood
and body weights of rats were measured. Rats were
anesthetized with 2% soluble pentobarbitone (50 mg/kg)
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and retinal tissues of the two eyeballs were enucleated
immediately(separated from RPE) and homogenized
for 5 min on ice at a concentration of approximately
80 mg/mL in lysis buffer containing 5 mol/L urea, 2
mol/L thiourea, 2% (w/v) CHAPS, 2% (w/v) SB3-10, 40
mmol/L Tris, 0.2% (w/v) bio-lyte 3/10, 2 mmol/L TBP,
1 mmol/L PMSF, and 200 μ g/mL DNaseⅠ. Samples
were incubated at 4℃ for 15 min and then centrifuged at
room temperature (18-20℃) for 30 min at 16 000 r/min to
remove DNA, RNA and any particulate materials (tissue
and cell debris). As extracted proteins, the supernatant
was purified using ReadyPrep TM cleanup kit (Bio-Rad
Laboratories). The protein concentration of samples was
measured on a Model 550 microplate reader using a RC
DC protein assay kit (Bio-Rad Laboratories) with BSA as
standard. Liquor of the final protein solution was stored at
-80℃ until further use.
First dimensional isoelectric focusing
2-DE was performed according to the manufacturer's
instructions. The first dimensional isoelectric focusing
(IEF) was performed on precast 17 cm immobilized
pH 5-8 gradient (IPG) strips at 17℃ using a protean
IEF cell. Protein (300 μg for analytical gels, 1500 μg for
preparative gels) was utilized for IEF and subsequent
second dimensional separation. Total proteins were mixed
with a rehydration buffer containing 8 mol/L urea, 4%
(w/v) CHAPS, 65 mmol/L DTT, 0.2% (v/v) bio-lytes,
and a trace of bromophenol blue, to a total volume of
300 μ L. The mixture was loaded onto the IPG strip.
After rehydration for 12 h, IEF was carried out using the
following conditions: (1) 250 V, slow, 25 min; (2) 1000 V,
rapid, 2 h; (3) 8000 V, linear, 5 h; (4) 8000 V, rapid, 60 000
Vh; (5) 500 V, rapid, anytime. After IEF, the strips were
stored at -80℃ until required for the second dimension.
Equilibraiton of IPGs using DTT and iodoacetamide
Following IEF, the gel strip was equilibrated for 15 min
in the equilibration buffer containing 130 mmol/L DTT,
6 mol/L urea, 2% SDS, 0.375 mol/L Tris HCl, pH 8.8,
and 20% glycerol. Then the gel strip was equilibrated for
another 15 min in the same equilibration buffer except that
DTT was replaced with 135 mmol/L iodoacetamide.
Second-dimensional sodium dodecyl
sulfate-polyacrylamide gel electrophoresis
T he second dimensional sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) was
performed in 12% acrylamide vertical slab gels using the
protean Ⅱ xi cell system. The equilibrated strip was sealed
at the top of the 1.0 mm thick second-dimensional gel
with the help of 0.5% low-melting agarose in stacking
buffer (0.1% SDS, 0.25 mol/L Tris, 0.192 mol/L glycine,
supplemented with bromophenol blue as a tracking
dye). Gels were run at constant voltage of 60 V for 20
min and then 250 V until the bromophenol blue front
traversed the gel. Proteins were visualized by staining
with Coomassie brilliant blue R-250 or silver nitrate. The
completed analytical 2-D gels were stained with silver
nitrate, the preparative gels were stained for 4 h in 0.1%
w/v Coomassie brilliant blue R-250 in 45% v/v methanol,
www.wjgnet.com
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Albumin
pH 5

pH 8

pH 8

pH 5

Volume 13

116 kDa
66.2 kDa

Triosephosphate
isomerase 1

Dimethylarginine
dimethylaminohydrolas

45 kDa
Triosephosphate
isomerase 1

Peroxiredoxin 6
Dimethylarginine
dimethylaminohydrolase

Number 14
Figure 1 2-DE map of
proteins in rat retinae.
2-DE was performed on
an immobilized 17 cm
pH 5-8 strip, followed by
the second-dimensional
separation on 12% polyacrylamide gels. The
separated proteins were
stained with silver nitrate.

35 kDa
Predicted:
crystallin beta A1

Predicted: guanylate kinase 1
Predicted: guanylate kinase 1

25 kDa

Predicted: crystallin beta A1
Normal

DM

Crystallin alpha B

ATP synthase, H+ transporting, mitochondrial F0 complex, subunit d

10% v/v acetic acid, destained in 45% v/v methanol, 10%
v/v acetic acid.
Image acquisition and analysis
The stained analytical gels were scanned by Umax Powerlook1120 scanner (UMAX, Taiwan, China), and the image
analysis was carried out using the two-dimensional analysis
software package PDQuest 7.2 (Bio-Rad, Hercules, CA,
USA), including image editing, spot finding, quantitation
and matching. The PDQuest software was used to
calculate the 2-D spot intensity by integrating the optical
density over the spot area. Proteins separated by 2-D gels
were quantitated in terms of their normalized quantity.
The individual protein spot quantity was normalized as a
percentage of the total quantity of valid spots present in
the gel. The two characteristics (normal vs diabetic tissue)
were assessed using the Student’s t-test and P < 0.05 was
considered statistically significant. The confidence level
was 95% and the results were exported to Excel 2000
(Microsoft, Seattle, CA, USA) for further analysis.
In-gel digestion by trypsin, tandem mass spectrometry
and bioinformatics analysis
Differentially expressed protein spots were excised from the
preparative gels according to the result of image analysis and
transferred to a siliconized 1.5 mL Eppendorf tube (Sigma).
Fifty mmol/L ammonium bicarbonate/50% acetonitrile (1:1)
(Sigma) was added to the tube to cover the gel piece, and the
tube was incubated at room temperature for 20 min. The
liquid was discarded and washing was repeated. After shrunk
by dehydration in 100 μ L of 100% acetonitrile, which
was then removed, the gel pieces were dried in a vacuum
centrifuge. The gel pieces were swollen in 10 μL of 12.5
ng/μL trypsin (Roshe, Mannheim, Germany) and incubated
at 4℃ for 30 min, then at 37℃ overnight. Mass spectra
were obtained using 4700 proteomics analyzer (TOF/
TOFTM) mass spectrometer (Applied Biosystems, USA ).
Database searches were carried out with GPS Explorer TM
software (Applied Biosystems, USA)-MASCOT (Matrix
Science, London, UK) against the NCBI nonredundant
www.wjgnet.com

Crystallin alpha B

18 kDa
14.4 kDa

protein database (http://www.ncbi.nlm.nih.gov/).

RESULTS
Establishment of diabetic rat models
After eight weeks, the glucose levels in urine and blood and
the body weights of 34 rats including 16 diabetic rats and 18
non-diabetic control rats were measured. The urine glucose
levels in all normal rats were negative (-) while the urine
glucose levels in all diabetic rats were strongly positive (from
+++ to ++++). The blood glucose levels in all normal rats
were much lower than 16.7 mmol/L (about 4-5 mmol/L),
while the blood glucose levels in all diabetic rats were 19.2
mmol/L-31.05 mmol/L. The body weight was reduced in
some diabetic rats but increased in normal rats.
2-DE protein separation and image analysis
Proteins obtained from nor mal and diabetic retinal
tissues were applied to a 2-D gel. The protein spots were
visualized by staining with Coomassie brilliant blue R-250
or silver nitrate. Examples of silver stained 2-D gels
representing the proteome collected from diabetic and
normal retinal tissues are shown in Figure 1. 2-DE was
executed three times for protein sample from each rat
and the best stained gel was picked out for image analysis.
The normalized quantity of protein spots was compared
between 3 normal vs 3 diabetic retinal tissue samples using
the Student’s t-test. Only the protein spots (P < 0.05) were
selected for MS. The expression was up-regulated in 5
proteins, down-regulated in 23 proteins and disappeared
in 8 proteins of diabetic rat tetinae. Figure 2 shows these 3
patterns of protein spots on a 2-D gel.
Protein identification by tandem mass spectrometry
Eight spots were selected randomly from 36 spots and
identified by tandem mass spectrometry. The identified
proteins are listed in Table 1 and Figure 2. The expression
of crystallin alpha B and crystallin beta A1 increased in
diabetic retinal tissues. The expression of albumin, guanylate
kinase 1, dimethylarginine dimethylaminohydrolase 2,

Liu SQ� et al . Expression of retinal proteins in rats
Pattern

Protein name

2121
Diabetic tissue

Normal tissue

Norm Qty

Predicted: crystallin beta A1

D

N

1 Up-regulation

Crystalline alpha B

Predicted: guanylate kinase 1

Norm Qty

Albumin

Triosephosphate isomerase 1
D

N

2 Down-regulation

ATP synthase, H+
transporting, mitochondrial
F0 complex, subunit d

Norm Qty

Dimethylarginine
dimethylaminohydrolase 2

Peroxiredoxin 6
D

N

3 Disappearance

Figure 2 Types of protein expression patterns obtained from normal and diabetic retinal tissues and proteins pertaining to each pattern. Norm Qty on the Y-axis stands for
normalized quantity, D and N on the X-axis stand for diabetic and normal retinal tissue, respectively. The 8 proteins visualized by MS/MS were divided by expression pattern
into pattern 1 through 3 and displayed by protein spots in 2-D gel.

ATP synthase subunit d and triosephosphate isomerase 1
was down-regulated in diabetic retinal tissues. However,
expression of peroxiredoxin 6 could hardly be found in
diabetic retinal sample.

DISCUSSION
It is well known that retinal disease is the most common
microvascular complication in patients with longstanding diabetes. However, the underlying molecular
www.wjgnet.com
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Table 1 Identified proteins with different expressions in diabetic and normal retinae
SSP
No.

Protein name

NCBI
accession No.

Protein Best Ion Gene
score
score
name

MW

pI

7106
7103
3103
4303

Crystallin alpha B
Predicted: crystallin, beta A1
Predicted: guanylate kinase 1
Dimethylarginine
dimethylaminohydrolase 2
Albumin
Triosephosphate isomerase 1
ATP synthase, H+ Transporting,
mitochondrial F0 complex, subunit d
Peroxiredoxin 6

NP_037067
XP_340847
NP_001013133
NP_997697

201
480
174
460

59
132
85
191

Cryab
Cryba1
Guk1
Ddah2

20 076.3
25 253.8
21 896.1
29 669.4

NP_599153
NP_075211
NP_062256

173
326
251

71
128
134

Alb
Tpi1
Atp5h

NP_446028

576

196

Prdx6

5802
7202
6101
5201

P

6.76
6.17
5.44
5.66

DM retina
norm Qty (%)
mean
SD
1.491
0.254
2.885
0.814
0.014
0.013
0.16
0.141

Normal retina
norm Qty (%)
mean
SD
0.388
0.223
0.969
0.654
0.257
0.07
0.829
0.312

0.00483
0.03358
0.00146
0.02774

68 674
26 903.8
18 751.6

6.09
6.45
6.17

0.024
0.197
0.005

0.031
0.016
0.0014

0.275
0.381
1.06

0.105
0.087
0.445

0.0163
0.02275
0.01482

24 803

5.64

n.d.

-

0.414

0.077

0.00078

SSP: standard spots number; MW: molecular weight; pI: isoelectric point; DM: diabetes mellitus; Norm Qty: normal quantity; SD: standard deviation.

pathways that lead to initiation and progression of this
complication remain unresolved. There is little doubt that
the pathogenesis of retinal disease is highly complicated
and there is a pressing need to establish new therapeutic
regimens that can effectively prevent or limit retinal
microvascular cell dysfunction. Some investigations
of functional changes in diabetic retina indicate that
impairment of retinal function precedes the earliest signs
of vascular complications [16,17]. The electroretinogram
(ERG) responses of diabetic rats were reduced in amplitude compared to the responses of control rats 2 wk after
onset of diabetes. Early functional changes of the inner
retina are evident in diabetic patients before impairment
of the outer retina is observed[18]. Joussen et al[9] and Mei
et al[10] also reported that retinal gene expression is changed
in early diabetes in the present study. These observations
indicate that the functional and molecular retinal changes
occur earlier than morphological change in experimental
diabetic rats. The results of this study confirm this viewpoint.
Up-regulation of protein expression
Crystallin alpha B and crystallin beta A1 were overexpressed in diabetic tissues in comparison with normal
tissues. Crystallin alpha B, one of the small heat-shock
proteins (sHSPs), is the main structural protein of eye
lens that contribute to the transparency and refractive
properties of mammalian eye lens. It was recently reported
that crystallin alpha B is highly expressed in multiple nonlenticular normal and diseased human tissues, such as brain,
gliomas, renal carcinomas, breast carcinomas, having an
extensive tissue distribution[19-22]. In the present study, a
higher expression of crystallin alpha B was found in retinae
of diabetic rats than in those of normal rats. Crystallin alpha
B can effectively inhibit both formation of reactive oxygen
species (ROS) and hyperglycemia-induced apoptosis, and
has anti-apoptotic function and a cardioprotective role[23,24].
Crystallin alpha B also meets one of the “gold standards”
for classification of oncogenic protein and may be a useful
biochemical marker for studying the pathogenesis and
prognosis of various human tumors[25,26]. In the present
study, high blood glucose levels in diabetic rats (eight- week
duration) enhanced the expression of crystallin alpha B
in retinae, resulting in inhibition of apoptosis and ROS,
suggesting that crystallin alpha B weakens the retinal tissue
www.wjgnet.com

damage through cytoprotective action, which may provide
a basis for future therapeutic interventions in diabetic
vascular complications. In future study, we may compare
the expression of crystallin alpha B between diabetic and
normal rats to determine if it may be regarded as a powerful
biochemical marker for diagnosis, treatment and prognosis
of diabetes. Beta-crystallins have previously been regarded
as lens-specific proteins[27]. However, beta B2-and beta
A3/A1-crystallin RNAs are transcribed and beta-crystallin
polypeptides are detectable in developing chick retinae[28]. In
our study, crystallin beta A1 was over-expressed in diabetic
rat retinae in comparison with normal retinal tissues,
implying a function for extra-lenticular beta-crystallins.
However, the function of crystallin beta A1 in non-lenticular
tissues remains equivocal so far.
Down-regulation of protein expression
In this study, five proteins were down-regulated in
diabetic retinae, including albumin, dimethylarginine
dimethylaminohydrolase 2, triosephosphate isomerase
1, ATP synthase subunit d and guanylate kinase 1.
Albumin may regulate the colloidal osmotic pressure,
increase the internal diameter of blood vessels, especially
arterioles or capillaries, and also play a role in nitric oxide
signaling by mediating formation of S-nitrosothiols
(RS-NO) [29,30]. Albumin has antioxidant activity, which
may inhibit the reactions induced by dioxygen (O 2) or
peroxides. One of the most common characteristics of
inflammatory diseases is a severe reduction in plasma
albumin concentration and diabetic retinopathy is now
recognized as an inflammatory disease in which albumin
reduction is associated with physiological disorders, such
as modification of the intravascular oncotic pressure or
alterations in the transport of exogenous and endogenous
substrates[31]. The result of our study indicate that diabetes
results in the low-expression of albumin in retinae, which
affects blood colloidal osmotic pressure and nitric oxide
signaling, increases vascular resistance and permeability,
and aggravates retinal cell death and causes blindness.
Dimethylarginine dimethylaminohydrolase 2 (DDAH Ⅱ)
belongs to the DDAH family and has dimethylargininase
activity which hydrolyzes N (G), N (G)-dimethyl-L-arginine
(asymmetrical dimethylarginine; ADMA) and N (G)monomethyl-L-arginine (MMA). Since ADMA and MMA

Liu SQ� et al . Expression of retinal proteins in rats

2123

act as inhibitors of NO synthases (NOS), DDAH Ⅱ plays
an important role in nitric oxide generation. DDAH Ⅱ
has a more widespread distribution and its expression
correlates with the distribution of eNOS[32]. According to
the present study, down-regulated expression of DDAH Ⅱ
in diabetic rat retinae increases plasma ADMA and decreases NO synthesis and may protect retinal cells from
injury induced by hyperglycemia. Therapeutic modulation
of ADMA levels, possibly via pharmacological or genetic
modification of DDAH expression or activity, may represent a new strategy for the treatment of diabetes.
Triosephosphate isomerase 1 (EC 5.3.1.1, TIM1) belongs to the triosephosphate isomerase family, plays an
important role in glycolysis by catalysing the reversible
interconversion of D-glyceraldehyde 3-phosphate (GAP)
and dihydroxyacetone phosphate (DHAP) [33]. Glucose
is broken down to pyruvate via a chemical pathway that
involves 10 enzymes and TIM1 is the fifth enzyme in
this reaction chain that converts DHAP into GAP. High
blood glucose level in diabetic rats may increase nitration
of TIM1, leading to low expression of TIM1[34], which is
consistent with the results of the present study. Low level of
TIM1 decreases the synthesis of ATP. Further studies are
needed to determine the feasibility of TIM1 replacement
therapies. Guanylate kinase 1 (predicted) (EC: 2.7.4.8, GK)
catalyzes the ATP-dependent phosphorylation of GMP
into GDP, and is essential for recycling GMP and indirectly,
cGMP. Photoexcitation of retinal rod photoreceptor cells
involves the activation of cGMP enzyme cascade[35]. In the
retinae of diabetic rats, low expression of GK reduces the
phosphorylation of GMP into GDP, thus increasing GMP
level. The increased GMP level inhibits the hydrolyzation of
cGMP to GMP, resulting in accumulation of cGMP, which
does not close the cation-specific channels. As a result, the
increased cytosolic calcium level interrupts hyperpolarization
of plasma membrane and generation of neural signals.
Maybe, it is one of the mechanisms of blindness in diabetic
patients with retinopathy. ATP synthase, H+ transporting,
mitochondrial F0 complex, subunit d (ATP synthase subunit
d) are the subunit d of mitochondrial H (+) -ATP synthase,
which catalyzes ATP synthesis from ADP and phosphate
utilizing the energy derived from an electrochemical gradient
of protons across the inner membrane during oxidative
phosphorylation. However, the exact function of ATP
synthase subunit d is unknown. The data obtained in this
study revealed that expression of ATP synthase subunit d
was scarcely found in the retinae of 8-wk old diabetic rats,
suggesting that reduced ATP synthesis in retinae affects the
function of retinal cells.

against oxidative stress which contributes to the pathogenesis of the long-term complications of diabetes [37].
Disappearance of peroxiredoxin 6 in the retinae of diabetic
rats may cause excess reactive oxygen species (ROS), such as
hydrogen peroxide, superoxide anion and hydroxyl radicals,
contributing to accumulation of cellular peroxides-convert,
and accentuating tissue oxidative injury.
In conclusion, there are differences in expression of
retinal protein between diabetic and normal rats. These
proteins, up-regulated or down-regulated, may be involved
in the pathogenetic mechanisms and prognosis of retinal
diseases caused by diabetes, or in the maintenance of survival of retinal cells. Of these proteins, guanylate kinase
1, TIM1, ATP synthase subunit d, albumin and DDAH Ⅱ
may play an important role in signal transduction. TIM1,
crystallin alpha B, ATP synthase subunit d and peroxiredoxin
6 are involved in energy metabolism of retinal tissues. The
role of crystallin beta A1 in diabetic retinae has not yet been
found. Further study is necessary to determine if some
proteins such as crystallin alpha B, DDAH Ⅱ and TIM1
can be regarded as candidates of biochemical markers for
diagnosis and treatment of diabetes. Our findings provide
direct and visible evidence for analyzing the molecular
pathogenetic mechanisms of retinal diseases caused by
diabetes.

Disappeared expression of proteins
Peroxiredoxin 6 matches pattern 3. In this pattern,
peroxiredoxin 6 is acarcely expressed in the diabetic samples. Peroxiredoxin 6 (Prdx6, EC 1.11.1.15) is a unique,
bifunctional protein with both GSH peroxidase and
phospholipase A2 activities, and is the only mammalian
1-Cys member of the peroxiredoxin family of antioxidant
proteins which protect cells from oxidative damage by
reducing cellular peroxides [36] . Knockout studies and
transgenic over-expression of Prdx6 in mice have demonstrated an important role of this protein in protection
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Abstract
AIM: To describe cases of gut perforation after orthotopic
liver transplantation.
METHODS: Data were colleted from our center
database and medical records. Six of 187 patients (3.2%)
who underwent orthotopic liver transplantation from
January to December 2005 developed gut perforation.
All patients were male with an average age of 46 years.
Modified piggyback liver transplantation was performed
at the Organ Transplantation Center, First Affiliated
Hospital, Sun Yat-Sen University.
RESULTS: Previous operation, steroid therapy, and
prolonged portal venous cross clamp time, poor
nutritional status and iatrogenic injury were found to be
its ecological factors. The patients with gut perforation
were found to have fever, increased leukocytes, mild
abdominal pain and tenderness. The median portal
venous clamp time was 63 min (range 45-72 min),
median cold ischaemia time was 11.3 h (range 7-15 h).
Median intraoperative blood loss was 500 mL (range
100-1200 mL) and median operation time was 8.8 h
(range 6-12 h). None of the six patients developed
acute cellular rejection. White cell count was above
9
18 × 10 /L in five patients (neutrophilic leukocytes were
9
above 90%) and 1.5 × 10 /L in one patient. Bacterial
culture in drainage liquid revealed enterococci in five
patients. Of the 6 patients undergoing orthotopic liver
transplantation, 3 survived and 3 died after modified
piggyback liver transplantation.
CONCLUSION: Gut perforation occurs after orthotopic
liver transplantation in adults. A careful and minimal
dissection during OLT, longer retention of the stomach
tube, and reducing the portal clamp time and steroid
d o s e s h o u l d b e t ake n int o c onsiderat ion. If gut
perforation is not prevented, then early diagnosis,
preferably through detection of enterococci may ensure
better survival.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gut perforation is a rare complication that occurs after
orthotopic liver transplantation (OLT). It is more common
in children than in adults and causes surgical morbidity.
Steroid administration can induce gut perforation gut
perforation. Steroid therapy often accompanies OLT
because it decreases inflammation by suppressing
macrophages, lymphocytes and other inflammatory factors.
However, it also stimulates the secretion of gastric acid
and pepsin, inhibits the secretion of gastric mucus, and
reduces the resistance of gastric mucosal barrier which
can induce ulcers and perforate vulnerable sites in the gut.
Moreover, glucocorticosteroids reduce the utilization of
glucose and enhance gluconeogenesis and proteolysis, thus
delaying the repair of gastrointestinal injury which can
cause microbes to perforate the gut.
Early diagnosis of gut perforation may be difficult,
and if the diagnosis is delayed, the condition may be lifethreatening. Etiological factors include previous operation,
steroid therapy, and prolonged portal venous cross clamp
time, poor nutritional status and iatrogenic injury. This
study was to describe cases of gut perforation after OLT
in adults encountered at our facility over a one-year period.

MATERIALS AND METHODS
Data were colleted from our center database and medical
records. Six of 187 patients (3.2%) who underwent
OLT from January to December 2005 developed gut
perforation. All patients were male with an average age
of 46 years. Modified piggyback liver transplantation
was performed at the Organ Transplantation Center,
First Affiliated Hospital, Sun Yat-Sen University. Table 1
summarizes the operative history, liver dysfunction, and
post-surgical outcome of the six patients. Of the four
patients undergoing operation, two received OLT, one
a hepatectomy, and one a splenectomy with extensive
esphagogastric devascularization. Among the three
patients with cirrhosis, stenosis of the bile duct was
found in one after OLT, and hepatoma in two. Portal
www.wjgnet.com
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Table 1 Description of patients with gut perforation after OLT
Patient No.

Age (yr)

Sex

Operative history

Diagnosis

Localization

Treatment

Outcome

1
2

38
40

Male
Male

None
None

Hepatoma
Cirrhosis

Ileum
Jejunum

Survived
Died

3

49

Male

Cirrhosis

Stomach

4
5
6

49
59
41

Male
Male
Male

Splenectomy, extensive
esophagogastric devascularization
OLT
Hepatectomy
OLT

Stenosis of bile duct
Cirrhosis
Hepatoma

Stomach, jejunum
Transverse colon
Transverse colon

Oversew
Small bowel resection,
enterostomy
Oversew, gastrostomy,
enterostomy
Oversew, enterostomy
Oversew
Colostomy

venous bypass was performed in one of the three patients.
Immunosuppression was achieved with tacrolimus
(maintaining blood drug concentration at 8-12 μg/mL)
and steroid (diminishing from 1 g/d to 4 mg/d) in all
patients.

RESULTS
Parameters of OLT
Of the six patients with gut perforation, four patients
(67%) underwent a difficult dissection due to dense
adhesions caused by a previous abdominal surgery. The
median portal venous clamp time was 63 min (range 45-72
min), median cold ischaemia time was 11.3 h (range 7-15
h), median intraoperative blood loss was 500 mL (range
100-1200 mL) and median operation time was 8.8 h (range
6-12 h). None of the six patients developed acute cellular
rejection. White cell count was above 18 × 109/L in five
patients (neutrophilic leukocytes were above 90% and
1.5 × 109/L. Bacterial culture revealed enterococci in five
patients. None of the six patients developed acute cellular
rejection.
Symptoms and diagnosis of gut perforation
All patients with gut perforation after OLT complained
of sudden subtle or moderate abdominal pain, abdominal
tenderness without rebound tenderness. Their temperature
ranged from 36.5℃ to 38℃ without chill. The diagnosis
of gut perforation was established based on a stool-like
substance discovered in the abdominal incision and a bilelike or unclean liquid from the drainage tube detected after
cholangiography or peroral administration of methylenum
coeruleumin 11-12 d after OLT.
Site of gut perforation and corrective surgery
The incidence rate of perforation in the jejunum,
transverse colon, ileum and stomach was 33%, 33%,
17% and 17%, respectively. Patient 4 had stomach and
jejunum perforation. To correct the perforated gut, two
patients underwent simple oversew of the perforation and
one colostomy. Patient 3 underwent oversewn as well as
gastrostomy and enterostomy for multiple perforations.
Patient 2 received small bowel resection and enterostomy.
None of the six patients had reperforation.
Surgical observations and post-surgical outcome
Three patients (50%) died of gut peration 2-33 d after
operation for gut perforation. Perforation of Michale
www.wjgnet.com

Survived
Died
Survived
Died

diverticulum at the distal segment of ileum and seriously
contaminated abdominal cavity were observed during
surger y in patient 2. The patient died of multiple
organ failure on d 9 after operation. Similarly, multiple
perforations and seriously contaminated abdominal
cavity were observed during surgery in patient 4. This
patient died of multiple organ failure 2 d after operation.
Perforation of the transverse colon and bulky stool in
the abdominal cavity were observed during surgery in
patient 6. The patient died of multiple organ failure 33 d
after operation. The other patients (50%) recovered after
surgery. All three survivors were characterized by mild
contamination of the abdominal cavity.

DISCUSSION
The incidence rate of perforation after OLT in our
study was 3.2%. Studies showed that the incidence
rate of perforation after OLT is 1%-5.3% [1-3] in adults
and 8.3%-14% in children [4-6]. The higher incidence in
children than in adults is most likely due to tight adhesions
between the liver and formation of intestinal loops during
portoenterostomy before liver transplantation. These
tight and diffuse adhesions complicate hepatectomy and
necessitate extensive gut dissection, which increases the
risk of gut perforation after transplantation. In support of
this, the majority of adults with gut perforation after OLT
in this study had dense adhesions complicating the OLT
procedure due to previous operation[7,8].
The etiology of gut perforation is multifactorial[6,9-11].
As mentioned above, previous abdominal surgery and
intraperitoneal adhesions [12] may result in difficult or
extensive dissection and are likely the underlying cause of
most gut perforations after OLT[13]. Iatrogenic injury[5,9]
may be another important reason for gut perforation.
In our study, two cases had gastric wall injuries when
the adhesion was dissected. Other risk factors for gut
perforation include postoperative immunosuppression
causing difficulties in sealing microperforations, and some
unidentified congenital diseases, such as diverticula. Portal
venous clamp time and portal venous collateral circulation
can also be important factors for gut perforation[5,14]. If
portal venous clamp time is long, collateral circulation is
incomplete leading to gut congestion. These factors may
have contributed to gut perforation in our study in that
four patients had long portal venous clamp time (above
65 min) and portal venous collateral circulation was
insufficient. Liver dysfunction or rejection has not been
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associated with perforation[12,15,16], and accordingly, in our
group, none had acute rejection.
Many other factors, including early postoperative portal
vein thrombosis[16,18,19] and intra-abdominal bleeding[5,13]
after OLT requiring re-operation, have been suggested
to increase the risk of gut perforation [17] but were not
encountered in the patients of this study.
Gut perforation following OLT can occur in all parts
of the gastrointestinal tract [6,10,15]. In our study, it was
observed in the ileum, transverse colon, jejunum, stomach,
or in both of jejunum and stomach. Initially, the surgical
treatment was to oversew the perforation, particularly
for the small bowel. To prevent re-perforation, resection
should be performed for colonic lesions. More radical
suggestions include planned re-exploration for high-risk
cases between three and five days post-OLT. However,
we think this is unnecessary because of the low-incidence
of gut perforation after OLT. The incidence rate of reperforation ranges 31%-40% and no re-perforation
occurred in our study.
The mortality after OLT is higher in patients with gut
perforation than in those without[13,20-22]. In our study, the
patients who died had more serious contamination of
the abdominal cavity than the survivors, suggesting that
the degree of abdominal infection is directly related to
postoperative mortality. Therefore, early diagnosis and
treatment are the most important factors for decreasing
morbidity.
Clinical features of gut perforation include fever,
presence of bowel content from a drain, increased white
blood cell count, abdominal distension and tenderness[4].
All these symptoms occurred in our patients. Abdominal
pain alone should not be considered the most important
index of perforation because patients with OLT are often
given large doses of steroid and immunosuppressant
which could make this feature atypical. However, when
it is accompanied with a high white blood cell count and
fever with unknown reason, abdominal pain may be a
better indicator. Free gas seen on a plain abdominal X-ray
has been reported in 30-70 cases, but does not seem to be
an early predictor of gut perforation[4]. It was reported that
abdominal ultrasound is helpful in localizing and aspirating
intraperitoneal collections if perforation is suspected[5].
However, in our study, although all cases received an
ultrasound, the findings were not specific. In our study,
the majority of patients showed enterococci in bacterial
cultures, suggesting that a final diagnosis of gut perforation
based on the presence of enterococci[23]. This is why the
presence of bowel contents and enterococci from a drain,
increased white cell counts and abdominal discomfort are
good indicators of gut perforation. Once gut perforation
has been identified, exploration is an exclusive approach
and steroid treatment should be stopped. In our study, all
patients ceased steroid usage and none of them had acute
cellular rejection.
In conclusion, gut perforation after OLT is a serious
complication and frequently results in death. A careful
and minimal dissection during OLT, longer retention of
the stomach tube, and reducing the portal clamp time
and steroid dose should be taken into consideration. If
gut perforation is not prevented, then early diagnosis,
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preferably through detection of enterococci may ensure
better survival.
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Abstract
Presacral ganglioneuromas are so rare benign tumors
that only 17 cases have been reported in the literature.
They are abdominal masses growing slowly and
differential diagnoses have to be considered. Surgical
resection is important for definitive diagnosis because
it represents the only therapeutic choice. Because of
the benign nature of ganglioneuroma, adjuvant chemoor radiotherapy is not indicated but regular follow-up
is necessary for an early diagnosis of potential local
recurrence. We report a case of a 64-year-old man with
a presacral ganglioneuroma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ganglioneuromas are rare tumors in the neuroblastoma
group[1-6]. They are benign lesions arising from sympathetic
ganglion cells and complete surgical resection is considered
to be curative[7-17]. They are rarely located in the presacral
space, and so far, only 17 cases have been reported in the
literature.

CASE REPORT
A 64-year-old healthy man sought medical advice in
September 2005 because a routine abdominal ultrasonography
for benign prostatic hypertrophy incidentally revealed a pelvic
mass. He did not complain of any back pain or discomfort,
and no neurologic symptoms were present. There was no
evidence for endocrinological symptoms like diarrhea.
He was admitted to our institute. Hereditary background
for syndromes such as MEN2, cowden syndrome,
tuberous sclerosis or familial polyposis coli were definitely
excluded. Physical examination confirmed the presence
of an abdominal mass, and neurologic examination was
negative. There was no proctorrhagia, and both digital
rectal examination and colonscopy excluded any origin
of the pelvic mass from the rectum. Routine blood tests
were made and tumor markers were detected (CEA,
CA 19-9, CA 125, AFP, CA 72-4), but all values were
nor mal. Laboratory studies showed no evidence of
catecholamine excess. Computed tomography (CT) and
magnetic resonance (MR) imaging were perfor med
(Figure 1). Abdominal CT scan revealed a disomogeneous
mass (12 cm × 9 cm × 8 cm) with irregular enhancement
in the different contrastographic phases, arising from
the sacral canal through the third right sacral foramen.
Differential diagnosis had to be considered but a first
diagnosis of Schwannoma or Chordoma was suggested
by the radiologist. Pelvic MR confirmed the origin of the
lesion from sacral canal in S2 through the third right sacral
foramen, and excluded any sign of sacral or coccygeal
metameric infiltration or osteolysis. Pelvic MR also
confirmed the first hypothesis of Schwannoma. The patient
was submitted to surgical laparotomy: midline incision
and transperitoneal exposure were performed; small
bowel, distal sigmoid and rectum and their mesenteries
were retracted to expose the tumor lesion. Pelvis was
completely occupied by a big mass, measuring 12 cm ×
9 cm, tenaciously sticked to sacral plane. Intraoperative
frozen section excluded the malignancy of the lesion.
A partial resection of mesocolon and rectal preparation
were necessary in order to gain access to the tumor lesion.
Tumor preparation and its resection were very difficult
because of large size, anatomical deep location and origin
from the third sacral foramen. A complete and curative
resection was performed. Histopathologic examination
noticed ganglioneuroma with microcalcifications and focal
lymphoplasmocellular infiltration. Large tumor ganglion
cells are well differentiated and embedded in a neuromatous
stroma with microcalcifications (Figures 2 and 3).
www.wjgnet.com
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Figure 3 Hematoxylin and Eosin photomicrograph (× 10; × 20). Large ganglion
cells are embedded in a neuromatous stroma with calcifications.
60.8 mm (2D)
127.6 mm (2D)

Figure 1 Abdominal CT scan shows a disomogeneous mass arising from the
sacral canal through the third right sacral foramen.

Figure 2 Tumor mass
exposed after longitudinal
section.

The patient had a regular postoperative hospital stay
without complications and was discharged on the 7 th
postoperative day. After a 8-mo follow-up, he remains
healthy with the exception of urinary retention, probably
due to the benign prostatic hypertrophy.

DISCUSSION
Histologically ganglioneuromas are considered to be part
of the neuroblastoma group together with neuroblastomas
and ganglioneuroblastomas [1-6]. Ganglioneuromas are
well-differentiated tumors, distinguished from the other
groups because they are considered benign and constituted
by mature sympathetic ganglion cells [1]. Some authors
reported malignant transformation, spontaneously or after
radiotherapy[15,18,19]. Arising along the sympathetic chain,
ganglioneuromas are commonly localized in the posterior
mediastinum followed by retroperitoneum, cervical region
and adrenal gland[1,20]. Few cases have been reported in
bone. The presacral location is very rare[7-14,17,21] (Table 1). An
association with neurofibromatosis and multiple endocrine
neoplasia syndrome Type Ⅱ B has been reported by other
authors[6]. They are common in young females[6,22,23] and
such as abdominal benign masses, are usually asymptomatic
until they reach a large size when they compress and
displace adjacent structures. Moreover, several patients can
present with constipation or pain due to local mass effect

www.wjgnet.com

on the rectum, sacral root and lumbosacral plexus [1,23].
Ganglioneuromas have usually a mean diameter of 7 cm,
so our patient is a rare case both for its presacral location
and size[6]. On diagnostic evaluation, magnetic resonance
represents the best non-invasive imaging method for
preoperative study of this kind of lesions. Structural and
morphological features of ganglioneuromas, such as the
presence of mature sympathetic ganglion cells, can help
distinguish them in differential diagnosis from other pelvic
or abdominal lesions such as Schwannoma, neurofibroma,
meningoma or cystic lesions. Lymphomas, chordomas,
teratomas, soft-tissue sarcomas, Ewing sarcoma,
osteosarcomas, chondrosarcomas or bone metastases
are distinguished from ganglioneuromas because they
are able to invade and erode bones. Preoperative study
should be completed by FNAB samples of the lesion, but
because of its anatomical location, technical approach
is often difficult. Furthermore, an inaccurate diagnosis
may occur with a single FNAB sample and multiple
sites should be reached within the tumor [19] . So, we
preferred intraoperative frozen section in order to define
a correct diagnosis or discriminate between benign and
malignant lesions. We preferred anterior laparotomic
approach transperitoneally with rectum mobilization so
as to achieve a complete tumor resection. A posterior
trans-sacral approach was not preferred because of the
potential iatrogenic morbidity to the dural sac and cauda
equine. It was not necessary to perform laminectomy and
foraminotomy because our patient was neurologically
asymptomatic and intraoperative frozen section reported
a benign lesion. To achieve this kind of surgical approach,
we preser ved ner ve tissues avoiding morbidity and
neurological dysfunction for the patient. If necessary, we
could perform laminectomy and foraminotomy in case
of recurrence with neurological symptoms. Because of
the benign nature of ganglioneuromas, adjuvant systemic
chemotherapy or local radiotherapy are not indicated.
Moreover, surgical resection represents the only choice
for both diagnosis and treatment, and a regular follow-up
is necessary to assess local recurrence. Ganglioneuromas
have a tendency to remain silent for a long time, and are
often associated with a long-term disease-free survival[23].
Therefore, annual follow-up with neurologic examination
and pelvic magnetic resonance is necessary, particularly
when residual disease is present after surgical debulking.
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Table I Clinical and surgical data in our patient and 17 previously reported cases
Authors
MacCarty (1965)
Andersen (1986)
Richardson (1986)
Leeson and Hite (1989)
Stener (1989)
Spirnak and Wood (1993)
Okai (2001)
Lam and Nagib (2002)
Marmor (2002)
Modha (2005)

Przkora (2005)
Cerullo (2005)
Mounasamy (2006)

Age (yr)/Sex
37/M
14/M
71/M
21/F
20/F
8/M
70/M
11/M
70/M
65/F
21/F
21/M
19/F
28/F
17/F
64/M
64/M
21/F

Symptoms

Surgical approach

Resection

None
None
Neurogenic bladder, constipation
Pain, weight gain, urinary frequency
Pain
Constipation
Constipation, pain
Constipation
None
Pain
Pain
None
Constipation, low back pain
Low back pain
Amenorrhoea, weight loss
None
Low back and leg pain
None

Transperitoneal approach + sacral amputation
Transperitoneal approach
Sacral laminectomy
Transperitoneal approach
Sacral amputation
Not specified
Transperitoneal approach
Transperitoneal approach + laminectomy
Transperitoneal approach
Retroperitoneal exposure
Retroperitoneal exposure
Transperitoneal approach
Transperitoneal approach
Transperitoneal approach
Sacral resection+laminectomy
Transperitoneal approach
Transperitoneal approach + laminectomy
Transperitoneal approach + laminectomy

C
C
P
P
C
C
P
C
C
P
P
P
C
P
C
C
C
P

C: complete rection; P: partial resection; M: male; F: female.
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Abstract
Oesophageal ulcers occur mainly as a result of gastrooesophageal reflux disease (GERD). However, pillinduced oesophageal ulcers are a fairly common event.
The lesion is mainly due to entrapment of the pill and/
or its chemical composition thereof. This case report
describes an oesophageal mucosa ulcer occurred in a
healthy 35-year old woman who had no previous history
of oesophageal disorders and received homeopathic
medication. The present case reveals that pill entrapment
can occur even in the oesophagus of healthy young
individuals and that oesophageal mucosal ulcer can be
triggered by substances generally thought devoid of any
potentially mucosal aggressive effect.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Oesophageal ulcers occur mainly as a result of gastrowww.wjgnet.com

oesophageal reflux disease (GERD). However, pill-induced
oesophageal ulcers are a fairly common event and more
than 1000 cases have been reported in the literature[1]. The
lesion is mainly due to entrapment of the pill and/or its
chemical composition thereof. In fact, the risk factors for
damage to the oesophageal mucosa include patient factors,
such as advanced age, institutionalized condition, preexisting oesophageal or swallowing disorders (GERD and
hiatal hernia, dysphagia, achalasia, oesophageal strictures,
etc) and cardiomegaly; drugs and their formulation factors,
such as antibiotics and antivirals, non-steroidal antiinflammatory drugs (NSAIDs) and many other chemicals
including alendronate and potassium chloride; situational
and administration factors, such as associated use of alcohol, insufficient liquid bolus, recumbent position[2]. To our
knowledge, no oesophageal lesions induced directly by
homeopathic medications have been reported so far.

CASE REPORT
A 35-year old female came to our attention due to 3 d.
standing chest pain, dysphagia and mild fever (37.5℃).
No previous history of oesophageal disorders or gastrooesophageal reflux symptoms or alcohol use was reported.
The patient appeared to have pain. Physical examination
revealed no change in blood pressure, respiratory or heart
frequency. Routine chest X-ray and ECG were normal,
laboratory tests were in the normal range, except for
complete blood cell count which revealed an increase
in relative neutrophils (76%). However, the patient was
hospitalized and, the next day, an upper endoscopy was
performed which revealed a longitudinal flat ulcer with
regular margins covered with fibrin, located in the middle
third of the oesophagus, with no macroscopic signs of
oesophagitis (Figure 1). Indeed, the oesophageal junction
as well as the gastric and duodenal mucosa appeared
macroscopically normal. A more detailed investigation of
the case history revealed that, during the three days prior
to the onset of symptoms, the patient took homeopathic
medication prescribed by a physician with the intent to
treat a state of mild anxiety. From the first assumption
of the pill she experienced a kind of oesophageal organ
sensation and/or a very mild dysphagia.
The pill composition includes the following eight
different herb components: magnolia officinalis cortex,
scutellaria baiacalensis, ligusticum wallichii, escholzia
californica, poria pararadicis sclerotium, ziziphus spinosa,
polygala tenuifolia alba, biota semen.
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Figure 1 Flat longitudinal
ulcer covered with fibrin,
located in middle third of the
oesophagus.

Figure 3 Homeopathic pill
dimension (2.3 cm in length and
0.4 cm in width).

Figure 2 Endoscopy after
three weeks showing complete
healing of mucosa.

psychotics, clozapine and botilium toxin can induce swallowing dysfunction and dyskinesia, enhancing pill entrapment
and mucosal lesions[2].
Administration factors, such as concomitant alcohol
ingestion, recumbent position, frequent doses of a multiple
medication and prolonged contact of the drug with the
mucosa although the mucosa injury mechanisms may be
considered important[2] were not present or not taken into
account as determinant factors in the present case. A very
small amount of water swallowed with any kind of pill,
is sufficient to produce oesophageal injury, often with
further associated factors. However, it was not the case in
this patient, who reported that ingestion of the pill with a
relative high dimension was accompanied with ache after
drinking almost 200 mL of water. However, we cannot
exclude that the relevant size of the pill (Figure 3) would
have needed more water to avoid its entrapment in the midoesophagus.
It is important, in the present case, to bear in mind
the particular composition of the pill that includes eight
different components with unspecified concentration.
We looked at each specific component of the pill and no
data on their potential effects on gastrointestinal mucosa
have been reported in the consulted literature. Specifically,
for the scutellaria baiacalensis, hepatic toxicity has been
associated with therapeutic ingestion and neurologic sideeffects after overdose assumption. For the Ligusticum wallichii,
from which three different alkaloids have been isolated,
an associated uterus contraction effect in experimental
animals could suggest a potential motility interference also
in human muscle layers[14,15]. However, the effects of their
combination on the gastrointestinal mucosa in one pill are
quite impossible to predict.
In conclusion, the potential individual or combined
effects of these substances, as many other alternative
remedies, on the oesophageal mucosa, are largely unknown,
thus a direct aggressive effect of any single or combination of the supposed innocuous herb-derived substances
cannot be excluded. The present case reveals that pill entrapment can occur even in the oesophagus of healthy young
individuals and that oesophageal mucosal ulcer can be
triggered by substances generally thought by the prescriber,
not to have any aggressive side-effects on the gastrointestinal
mucosa.

The patient was put on a liquid diet and treated with 40
mg/d omeprazole i.v. and oral liquid sucralfate twice daily
for 2 d. A clear improvement in symptoms was obtained
within 24 h of treatment. The patient was discharged from
the hospital after 64 h with a very mild residual dysphagia,
but complete disappearance of the retrosternal chest pain.
After three weeks, during which the patient was taking
only 40 mg/d oral dose of omeprazole, upper endoscopy
was repeated which revealed complete healing of the
oesophageal ulcer (Figure 2).

DISCUSSION
Drug-induced oesophageal ulcer has been reported in 22.7%
of patients with oesophageal ulcer, mostly localized in the
middle third of the oesophagus, with a mean dimension of
almost 2.9 cm[2]. Age range of patients, reported in most
studies is 56-66 years, whereas, drug-induced oesophageal
ulcers in young healthy individual are rare[2-5]. In the present
case, also due to the absence of any oesophageal motility
symptom in her history, all the most common patientrelated risk factors could be excluded [6] and only drug
formulation factors appeared to be the only determinant
factors for inducing the oesophageal mucosa injury[7-11].
Drug composition and their formulation may affect oesophageal mucosa in many ways, all resulting in local
mucosa alterations. Acidic chemicals and drugs with a fast
dissolution rate can expose the mucosa to an increased risk
of damage. The formulation of capsules have been reported
to be more sticky than tablets[9], dosage and dimension may
also be considered as possible risk factors[10,11]. Many types
of drugs such as NSAIDs, bisphosphonates, potassium
chloride, ferrous sulfate, nifedipine and antibiotics such
as tetracyclines, erythromycin, amoxicillin, clavulanate,
have been reported to be potentially dangerous for the
oesophageal mucosa, particularly alendronate, in elderly
patients[8,12,13]. Moreover, agents such as quinidine, anti-
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Abstract
5-Fluorouracil (5-FU) is the most frequently used
chemotherapy agent concomitant with radiotherapy
in the management of patients with rectal cancer.
Capecitabine is an oral fluoropyrimidine that mimics the
pharmaconkinetics of infusional 5-FU. This new drug
is replacing 5-FU as a part of the combined-modality
treatment of a number of gastrointestinal cancers.
While cardiac events associated with the use of 5-FU
are a well known side effect, capecitabine-induced
cardiotoxicity has been only rarely reported. Here, we
reviewed the case of a patient with rectal cancer who
had a capecitabine-induced coronary vasospasm. The
most prominent mutation of the dihydropyrimidine
dehydrogenase gene was also analyzed.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
5-Fluorouracil (5-FU) is an antimetabolite that is widely
used in the treatment of solid tumors. The metabolism
and pharmacokinetics of 5-FU play important roles
in determining its efficacy and toxicity. Cardiac events

related to 5-FU have been described since 1975[1]. Recent
prospective clinical trials have demonstrated that 2%
to 10% of the patients exposed to 5-FU developed
cardiovascular complications [2,3] . Capecitabine is a
fluoropyrimidine carbamate active in several solid tumors.
Its use will be probably increased in the coming years in
patients with colorectal cancer due to the recent findings
of a randomized trial[4]. This clinical trial demonstrated
that capecitabine is an effective alternative to intravenous
fluorouracil (5-FU) plus leucovorin in the adjuvant
treatment of colon cancer. Capecitabne is converted to
the active 5-FU by the action of a series of enzymes.
One of these enzymes, thymidine phosphorylase (TP),
has higher concentrations in tumor tissue than in
normal tissue[5]. This suggests that the activation occurs
preferentially in tumor tissue, providing a favorable ratio
for toxicity and radiosensitization. Only a few cases of
capecitabine-induced cardiotoxicity have been reported
to date[6-10]. The first case described occurred in a patient
with a prior history of 5-FU-related cardiotoxicity [7].
Another report described a case of coronary spasm after
drug administration in a woman with moderate arterial
hypertension[9]. To our knowledge, capecitabine-induced
coronary vasospasm has been only once reported in
patients without previous history of cardiologic events[8].
A common etiology for capecitabine and 5-FU-induced
coronary vasospasm has recently been suggested in a colon
cancer patient[6].
Walko et al recently compiled a review of the literature
reporting adverse effects observed in capecitabine-treated
patients [10]. Chest pain occurred in 6% of 758 breast
and colorectal cancer patients treated with capecitabine
at a dose of 2500 mg/m2 per day in 2 divided doses for
14 d followed by 1 wk rest. They concluded that this
complication is more frequent in patients who have a
history of coronary artery disease and recommended close
monitoring for cardiac abnormalities during therapy.
The present case report describes several episodes
of angina after oral administration of capecitabine in a
patient without prior cardiac history and without previous
treatment with fluoropyrimidines.

CASE REPORT
A 71 year-old male patient with a moderately differentiated
adenocarcinoma of the rectum (uT3N0) was to be treated
with intensity modulated radiation therapy (48, 34 Gy to
the 95% of the Gross Tumor Volume) with Oxaliplatin
60 mg/m2 on d 1, 8 and 15 and Capecitabine 825 mg/m2
www.wjgnet.com
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Figure 2 Wild-type sequence at 5'-splice recognition site of intron 14 in DPD
gene.
Figure 1 EKG during the stress ecocardiography. ST elevation in anterior (V4-V6)
and inferior leads (DⅡ, DⅢ, aVF).

bid given on the radiation days. Surgery was to follow 4-6
wk later.
On March 16, 2005, the patient started radiotherapy;
he received the first cycle of Oxaliplatin and was placed
on Capecitabine. On radiation d 8, he received the
second chemotherapy cycle without any complications.
On d 9, he complained of stomach pain and nausea, and
gastric protection and antiemetics were increased. On
d 15, the third cycle of Oxaliplatin was given, and the
patient continued with oral capecitabine. He continued
to complain of the same stomach pain which improved
with vomiting. On d 17 he came to the emergency room
complaining of thoracic pressure, sweat, and dyspnea
during exercise on two different occasions. He had had two
previous episodes of chest pain at rest, and one of these
episodes woke him up. A cardiac check-up was undertaken.
The electrocardiogram showed no abnormalities. The
echocardiogram demonstrated a normal systolic function
with an ejection fraction of 0.55. During the stress
echocardiography with exercise the patient had oppressive
thoracic pain, ST segment elevation in precordial and
inferior electrocardiog raphic leads (Figure 1) and
contractility changes (akinesia and severe hypokinesia) in
the territory of the right and anterior descending coronary
arteries respectively. Cardiac catheterization did not reveal
significant coronary artery disease and intracoronary
injection of ergonovine failed to induce coronary spasm
in the epicardial arteries. Capecitabine administration
was discontinued, and the patient completed the planned
irradiation course uneventfully.
Dihydropyrimidine dehydrogenase (DPD) defficiency,
which may cause accumulation of potentially cardiotoxic
5-FU metabolites, was ruled out. DNA was isolated from
purified lymphocytes by standard procedures and PCR
amplification of exon 14 and its flanking intronic regions
was performed. Further sequence analysis was carried
out on an Applied Biosystems model 377 automated
DNA sequencer using the dye-terminator method. DNA
sequence was clearly wild-type (Figure 2).

DISCUSSION
Capecitabine is converted to 5´-deoxy-5-fluorocytudine
(5'DFCR) by carboxylesterase in the liver, then to 5´DFUR
www.wjgnet.com

by cytidine deaminase, and finally to 5-FU in tumor tissue
by pyrimidine nucleoside phosphorylase. TP, an angiogenic
substance identical to the angiogenic agent “platelet
derived endothelial cell growth factor” (PD-ECGF)[11,12],
is required for the final activation step of the prodrug.
TP has been found to be expressed in atherosclerotic
plaques [13] . This fact could explain the higher risk in
patients with a prior history of coronary disease.
Deficiency of dihydropyrimidine dehydrogenase
(DPD), the rate-limiting enzyme in fluoropyrimidines
catabolism, has been linked to toxic side effects of these
drugs. The most prominent mutation of the DPD gene
resulting in severe DPD deficiency is a G to A mutation
in the GT 5’-splice recognition site of intron 14 (exon
14-skipping mutation). The corresponding mRNA lacks
exon 14, and the enzymatic activity of the translated DPD
protein is virtually absent (Figure 2).
Myocardial injury, thrombogenic effects, immunoallergic
reaction, and ischemia secondary to coronary artery
spasm have all been implicated in the mechanism of
5-FU-induced cardiac toxicity, although coronary spasm
is thought to be the main one[14-17]. Capecitabine toxicity
is thought to have the same etiology as 5-FU, although
Capecitabine and its metabolites are minimally cytotoxic in
vitro compared with 5-FU[18].
Coronary spasm is defined as an abnormal contraction
of an epicardial coronary artery resulting in myocardial
ischemia. The commonly associated manifestations of
myocardial ischemia are oppressive chest pain and STsegment alterations on the electrocardiogram[19]. However,
the most sensitive marker of myocardial ischemia is the
appearance of a wall motion abnormality, which can be
detected by echocardiography[20].
Our patient presented with rest and exercise-induced
angina, and the stress echocardiogram revealed exerciseinduced cardiac ischemia in the territory of the right
and anterior descending coronary arteries. The coronary
angiography was normal, both in baseline conditions and
during intracoronary ergonovine injection. The absence
of epicardial coronary stenosis ruled out atherosclerotic
coronary disease as the cause of ischemia. The expected
finding in this case was ergonovine-induced coronary
spasm, but it failed to occur. Sometimes the test is negative
in patients with spontaneous spasm because the sensitivity
of ergonovine to induce spasm is below 100%. Another
explanation for the discrepancy between the exercise stress
test and the angiographic findings is the occurrence of
spasm at the microvascular level, in small coronary vessels.

Arbea L et al . Cardiotoxicity due to capecitabine

In conclusion, capecitabine should be considered a
drug with cardiotoxic potential even in the absence of
prior cardiac history. It can induce coronary spasm at the
macro or microvascular level.

2137

10
11

REFERENCES
1
2
3
4

5

6
7

8
9

Roth A, Kolaric K, Popovic S. Letter: Cardiotoxicity of
5-fluorouracil (NSC-19893) Cancer Chemother Rep 1975; 59:
1051-1052
Akhtar SS, Salim KP, Bano ZA. Symptomatic cardiotoxicity
with high-dose 5-fluorouracil infusion: a prospective study.
Oncology 1993; 50: 441-444
Meyer CC, Calis KA, Burke LB, Walawander CA, Grasela TH.
Symptomatic cardiotoxicity associated with 5-fluorouracil.
Pharmacotherapy 1997; 17: 729-736
Twelves C, Wong A, Nowacki MP, Abt M, Burris H 3rd,
Carrato A, Cassidy J, Cervantes A, Fagerberg J, Georgoulias
V, Husseini F, Jodrell D, Koralewski P, Kroning H, Maroun
J, Marschner N, McKendrick J, Pawlicki M, Rosso R, Schuller
J, Seitz JF, Stabuc B, Tujakowski J, Van Hazel G, Zaluski J,
Scheithauer W. Capecitabine as adjuvant treatment for stage
III colon cancer. N Engl J Med 2005; 352: 2696-2704
Miwa M, Ura M, Nishida M, Sawada N, Ishikawa T, Mori
K, Shimma N, Umeda I, Ishitsuka H. Design of a novel oral
fluoropyrimidine carbamate, capecitabine, which generates
5-fluorouracil selectively in tumours by enzymes concentrated
in human liver and cancer tissue. Eur J Cancer 1998; 34:
1274-1281
Aksoy S, Karaca B, Dincer M, Yalcin S. Common etiology of
capecitabine and fluorouracil-induced coronary vasospasm in
a colon cancer patient. Ann Pharmacother 2005; 39: 573-574
Frickhofen N, Beck FJ, Jung B, Fuhr HG, Andrasch H,
Sigmund M. Capecitabine can induce acute coronary
syndrome similar to 5-fluorouracil. Ann Oncol 2002; 13:
797-801
Rizvi AA, Schauer P, Owlia D, Kallal JE. Capecitabine-induced
coronary vasospasm-a case report. Angiology 2004; 55: 93-97
Schnetzler B, Popova N, Collao Lamb C, Sappino AP.

12

13

14
15
16
17
18

19
20

Coronary spasm induced by capecitabine. Ann Oncol 2001; 12:
723-724
Walko CM, Lindley C. Capecitabine: a review. Clin Ther 2005;
27: 23-44
Matsushita S, Nitanda T, Furukawa T, Sumizawa T, Tani A,
Nishimoto K, Akiba S, Miyadera K, Fukushima M, Yamada Y,
Yoshida H, Kanzaki T, Akiyama S. The effect of a thymidine
phosphorylase inhibitor on angiogenesis and apoptosis in
tumors. Cancer Res 1999; 59: 1911-1916
Miyadera K, Sumizawa T, Haraguchi M, Yoshida H, Konstanty
W, Yamada Y, Akiyama S. Role of thymidine phosphorylase
activity in the angiogenic effect of platelet derived endothelial
cell growth factor/thymidine phosphorylase. Cancer Res 1995;
55: 1687-1690
Boyle JJ, Wilson B, Bicknell R, Harrower S, Weissberg PL, Fan
TP. Expression of angiogenic factor thymidine phosphorylase
and angiogenesis in human atherosclerosis. J Pathol 2000; 192:
234-242
Burger W, Chemnitius JM, Metz MZ, Bing RJ. A model for
the study of coronary spasm induced changes in cardiac
metabolism. J Mol Cell Cardiol 1985; 17: 917-930
Kuzel T, Esparaz B, Green D, Kies M. Thrombogenicity of
intravenous 5-fluorouracil alone or in combination with
cisplatin. Cancer 1990; 65: 885-889
Shoemaker LK, Arora U, Rocha Lima CM. 5-Fluorouracilinduced coronary vasospasm. Cancer Control 2004; 11: 46-49
Sudhoff T, Enderle MD, Pahlke M, Petz C, Teschendorf C,
Graeven U, Schmiegel W. 5-Fluorouracil induces arterial
vasocontractions. Ann Oncol 2004; 15: 661-664
Budman DR, Meropol NJ, Reigner B, Creaven PJ, Lichtman
SM, Berghorn E, Behr J, Gordon RJ, Osterwalder B, Griffin
T. Preliminary studies of a novel oral fluoropyrimidine
carbamate: capecitabine. J Clin Oncol 1998; 16: 1795-1802
Kawano H, Ogawa H. Endothelial function and coronary
spastic angina. Intern Med 2005; 44: 91-99
Fujii H, Yasue H, Okumura K, Matsuyama K, Morikami Y,
Miyagi H, Ogawa H. Hyperventilation-induced simultaneous
multivessel coronary spasm in patients with variant angina: an
echocardiographic and arteriographic study. J Am Coll Cardiol
1988; 12: 1184-1192
S- Editor Wang J

L- Editor Karam SM E- Editor Chen GJ

www.wjgnet.com

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 April 14; 13(14): 2138-2139
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

LETTERS TO THE EDITOR

Celiac disease and skin: Psoriasis association
L Abenavoli, L Leggio, G Gasbarrini, G Addolorato
L Abenavoli, L Leggio, G Gasbarrini, G Addolorato, Institute
of Internal Medicine, Catholic University of Rome, Italy
Correspondence to: Ludovico Abenavoli, MD, Institute of
Internal Medicine, Universita’ Cattolica del Sacro Cuore Largo A.
Gemelli 8, 00168 Rome, Italy. abenavoli@katamail.com
Telephone: +39-6-30154334 Fax: +39-6-35502775
Received: 2007-01-20
Accepted: 2007-03-08
© 2007 The WJG Press. All rights reserved.
Abenavoli L, Leggio L, Gasbarrini G, Addolorato G.
Celiac disease and skin: Psoriasis association. World J
Gastroenterol 2007; 13(14): 2138-2139

http://www.wjgnet.com/1007-9327/13/2138.asp

TO THE EDITOR
We read with great interest the recent review by Rodrigo[1]
on the celiac disease (CD). The author analyzed all aspects
of CD. Contrary to common belief, this disorder is a
systemic disease, rather than a pure digestive alteration.
In fact, CD is associated with several diseases: skin manifestations, endocrine disorders, iron-deficiency anemia,
osteoporosis, hypertransaminasemia, neurologic disorders
and cancer. In the description of skin manifestations,
the author reported the association between CD and
dermatitis herpetiformis (DH). This condition affects
about 15%-25% of patients with CD[2]. Antibodies for CD
have been detected in patients with DH[3]. As CD and DH
may be vastly different, they both share a unique intestinal
sensitivity to gluten. The rash of DH is thought to be an
external marker of the underlying intestinal sensitivity that
is likely to be the result of molecular mimicry between the
auto-antigen tissue transglutaminase resident in the gut and
the skin derived epidermal transglutaminase[3]. However,
our study group [4] has reported all CD-associated skin
manifestations described in the literature, and in particular
psoriasis.
Psoriasis is a chronic, relapsing dermatosis characterised
by scaling, erythema, and less commonly pustulation[4]. It
has been demonstrated that psoriasis is an immunological
disease with hyperproliferation of T-cell mediated keratocytes. Immune mechanisms play an important role in
the pathogenesis of this disease. In particular, an overexpression of T helper cell type 1 (Th1) cytokines and
a relative under-expression of Th2 cytokines have been
shown in psoriatic patients[4]. Recent studies showed an
association between CD and psoriasis and an improvement
of skin lesions after 3-6 mo of gluten free diet (GFD),
www.wjgnet.com

without other pharmacological approaches[5]. The authors
evaluated the effect of GFD in 33 antigliadin antibody
(AGA) positive patients and six AGA negative patients
with psoriasis in an open study. Of the 33 AGA-positive
patients, two had IgA anti-endomysial antibodies (EMA),
and at the duodenal biopsy 15 showed an increased
number of lymphocytes in the epithelium, but in some
patients, this increase was only slight. GFD was started
for 3 months. Thirty of 33 patients strictly complied with
GFD, have showed a significant decrease of psoriatic
lesions. This included a significant decrease in the 16 AGA
positive patients with normal histology in duodenal biopsy.
The AGA negative patients did not improve. There was
also a significant decrease in serum of eosinophil cation
protein in patients with elevated AGA. In conclusion,
the positive effects of GFD were observed not only in
patients with an increased number of lymphocytes in the
duodenal epithelium, but also in patients with normal
epithelium. We reported severe psoriasis in a CD patient,
not responding to specific therapies for psoriasis and
in whom the regression of skin lesions after GFD was
very rapid[6]. The association between psoriasis and CD
was subsequently confirmed by Ojetti et al[7]. The authors
evaluated the prevalence of CD in patients affected by
psoriasis, and found a high frequency of CD (4.34%) in
psoriatic patients.
At present, the mechanisms implicated in this association, and the effect of GFD on psoriatic skin lesions are
not known. There are some hypotheses[4]: (1) Abnormal
small intestinal permeability could be a triggering factor
between CD and psoriasis; (2) T cells play an important
role in the pathogenesis of both psoriasis and CD. In
CD patients, gliadin induces a sensitisation of T cells
and this may play a role in the pathogenesis of psoriatic
skin lesions; (3) Psoriatic lesions in CD patients could be
related to vitamin D deficiency, which is present in both
CD and psoriasis. In a recent study, the prevalence of
malabsorption in 55 psoriatic patients was evaluated[8].
The authors found that malabsorption was more prevalent
among psoriatic patients than among controls and
suppose that celiac disease and other diseases associated
with psoriasis, such as bacterial overgrowth, parasitic
infestations and eosinophilic gastroenteritis, could be the
causes of malabsorption in these patients.
In conclusion, CD is an enteropathy associated with
various extra-intestinal manifestations, including several
skin diseases. DH represents the cutaneous manifestation
of celiac disease. However, other skin manifestations
of CD have been reported in literature, particularly the
psoriasis. At present, the data are not homogeneous and
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most of the evidences on the association between CD
and skin disorders are based on “case-reports”, making
it different to draw a definitive conclusion on this topic.
Controlled studies are consequently needed to verify the
real involvement of the skin district in CD. Nevertheless,
despite these limitations, the investigations in the possible
presence of CD in some dermatological patients seems
necessary.
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Abstract
There are four steps in the interaction between intestinal
microbes and mucosal inflammation in genetically
predisposed individuals from the viewpoints of basic
and clinical aspects of inflammatory bowel disease
(IBD). The first step is an interaction between intestinal
microbes or their components and intestinal epithelial
cells via receptors, the second step an interaction
between macrophages and dendritic cells and mucosal
lymphocytes, the third step an interaction between
lymphocytes and vascular endothelial cells, and the
fourth step an interaction between lymphocytes and
granulocytes producing proinflammatory cytokines or
free radicals and mucosal damage and repair. Recent
therapeutic approaches for IBD aim to block these four
steps in the intestinal inflammation of patients with IBD.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Ulcerative colitis and Crohn’s disease are the nonspecific

inflammatory bowel diseases (IBD) with unknown etiology.
Ulcerative colitis was described by Wilks and Moxon
in 1859, and Crohn’s disease by Crohn, Ginzburg, and
Oppenheimer in 1932 with their clinical and pathological
analyses[1]. Ulcerative colitis was not a common disease
before 1945 with an average annual incidence rate of
8.4 per 100 000 population, but after 1945 it showed a
gradual rise in average annual incidence rate[2]. In Europe,
a steep rise in the incidence of Crohn’s disease began after
1945 and a high incidence of Crohn’s disease and a low
incidence of ulcerative colitis were reported in the 1980s.
After 1990 the incidence of Crohn’s disease increased
from 5.2 per 100 000 population in 1988-1990 to 6.4 per
100 000 population in 1997-1999, and that of ulcerative
colitis decreased from 4.2 to 3.5 per 100 000 population,
respectively [3]. However, in Asia, Eastern Europe, and
South America, the annual incidence rate of ulcerative
colitis and Crohn’s disease was low before 1990, but it
has been steadily increasing over last 10 years[4-7]. These
changes in incidence rates may be influenced by various
environmental factors, because the etiopathogenesis of
IBD is thought to be caused by the mutual reactions
among host susceptibility genes (CARD15/NOD2, HLAclass Ⅱ), environmental factors including enteric flora and
food antigens, and abnormal immune balance[8,9].

ETIOPATHOGENESIS OF IBD
Step 1: Interaction between microbes and epithelial cells
Human and murine studies of Crohn’s disease have shown
an increased expression of T-helper 1 (Th1) cytokines
by intestinal lamina propria lymphocytes characterized
by excessive production of interleukin (IL)-12/IL-23,
interferon γ and tumor necrosis factor (TNF) α. These
immune responses may be induced by defects in the
epithelial barrier, an increased intestinal permeability,
adherence of bacteria, and decreased expression of defensins[10]. Intestinal epithelial cells have toll-like receptors
(TLR) to exert direct antibacterial effects via secretion
of antimicrobial peptides and play an important role
in the interrelation between the innate and adaptive
immunity of the intestine. Moreover, a single nucleotide
polymorphism of the nucleotide-binding oligomerization
domain 2 (NOD2), which activates nuclear factor κB (NFκB), is one of candidates for the susceptibility genes of
Crohn’s disease, because CARD15/NOD2 is expressed
www.wjgnet.com

2146

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

in intestinal epithelial cells and triggers human betadefensin (HBD)-2 transcription [11]. In Crohn’s disease
patients with a mutation in the NOD2 gene, which is an
intracellular peptidoglycan receptor, the ileal Paneth cell
defensins, human defensin (HD)-2 and HD-3, which are
antimicrobial peptides are diminished[12,13]. NOD2 mutant
macrophages were reported to produce larger amounts
of IL-12 in response to stimulation with microbial
components than wild-type cells. Therefore, defects in
the innate immune response, which is important for
immunological protection against intestinal microbes,
investigated by Podolsky’s group, may contribute to the
deve-lopment of Crohn’s disease, especially of the ileal
type. However, Japanese and Korean patients with Crohn’s
disease have no mutations in the CARD15/NOD2
gene. Therefore, there be many routes between intestinal
microbes and intestinal epithelial cells and lamina propria
antigen-presenting cells leading to the development of
Crohn’s disease.
When experimental mice which spontaneously
developing spontaneously severe colitis were raised under
specific pathogen-free conditions, they developed mild
gastrointestinal inflammation[14]. Alteration of the intestinal
microflora by antibiotic or probiotic therapy may induce
and main-tain remission in colitis mice. Oral administration
of Lactobacillus GG induced and maintained remission of
some patients with Crohn’s disease. In addition, the VSL#3
probiotic-mixture containing 3600 billion bacteria good
for the intestine induced remission in patients with active
ulcerative colitis[15]. One of the reasons under lying this
mechanism is that bacterial flagellin is a dominant antigen
in Crohn’s disease[16]. When the intestinal epithelial cells
were exposed to flagellin, they produced chemokines that
induced subsequent migration of immature dendritic cells,
probably via TLR5. There are many papers stressing that
probiotics and prebiotics were effective for the treatment
of IBD. Ewaschuk et al[17] demonstrated that Bacteroides
spp, Enterococcus faecalis, Enterobacter cloacae, intestinal
Helicobacter spp, Fusobacterium spp, adherent/invasive
E. coli strains, Eubacterium, and Peptostreptococcus spp
were aggressive intestinal microbes and that the beneficial
intestinal microbes were Lactobacillus spp, Bifidobacterium
spp, Streptococcus salivarius, Saccharomyces boulardii,
Clostridium butyricum, Ruminococci, and E coli Nissle 1917.
Altering the composition of the intestinal microflora using
probiotics and prebiotics is one of the promising therapies
for ameliorating chronic intestinal inflammation and may be
preventives against IBD in people with disease susceptibility
genes.
Step 2: Interaction between macrophages and dendritic
cells and T lymphocytes
There are numerous macrophages and dendritic cells
in the subepithelial space of mucosal lamina propria.
Intestinal dendritic cells in active Crohn’s disease patients
are matured and activated by antigens, and then have
an enhanced expression of TLR2 and TLR4. Toll-like
receptors in mucosal dendritic cells will recognize invading
microbes and their components, because the permeability
of interepithelial spaces is increased in the intestinal
mucosa in Crohn’s disease. Dendritic cells will be activated
www.wjgnet.com
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by Toll-like receptor signaling, via MyD88-dependent or
independent pathways, and produce interferon γ, TNF-α,
IL-6 and IL-12/18. Thus, T cells activated by antigens may
undergo distinct developmental pathways, gaining effector
functions and properties.
T-helper cells are thought to differentiate into Th1
and Th2, and recently Th17 cells producing IL-17 have
been found to induce autoimmunity and regulatory
T cells [18]. Intestinal dendritic cells produce IL-12 and
IL-6. Antibodies against IL-12 and -6 are effective for
the treatment of human Crohn’s disease. Intestinal
macrophages will be abnormally differentiated in the
subsets, producing excessive IL-12 and IL-23 in response
to bacteria in IL-10-deficient conditions[19]. On the other
hand, human and murine studies of ulcerative colitis
have shown an increased expression of atypical Th2
cytokines or natural killer (NK) T cells by lamina propria
lymphocytes characterized by excessive production of
IL-13 [20] . Intestinal inflammation may be induced by
an imbalance between the memory (effector) T cells
inducing inflammation and regulatory T cells suppressing
inflammation, probably due to loss of oral tolerance. In the
animal model of colitis, IL-7 exacerbated chronic colitis
with expansion of memory IL-7Rhigh CD4+ mucosal T
cells[21]. Kanai and Watanabe reported that naturally arising
CD4+CD25+ regulatory T cells suppressed the expansion
of colitogenic CD4+CD44high CD62L-effector memory T
cells[22]. It was reported that colonic CD4+CD25 positive
regulatory T cells increased with disease activity in patients
with active ulcerative colitis[23]. A balance between effector
T cells and regulatory T cells seems to be very important
for induction of colonic inflammation, because it was also
reported that CD8 regulatory T cells were decreased in the
colonic lamina propria of patients with IBD[24]. The Th1
and Th2 T cell responses that underlie IBD may depend
on NF-κB transcriptional activity. NF- κB proteins are
regulators of innate and adaptive immunity, inflammatory
stress, and proliferative and apoptotic responses of
cells to a number of different stimuli. Proinflammatory
cytokines such as TNF α and IL-6 are induced by the
immuno-competent cells after activation of NF-κB. NFκ B is thought to provide a mechanistic link between
inflammation and cancer. In addition, the p38 mitogenactivated protein kinase (MAPK) regulates the expression
of proinflammatory cytokines such as IL-8. Inhibitors
of intracellular transcriptional factors will be useful for
the treatment of IBD in the near future[25]. After NF-κB
activation, anti-proinflammatory cytokine antibody therapy
such as infliximab, adalimumab and anti-IL-6 monoclonal
antibody (MRA) have been used for the treatment of
Crohn’s disease and ulcerative colitis[26-29].
Step 3: Interaction between lymphocytes and vascular
endothelial cells
Intestinal dendritic cells in active Crohn’s disease patients
were matured and activated upon exposure to intestinal
microbes or their components. Memory T cells sensitized
by antigens may proliferate and produce proinflammatory
cytokines, and then are transported in the mesenteric
lymph nodes via intestinal lymphatics where they will be
modulated. They home again into the intestinal mucosa
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Figure 1 Schema of the pathogenesis of Crohn’s disease. TLR: toll-like receptors;
IL: interleukin; TNF: tumor necrosis factor; ECM: extracellular matrix; TGF:
transforming growth factor.

via the thoracic duct and this homing of lymphocytes is
induced by a mutual interaction between the receptors
L-selectin and α4β integrin on CD4 T cells and endothelial
cell receptors. Anti-adhesion molecule antibody against
α 4 integrin is effective for the treatment of Crohn’
s disease with a few complications such as progressive
multifocal leukoencephalopathy[30]. Intestinal lesions may
occur macroscopically and microscopically in a spotted
and regional manner in Crohn’s disease and diffusely
in ulcerative colitis. The pathologic features of Crohn’s
disease may occur in association with vascular injury, focal
arteritis, fibrin deposition, and arterial occlusion mainly
at the level of the lamina propria, resulting in multifocal
gastrointestinal tissue infarction and lastly longitudinal
ulcers in a few years after occurrence of multiple aphthoid
ulcers (Figure 1). The majority of granulomas in Crohn’s
disease may be formed within or near the walls of blood
and lymphatic vessels, suggesting granulomatous vasculitis
as an early element in the path-ogenesis of Crohn’s
disease[31,32]. Blockade of intestinal lymphatic flow and
mesenteric lymph nodes are also very important factors
in the pathogenesis of Crohn’s disease, because Crohn’s
disease reveals dilated lymphatic vessels and edema in the
mucosa and submucosa, resulting in intestinal protein loss
and albuminemia[33,34].
Step 4: Interaction between cytokines and mucosal
damage and repair
Intestinal inflammation occurring in ulcerative colitis is
characterized by the mucosal and submucosal infiltration of
numerous lymphocytes and granulocytes and the depletion
of goblet cells with crypt abscess in most of moderate and
severe cases (Figure 2). Goblet cell depletion is thought to
be induced by disturbed transformation of undifferentiated cells into goblet cells under an environment exposed
to proinflammatory cytokines. Recently, granulocytes
including neutrophils have again attracted attention in
the pathophysiology of IBD, because leukopheresis is
effective for the treatment of active ulcerative colitis and
Crohn’s disease[35-37]. In experimental colitis induced by

PMN
ROS

Mono
eosino

Goblet cell
depletion

Undifferentiated
Adhesion molecules cells
MadCAM-1 VCAM-1

Figure 2 Schema of the pathogenesis of ulcerative colitis. IL: interleukin; MCP:
monocyte chemoattractant protein; TNF: tumor necrosis factor; APC: antigenpresenting cells; LPL: lamina propria lymphocytes; AcCD4Tcell: activated
CD4Tcell; PMN: polymorphonuclear cell; ROS: reactive oxygen species; mono:
monocyte; MadCAM: mucosal addressin cell adhesion molecule; VCAM: vascular
cell adhesion molecule.

dextran sulfate sodium (DSS), deletion of neutrophils by
administration of antibody against neutrophils decreased
severity of colonic inflammation and production of reactive
oxygen species[38]. IL-8 may induce mucosal infiltration
of neutrophils at first and then lymphocytes. Mucosal
IL-8 is produced by macrophages, colonic epithelial cells
and neutrophils when they were activated by antigens and
proinflammatory cytokines[39]. The mucosal levels of IL-8
were closely correlated with levels of luminol-dependent
chemiluminescence and myeloperoxidase in the mucosa
of patients with ulcerative colitis[40]. On the other hand,
lower neutrophil accumulation in the intestine and lower
production of IL-8 were found in Crohn’s disease than in
ulcerative colitis[41]. Production of reactive oxygen species
by polymor-phonuclear cells was not increased in Crohn’s
disease when compared with that of controls[42]. Activation
of neutrophils was induced in contact with activated
platelets via P-selectin, resulting in neutrophil-mediated
tissue injury via excessive production of free radicals[43].
Therefore, active chronic inflammation is a very important
factor for the pathogenesis of ulcerative colitis.
Oxidative stress-induced intestinal epithelial cell injury
may be induced via Rho/ROK/PKC pathway activation[44].
However, precise mechanisms of free radicals-induced
cell injury have not been clarified in human ulcerative
colitis. There is a clinical trial reporting that lecithinized
superoxide dismutase was effective for the treatment of
ulcerative colitis[45]. However, in transgenic mice overexpressing human CuZn-SOD, the severity of colitis and the
levels of myeloperoxidase in DSS colitis were worsened,
implying divergent roles of superoxide and nitric oxide[46].
The mesenchymal cells including fibroblasts, endo-thelial
cells involved in angiogenesis, and platelets may play an
important role in the pathophysiology of IBD. Fibroblasts
and platelets are very important factors for ulcer healing
and tissue remodeling [47]. Microvessels having strongly
positive staining of αV β3 integrins were increased in
density in the colonic mucosa of IBD. Activated platelets
released CD40L which was involved in the CD40/CD40L
www.wjgnet.com
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system and reactive oxygen species from granulocytes
when they contacted granulocytes of patients with active
IBD[48]. Reconstitution of damaged tissues and epithelial
cells is one of targets for wound healing. Watanabe's
group found that bone-marrow derived cells could
promote the regeneration of damaged epithelia in human
gastrointestinal tract[49,50]. In bone -marrow transplantion
recipients, epithelial cells of donor origin were distributed
throughout the gastrointestinal tract. Bone-marrow
transplantation has been tried clinically as one of the
treatment for Crohn's disease[51].
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CONCLUSION
There are four steps in the interaction between intestinal
microbes and mucosal inflammation in individuals
genetically pre-disposed to IBD. The first step is
an interaction between intestinal microbes or their
components and intestinal epithelial cells via receptors
including Toll-like receptors, the second step an interaction
between macrophages and dendritic cells and mucosal
lymphocytes, the third step an interaction between
lymphocytes and vascular endothelial cells, and the fourth
step an interaction between lymphocytes and granulocytes
producing proin-flammatory cytokines or free radicals and
mucosal damage and repair. Recent therapeutic approaches
for IBD are to block these four steps in the intestinal
inflammation of patients with IBD.
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Abstract
Smoking is an important environmental factor in
inflammatory bowel disease (IBD) with differing effects
in ulcerative colitis (UC) and Crohn’s disease (CD). Never
smoking and formerly smoking increase the risk of UC,
whereas smoking exacerbates the course of CD. The
potential mechanisms involved in this dual relationship
are yet unknown. A reasonable assumption is that
smoking has different effects on the small and large
intestine. This assumption is based on animal and human
studies that show that the effects of smoking/nicotine on
CD and UC depend on the site of inflammation and not
on the type of disease.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The relationship between smoking and inflammatory
bowel diseases (IBD) is complex. Crohn’s disease (CD) is
associated, in some studies, with smoking. Smoking may
also have detrimental effects on the clinical course of
the disease. In contrast, ulcerative colitis (UC) is largely a
disease of nonsmokers or former smokers.
In a large meta- analysis performed by Calkins[1] the
association between smoking and CD was found to be
www.wjgnet.com

consistent. The meta-analysis yielded a pooled odds ratio
(OR) of 2.0 for smokers compared with nonsmokers to
have CD and an OR of 1.8 for former smokers compared
with nonsmokers. On the other hand, the meta-analysis
reported a pooled OR 0.41 for current smokers compared
with non-smokers to have UC.
In terms of the risk for recurrence or relapse, Cottone
et al[2] found smoking to be an independent risk factor for
the development of clinical (hazard ratio 1.46), surgical
(hazard ratio, 2.0), or endoscopic recurrence (OR 2.2) in a
group of 182 patients who underwent surgery for CD.
Cigarette smoking might even have beneficial effects
on the course of UC. The exact mechanisms involved in
the interaction of smoking and the course of IBD remain
unclear.
Nicotine is assumed to be the active moiety of
cigarettes. Some potential mechanisms involved in this
dual relationship may include changes in humoral and
cellular immunity, changes in cytokine and eicosanoid
levels, gut motility, gut permeability, changes in blood flow,
colonic mucus and oxygen free radicals. The differential
therapeutic consequences in IBD include suggestions to
stop smoking in CD patients and applying nicotine in
different application forms for UC[3].
Many of the studies that compared the effect of
smoking on CD do not focus on the effect of cigarette
smoking on disease location. No epidemiologic study
directly addressed the question of the effect of smoking in
patients with isolated Crohn’s colitis. Three clinical studies
from Israel found no correlation between smoking and
CD[4-6]. This led us to postulate that the opposite effects
of smoking on CD and UC are a consequence of the site
of inflammation (colon vs the small intestine) and not with
the specific disease (CD vs UC).

DIFFERENTIAL EFFECTS OF SMOKING ON
THE SMALL AND LARGE INTESTINE
Animal models
The effect of nicotine administration in animal models
of gastrointestinal injury was first examined in the colon.
Eliakim et al[7] have shown a biphasic effect of chronic
nicotine treatment in a trinitrobenzene sulfonic acid
(TNBS) induced colitis, a model with features mimicking
CD. While lower doses (12.5-25 mg/L) were protective,
higher doses (250 mg/L) were deleterious. The effects
of nicotine on small intestinal inflammation have been
less well characterized. Chronic nicotine administration
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at the dose that was protective to the colon in both
TNBS and iodoacetamide models that mimic CD (12.5
mg/L), aggravated jejunitis induced by iodoacetamide[8].
These same effects were later demonstrated in a model
of jejunitis and colitis simulating CD in IL-10 knockout
mice[9].
The divergent effects of nicotine in small bowel
compared to colonic injury sug gested that regional
differences might exist between these organs regarding
mechanisms of mucosal defense. In animal studies,
interesting regional differences emerged: in the normal
rat jejunum, chronic nicotine administration decreased
PGE2 generation and increased NOS activity, but had no
effect on the microcirculation; whereas microcirculation
in the colon was enhanced, but NOS activity or PGE2
generation were not affected in the normal rat colon by
nicotine administration[8].
In order to further assess the different effects of
nicotine on the colon and small intestine, the authors
studied the effects of nicotine administration on cytokine
profile in small bowel, colonic mucosa and blood of
normal rats. Acute nicotine administration (1 or 2 d)
significantly decreased jejunal IL-2 and IL-10 levels and
increased IL-6 levels, while chronic administration (7 d)
caused an increase in IL-6 and a decrease in IL-10 levels[10].
On the other hand, colonic mucosa IL-2 levels decreased
significantly, with no change in IL-6 or IL-10 mucosal
levels. Thus, the colonic cytokine profile behaved totally
differently to nicotine exposure compared to small bowel
mucosa. Nicotine administration decreased the antiinflammatory mediator IL-10 levels in the small bowel and
increased the level of the pro-inflammatory mediator IL-6,
possibly contributing to mucosal damage in that region.
Nicotine decreased the levels of the pro-inflammatory
mediator IL-2 in colonic mucosa. Similar effects of
smoking have been found for the pro-inflammatory
mediators IL-8 and IL-1beta in human colonic mucosa.
Smokers with IBD had a significant reduction in cytokine
levels, specifically IL-1beta and IL-8 in patients with UC
and IL-8 in patients with CD[11].
Furthermore, nicotine administration significantly
increased both somatostatin and intestinal trefoil factor
mRNA expression in the colon but not in the jejunum of
IL-10 knockout mice[9].
Human population studies
Most studies that focus on the relationship between
smoking with IBD do not differentiate between the effect
of smoking on disease behavior and location in CD. Few
studies have reported the effects of cigarette smoking
on different locations of CD in the GI tract. Bridger
et al[12] found that males who smoked had higher prevalence
of small bowel disease (OR, 3.68). Moreover, smoking
appeared to protect against colonic disease (OR, 0.27).
Lindberg et al[13] studied the effect of smoking on the
localization and clinical course of 231 patients with Crohn’s
disease. Heavy smokers (greater than 10 cigarettes/d) had small
bowel CD more often than patients that smoked less than
10 cigarettes/d (P = 0.045). Brant et al[14] performed a
multicenter retrospective record analysis of 275 unrelated
patients with CD and found that smoking was a risk factor
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for ileal disease (O.R. 2.25 per pack per day at diagnosis),
that was independent of the ileal risk from the mutant
NOD2 genotype. Smoking was also a risk factor for time
to surgery in ileal, but not colonic CD. Bustamante et al[15]
studied a total of 161 IBD patients. Patients with CD were
divided into those with or without colonic involvement.
They evaluated the relationship between smoking and the
type of IBD and its localization (colonic or non-colonic).
Smoking was found to be more prevalent in patients with
CD than with UC (72.8% vs 31.9%). Among patients with
CD, smoking was more prevalent in patients with noncolonic involvement (84.6% vs 64.2%).
The largest study that dealt with the effect of smoking
on IBD was conducted by the European Collaborative
IBD Study. The aim of the study was to compare the
clinical features at diagnosis and during the first year of
follow-up in smokers and nonsmokers with IBD[16]. In this
European, 19 centers prospective study 457 patients with
newly diagnosed Crohn’s disease and 930 with ulcerative
colitis were included. The treating physician, using a
standard protocol, recorded disease characteristics at time
of diagnosis. Treatment characteristics were assessed after
1 year of follow-up. CD Patients who smoked were less
likely to have colonic involvement (P < 0.01) and more
often prescribed immunosuppressive medication (P <
0.02), suggesting that smoking protects the colon from
inflammation.

CONCLUSION
No single explanation for the different effects of
smoking on CD and UC has been identified. Reasonable
assumptions for the differences in the effects of smoking
between CD and UC, are disease location (esophagus
to rectum versus colon), extent of bowel wall involved
(transmural versus mucosal), genetic alterations (NOD2,
IL-10), or the host’s response to luminal bacteria.
In the current review, we summarize the data from
animal and human studies showing that the different
effects of smoking/nicotine on CD and UC depend on
the site of inflammation and not on the type of disease.
Further studies with larger patient populations are needed
to clarify this issue.
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Abstract
In the past, celiac disease was believed to be a chronic
enteropathy, almost exclusively affecting people of
European origin. The availability of new, simple, very
sensitive and specific serological tests (anti-gliadin, antiendomysium and anti-transglutaminase antibody assays)
have shown that celiac disease is common not only in
Europe and in people of European ancestry but also in
the developing countries where the major staple diet
is wheat (Southern Asia, the Middle East, North West
and East Africa, South America), both in the general
population and in the groups at risk. Gluten intolerance
thus appears to be a widespread public health problem
and an increased level of awareness and clinical
suspicion are needed in the New World where physicians
must learn to recognize the variable clinical presentations
(classical, atypical and silent forms) of celiac disease. In
the developing countries, both serological screening in
the general population and serological testing in groups
at risk are necessary for an early identification of celiac
patients. The gluten-free diet poses a challenging public
health problem in the developing countries, especially
since commercial gluten-free products are not available.
© 2007 The WJG Press. All rights reserved.
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HISTORY AND ORIGIN OF CELIAC
DISEASE
Celiac disease (CD) is a permanent inflammatory disease
of the small intestine triggered by the ingestion of glutencontaining cereals in genetically predisposed individuals. It
was first described in the second century AD by Aretaeus
of Cappadocia[1], a contemporary of the Roman physician
Galen, who used the Greek word “koeliakos”, which
means “suffering of the bowels”. However, only in 1888 AD
did Samuel Gee of St. Bartholomew’s Hospital[2] give the
classical clinical description of CD. No real progress in
treating the disease was made until the 1930s-1950s, when
WK Dicke, a Dutch pediatrician, showed that the health
of celiac children dramatically improved when wheat, rye
and barley, which were unavailable during the 2nd World
War, were removed from their staple diet, only to relapse at
the end of the war when the consumption of wheat flour
started afresh in the Netherlands[3].
CD is the result of both environmental (gluten) and
genetic factors (HLA and non-HLA genes), and the
distribution of these two components can probably be
used to identify the areas of the world at risk for gluten
intolerance. In this respect, the world geographical
distribution of CD seems to have followed the spread of
wheat consumption and the migratory flows of mankind.
Indeed, man was not originally a gluten eater, but led
a nomadic life obtaining food by hunting, fishing and
collecting fruit as well as vegetables, and for hundreds of
thousands of years never had any contact with glutencontaining cereals. Only about 10 000 years ago in a small
region of South Western Asia, called the “Fertile Crescent”
including Anatolia (Southern Turkey), Lebanon, Syria,
Palestine and Iraq, were wild grains (wheat or Triticum
Dicoccoides and barley or Hordeum Spontaneum) cultivated,
due to the special environmental conditions created by
the flooding of the Tigris and Euphrates[4]. In the Fertile
Crescent some tribes changed from a nomadic lifestyle
to one of stable settlement because land cultivation
permitted food storage, and they later migrated westwards
because new lands for cultivation were needed. They
spread through the Mediterranean area (Northern Africa,
Southern Europe) and the Danube valley (Central Europe)
and their expansion continued from 9000 to 4000 BC by
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which time the cultivation of wheat and barley had spread
all over the Old Continent, also reaching Northern Europe
(Ireland, Denmark and the Scandinavian countries).
However, this expansion in farming was not limited to the
diffusion of agricultural practices, but was also a “demic”
expansion, because the peoples coming from South West
Asia replaced the local inhabitants. Hence, the European
and North-African populations share a genetic background
with the peoples of South West Asian origin (MiddleEast), including also DR3-DQ2 and DR4-DQ8, the CDpredisposing haplotypes[4].

THE “NEW EPIDEMIOLOGY” OF CELIAC
DISEASE
Until a few years ago, gluten intolerance was thought to be
a disorder almost exclusively affecting Europeans or people
of European origin (North Americans and Caucasian
Australians) and the phenotype blue eyes and blond hair
was described as typical of celiac patients. In this respect,
serological screening in the general, unselected populations
of the Western world, North America and Australia clearly
demonstrated that the prevalence of gluten intolerance in
these areas of the world likely ranges from 0.5%-1%, that
is from 1:200 to 1:100 (Table 1).
On the other hand, until recent years CD had been
observed only in sporadic cases among native African
immigrants in Europe[9-11], in a few African-Americans
serologically screened for CD in the United States [12,13],
and in one black patient of South Africa[14]. Similarly, until
a few years ago, there were only limited case studies and
occasional observations of CD in Latin America[15-18], in
North Africa[19-21] and in the Middle East[22-25], where gluten
intolerance was believed to be rare. In addition, CD has
been historically[26] considered absent in the Far East (China,
Japan, Korea, Malaysia, etc.).
In contrast, recent large screening studies performed
by means of simple, sensitive and specific tests (antigliadin, anti-endomysium and anti-tissue-transglutaminase
antibodies assays) on the general population and at-risk
groups in those developing areas of the world where
there is a large consumption of wheat, showed that the
prevalence of gluten intolerance had been underestimated
and that it is, instead, similar to that of the so-called
Western countries.
In African populations, specifically in the Maghreb
area (the Northern Region of Africa including Morocco,
Algeria, Tunisia, Libya and Egypt) very high incidences
of CD have recently been reported both in the general
population[27-30] and in at risk-groups[31,32]. In this respect,
the highest world frequency in the CD-Insulin Dependent
Diabetes Mellitus (IDDM) association (19 biopsy-proven
CD cases among 116 IDDM patients, 16.4%) has been
observed[33] in Oran (Algeria), and a recent serological
screening in 2500 Tunisian healthy blood donors[29] showed
that the prevalence of anti-endomysium antibodies in
the general population is 1:355, which is close to that of
Europeans. These high frequencies are not surprising
because wheat and barley are the major staple foods in
the Maghreb countries [29], and because there is a high
www.wjgnet.com
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Table 1 Prevalence of CD in Europeans and people of
European ancestry based on unselected population serological
[5-8]
screenings
Europe
Czechoslovakia
Estonia
Finland
Hungary
Ireland
Italy
Norway
Portugal
Spain
Sweden
Switzerland
Netherlands
United Kingdom
United States
Australia

1:218
1:88
1:99
1:85
1:122
1:106
1:262
1:134
1:118
1:190
1:132
1:198
1:100
1:133
1:251

frequency of the DR3-DQ2 CD predisposing haplotypes
in these populations[34-36].
Another population in North Africa with an elevated
prevalence of CD (5.6%), which is the highest known
in the world today[27,35], is the Saharawi people, who are
of Arab and Berber origin, who have a high degree of
consanguinity, and who live as refugees in Algeria (Sahara
Desert). This elevated prevalence may be explained both
by genetic factors, as the Saharawi population has a very
high frequency of the DR3-DQ2 haplotype [36], and by
environmental factors, because in the last few decades they
have changed their dietary habits. For example, the rates
and duration of breast-feeding have been reduced and
large amounts of gluten are now being consumed in early
life as part of the staple diet, due to the humanitarian aids
supplied by Western countries[37]. However, other genetic
and environmental factors probably play an important role
in explaining such a high frequency of CD in the Saharawi
people, because gluten-containing foods are also the staple
diet in Sardinia and similar frequencies of DR3-DQ2 have
been observed in the Sardinian population, but here there
is a much lower prevalence of CD[38].
In Southern Asia there are still no data available on
CD prevalence in the general and unselected populations.
Therefore, because in past decades reports of gluten
intolerance were sporadic, CD was believed to be very rare
in this area of the world[39-41]. In contrast, several recent
studies suggest that gluten intolerance is also common in
South Asia. For example, CD has been diagnosed in 26%
to 49% of Indian children presenting with chronic diarrhea
at tertiary care hospitals[42,43], and during the last few years
a large number of CD patients have been observed in
many case studies in the Indian Subcontinent, especially in
Northern India[44-51]. In addition, during these years some
studies[5,52-57] reported CD in South Asian patients who had
immigrated to Europe or North America. In this respect,
a recent Italian multi-center study[5] on immigrant children
with CD showed that 3 were native to Pakistan and 1 to
Sri-Lanka (formerly Ceylon, to the south of India), while
in previous studies[54,55] respectively 10 and 13 CD children
of Punjabi descent were reported in the UK. Interestingly,
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Table 2 Prevalence of unrecognized (silent/subclinical) celiac
disease among the “healthy” general population in the Middle
[61-66]
East (serological screenings)
Populations

Prevalence (%)

References

Turkish school children
Iranian blood donors
Iranian children
Israeli blood donors
Turkish blood donors
Anatolian adults

1:115 (0.87)
1:166 (0.60)
1:165 (0.61)
1:157 (0.63)
1:87 (1.15)
1:100 (1)

61
62
63
64
65
66

Table 3 Prevalence of silent/subclinical forms of celiac
disease among groups at risk in the Middle-East (serological
[63-80]
screenings)
Disease groups and countries
Chronic diarrhea
Iran (children)
Kuwait (children)
Iraq (adults)
Iran (children)
Inflammatory bowel disease
Iran (adults)
Autoimmune hepatitis
Iran (adults)
Down’s syndrome
Turkey (children)
Irritable bowel syndrome
Iran (adults)
Short stature
Saudi Arabia (children)
Turkey (children)
Type 1 diabetes mellitus
Saudi Arabia (children)
Israel (children)
Turkey (adults)
Iran (adults + children)
Saudi Arabia (children)

Prevalence (%)

References

6.5
18.5
20
20
  7.8

63
67
68
69
70

3.6

71

1

72

11.4

73

9.5
55.3

74
75

10
8.3
2.4
2.4
8.1

76
77
78
79
80

in the Punjab (Northern India), gluten intolerance is called
“summer diarrhea” and in summer the “chapattis”, which
are the typical staple food, are made of wheat while in
the winter maize flour is used. However, the people living
in South Asia have the CD-predisposing HLA genes
because they are Aryan in origin[58,59] and their staple diet
is rich in wheat-derived foodstuffs[50,60]. These data clearly
support the hypothesis that celiac disease is widespread in
South Asia, but likely under-diagnosed. Therefore, both
greater attention and awareness among physicians as well
as mass serological screenings in the general populations
are needed to establish the real prevalence of CD in these
countries.
During the last few years many studies have shown that
CD is very common in Middle Eastern countries, with a
prevalence similar to and even higher than in the Western
countries, both in the general population and in the atrisk groups. This discovery can be attributed to the use of
serological tests (anti-gliadin, anti-endomysium and antitransglutaminase antibodies assays) as screening tools in
the “healthy” general populations, which have permitted
the diagnosis of many silent and subclinical CD cases
that otherwise would not have been recognized (Table 2).
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Similarly, gluten intolerance has a high prevalence in the
Middle East among individuals at risk for CD who often
suffer from silent/subclinical forms of celiac disease and
have been recognized by means of serological screening
tests (Table 3). These data on the new epidemiology of CD
among Middle Eastern people do not appear surprising
because these populations live in countries included in the
“Fertile Crescent”, the region where CD originated[4] and
where there is both a large consumption of wheat[81,82] and
a high frequency of the HLA CD predisposing genes[83,84].
CD is also a common disorder in Latin America,
both in the more developed (e.g. Brazil and Argentina)
and in the less developed (e.g. Cuba, Chile, Uruguay)
countries. This phenomenon is noteworthy because a large
proportion of Latin American people share common
European ancestry and because wheat is commonly
present in their staple diet. A high prevalence (1:167; 0.60%)
of undiagnosed CD cases has been recently observed
following serological screening among the general
population in Argentina[85], in Uruguayan children (1:51;
1.96%)[86] and in 2 studies[87,88] on healthy Brazilian blood
donors, 1:276 (0.36%) and 1:292 (0.34%) respectively.
These rates are higher than those of the first serological
screening performed on a general population[89] in Latin
America (i.e. Brazil), where the observed prevalence of
undiagnosed subclinical CD patients was 1:681 (0.15%).
However, this lower prevalence might be due to the fact
that most of the studied subjects were men (while CD
is more frequent in women), that anemic subjects were
excluded from the screening in the study design (irondeficiency anemia is a very common atypical form of CD),
and that a single serological test (IgG antigliadin antibodies
assay) was used as a first-level screening test.
In Latin America there is also a high prevalence of
gluten intolerance among the groups at risk. In Cuba,
undiagnosed CD prevalence among children with
type-1 diabetes mellitus, with Down’s syndrome[90] and
among undernourished children [91] was respectively
2.5%, 2.3% and 2%. Similarly, in Brazilian children and
adolescents with type-1 diabetes mellitus [92] or with
Down’s syndrome [93], the prevalence of undiagnosed
and subclinical forms of CD was 4.8% and 5.6%, while
the rate of silent cases of gluten intolerance among first
degree relatives of celiac patients was 13.66%[94]. Overall,
these data on the general population and on groups at risk
clearly indicate that the epidemiology of gluten intolerance
in Latin America is comparable to that of European and
North American Caucasian populations.

CELIAC DISEASE AWARENESS AND
DIETARY HABITS
On the basis of the above-mentioned studies performed in
developing countries, it might seem that CD is increasing
worldwide and is a new “endemic disease”. However, this
is not accurate because CD was probably widespread in
the developing countries where wheat was consumed, but
was undiagnosed because physicians had no knowledge
of its different clinical presentations (especially delayed/
atypical and subclinical forms). Indeed, only some CD
patients present the classical symptoms, while many of
www.wjgnet.com
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them are oligo-symptomatic, usually displaying very mild
complaints or with silent forms of celiac disease (the socalled celiac iceberg). Thus, the reported low frequencies of
gluten intolerance in the developing countries were likely
the result of low levels of awareness and clinical suspicion
among physicians, which led to cases going unrecognized
or to a delayed diagnosis. For example, a recent study[73]
in Israel revealed that 12% of adult patients diagnosed
with irritable bowel disease and serologically screened
for CD had gluten intolerance, while in India [50,95], the
Middle East[96], North Africa[97] and Latin America[85,98] the
majority of the Indian, Arab, African and Latin-American
CD patients presented atypical complaints, such as short
stature, failure to thrive and refractory anemia, which are
the result of delayed diagnosis.
However, some environmental factors, such as the
traditional practices of prolonged breast feeding and late
weaning in the developing countries, might be responsible
for the milder symptoms and higher age at CD diagnosis.
Indeed, these dietary habits have a protective effect
on gluten intolerance leading to a later CD onset with
atypical and milder symptoms, which are more difficult to
diagnose[99]. Moreover, the failure to recognize the early and
mild Marsh features in intestinal biopsy (Marsh stages 1, 2
and 3a) might frequently result in a missed CD diagnosis
in the developing countries, where many very common
conditions other than gluten intolerance (i.e. malnutrition,
parasitic and bacterial infections of the intestine) can give
rise to histological changes similar to mild celiac features[100].
Consequently, CD must be considered a worldwide
public health problem, involving all the ethnic groups in all
the areas of the world where there is a great consumption
of wheat. Wheat availability is quickly increasing in the
developing countries, depending both on the increased
diffusion of “western” cultural patterns of nutrition, which
provide gluten-containing cereals (e.g. bread, pasta) and on
humanitarian interventions, which include sending wheat
flour from the developed to the developing countries. It is
probable that if this worldwide globalization of the food
market continues, in the near future a higher prevalence
of CD will be observed in the developing countries. In
addition, the treatment of celiac patients in these areas of
the world is very difficult for several reasons[37,60,81], such as
the impossibility to use commercial gluten-free products,
which are too expensive for these populations, as well as
the lack of patients’ associations and of information in
the mass media and the population at large. It might be
better and easier to promote, as a staple diet, cereals that
are naturally gluten-free and are present in the developing
countries (e.g. rice and millet). However, overcoming the
difficulties of treating CD in the context of a developing
country should be a primary goal for the international
health organizations and further efforts are needed to face
CD treatment problems in the New World.
In addition, immigration from the developing to the
developed countries highlights the international aspect
of CD. In this respect, a multicenter epidemiological
investigation was recently performed in Italy (5), which
reported celiac patients among immigrant children
coming from developing countries and the spread of
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CD in the world as in a common “global village”. Indeed,
this study reports CD cases among immigrant children
native of Eastern Europe, Northern, West and East
Africa, the Middle East and Southern Asia, according to
their acquisition of western dietary practices (i.e. short
period or lack of breast feeding and early weaning with
a great amount of gluten intake). Interestingly, CD was
not observed in immigrant children from the Far East in
this study, and this result was been related to the absence
of CD in this area of the world[26]. Nevertheless, even if
gluten intolerance is very rare or absent in the Far East,
recently[54] three CD cases were observed in Canada among
descendents of Japanese and Chinese immigrants. This
finding suggests that genetic susceptibility to CD also
exists among people of the Far East, where it might be
underestimated, and raises important questions; that is, is
the lack of CD in this area of the world due to the dietary
habits of these populations (more rice than wheat in the
staple diet)? Is gluten intolerance really rare or absent
in the Far East because the CD predisposing (HLA and
non-HLA) genes are uncommon in these people? Do
their physicians not look for, diagnose and recognize CD
because they have a low level of awareness and suspicion
of gluten intolerance? These concerns are very important
issues that require further studies, in particular serological
screening in g eneral, unselected populations and
investigation for the HLA and non-HLA CD predisposing
genes in the developing countries of the Far East (e.g.
China, Korea, Malaysia, the Philippines).

CONCLUSIONS
New recent epidemiological data show that CD is
a common disease in the world, affecting not only
Europeans and people of European ancestry, but also
populations of the developing countries (Middle East,
South Asia, Africa, South America), where its prevalence is
similar to that of Western countries.
The origin and incidence of CD are related not only
to genetic factors, and consequently to the migrations
of mankind, but also to wheat consumption. Therefore,
because use of wheat and other gluten-containing
cereals is spreading all over the world, CD appears to
be a widespread public health problem, involving also
the populations of developing countries. Consequently,
an increased level of awareness and attention towards
gluten intolerance is also needed in the New World where
physicians must learn to recognize the variable clinical
(classical, atypical, silent forms) and histological (Marsh
stages) presentations of the disease. Moreover, in the
developing countries both serological screening in the
general population and serological testing among atrisk groups are also necessary for an early identification
of CD cases. However, treatment of celiac patients is
difficult in the developing countries, where a gluten-free
diet represents a real challenge both for patients and for
physicians, mainly because gluten-free products are not
commercially available. Therefore, further efforts are
needed to define the most suitable therapeutic strategies to
face celiac disease in the developing countries.
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allowing the visualisation of the complete GI tract at
high resolution even of subsurface tissue structures.
The new confocal probe design evaluated in this study
is compatible with laparoscopy and significantly expands
the field of possible applications to intra-abdominal
organs. It allows immediate testing of new in vivo
staining and application options and therefore permits
rapid transfer from animal studies to clinical use in
patients.

Abstract

Goetz M, Memadathil B, Biesterfeld S, Schneider C, Gregor
S, Galle PR, Neurath MF, Kiesslich R. In vivo subsurface
morphological and functional cellular and subcellular
imaging of the gastrointestinal tract with confocal minimicroscopy.World J Gastroenterol 2007; 13(15): 2160-2165

AIM: To evaluate a newly developed hand-held confocal
probe for in vivo microscopic imaging of the complete
gastrointestinal tract in rodents.
METHODS: A novel rigid confocal probe (diameter 7
mm) was designed with optical features similar to the
flexible endomicroscopy system for use in humans using
a 488 nm single line laser for fluorophore excitation.
Light emission was detected at 505 to 750 nm. The field
of view was 475 μm × 475 μm. Optical slice thickness
was 7 μm with a lateral resolution of 0.7 μm. Subsurface
serial images at different depths (surface to 250 μm)
were generated in real time at 1024 × 1024 pixels (0.8
frames/s) by placing the probe onto the tissue in gentle,
stable contact. Tissue specimens were sampled for
histopathological correlation.
RESULTS: The esophagus, stomach, small and large
intestine and meso, liver, pancreas and gall bladder
were visualised in vivo at high resolution in n = 48 mice.
Real time microscopic imaging with the confocal minimicroscopy probe was easy to achieve. The different
staining protocols (fluorescein, acriflavine, FITC-labelled
dextran and L. esculentum lectin) each highlighted
specific aspects of the tissue, and in vivo imaging
correlated excellently with conventional histology. In
vivo blood flow monitoring added a functional quality to
morphologic imaging.
CONCLUSION: Confocal microscopy is feasible in vivo
www.wjgnet.com
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INTRODUCTION
Rapid microscopic diagnosis is essential for the successful
management of most diseases of the gastrointestinal (GI)
tract. Ex vivo histological examination is currently the gold
standard for definite tissue diagnosis, but is associated with
potential drawbacks. Processing of the specimens is time
consuming and may delay definite diagnosis, and invasive
tissue sampling carries the risk of bleeding and infection
and is prone to sampling error.
Laser scanning confocal microscopy is an adaptation
of white light microscopy in which tissue structures
are visualized by stimulating emission of light by a low
power laser beam after application of fluorescent contrast
agents[1]. The intensity of emitted light is translated into
a greyscale image which represents microscopic tissue
structures. Since confocal pinholes geometrically reject out
of focus light, high resolution imaging even of subsurface
structures is feasible. In vivo application of confocal
microscopy has been impaired by bulky bench top devices.
In those, specimens were required to be fixed relative to
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the microscope lens, limiting imaging possibilities especially
in live animals or even humans. Therefore, much effort has
been put into in vivo applicability of imaging devices[2-4].
Recently, miniaturization has allowed for the integration
of a confocal scanning head into a colonoscope, thus
permitting application for in vivo imaging in humans
during ongoing endoscopy and discrimination of normal
and neoplastic tissue with high accuracy[5-7]. However at
current only a limited number of fluorescent dyes has
been registered for clinical use in humans. This limits
the (patho-) physiological issues that can be addressed in
vivo. In addition, only those regions of the GI tract that
are accessible by flexible endoscopy could be examined.
Technological advances have resulted in the integration of
a further miniaturized confocal scanning head into a rigid
probe with an outer diameter of 7 mm. The aim of the
current study was to evaluate this new imaging technique
for the first time for in vivo visualization of the complete
GI tract in rodents at real time with multiple staining
techniques for subsurface confocal morphological and
functional imaging.

MATERIALS AND METHODS
Confocal laparoscopy probe
In the miniaturized confocal microscopy probe (prototype
FIVE1, Optiscan, Australia), the x-y-scan mechanism
and the z-axis-actuator have been integrated into the
distal tip of the probe with an outer diameter of 7 mm
that could be used hand-held in a manner comparable
to holding a pen. The probe was flexibly connected to
the laser source and the detection unit. A solid state laser
delivered an excitation wavelength of 488 nm, and light
emission was detected at 505 to 585 nm. Actuation of the
imaging plane depth along the range of the z-axis (surface
to 250 μ m) was achieved by means of an electrically
actuated shape memory alloy which moved the scanner
relative to the imaging window and was controlled using
two remote control buttons on a foot pedal. Laser power
output at the tissue surface could be adjusted during
imaging from 0 to 1000 μ W to achieve appropriate
tissue contrast. Each resultant image was a transverse
optical section of 500 μ m × 500 μ m, representing
approximately one focal plane within the specimen. Serial
images were collected at a scan rate of 0.8 frame/s at
1024 × 1024 pixels or 1.6 frames/s at 1024 × 512 pixels,
approximating a 1 000 fold magnification on a 19 inch
screen. Mono-colouring of images was performed in a
single-step procedure, and three-dimensional tissue models
reconstructed from z-stacks (both with ImageJ 1.30 v,
W. Rasband, National Institutes of Health, USA).
In vivo imaging.
For confocal imaging, n = 48 healthy mice (male or female,
C57BL/6 and FVB) were deeply anaesthetized using 300
μL avertin i.p. (1 g of 2, 2, 2-tribromo-ethanol per 1 mL
tertiary amyl alcohol (both Sigma-Aldrich, Germany),
0.25 mL in 10 mL phosphate buffered saline). The intraabdominal organs were identified after a small median
laparotomy. The bowel was first examined from the
external side, and afterwards opened on the anti-mesenteric
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side to maintain bowel perfusion during imaging. Bleeding
was prevented by cauterisation. The bowel mucosa was
exposed and flushed with 0.9% saline. The esophagus was
partially mobilised through the diaphragm or visualised
after thoracotomy. The probe was directly placed onto
the tissue by using the probe hand-held or mounting it
onto a stereotactic frame, as appropriate to minimize
motion artefacts. An in-built contact window provided the
function of a cover slip. Concentration and total volume
of fluorescent agents and time of exposure (in topical use
of acriflavine) were optimized by immediate evaluation
of the collected images and adaptation of laser power
output to tissue contrast or by re-staining, if necessary.
Per examination, 50 to 500 images were collected with
the help of a foot pedal and digitally stored as greyscale
images. After in vivo imaging, animals were sacrificed by
an avertin overdose and tissue specimens collected for
histopathological correlation. Animal procedures were
approved by the local ethical committee and were in
accordance with national and international guidelines.
Fluorescent agents
Confocal images were collected after bolus intravenous
or intracardial application of fluorescent agents; only
acriflavine was also used for topical staining. Fluorescein
sodium (1 g/10 mL, Alcon Pharma, Freiburg, Germany)
was injected at 10 μ L/g body weight. FITC-labelled
dextran (25 mg/mL w/v in A. dest., MW 150 kDa,
Sigma-Aldrich, Steinheim, Germany) was administered
at 250 μg/g. For topical staining with acriflavine (Sigma
Pharmaceuticals, Victoria, Australia), several drops of a
0.02% solution in saline were applied to the tissue surface.
Excess dye was washed off with phosphate-buffered saline.
For systemic application, 10 μL/g of a 0.1% acriflavine solution
was injected. FITC-labeled Lycopersicon esculentum lectin
(Vector, Burlingame, USA) was injected intravenously at 15 μg/g.
Ex vivo histology and immunohistochemistry
Tissue specimens were collected from the area examined
in vivo by confocal microscopy, fixed in 2.5 g/L buffered
formaldehyd, and embedded in paraffin. To facilitate
correlation with confocal images both vertical and
transverse serial sections (4 μm) were obtained and stained
with hematoxylin & eosin. After in vivo application
of L. esculentum lectin, additional specimens were snapfrozen in liquid nitrogen and stored at -80℃, until further
processed. Benchtop confocal microscopy (Zeiss, Jena,
Germany) of cryosections was performed according
to standard procedures. FITC-lectin restaining was not
necessary, Hoechst 33342 staining (Molecular Probes,
Burlingame, USA) was used for ex vivo nuclear contrast, as
previously described[8].

RESULTS
Fluorescent agents
The different staining protocols used in this study
permitted almost immediate high resolution microscopic
imaging in vivo. No immediate toxicity was observed after
topical or systemic application. Fluorescein sodium that
has been safely used in ophthalmology in humans for
www.wjgnet.com
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Figure 1 A: Esophagus after intravenous injection of acriflavine hydrochloride:
The germinative zone and the columnar arrangement within the layered structure
can be easily visualized. Note that the mouse esophagus is keratinized; B: Ex
vivo H&E staining of the corresponding specimen; C: In vivo visualization of
gastric glands. Note the dos-à-dos-arrangement of the glands. Only scarce nuclei
stain within the loose connective tissue of the lamina propria; D: Corresponding
specimen of the mouse stomach in a transverse section.

decades gave a good overall impression of the parenchyma
and connective tissue architecture after partly leaking
from the circulation into the tissue. It rendered many
subcellular details such as mucin in colonic goblet cells. A
sufficient contrast was also observed in the vessels where
fluorescein was partly retained because of its plasma
protein binding. Due to its pharmacological properties,
fluorescein did not stain nuclei. This could be achieved by
the application of acriflavine, which interacts with nucleic
acids in the cell nucleus, but also stained the cytoplasm to
a sufficient extent to permit tissue characterization. With
this staining technique, nuclear details such as nucleolus
formation in tissues with high transcriptional activity, e.g.
liver, could also be visualized. Acriflavine also yielded high
resolution images after topical application, indicating a
use in diagnostic procedures in humans. FITC-labelled
dextran was retained in the intact circulation due to its
high molecular weight to a large extent. Thus, vessels
could not only be visualized on a morphologic basis, but
also perfusion of different organs could be monitored
over a long time period, adding a time- and motion-related
quality to morphologic imaging. This functional aspect is
often only incomprehensively rendered by conventional
ex vivo histology. After intravenous injection of FITClabelled L. esculentum lectin, vessel walls were highlighted by
selective targeting of glycoprotein moieties on endothelial
cells. This yielded a three-dimensional impression of the
capillary system when scanning through the mucosa along
the whole range of the z-axis. Photobleaching and washing
out of fluorescent agents started 20 min after injection.
However, examination times up to 60 min with good
quality were achieved. No parenchymal damage by the laser
light was noted macroscopically or histopathologically.
In vivo visualization of the upper GI-tract
In the esophagus, application of acriflavine gave a clear
overview of the structure of the mucosa when caught
www.wjgnet.com
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at an oblique angle (Figure 1A). Confocal imaging
rendered a clearly stratified squamous epithelium with
basal cells of the germinative zone sitting atop a basal
membrane and smaller cells towards the luminal surface.
Oval shaped nuclei identified endothelial cells, indicating
vessels in the upper lamina propria. Correlation with ex
vivo H&E staining was excellent (Figure 1B). In deeper
sections, the vessels and endothelial cells of the lamina
propria were visible. Movement artefacts caused by the
animal’s breathing and heartbeat were only a problem in
organs with direct contact to the diaphragm such as the
esophagus, but even here more than 60 percent of the
obtained images were of sufficient quality.
In the stomach, application of the mini-microscopy
probe onto the tissue surface in an en face view successively
rendered the gastric foveolae and glands when scanning
through the mucosa. Acriflavine staining revealed the regular
surface lining of the foveolae with columnar epithelial cells
with basally oriented nuclei (Figure 1C). At levels close to
the surface, the branched structure of the foveolae could
be clearly seen, while in deeper tissue sections the tightly
packed gastric glands had a round, crypt-like appearance.
The different ratio of foveolar to glandular depth in the
fundus, corpus and antrum could be semi-quantitatively
assessed and correlated well with conventional histology
(Figure 1D).
In the duodenum, villi were easily visualized with all
staining protocols in vivo. Application of FITC-labelled
dextran gave an excellent impression of the hairpin-like
capillary network within each single villus (Figure 2A).
Capillaries were displayed along the longitudinal villus axis
in the loose connective tissue of the lamina propria just
below the epithelial lining. Blood cells were rendered as
a negative contrast within the capillaries (arrow). While
immediately after injection of FITC-labelled dextran only
vessels were contrasted, extravasation after 10 min of
small amounts of contrast dye gave a sufficient contrast
in the lamina propria, allowing for a clear distinction of
the lamina propria from the columnar appearance of the
enterocytes, separated by a basal membrane. No nuclei
were visualized with FITC-labelled dextran or fluorescein,
but sub cellular details such as the brush border of the
villus enterocytes were recorded after fluorescein injection.
After injection of FITC-labelled dextran, also the blood
flow of the capillaries within the small bowel meso could
be visualised in vivo. Capillary diameter was the size of a
single erythrocyte, displayed as a black spot in the brightly
stained plasma (Figure 2B). The trafficking of blood cells
in the capillaries could be followed in vivo.
In vivo visualization of the lower GI-tract
In the mouse ileum, the villus structure was similarly
visualized as in the upper GI-tract. Topical acriflavine
application readily rendered the epithelial lining of the
ileal villi (Figure 2C). Mucin inclusion in goblet cells did
not contrast brightly with acriflavine, permitting easy
distinction of goblet cells from enterocytes. Cells were
visualized both in an en face view at the villus surface
and in a transverse optical section at the villus verge. In
vivo imaging showed a close assembly of villi while in
the histological examination retraction of the villi upon
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Figure 2 A: Duodenal villi after intravenous injection of FITC-labelled dextran.
Capillaries are brightly contrasted, while blood cells are rendered as black dots
within the lumen (arrow). Vessel loops are situated close to the clear cut basal
border of columnar epithelial cells (arrow head); B: After acriflavine application,
the regular distribution of enterocytes on the villi is visualized. Interspersed are
multiple goblet cells in which the mucin is only weakly stained (arrows). A still from
a three-dimensional reconstruction of 21 serial transverse sections is rendered,
the full reconstruction is given as a video file as Suppl. Figure 1; C: In the
corresponding H&E stained specimen, the villi seem to be set further apart. The
mucus filaments (arrows) probably indicate the prior extent of the villi, illustrating
the range of shrinking artifacts upon fixation; D: In the fine vessel structure of the
small intestinal meso, blood plasma is brightly contrasted after injection of FITClabeled dextran. Black inclusions within the plasma flow correspond to unstained
blood cells (arrows).

fixation was noted (Figure 2D). A series of transverse
optical sections at different imaging depths captured
successively after topical acriflavine application was used
for a three-dimensional reconstruction of the ileal mucosa.
This is rendered in Suppl. Figure 1 as a video file.
In the mouse colon, f luorescein sodium only
highlighted vessels in the first seconds after injection,
similar to FITC-labelled dextran. Fluorescein then
distributed within the tissue, giving a good contrast of the
tissue architecture and connecting tissue, while the dye was
also partly retained within the circulation and permitted
ongoing visualization of vessels. Sub cellular details such
as mucin in goblet cells were noted close to the luminal
surface. Resolution of sub cellular details was weaker
when exploiting the full subsurface sectioning capability
of the confocal probe. In the lamina propria of the colon,
capillaries regularly surrounded each individual crypt in
a honeycomb pattern. By visualization of deeper parts
of the lamina propria, larger feeding and draining vessels
were also seen (Figure 3A). A more selective staining of
the capillary system of the colonic wall was achieved by
injection of FITC-labelled dextran similar to imaging in
the duodenum, but surrounding tissue was still contrasted
due to dye extravasation. A selective staining of vessel
walls of the colonic wall was achieved by using FITClabelled L. esculentum lectin (Figure 3B). Blood plasma was

Figure 3 A: Intravenous fluorescein sodium gives a thorough impression of the
colonic mucosa. The crypt lumina are still visible within, although at this tissue
depth (about 150 μm), sub cellular details such as mucin in goblet cells can no
longer be displayed. Larger vessels drain and feed the capillaries, which are
rendered as white bands (arrows) surrounding the tightly packed crypts; B: After
intravenous injection of FITC-labelled L. esculentum lectin, fluorescent labelling
of the endothelial cells results in a selective staining of the capillary walls of the
colonic mucosa. The enterocytes and goblet cells of the crypt itself (arrows) are
not visualized; C: After injection of acriflavine, visualization of the epithelial cell
nuclei renders the regular pattern of crypts in normal colonic mucosa. Cells are
captured either en face (in-between crypts, arrow) or transverse (in the pits,
arrowhead); D: For the bench-top confocal correlate, an ex vivo nuclear counter
stain was performed with Hoechst blue, rendering the circular arrangement of
basally oriented nuclei of the colonic crypts. The labelling of vessel walls was
performed in vivo. This double staining corresponds to an ex vivo overlay of Figure
3B and C.

not contrasted by this staining protocol. Cell nuclei were
stained by topical or systemic acriflavine application (Figure
3C). Crypts were easily identified within the regular array
of epithelial cells. The in vivo microscopic and functional
images of the capillary system and blood flow were only
insufficiently rendered by conventional H&E staining.
After in vivo application of FITC-labelled L. esculentum
lectin and ex vivo nuclear counter stain, cryosections of a
snap-frozen colonic specimen yielded an overlay rendering
both colonic cells and vessels when visualized with a
conventional bench top confocal microscope (Figure 3D).
In vivo visualization of extraintestinal organs
In mouse liver, intravenous application of acriflavine
highlighted hepatocyte nuclei. With a lighter contrast
in the cytoplasm and no contrast in sinusoids, liver
cell plates could be clearly identified in their columnar
arrangement, visualizing the lobular pattern of the liver
in vivo (Figure 4A). Endothelial cells were visible at levels
close to the tissue surface. Distinct granular patterns were
demonstrated within the hepatocyte nuclei by confocal in
vivo microscopy, corresponding to local accumulation of
nucleic acid (nucleoli), and were confirmed in ex vivo H&E
staining (Figure 4B).
www.wjgnet.com
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Gall bladder visualization was best achieved with
acriflavine (Figure 4C). A single layer of tall epithelial cells
was clearly visualized on the numerous folds at the luminal
side of the gall bladder wall. Acriflavine did not contrast
the blood plasma, but vessels of the gall bladder wall
were easily identified by their endothelial cell lining within
the fibrovascular lamina propria. At levels closer to the
extraluminal surface of the gall bladder, longitudinal and
circular smooth muscle cells were easily differentiated by
their typical arrangement.
In the mouse pancreas, patches of the gland were
visualized within the intra-abdominal fatty tissue. Confocal
imaging after acriflavine injection clearly identified the
parenchyma, while the fatty tissue was characterized by its
intracellular fat accumulation that was displayed as dark
inclusions of slightly varying size within the adipocytes (Figure
4D).
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DISCUSSION
A non-invasive imaging technique is highly desirable in
almost any field in clinical medicine and basic science. In
the present study, a newly developed hand-held confocal
mini-microscopy probe allowed in vivo real time imaging of
the complete gastrointestinal tract. This device permitted
high resolution in vivo histological subsurface imaging
during ongoing examination. The confocal probe used in
this study shares many optical features with the flexible
endomicroscopy system (Pentax EC-3870CIFK) registered
for clinical use in humans, in which a miniaturized laser
scanning head has been integrated into the distal tip of a
videocolonoscope[5,7]. But at present application in patients
suffers several limitations. First, only organs that are
readily accessible by flexible endoscopy could be visualized
so far. Second, for safety reasons only a limited range of
fluorescent dyes have been registered for clinical use in
patients so far. Third, examination times should be limited
to avoid complications or patient discomfort during
conscious sedation.
Animal studies do not suffer from these limitations.
They offer a wide range of intravital staining and
application options. The data presented here demonstrate
possible applications of a further miniaturized hand-held
confocal microscopy probe which represent an extension
of the imaging capabilities of confocal in vivo microscopy.
This device has been designed to be handled like a
laparoscopy probe, and imaging was easy to perform by
putting the confocal imaging window in close and stable
contact with the organ of interest. No major adjustments
were necessary during image acquisition. With the different
staining techniques used in our study in mice, different
aspects of both tissue morphology and function were
highlighted. While many features of conventional histology
are not yet available for in vivo microscopic imaging, the
latter does not rely on fixation if applied by the new probe.
Therefore, microscopic images are immediately available,
allowing optical biopsy, vessels and blood flow can be
rendered, and shrinking artifacts do not occur.
With this new probe design, confocal imaging is now
easy to apply to any accessible organ. This allows high
resolution in vivo imaging, with broad potential applications
www.wjgnet.com

Figure 4 A: Hepatocyte nuclei stain bright after injection of acriflavine. The
cytoplasm is contrasted to a lesser extent, while the dye is completely removed
from the sinusoids. Some hepatocytes show a distinct granular nuclear pattern
(arrow), indicating nucleoli as uneven distribution of DNA within the nucleus; B:
Corresponding liver specimen after H&E staining. Note that both sinusoids and
central veins appear wider due to fixation artefacts; C: The complete gall bladder
wall is visualized with acriflavine. Tall columnar cells line the folds at the luminal
surface and are displayed at a transverse section (arrow) or en face (arrowhead).
Vessel lumina can be identified by their endothelial lining (yellow arrows), and
bands of smooth muscle cells are at the extraluminal tissue surface (yellow
arrowhead); D: A patch of pancreatic tissue is visualized within the peripancreatic
fatty tissue. The difference between the glandular parenchyma and the fat cells,
which are identified by the black (fatty) intracellular inclusions (arrows) is apparent.

in different faculties of clinical medicine. Such applications
could include, but are certainly not limited to early
detection of cancer, for example of the oral cavity or the
uterine cervix. By a laparoscopic approach determination
of pathologic states such as inflammation and fibrosis of
the liver, gall bladder or any other intra-abdominal organ
could potentially be achieved by obtaining multiple optical
biopsies without the need for invasive tissue sampling.
Evaluation of completeness of tumor resection could
be done at real time during ongoing surgery. The mouse
models and probe used here will also allow rapid testing
of staining procedures that carry potential for use in
flexible endomicroscopy in patients, many of them already
available for bench top confocal microscopy. This might
accelerate the future transfer of in vivo imaging from bench
to bedside. Confocal microscopy also permits molecular
imaging in vivo, and recently fluorescent targeting and in
vivo visualization of malignant cells has been described[9].
In addition, this new imaging modality also offers a broad
spectrum of laboratory applications. It permits easy
imaging of organs and cells in their natural environment
without the need for a stationary and bulky microscopy
stage. This is of paramount importance in different animal
models of human diseases. These models are not limited
to diseases of the gastrointestinal tract; in vivo visualization
of microscopic details in almost any other organ is
possible with high resolution[10].
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In conclusion, in vivo confocal imaging of the complete
gastrointestinal tract is feasible in rodents with a new handheld mini-microscopy probe that allows high resolution
real time subsurface imaging. Transfer of this technology
and experience into patients will potentially further
promote microscopic visualisation of human diseases in
vivo of the whole gastrointestinal tract.
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animals not treated with thalidomide. Both TNF-α
and IL-12 levels were significantly reduced among
TNBS induced colitis animals treated with thalidomide
compared with animals that did not receive thalidomide.
TNF-α levels were also significantly reduced among the
animals receiving thalidomide prophylaxis compared with
untreated animals with TNBS-induced colitis. Intestinal
levels of TNF-α and IL-12 were significantly correlated
with the inflammatory score and the number of VEGF+
cells.
CONCLUSION: Thalidomide significantly attenuates
TNBS-induced colitis by inhibiting the intestinal
production of TNF-α, IL-12, and VEGF. This effect may
support the use of thalidomide as an alternate approach
in selected patients with CD.
© 2007 The WJG Press. All rights reserved.

Abstract

Key words: Thalidomide; Experimental colitis; Inflammatory
bowel disease; Tumor necrosis factor α; IL-12; Vascular
endothelial growth factor

AIM: To evaluated the therapeutic and prophylactic
effect of thalidomide on 2, 4, 6-trinitrobenzene
sulfonic acid (TNBS)-induced colitis. Thalidomide has
been reported to downregulate the expression of
tumor necrosis factor α (TNF-α), IL-12, and vascular
endothelial growth factor (VEGF), hallmarks of intestinal
inflammation in Crohn’s disease (CD).

Carvalho AT, Souza H, Carneiro AJ, Castelo-Branco M, Madi K,
Schanaider A, Silva F, Pereira Jứnior FA, Pereira MG, Tortori
C, Dines I, Carvalho J, Rocha E, Elia C. Therapeutic and
prophylactic thalidomide in TNBS-induced colitis: Synergistic
effects on TNF-α, IL-12 and VEGF production. World J
Gastroenterol 2007; 13(15): 2166-2173

METHODS: Male Wistar rats were divided in five
groups of ten animals each. Four groups received a
rectal infusion of TNBS in ethanol. The first group was
sacrificed 7 d after colitis induction. The second and third
groups received either thalidomide or placebo by gavage
and were sacrificed at 14 d. The fourth group received
thalidomide 6 h before TNBS administration, and was
sacrificed 7 d after induction. The fifth group acted as the
control group and colitis was not induced. Histological
inflammatory scores of the colon were performed and
lamina propria CD4+ T cells, macrophages, and VEGF+
cells were detected by immunohistochemistry. TNF-α
and IL-12 were quantified in the supernatant of organ
cultures by ELISA.
RESULTS: Significant reduction in the inflammatory
score and in the percentage of VEGF+ cells was observed
in the group treated with thalidomide compared with
www.wjgnet.com
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INTRODUCTION
The etiopathogenesis of both forms of inflammatory
bowel disease (IBD), Crohn’s disease (CD) and ulcerative
colitis (UC) is complex and multifactorial, involving genetic predisposition, environmental triggers, microbial and
immune factors. The chronic inflammatory process in IBD
is thought to be the result of an imbalance between an excess of proinflammatory cytokines, such as TNF-α, IL-12,
IL1-α, IL-8, and IFN-γ, and a relative deficiency of immunoregulatory cytokines, such as IL-1Ra, IL-4, IL-10, IL-13
and transforming growth factor-b[1,2]. In CD, it is well established that the intestinal inflammation is characterized
by T helper cell type 1 (Th1) phenotype[3,4] whereas in UC,
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an atypical Th2 seems to constitute the predominant response[5].
TNF-α appears to play a central role in the inflammatory process of CD. Levels of TNF-α were found to
be increased in the circulation[6] as well as in the stool[7]
of patients with active CD. Moreover, the serum level of
TNF-α has been proposed as an indicator for the risk of
relapse after remission of active CD[8]. Additional support
for the role of TNF-α in CD emerges from the beneficial
effects observed with the use of antibodies against TNF-α
in clinical studies[9,10]. It has been demonstrated that IL-12
is expressed and released by lamina propria mononuclear
cells from patients with active CD[11]. In an animal model
of colitis, treatment with anti-IL-12 was shown to prevent
inflammation suggesting a possible role for IL-12 in the
pathogenesis of colitis[12].
In addition to the accumulation of inflammatory cells,
ulceration, and regeneration, the inflammatory process
of IBD is also characterized by neovascularization of the
intestinal mucosa. Elevated circulating levels of vascular
endothelial growth factor (VEGF) have been shown in
patients with IBD[13,14]. Increased spontaneous production
of VEGF was also found in the inflamed mucosa of IBD
patients[15]. In a recent clinical study, a reduction of serum
VEGF levels was observed in CD patients who responded
to anti-TNF-α treatment[16].
Novel therapies using antibody against TNF-α are still
expensive and some patients do not respond. Thalidomide,
another anti-TNF-α agent, has been effectively used in
the treatment of diseases believed to be mediated by proinflammatory cytokines, such as rheumatoid arthritis[17],
chronic graft-versus-host disease[18], and chronic cutaneous
lupus erythematosus[19]. Although the mechanisms of the
immune-modulating action of thalidomide are not completely understood, results from in vitro studies indicated
that thalidomide is capable of inhibiting both bacterial lipopolysacharide–stimulated IL-12 and TNF-α production
by monocytes[20,21].
Preliminary data from open label trials suggest that
thalidomide may have a role in the treatment of refractory
CD[22,23]. However, selective inhibition of TNF-α using
oxpentifyline may not be effective in CD[24]. Therefore, it is
relevant to study the mechanism by which thalidomide exerts its therapeutic effect on intestinal inflammation. In the
present study, we investigated both the therapeutic and the
prophylactic effect of thalidomide on histologic inflammation, distribution of immune competent cells and VEGFproducing cells in the intestinal lamina propria, and the
production of TNF-α and IL-12 in TNBS-induced colitis.

MATERIALS AND METHODS
Animals
Male Wistar rats (each weighing between 250 and 300
g) obtained from a local supplier, were maintained on a
12-h/12-h light/dark cycle in a temperature-controlled
room (24℃). Animals were housed in rack-mounted, wire
cages with 3 animals per cage. Standard laboratory pelleted
formula and tap water were provided ad libitum. The care
and use of animals, as well as all procedures reported in

2167

this study were approved by the institutional animal care
committee of the Federal University of Rio de Janeiro and
are in accordance with the guidelines of the Institutional
Care and Use Committee of the National Institutes of
Health, and the Guide for the Care and Use of Laboratory
Animals[25].
Induction of colitis
On day (d) 0, rats were lightly anesthetized with ether, and
colitis was induced by intracolonic instillation of 0.8ml
of a solution containing 20mg of 2,4,6-TNBS (Sigma
Chemical Co., St. Louis, MO) in 17.5% ethanol (Merck,
Darmstadt, Germany) using a rubber cannula (8 cm long)
inserted through the rectum. Thereafter, animals were allowed access to standard chow and water ad libitum. Clinical manifestations such as diarrhea, bleeding and weight
loss were observed during this period.
Experimental design
After an initial acclimation period of 1 wk, animals were
assigned randomly to one of five groups of ten animals
each, and followed during 1 wk. The colitis group was
submitted to colitis-induction but did not receive any treatment and animals were sacrificed on experimental d 8. The
therapeutic-thalidomide group was submitted to colitis-induction followed by treatment with thalidomide by gavage
(200 mg/kg per day) during 7 d, whereas the placebo-treated group received just the solvent used for thalidomide
administration (olive oil). The two groups were sacrificed
on experimental d 15. The prophylactic-thalidomide group
received a single dose of thalidomide by gavage (200 mg/
kg per day) 6 h before colitis-induction, and animals were
killed on experimental d 8. Normal rats not submitted to
any intervention constituted the control group, being sacrificed after the acclimation period.
For the surgical procedure, animals were anesthetized
by ether inhalation and submitted to a mid-laparotomy
under sterile technique. The distal colon was removed,
opened longitudinally and rinsed with sterile saline. The
colon was immediately examined and any visible damage was scored. After scoring, three tissue samples were
excised from the colon for histological assessment, immunohistochemical analysis and organ culture. A quick death
procedure by cervical dislocation was uniformly performed
in all animals.
Macroscopic assessment of the colon
Colon injury was evaluated and scored by two independent
observers according to the following macroscopic parameters: adhesion, strictures, ulcer and thickness of colon wall.
For adhesions grading was considered: 0, absent; 1, light;
2, multiple; for strictures 0, absent; 1, light; 3 accentuated
with proximal dilatation. For ulcer grading the scoring
was 0, absent; 1, linear ulcer < 1 cm; 2, two linear ulcers
< 1 cm; 3, numerous ulcers > 1 cm; and for thickness of
the colon wall, 0, < 1 mm; 1, 1 to 3 mm; 2, > 3 mm; total
score ranging from 0 to 10[26].
Histological inflammatory scores of the colon
Specimens were fixed in 40 g/L formadehyde saline, em-
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bedded in paraffin, cut into 5 μm sections, stained with
hematoxylin-eosin stain, and examined microscopically by
two independent observers. The following histologic parameters were studied: ulceration, hyperplasia and inflammatory infiltrate. For both inflammatory infiltrate and hyperplasia, grading was considered: 3, severe; 2, moderate;
1, mild; 0, absent. For ulcers, grading was: 4, diffuse glandular disruption or extensive deep ulceration; 3, glandular
disruption or focal deep ulceration; 2, diffuse superficial
ulceration; 1, focal superficial ulceration; and 0, absent[27].

mum detectable concentration of rat TNFα. was typically
less than 5.0 ng/L.
IL-12 was measured in supernatants samples using an
ELISA assay (BIOSOURCE, Camarillo, CA). According to the manufacturer directions, the minimum detectable IL-12 concentration was 3.0 ng/L. All samples were
analyzed in duplicate. Cytokine concentrations in organ
culture supernatants were expressed as pg/µg protein. The
total protein content of the biopsy specimens was estimated by the Lowry’s method.

Immunohistochemical analyses
Tissue samples were immediately embedded in TissueTek O.C.T. compound (Miles Scientific Laboratories Ltd,
Naperville, IL) and snap frozen in isopentane in a liquid
nitrogen bath. Samples were then stored at -80℃ until
processing, and cut into 6 μm section in a cryostat maintained at -20℃. Tissue sections were air-dried and fixed
for 10 min in a 1:1 solution of chloroform-acetone. Immunologic assessment of the intestinal mucosa was made
using indirect immunoperoxidase technique using the following antibodies: mouse monoclonal anti-rat CD68, to
macrophages, mouse monoclonal anti-rat CD4, to CD4+
T cells (Serotec Ltd., Oxford, UK), and rabbit polyclonal
anti-rat VEGF (Santa Cruz Biotechnology, Inc., CA).
Briefly, tissue sections were incubated at room temperature
with normal horse serum for 30 min and then with 50 µL
of each monoclonal antibody for 1 h. One section from
each animal was incubated with phosphate-buffered saline
(PBS) alone or 50 µL of mouse IgG1 (Dakopatts A/S)
and served as a negative control. After rinsing in PBS for
10 min, all sections were incubated for 45 min with 50 µL
of either a goat anti-mouse or a goat anti-rabbit peroxidase
conjugate IgG (Zymed Laboratories In.). Additional rinsing was followed by development with a solution containing hydrogen peroxide and diaminobenzidine, dehydrated
and mounted in histological mounting medium. Sections
were examined by two independent observers using light
microscopy at 400X magnification. Lamina propria cells
exhibiting identifiable reactivity on their surface distinct
from background were regarded as positive. All cells within
the lamina propria were assessed by a quantitative grading
system in at least five distinct high power fields. The results
were expressed as positive cells (immunoreactive) numbers
per mm2 lamina propria.

Statistical analysis
Statistical analyses were performed using the statistical
software SPSS for Windows (Version 10.0.1, SPSS Inc.,
1989-1999, USA). Statistical differences among the experimental groups were evaluated with the one-way ANOVA
test in which pairwise multiple comparisons were carried
out using the Dunnett’s T3 test. Correlations between
inflammatory scores, the densities of positive cells measured by immunohistochemistry, and cytokines levels were
assessed using the Spearman rank correlation coefficient.
Values are expressed as medians (1st quartile, 3rd quartile).
The level of significance was set at P < 0.05.

Organ culture and cytokine measurements
Colonic mucosal explants were cultured for 24 h at 37℃
with 95% CO2 by the established procedure. All culture
media consisted of RPMI 1640 medium and 10% fetal
calf serum (Life Technologies, Great Island, USA) with
penicillin (100 KU/L) and streptomycin (100 mg/L).
After culture for 24 h, the organ culture medium was collected and used for TNFα and IL-12 assays. Samples were
centrifuged and the supernatants used for measurement
of the concentration of TNFα by a comercial sensitive
enzyme-linked immunosorbent assay (ELISA) method for
rat TNFα (R&D System, Mineapolis, MN). In our data, biopsy specimens’ wet weight was shown to correlate closely
with protein content of tissue homogenates. The mini-

www.wjgnet.com

RESULTS
Assessment of macroscopic and microscopic changes in
the colon
TNBS-induced colitis manifested predominantly as patchy
inflammatory lesions in the distal colon that gradually worsened throughout d 1-7. Involved areas of the colon demonstrated mucosal edema, ulceration, and evidence of transmural inflammation. Animals treated with either therapeutic
or prophylactic thalidomide showed less inflammation compared to placebo-treated animals (data not shown).
Significantly higher microscopic inflammatory scores
were found in the intestinal mucosa of all animals submitted to colitis-induction compared to the normal mucosa
of controls. Scores in the thalidomide-treated group were
significantly lower compared to those of the colitis group
(Figures 1 and 2). Among histological parameters analyzed
ulceration was the most affected by thalidomide treatment.
Number of CD4+ T-cells and macrophages in the colonic
lamina propria.
The numbers of lamina propria CD4+ T-cells were not
significantly different among the study groups. The number of macrophages was significantly higher in colitis,
placebo-treated, and also in the prophylactic-thalidomide
group compared with that of the control group. In the
therapeutic-thalidomide group the number of macrophages was similar to that of normal controls (Figures 3
and 4). A significant correlation was detected between the
number of macrophages in the colon and the histological
inflammatory scores (r = 0.56, P < 0.001).
Number of VEGF+ cells in the colonic lamina propria
The number of lamina propria VEGF+ cells was significantly higher in colitis, placebo-treated, and also in the
prophylactic-thalidomide group compared to the control
group. However, therapeutic-thalidomide significantly re-
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Figure 1 HE staining of tissue obtained from the left colon of animals:
untreated colitis (A), therapeuticthalidomide (B), respectively. Sample
from untreated colitis group shows
gross ulceration and intense cellular
infiltration, congestion and edema,
while thalidomide-treated animal
presents less inflammation and no
ulceration (Original magnification ×
100).
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Figure 2 Histological inflammatory scores of the colon. Total score of histological
parameters analyzed in all groups: untreated colitis, therapeutic- and prophylacticthalidomide, placebo-treated, and normal controls, respectively (n = 10 in each
group). Horizontal bars represent medians, boxes represent the 25th and 75th
percentiles, and vertical bars represent ranges. Differences were analysed using
one-way ANOVA with the Dunnett’s test for multiple comparisons. Significant differences are presented.

A

P = 0.02

10

2
0

P = 0.009

60

P = 0.047

P < 0.001

Number of cells (%)

Inflammatory score

12

B

C

Figure 3 Macrophages in the colonic lamina propria. Immunoperoxidase staining
for macrophages is shown in placebo-treated colitis (A), therapeutic-thalidomide
(B), and in a normal control (C), respectively. Arrowheads show immunoreactive
cells (Original magnification × 400).

CD4+ T-cells
Prophylactic
Control
thalidomide
Therapeutic
Placebo
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Colitis

Macrophages

Figure 4 Quantitative analysis of CD4+ T-cells and macrophages in the colonic
lamina propria of animals with untreated colitis, animals receiving therapeutic or
prophylactic thalidomide, placebo-treated, and normal controls, respectively (n =
10 in each group). Horizontal bars represent medians, boxes represent the 25th
and 75th percentiles, and vertical bars represent ranges. Significant values are presented. Differences were analysed using one-way ANOVA with the Dunnett’s test
for multiple comparisons. Significant differences are presented.

duced the number of VEGF+ cells in TNBS-induced colitis compared to colitis group and placebo-treated (Figures
5 and 6). A significant correlation was detected between
the number of VEGF+ cells in the colon and the histological inflammatory scores (r = 0.63, P < 0.001).
Cytokine production by colonic mucosa
Significantly higher levels of TNF-α were found in the
supernatants from colitis, placebo-treated and therapeuticthalidomide, compared to normal controls. However,
levels were significantly lower in both therapeutic- and
prophylactic-thalidomide groups compared with those obtained from colitis and placebo-treated groups (Figure 7).
A significant correlation was found between the levels of
TNF-α, and the histological inflammatory scores (r = 0.60,
P < 0.001).
Significantly higher levels of IL-12 were detected in the
supernatants from colitis and placebo-treated colitis compared
to controls. Placebo-treated group also showed significantly
increased levels compared with those of the therapeuticthalidomide group (Figure 8). A significant correlation was
found between the levels of IL-12 and both the histological
inflammatory scores (r = 0.50, P < 0.001), and the number of
lamina propria VEGF+ cells (r = 0.62, P = 0.001).
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Figure 5 Quantitative analysis of CD4+ T-cells and macrophages in the colonic lamina propria of animals with untreated colitis, animals receiving therapeutic or prophylactic thalidomide, placebo-treated, and normal controls, respectively (n = 10 in each group). Horizontal bars represent medians, boxes represent the 25th and 75th percentiles,
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Figure 6 Quantitative analysis of VEGF+ cells in the colonic mucosa of the
groups: untreated colitis, therapeutic- and prophylactic-thalidomide, placebotreated, and normal controls, respectively (n = 10 in each group). Horizontal bars
represent medians, boxes represent the 25th and 75th percentiles, and vertical bars
represent ranges. Differences were analysed using one-way ANOVA with the Dunnett’s test for multiple comparisons. Significant differences are presented.
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Figure 7 TNF-α production by the colonic mucosa. Levels of TNF-α are measured in supernatants of organ cultures and presented as pg/µg of tissue protein, in
the groups: untreated colitis, therapeutic- and prophylactic-thalidomide, placebotreated, and normal controls, respectively (n = 10 in each group). Horizontal bars
represent medians, boxes represent the 25th and 75th percentiles, and vertical bars
represent ranges. Differences were analysed using one-way ANOVA with the Dunnett’s test for multiple comparisons. Significant differences are presented.
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Figure 8 IL-12 production by the colonic mucosa. Levels of IL-12 are measured
in supernatants of organ cultures and presented as pg/µg of tissue protein, in
the groups: untreated colitis, therapeutic- and prophylactic-thalidomide, placebotreated, and normal controls, respectively (n = 10 in each group). Horizontal bars
represent medians, boxes represent the 25th and 75th percentiles, and vertical bars
represent ranges. Differences were analysed using one-way ANOVA with the Dunnett’s test for multiple comparisons. Significant differences are presented.

DISCUSSION
In the present study we evaluated both the therapeutic
and prophylactic effect of thalidomide on TNBS-induced
colitis. Experimental colitis showed a gradual worsening during the first week after TNBS administration. The
pathologic process consisted basically of patchy inflammatory lesions and evidence of transmural inflammation in
the distal colon, similar to lesions that can be seen in human Crohn’s disease (CD). A significant reduction in the
inflammatory score was observed in the group treated with
thalidomide compared with TNBS-induced colitis animals
not receiving thalidomide. In particular, we demonstrated
that thalidomide treatment reduces the percentages of
VEGF+ cells in the colonic lamina propria, and the local
production of TNF-α and IL-12.
Animal models have been extremely helpful not only
to study mechanisms of inflammation underlying IBD but
also providing information on which cytokines could be
potential targets for therapeutic blockade. TNBS-induced
colitis is one of the most common models of experi-
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mental colitis in which the colonic mucosa is exposed to
the contact-sensitizing agent, TNBS, a covalently reactive compound that attaches to autologous proteins and
stimulates a delayed-type hypersensitivity response to the
hapten-modified self antigens. This TNBS-induced animal
model of chronic intestinal inflammation exhibits a Th1like inflammatory response and displays several features
consistent with those observed in human CD[28].
In the most common animal models of colitis, the
cytokines predominantly involved in mucosal inflammation are TNF-α, IL-12, and IFN-γ, and their neutralization with specific antibodies were shown to ameliorate the
inflammatory process[29,30]. Interestingly, treatment with the
anti-TNF-α antibody infliximab has been demonstrated
to be very effective in active CD, whereas etanercept, a
fusion protein containing the TNF receptor p75 did not
show good results[31]. Although both have high affinity
for TNF-α, it seems that etanercept has less specificity
and avidity and, moreover, it does not induce lymphocyte
apoptosis[32]. In fact, induction of T-cell apoptosis has
been associated with clinical remission in CD[33,34]. Hence,
it appears that the beneficial effect of infliximab in CD
could be, at least in part, related to the elimination of inflammatory cells in the intestinal mucosa. In this study,
although colitic animals showed elevated percentages of
macrophages in the intestinal lamina propria, it appeared
that their numbers were not significantly affected by thalidomide. Moreover, no significant difference was found between groups concerning the percentage of CD4+ T-cells.
Therefore, colitis attenuation observed after thalidomide
cannot be attributed to a change in the number of inflammatory cells in the colon. Consequently, it seems unlikely
that apoptosis would constitute a primary mechanism of
action of thalidomide in TNBS-induced colitis.
In vitro studies demonstrated that thalidomide is capable
of inhibiting TNF-α production by human monocytes in
culture, without affecting levels of interleukin 1 beta, interleukin 6, and granulocyte/macrophage colony-stimulating
factor[35]. The mechanism of TNF-α inhibition by thalidomide is thought to be associated with the enhanced degradation of the TNF-α messenger RNA[36]. Thus, the selective blockade of TNF-α production makes thalidomide an
interesting candidate for the treatment of inflammatory
diseases in which TNF-α plays an important role such as
CD. In fact, clinical efficacy of thalidomide on refractory
CD has been reported in recent open label trials[22,23]. In
this study, TNF-α levels in the colonic mucosa were significantly reduced among both therapeutically and prophylactically treated animals, and correlated with inflammatory
scores. In keeping with our results, an other experimental
study also demonstrated amelioration of colitis in association with the reduction of TNF-α tissue levels[37].
Nevertheless, exclusive inhibition of TNF-α may not
be sufficient to explain the beneficial effect of thalidomide
in IBD and experimental colitis. For example, oxpentifylline is capable of inhibiting the secretion of TNF-α by
peripheral blood mononuclear cells and intestinal mucosa
cultures from IBD patients[38]. However, in an open label
study using oxpentifylline the resulting suppression of
TNF-α in patients with corticosteroid-dependent CD did
not improve clinical disease activity[24]. In our study, the
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finding that prophylactic abrogation of TNF-α did not
prevent inflammation supports the idea that other cytokines or inflammatory pathways might be involved in the
development of TNBS-induced colitis, and that additional
effects beyond TNF-α inhibition are necessary to explain
the efficacy of therapeutic thalidomide.
In addition to TNF-α neutralization, some preliminary
clinical data also suggest there are beneficial effects of
blockade of different cytokines including IL-12, IL-6, and
IFN-γ[39,40]. IL-12 has a critical role in the development of
cellular immune responses that operate largely by stimulating the production of IFN-γ, and it has been shown to be
secreted by intestinal lamina propria mononuclear cells of
CD patients[11]. In addition to the increased production of
IL-12, the IL-12 receptor β2 subunit was found to be upregulated at inflammatory sites in CD intestine, further
supporting the importance of a signalling pathway used by
IL-12 to induce the aberrant mucosal Th1 activation seen
in CD[41]. The prevention of experimental colitis obtained
following the administration of an antibody targeting
IL-12 also contributes to the notion of the involvement of
IL-12 in the development of intestinal inflammation[12]. In
an open label trial in refractory CD, clinical efficacy of thalidomide was associated with a strong effect on both the
TNF-α and IL-12 production by lamina propria mononuclear cells and peripheral blood monocytes[42]. Intestinal
levels of both TNF-α and IL-12 in our study were significantly correlated with the inflammatory scores of the
colon and decreased after thalidomide treatment. Hence,
the suppression of IL-12 production by thalidomide seems
to constitute an alternative mechanism by which the drug
exerts its therapeutic activities, independent of, or synergistic with its anti-TNF-α effect. The combined inhibition
of IL-12 and TNF-α by thalidomide may also explain the
absence of response in studies using oxpentifylline.
Increased vascular density and angiogenic activity have
been reported in different inflammatory diseases[43]. In
IBD, an increased vessel density detected with Doppler
ultrasonography has been reported during active CD[44].
Vascular endothelial cell growth factor (VEGF) is a potent
angiogenic cytokine capable of increasing the proliferation, permeability and cell motility of endothelial cells[45].
Increased serum and tissue levels of VEGF have been
shown in patients with active IBD[46,47]. In addition, VEGF
was recently found to induce the expression of adhesion
molecules such as intercellular adhesion molecule-1[47], and
also to increase the adhesion of immune cells to the colonic endothelium[48]. On the other hand, thalidomide and
its analogue supidimide, significantly attenuated TNBSinduced colitis, impairing adhesion of leukocytes to vascular endothelial cells and reducing the vascular cell adhesion
molecule-1 mRNA expression[26]. Therefore, it is likely that
VEGF may play a role as intermediary molecule acting in
the interface between angiogenic and chronic inflammation in IBD. Consistent with this hypothesis, our results
demonstrate that the percentage of colonic VEGF+ cells
positively correlated to the inflammatory scores, and reduced significantly in response to therapeutic thalidomide.
In conclusion, our data suggest that thalidomide significantly attenuates TNBS-induced colitis by mechanisms
including the inhibition of the intestinal production of
www.wjgnet.com
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TNF-α, IL-12, and VEGF. The thalidomide immunoregulatory mechanism acts on the cytokine imbalance present
in inflammatory bowel disease mucosa. Although currently less effective than other novel therapies such as antiTNF-α, thalidomide and its analogues with enhanced activity and hopefully less side effects, and the development
of new methods for drug delivery in the gut, may possibly
support the use of thalidomide as an alternate approach
for selected patients with CD.
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and 8.2 ± 5.2, P < 0.05, respectively), but content of
TGF-α (237.0 ± 72.6 pg/mL vs 104.7 ± 51.2 pg/mL and
154.1 ± 61.3 pg/mL, P < 0.01) and expression of HSP70
(0.13 ± 0.03 vs 0.08 ± 0.06 and 0.06 ± 0.04, P < 0.05)
were higher in group C. Furthermore, the PCNA-LI was
significantly higher in group C than in group B (21.6 ± 4.1
vs 6.9 ± 4.7, P < 0.01).

Abstract

© 2007 The WJG Press. All rights reserved.

AIM: To observe the effects of pre-moxibustion on
apoptosis and proliferation of gastric mucosal cell in rats
with stress-induced ulcer, and to analyze the relationship
between those effects and the expression of heat-shock
protein 70 (HSP70).
METHODS: Sixty healthy Sprague Dawley rats were
randomly assigned into four groups, namely group
A, B, C and D. The animal model of stress ulcer was
established by water immersion and restraint stress. The
rats in group A, B, and D served as the restraint, model,
and non-acupoint controls, respectively, while those in
group C received moxibustion at Zusanli and Liangmen
points. Immunohistochemical methodology was used to
detect the expression of HSP70, apoptosis index (AI, ×
-6
2
-6
2
10 /μm ) and proliferation index (PCNA-LI, × 10 /μm ).
The mucosal expression of transforming growth factor α
(TGF-α) was detected by radioimmunoassay.
RESULTS: Moxibustion at Zusanli and Liangmen
points significantly decreased the gastric injury and
the apoptosis of gastric mucosal cells, while markedly
increased the mucosal expression of TGF-α and HSP70
as well as the proliferation of gastric mucosal cells.
Compared with group A, ulcer index (UI) (26.8 ± 9.8 vs
12.0 ± 5.9, P < 0.01), AI (9.6 ± 4.2 vs 4.4 ± 2.6, P <
0.05) and expression of HSP70 (9.6 ± 4.2 vs 4.4 ± 2.6,
P < 0.05) were significantly increased, but the content
of TGF-α (104.7 ± 51.2 pg/mL vs 254.0 ± 86.9 pg/mL, P
< 0.01) and PCNA-LI (6.9 ± 4.7 vs 14.9 ± 4.6, P < 0.05)
were significantly decreased in group B. However, ulcer
index values (UI) and AI were obviously lower in group
C compared to groups B and D (14.1 ± 5.4 vs 26.8 ±
9.8 and 26.2 ± 7.7, P < 0.01; 3.0 ± 1.6 vs 9.6 ± 4.2
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CONCLUSION: Moxibustion at Zusanli and Liangmen
points has a protective effect on rats gastric mucosa in
stress-induced gastric ulcer, which is closely related to its
actions in promoting synthesis of TGF-α and proliferation
of gastric mucosal cells, suppressing gastric mucosal cell
apoptosis, and up-regulating HSP70 expression.

Key words: Moxibustion; Stress ulcer; HSP70; Proliferating
cell nuclear antigen; Apoptosis
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INTRODUCTION
Acute gastric mucosal injury is often accompanied with
decreased cell proliferation and increased cell apoptosis,
while cell apoptosis decreases during the healing of gastric
ulcers[1], thereby suggesting that inhibition of cell apoptosis
is helpful for preventing stress ulcers. Studies show that
heat shock protein 70 (HSP70) plays an important role in
preventing stress-induced cell injury and promoting healing
of injured cells[2]. So, it may be useful to induce expression
of HSP70 in gastric mucosa to prevent stress-induced
ulcers and promoting ulcer healing. Many studies have
reported that acupuncture could induce the expression
of HSP70. However, most of these studies were about
cardiovascular and cerebrovascular diseases, and only a few
about gastric disease.
Our previous studies have proved that acupuncture
at “Zusanli” point could protect gastric mucosa against
stress-induced injury[3,4], and acupuncture could inhibit
gastric mucosal cell apoptosis in experimental gastric
ulcer. Furthermore, a beneficial effect of moxibustion on
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gastric ulcers has been reported in the clinic. Our present
study aimed to explore the effect of moxibustion on cell
apoptosis and proliferation of injured gastric mucosa,
and whether the effect was associated with regulation of
HSP70.

Table 1 Comparison of UI and TGF-α among four groups (mean
± SD, n = 10)

MATERIALS AND METHODS
Materials
Moxa cones called Magic moxa 300 (type orientalⅠ) were
purchased from Suzhou Oriental Dry Moxa Factory.
TGF- α radioimmunoassay reagent package (produced
by radioimmunoassay office of Science and Technology
Developing Center in Liberation Army Hospital), PCNA
monoclonal antibody, HSP70 polyclonal antibody,
apoptosis package (Wuhan Boster Biological Technology
Co. Ltd), rabbit SP kit, mouse SP kit, brown DAB colordeveloping agent (Beijing Zhongshan Golden Bridge
Biotechnolog y Co. Ltd), low temperature freezing
centrifuge (TGL 16M), microscope (Motic B1), γ immunity
calculating instr ument (FJ-2008) were used. Other
chemicals used were of analytical grade.
Animal experiment
Sixty healthy SD rats of either sex, weighing 200-250 g,
were obtained from Animal Technology College of Hunan
University of Agriculture. Rats were randomly divided into
four groups, namely group A (with restraint), group B (with
stress ulcer, SU), group C (with acupuncture at Zusanli and
Liangmen point + SU), and group D (with acupuncture at
non-acupoint + SU). Gastric ulcer model was established
by fasting for 24 h and forced water (20℃) immersion
(10 h). Moxibustion was applied to unilateral Zusanli and
Liangmen points (selected on the basis of Experiment
Acupuncture Science [5]) or non-acupoint (about 1 cm
lateral to Zusanli and Liangmen points) for about 30 min (4
cones per point), once daily and continuously for 8 d. At
the end of the experiments, gastric mucosal was sampled
from 5 randomly selected rats in each group for detecting
apoptosis index (AI), proliferating cell nuclear antigen
(PCNA) activity, and HSP70 expression. Gastric mucosa
from the remaining 10 rats in each group was sampled
to examine gastric mucosal injury index (ulcer index, UI,
GUTH method) and TGF-α content.
Determination of TGF-α
Samples of gastric mucosa were homogenized and treated
with the test kit according to the manufacturer’s instructions.
Immunohistochemical analysis
Paraformaldehyde-fixed and paraffin-embedded tissues
were cut into 4-μm thick sections, dewaxed in xylene and
rehydrated through graded ethanol. Sections were treated
with 30 mL/L H2O2 to inhibit endogenous peroxidase
activity. Expression of PCNA and HSP70 was detected
using SP immunohistochemical method (SP kit, Beijing
Zhongshan Golden Bridge Biotechnology Co. Ltd. Mouse
anti-rat monoclonal antibody at a dilution of 1:125 and
rabbit anti-rat polyclonal antibody at a dilution of 1:125
were used for detection of PCNA and HSP70 expression,
respectively. Cell apoptosis was examined using TUNEL
method (Apoptosis Package, Wuhan Boster Biological

b

Group

UI

TGF-α (pg/mL)

A
B
C
D

12.0 ± 5.9
26.8 ± 9.8b
14.1 ± 5.4df
26.2 ± 7.7b

254.0 ± 86.9
104.7 ± 51.2b
237.0 ± 72.6ad
154.1 ± 61.3b

P < 0.01 vs group A; dP < 0.01 vs group B; aP < 0.05, fP < 0.01 vs group D.

Table 2 Comparison of PCNA-LI, AI, expression of HSP70
among the four groups (mean ± SD, n = 5)
Group
A
B
C
D

PCNA-LI
-6
(×  10 /μm)

AI
-6
(×  10 /μm)

14.9 ± 4.6
6.9 ± 4.7a
21.6 ± 4.1d
18.3 ± 7.9c

4.4 ± 2.6
9.6 ± 4.2a
3.0 ± 1.6ce
8.2 ± 5.2

HSP70
(%)
0.02 ± 0.01
0.08 ± 0.06a
0.13 ± 0.03bcf
0.06 ± 0.04

a

P < 0.05, bP < 0.01 vs group A; cP < 0.05, dP < 0.01 vs group B; eP < 0.05, fP < 0.01
vs group D.

Technology Co. Ltd). Sections were stained with brown
DAB color-developing agent. Cells bearing a brown-yellow
stain in the nuclei or cytoplasm were considered positive
for HSP70. PCNA and cell apoptosis were considered
when cells had a brown-yellow staining in the nuclei.
Medical Image Analyzing System (MIAS) was used to
calculate the percentage of positive cells.
Statistical analysis
All results were expressed as mean ± SD. Statistical
significance of differences was performed by employing
th e A NOVA with SPSS so ftwa r e (Ver sio n 11.5).
Differences were considered statistically significant when P
was less than 0.05.

RESULTS
UI and TGF-α content in gastric mucosa
UI in group B was higher than that in control A which
suggested successful model preparation. UI in group C was
significantly lower than that in groups B and D. The content
of TGF-α in group B was significantly lower than that
in group B, while the content of TGF-α in group C was
significantly higher than that in group B and D (Table 1).
HSP70, PCNA-LI expression and AI in gastric mucosal
cells
AI and expression of HSP70 in group B were significantly
higher than those in group A, while PCNA-LI in group
B was lower. The expression of HSP70 in group C was
higher than that in any other group. PCNA-LI in group C
was significantly higher than that in group B, while AI in
group C was lower (Table 2, Figure 1,Figure 2, Figure 3).

DISCUSSION
Much Chinese ancient literature documents that
moxibustion can enhance the vital energy of the human
www.wjgnet.com
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Figure 1 Expression of PCNA in group A (A), group B (B), group C (C) and group
D (D).

Figure 3 Expression of HSP70 in group A (A), group B (B), group C (C) and group
D (D).

A

B

C

D

in gastric mucosal cells and apoptosis is the chief
death pattern in epithelial cells of the gastrointestinal
tract [10] for destruction of unwanted and superfluous
cells. Proliferation is as important as apoptosis for the
development and homeostasis of metazoans. There is a
balance between cell apoptosis and proliferation in normal
gastric mucosa[11], while gastric mucosal diseases caused
by stress injury are always accompanied with increased
cell apoptosis. A few apoptotic cells exist in epithelial cells
of normal gastric mucosa, but concentrated necrosis and
apoptotic cells are found on the surface of ulcers[12]. Peng
et al[13] found H pylori infection could induce apoptosis of
gastric mucosal epithelial cells, but had no effect on cell
proliferation. The proliferative cells could not balance
out the apoptotic cells, which caused ulcers. The study on
rats with stress ulcer demonstrated that stress induced,
increased apoptosis of gastric mucosal epithelial cells
and cell apoptosis was decreased during the healing of
gastric ulcers[14]. Xiong et al[15] found that AI in ulcer model
group was higher than that in normal group, while AI
in treatment group decreased significantly after healing
of ulcers. Many studies have reported that acupuncture
could inhibit cell apoptosis in ischemic cardiac muscle and
nervous system[16,17]. But there are less studies on the effect
of acupuncture on cell apoptosis in the gastrointestinal
tract mucosa. Acupuncture can inhibit apoptosis of
colonic epithelial cells in ulcerative colitis[18]. Our previous
study demonstrated that acupuncture at Zusanli point
could induce the expression of Bcl-2 protein to inhibit and
reduce gastric mucosal cell apoptosis induced by ethanol[19].
The results of the present study showed AI in group C
was significantly lower than that in group B, indicating that
acupuncture at Zusanli and Liangmen points could inhibit
gastric mucosal cell apoptosis induced by water immersion
and restraint stress. Proliferating cell nuclear antigen
(PCNA) plays an important role during DNA synthesis
and cell proliferation. Sun et al[20] found PCNA-LI was
increased during healing of gastric mucosal injury. Our
results showed that acupuncture at Zusanli and Liangmen
points could promote cell proliferation to accelerate repair

Figure 2 Cell apoptosis in group A (A), group B (B), group C (C) and group D (D).

body and its ability to prevent diseases. Modern studies
proved that moxibustion could relieve pain, improve blood
circulation, and regulate metabolism and immunity[6].
Our previous study demonstrated that acupuncture
at different segments of Foot-Yangming Meridian had
protective effects on injured gastric mucosal cells, and the
effect of stimulation on the Zusanli point was the best[3].
Acupuncture at Zusanli point could reduce ulcer index
in rats with gastric mucosal injury induced by infusing
dehydrated alcohol into stomach[4].
Zusanli is often used to treat gastric disease[4]. Chen et
[7]
al found moxibustion could reduce gastric mucosal injury
and accelerate ulcer healing in rats with gastric ulcer. The
results of our study showed that moxibustion at Zusanli
and Liangmen points could reduce UI of gastric mucosa,
suggesting that moxibustion had protective effect on
gastric mucosal cells.
Apoptosis is an active gene-controlled process of
cell death and the primary form of programmed cell
death [8,9]. Programmed cell death is a normal process
www.wjgnet.com
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of the injured gastric mucosa.
TGF is a species of growth factor, which can promote
cell proliferation and division as well as cell migration.
Konturek et al [21] found TGF- α could accelerate the
healing of stress injury induced by dehydrated alcohol and
stress. The healing of gastric ulcers is accompanied with
increased expression of TGF- α . TGF- α can promote
cell proliferation, inhibit gastric secretion and improve
blood flow around ulcer margin[22]. Furthermore, TGF-α
can increase the content of DNA, RNA and protein in
injured mucosa, accelerate tissue growth and repair[23]. The
results of our study demonstrated that acupuncture at
Zusanli and Liangmen points could increase the content
of TGF-α in gastric mucosa accompanied with increased
cell proliferation.
Heat shock proteins (HSPs), also called stress proteins,
are a group of proteins that are present in all cells in all
life forms. They are induced when a cell undergoes various
types of environmental stresses like heat, cold and oxygen
deprivation[24]. Over-expression of HSP70 has been found
in gastric mucosa of rats with gastric ulcer and in patients
with gastric carcinoma [25,26] . The over-expression of
HSP70 can accelerate ulcer healing by increasing GMBF,
promoting cell proliferation, inhibiting cell apoptosis,
protecting cells against oxygen-free radical, accelerating
protein synthesis [27-29]. Moxibustion, as a physiological
stressor, can induce expression of HSP70[30,31]. The results
of our study showed acupuncture at Zusanli and Liangmen
points could increase the expression of HSP70 in gastric
mucosa.
What is the relationship between HSP70 and the other
protective factors? Tsukimi et al[32] found the increased
expression of HSP70 might be related to the synthesis and
activity of growth factors, cytokine and COX-2. Increased
expression of HSP70 in gastric mucosal stem cells induced
by ethanol can promote proliferation of stem cells, thus
to accelerate cell renovation of the gastric mucosa[33]. The
results of our study suggested that acupuncture at Zusanli
and Liangmen points could promote TGF-α synthesis,
accelerate cell proliferation and inhibit cell apoptosis.
And these effects are related to the expression of HSP70
induced by moxibustion.

COMMENTS
Background

Apoptosis is an active gene-controlled process of cell death and the chief death
pattern in epithelial cells of gastrointestinal tract. There is a balance between
cell apoptosis and proliferation in normal gastric mucosa, while gastric mucosal
diseases caused by stress injury are always accompanied with increased cell
apoptosis. It suggests that inhibition of cell apoptosis is helpful for preventing
stress ulcer. Studies have reported that acupuncture could inhibit cell apoptosis in
ischemic cardiac muscle and nervous system.

Research frontiers

Protective effect of acupuncture on gastric mucosa has been proved. And
the mechanism has been explored in several levels including regulation of
neuromechanism, effect of gut hormone, improvement of GMBF, effect of humoral
factors, opposition on oxygen-free radical and enhancement of gastric wall
barricade. Recent studies have shown acupuncture and moxibustion can induce
HSP70 to protect gastric mucosa.
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The study observed the protective effect of moxibustion on gastric mucosa. The
previous study has proved acupuncture can inhibit gastric mucosal cell apoptosis
induced by ethanol. This study explored the relationship between TGF-α, HSP70
and cell apoptosis.

Applications

The results of the present study proved pre-moxibustion could induce HSP70,
increase TGF-α content and inhibit cell apoptosis to protect gastric mucosa
against stress injury. Preventing gastric mucosal injury by pre-moxibustion could
be widely promoted in the clinic.

Terminology

Heat shock proteins (HSPs) are a group of proteins that are present in all
cells in all life forms. They are induced when a cell undergoes various types of
environmental stresses like heat, cold and oxygen deprivation.

Peer review

In the present study, authors demonstrated that moxibustion at Zusanli and
Liangmen points has a protective effect on rats gastric mucosa in stress-induced
gastric ulcer via promoting TGF-α synthesis and proliferation of gastric mucosal
cells, suppressing gastric mucosal cell apoptosis, and up-regulating HSP70
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Abstract
AIM: To introduce a new method: small endoscopic
sphincterotomy (ES) combined with endoscopic papillary
large balloon dilation (SES + EPLBD) to treat patients
with large biliary stones.
METHODS: Retrieval of large biliary stones was performed
in 88 patients. Mean stone size was 14 ��
± ��������������
3 mm and mean
number of stones was 2.5 ��
± 3.5.
������������������������������
Firstly, ES with a small
incision was performed. Next, endoscopic papillary
dilation was performed with a large balloon to slowly
match the size of the bile duct. Stones were then
retrieved from the biliary duct with a balloon and a
basket.
RESULTS: Stone retrieval was successful in all cases
except one cystic duct stone case without the need to
crush large stones. Mean procedure time was 30 ��
± ��
5
min. Dilating the papillary orifice with a large balloon
made it possible to remove large stones smoothly
without crushing them. After dilation with the large
balloon, there were some instances of oozing, but no
perforations. One instance of post-procedural pancreatitis
(1%) occurred.
CONCLUSION: SES + EPLBD was effective for the
retrieval of large biliary stones without the use of
mechanical lithotripsy.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Endoscopic sphincterotomy (ES), first described in
1974, has gained wide acceptance in the treatment of
common bile duct stones[1]. Complications in ES include
hemorrhage, pancreatitis, cholangitis, and perforation of
the duodenal wall[2]. Concerns still exist about the size
and number of stones in ES. I�����������������������������
t is especially
������������������������
�������������
difficult to
remove large and multiple stones.����������������������
E��������������������
ndoscopic papilla���
r��y
dilation combined
����������������������������������������������
with small
��������������������������������
endoscopic sphincterotomy�
addresses these concerns and is indeed necessary for
complete clearance of the bile duct. Simultaneous�����
and
����
gradual large������������������������������
�����������������������������������
dilation of the sphincter of �����������
Oddi�������
and a
������
small ES facilitate proper extraction of ��������������������
larges �������������
sizes and/or
multiple bile duct stones�������������������������������
without complications���������
. Eightyeight�����������������������������������������������������
cases of��������������������������������������������
����������������������������������������������
�������������������������������������������
extract������������������������������������
ion���������������������������������
of large and/or multiple common
bile duct (CBD) stones ����������������
w���������������
ere performed��. The
������������
��������
results
of�������������������������������������������������
this��������������������������������������������
combined method of stone extraction showed
�������������������������������������������
advantages over the use of ES or EPD alone with regards
to complications
���������������������������������
and procedure time.

MATERIALS AND METHODS
Patients
Between May 2003 and April 2006, small ES combined
with endoscopic papillary large balloon dilation (SES +
EPLBD) was carried out in patients with large and multiple
CBD stones. Eighty-eight
������������������������������������������
consecutive
�����������������������������
patients who had
CBD stones�����������������������������������������������
over 12 mm in
�����������������������������������
diameter were selected for this
treatment. The ����������������������������������������
stone�����������������������������������
size (����������������������������
over �����������������������
12 mm in diameter) and
number (1-25) were determined by endoscopic retrograde
cholangiopancreatography (ERCP). ERCP was performed
by one experienced endoscopist and the diagnosis was
confirmed in each instance. The median age of patients
was 74 ��
± 17
����������������������������������
yea����������������������������
r, with a range of ���������
42�������
to 98 ���������������
year (���������
41�������
women
and ���������
47�������
men). Forty-six�������������������������������
����������������������������������������
patients had both gallbladder
������������������������������
and CBD stones and ��������������������������
33������������������������
patients had underg one
cholecystectomy prior to this treatment. Coagulation
indices in all but 2���������������������������������������
patients
��������������������������������������
were normal. Stone size 14.0� ��
±
3.4 mm��
����; Number
���������������������
of stones 2.5� ��
± �����
3.5; �������������������
Number of patients
with gallbladder 55; Number of patients with gallbladder
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Figure 1 Large and multiple stones
were confirmed by endoscopic retrograde cholangiopancreatography.

Figure 2 Large balloon dilation
was performed (max 20 mm in a
diameter) after small ES.

stones 46; Patients with cholangitis 22�������������������
. Informed
�����������������
consent
of the hospital was obtained from each patient who
underwent the clinical treatment in accordance with the
Helsinki Declaration.
Technique
After diagnostic cholangiography at ERCP (Fig�������
�����������
ure����
1)�
using an Olympus video duodenoscope, a guidewire
was passed through the diagnostic cannula into the bile
duct. A b���������������������������������������������
alloon catheter������������������������������
(total length 200 cm) with a
balloon dilator (diameter: �������
20�����
mm; ��������������
length: ������
5�����
cm; �������
Boston
Scientific Corp., Watertown, MA) was then passed over
the guidewire and positioned across the papilla. The
balloon was then inflated� little
����������
by little
������ (Fig��������
ure�����
2)��. Using
��������a�
basket���������������������������������������
, CBD stones were extracted������������
(Fig�������
ure ���
3)�. The ������
small
fragments were extracted by an 8 wire basket (Memory
Helical stone extractor basket, Cook Endoscopy, WinstonSalem, USA). Then smaller stones were retrieved or pulled
out by a balloon catheter. Patients were then examined by
repeated cholangiography to���������������������������
determine the presence of
��������������������������
any residual stones. As residual small stones in the bile duct
were difficult to detect under fluoroscopic examination,�
washing with normal saline was
�����������������������������
carried out to clear the
bile duct. During
�����������������������������������������������
����������������������������������������
the procedure���������������������������
������������������������������������
,��������������������������
�������������������������
isosorbide dinitrate was
administered �������������������������������������������
intravenously������������������������������
at a rate of 5 mg/h ���������
to relax
������
the�������������������������������������������������������
papilla because ��������������������������������������
nitrates are known to have a dilating
effect on the sphincter of Oddi[��3�]. After��������������
�������������������
SES + EPL����
B���
D,
patients were kept in the hospital for at least two day�����
s����
to
observe whether pancreatitis or other complications arose.
All patients received prophylactic antibiotics (cefoperazone
sodium/sulbactam sodium) immediately after the
procedure.
www.wjgnet.com
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Figure 3 CBD stones could be
removed by basket from the bile
duct through the large orifice without
lithotripsy.

RESULTS
The bile duct was cleared completely in 87 of 88 patients
(success rate: 99%). Complete stone removal was
completed in one endoscopic session in 87 of 88 patients
(99%) with large stones of more than 12 mm in diameter.
This procedure failed �����������������������������������
in o�������������������������������
ne�����������������������������
patient with ���������������
a �������������
stone in the
cystic duct. The results of SES + EPL��������������������
B�������������������
D were as follows:
Duct clearance 1/88 (99%); Immediate complications were
Bleeding (excluded oozing) 1/88 (1%); Acute pancreatitis
1/88 (1%); Acute cholangitis 1/88 (1%); Perforation 0/88
(0%); Injured bile duct Case 1/88 (1%); Hypoxia 1/88 (1%);
Hypotension 10/88 (11%)�����������������������������
.����������������������������
Mechanical lithotripsy was
used to extract stones in �����������������������
only this �������������
failed case. �������������
There was no
basket impaction at the sphincter orifice. Procedure time
ranged from 12-71 min. Mean procedure time in the last
30 patients was 25 ±
�� ������
6 min.
����
Acute cholangitis after the treatment was observed in
one patient, who had combined therapy, b�����������������
ut no endoscopic
�����������
treatment was needed��������������������������������
in this
����������������������������
case and ��������������
the patient’s
condition ������������������������������������������������
improved through
���������������������������������������
the use of an������������������
antibiotic�������
drip��.
Transient abdominal discomfort�����������������
����������������
was noted in 48
patients during large
������������������������
������������������
balloon dilation. ����������������
There were some
instances of oozing, but no procedure related������������
�����������
hemorrhage
was seen immediately after �������������������������
SES + EPLBD �������������
or after the
stone clearance. Slight acute pancreatitis occurred in 1
patient (�������������������������
1%)����������������������
after the procedure. ������������������������
T�����������������������
his��������������������
patient needed
�����������
3d
of ���������
fasting. One
�������
���
58�����������������������������������������
����������������������������������������
year-old required�����������������������
endoscopic hemostasis
by clipping because of���������������������������������������
bleeding at the
��������������������������
papilla ��������������
3 d after
����������
the
procedure. However, he did not need a ������������������
blood transfusion
and�������������������������������������������������������
did not have������������������������������������������
hypotension������������������������������
�����������������������������������������
.�����������������������������
He was ���������������������
discharged 3 d after
hemostasis.�������������������������������������������
Hypotension (below 90 mm Hg) was observed
in 10�����������������������������������������������������
����������������������������������������������������
of the patients (11%) receiving the procedure. Drip
infusion of isosorbide dinitrate was immediately stopped
to maintain normal blood pressure and the patients did
not show any problems. ������������������������������
There was one ����������������
case of a small
amount of������������������������������������������������
leakage. ��������������������������������������
In this case, there was a stenosis in
the lower third of the bile duct. After dilation, a little
leakage was recognized under X-ray. T�������������������
his patient ha�����
d����
no
clinical symptom������������������������������
s�����������������������������
and normal laboratory data. ���������
No other
complications were seen in patients who had�������
SES +
EPLBD�.

DISCUSSION
EST is the commonly accepted therapy for the extraction
of CBD stones. It has many early complications including
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bleeding, pancreatitis, and perforation [2-11]. Nonsurgical
12�]
alternatives, including EPD by balloon[���
, and medical
sphincter dilation by nitroglycerin spray or drip infusion
have also been described[3,13].� These
����������������������������
dilation methods have
some limitations in regard to the size and number of
stones[14]. It is difficult to extract large and multiple stones
from the bile duct by������
10-8������������������������������
�����������������������������
mm b�������������������������
alloon�������������������
dilation����������
. In this
new treatment,
�����������������������������������������������������
in addition to����������������������������
small ES�������������������
, we applied large
������
balloon����������������������������������������������������
(20������������������������������������������������
���������������������������������������������������
�����������������������������������������������
mm)��������������������������������������������
dilation ����������������������������������
�������������������������������������������
to facilitate extraction of large
and multiple stones����������������������
without lithotripsy��. ���������������
T��������������
his technique�
����������
was originally
����������������������������������������������
�����������������������������������
presented in English���������������
at the DDW in
2004[1��5�]. ����������������������������������������������
This �����������������������������������������
new data���������������������������������
��������������������������������
on������������������������������
SES + EPLBD cases �����������
reveals an
acceptable complication
������������������
rat��
e�.
Mathuna et al[16] reported that the size of common bile
duct stones to be extracted by EPD alone was smaller
(mean size: 8 mm) and observed that EPD alone was
unsuccessful in clearing the bile duct in 1 or 2 sessions in
18% of patients. On the other hand, combining SES +
EPL���������������������������������������������������
B��������������������������������������������������
D, the mean size of stones extracted in our study
increased to 20 mm���������������������������������
without ������������������������
the need for mechanical
lithotripsy.�����������������������������������������������
����������������������������������������������
Moreover,�������������������������������������
������������������������������������
the treatment could be performed in
only one session.
Balloon dilation alone causes an acute transmural
inflammatory response and intramucosal hemorrhage as
described in a previous study[1��7�]. A s���������������������
mall ES free���������
s access
to the��������������
common cannel.� It is reasonable to conclude that
less injury to
�������������������������������������������
the pancreatic duct ��������������������
was produced in the
sphincter of Oddi by large balloon dilation when ���������
small ES
was combined during the procedure. This may cause fewer
pancreatic complications compared to ES and
������������
b�������
��������
alloon
dilation �������
alone.
18�]
Baron et al[���
and Vlavianos et al[19] reported that EPD
was associated with an unacceptable rate of pancreatitis,
and subsequent studies reported that the incidence of
13����
,17]
acute pancreatitis was 5%-7% [������
. Using combined
therapy, we experienced only one patient who developed
pancreatitis (1%). Hypotension is a common side effect of
13�]
isosorbide nitrate in patients and healthy individuals[���
.� T���
����
en�
out of 88 patients (11%) developed hypotension during
the procedure, requiring immediate discontinuation. Blood
pressure should be monitored continuously while patients
undergo drip�����������������������������������������
���������������������������������������������
p����������������������������������������
ing of isosorbide
���������������������������������
nitrate���������������
and sedation��.
To clear fragments of stones from the bile duct after
dilation, washing���������������������������������������
by normal saline����������������������
was performed in all
patients. Consequently, only
���������������������������������
one
����������������������������
instance of cholangitis
was observed in all patients without
��������������������������
biliary
������������������
drainage,
suggesting that ���������������������������������������������
large dilation ������������������������������
might be useful in preventing
post procedu������������������������������������������
r�����������������������������������������
al cholangitis.
��������������������������������������
More cases are needed to
ascertain the complete
�������������������������������������������������
safety
����������������������������������������
of not inserting a plastic stent
or nasal biliary drainage tube after CBD stone extraction.
Washing the��������������������������������������������
bile duct����������������������������������
�������������������������������������������
was performed to identify missed
���������������������������������
stones that were subsequently removed and was found to
be effective in reducing stone recurrence.
In our experience, the use of SES
���������������������
+ EPLBD����������
resulted
in a mean procedure time of 30 min in all cases, except for
7 B-Ⅱ cases. Stone extraction with SES + EPL�������
B������
D was
faster ����������������������������������������������
compared to ES
����������������������������������
and EPD
���������������������������
alone for large stones
(> 12 mm in diameter). Procedure time is expected to
decrease if the technique is applied frequently in a large
series of patients.
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In conclusion, the results indicated that ������������
SES + EPLBD�
therapy may decrease complications associated with the�
extract����������������������������������������������������
i���������������������������������������������������
on of large and multiple stones. We speculate that
EPL���������������������������������������������������
B��������������������������������������������������
D combined with small ES may be easier to perform
and more efficacious than EPD����������������������
and ES alone���������
��������������
for�����
the
extraction of������������������������������������������������
large and multiple stone�����������������������
s, but this remains to
be seen in future studies����������������������������������
for diverticulum case������������
s�����������
and lower
bile duct stenosis cases�.
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Abstract
AIM: To determine the rates of success and complications
of precut biliary sphincterotomy (PBS) based on prior
experience and to compare the complication rates between
PBS and standard endoscopic sphincterotomy (ES).
METHODS: A retrospective evaluation of prospectively
collected non-randomized data at an academic tertiary referral
center. The study included all patients in an eight-year period
who underwent PBS and ES by a single endoscopist who
had no formal training in PBS. The main outcome measures
of the study were success and complications of PBS with a
comparison to complications of ES.
RESULTS: A total of 2939 endoscopic retrograde chola
ngiopancreatographies (ERCPs) were performed during
the study period, including 818 (28%) ES and 150 (5%)
PBS procedures. Selective biliary cannulation via PBS was
successful at the first attempt in 75% of the patients.
Cannulation was achieved in an additional 13% of
the patients at a subsequent attempt (total 87%).
Complication rate from PBS was 45% higher than ES, but
did not differ significantly [7% (10/50) vs 5% (38/818),
P = 0.29]. None of the complications from PBS was
severe. A significant trend towards increasing success
existed with regard to the endoscopist’s first attempt
at precut (P = 0.0393, Cochran-Armitage exact test for
trend, Z = -1.7588).
CONCLUSION: Despite the lack of specific training in
this technique, PBS was performed with a high success
rate and a complication rate similar to or less than reports
from other experienced centers. These results suggest
that endoscopic experience and perhaps innate endoscopic
skill may play an important role in the outcome of this
procedure.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Although endoscopic retrograde cholangiopancreatography
(ERCP) was initially used only diagnostically, currently
most ERCPs are performed for therapy and therefore,
require selective ductal cannulation. Since the first
endoscopic sphincterotomy was performed in 1974 by
Kawai and Claussen, it has become the primary means of
accessing the pancreaticobiliary system for treatment [1].
Standard cannulation techniques, however, fail between
5% and 10% of the time[2-4]. When cannulation cannot be
achieved after several attempts with standard methods,
precut biliary sphincterotomy (PBS) can be employed as
an alternative means of gaining access to the duct. Precut
sphincterotomies are used in 3.8%-19.2% of ERCP
procedures with reported success rates ranging from 75%
to 99% and complication rates from 1.9% to 30%[1,3,5-10].
One of the largest studies on precut sphincterotomies
reported a success rate of 85.2% and a complication
rate of 7.3%[11]. PBS is thought to carry a higher risk of
complications such as pancreatitis, bleeding, infection,
and perforation than standard endoscopic sphincterotomy
(ES). Many of the concerns about PBS among experts,
however, were based on findings from early studies[12-14].
Although multiple studies have shown that PBS carries
a higher risk when performed by a less experienced
endoscopist, reported complication rates from PBS are not
significantly different than from standard sphincterotomy
in most tertiary care centers[4,7,9,15]. Given the varied success
and complication rates, we sought to evaluate these
outcomes of PBS based on prior training and experience,
and also to compare the complication rates of PBS to ES.

MATERIALS AND METHODS
This retrospective study evaluated the success and
complication rate of ES and PBS by a single endoscopist
(CMW) from September 1, 1998-April 27, 2006. The data
www.wjgnet.com
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Table 1 Indications for precut and standard biliary sphincterotomy
Indication
Stones
Malignancy
Biliary dilatation
Stricture
Bile leak
Pancreatitis
Jaundice
Stent
Elevated LFTs
Cholangitis
r/o SOD

PBS (%)

ES (%)

n = 150

n = 818

27
15
15
11
9
8
5
1
2
1
1

35
3
10
2
4
15
3
6
2
1
8

P

P < 0.5, bP < 0.01, cP < 0.001 expressed as PBS vs ES using Chi-square (or
Fisher’s exact test where appropriate). PBS: precut biliary sphincterotomy;
ES: endoscopic sphincterotomy.
a

were abstracted from data collected prospectively, and the
study was approved by our Institutional Review Board.
Previous experience included approximately 100 ERCPs
during fellowship training from 1988-1989, approximately
68 ERCPs from 1990-1995 (over half therapeutic), and
45 ERCPs from 1995-September 1998. The endoscopist
had performed no PBS procedures before 1998. Prior to
performing PBS, the technique was reviewed in published
articles and textbooks as well as from videotapes available
at postgraduate courses. Data were collected prospectively,
including patient history, indications for the procedure,
and ERCP findings at the time of the procedure. Postprocedure follow-up was conducted by a nurse coordinator
both at 24 h and then within the first month to evaluate the
complications. If a first attempt of PBS was unsuccessful,
a second attempt was made at a later time in some, but not
all of the patients.
A standard catheter or sphincterotome was used to
attempt cannulation of the common bile duct (CBD).
If this method failed, a glidewire was next used in
combination with a sphincterotome to attempt selective
biliary cannulation (Boston Scientific, Natick, MA).
If selective cannulation was still unsuccessful, precut
sphincterotomy was then attempted using a standard
needle-knife with pure cutting current with or without
prior placement of a pancreatic duct stent[4,15].
The precut method used was similar to the technique
described by Mavrogiannis for the removal of CBD
stones [16]. The PBS incision began between the 11:00
and 1:00 positions in the middle to upper part of the
intraduodenal portion of the CBD. The incision was
extended downward in the direction of the papillary
orifice. Additional incisions were made until gentle probing
with the needle knife catheter entered the bile duct. If
necessary, the sphincterotomy was further extended using
a standard sphincterotome and blended current[11,16]. The
decision to use a pancreatic stent was based upon the size
of the papilla (small) and the perceived risk of pancreatitis.
For example, if the major papilla was bulbous and precut
sphincterotomy felt simpler, then a pancreatic duct stent
was not placed. When a stent was used, either a 5-French
single pigtail or a 3-French single pigtail stent was placed
www.wjgnet.com
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Table 2 Complications: ES vs PBS

1

0.04a
< 0.001c
0.07
< 0.001c
0.006b
0.017a
0.36
0.19
0.74
1.00
0.002b

April 21, 2007

Pancreatitis
Bleeding
Infection
Perforation
Total

ES (%)

PBS (%)

P

2.7
1.3
0.5
0.1
4.6

4
2.7
0
0
6.7

0.38
0.23
0.39
0.67
0.29

PBS: precut biliary sphincterotomy; ES: endoscopic sphincterotomy.

prior to precut sphincterotomy. ES was performed using
a braided wire sphincterotome (Cook Endoscopy Inc.,
Winston Salem, N.C.). Most of these were performed using
pure cutting current. Over the last year, the procedures
were performed using an ERBE device. Success of PBS
was defined as the ability to deeply cannulate the common
bile duct. Complications were classified using the criteria
previously published by Cotton et al[17]. All patients gave
written informed consent for the procedure and the study
was approved by the institutional review board of our
institution. Variables were compared using Chi-square or
Fisher’s exact test and t-tests as appropriate. The CochranAr mitage exact test for trend (1-tailed) was used to
determine if there was an increasing trend for success over
time. P < 0.05 was considered statistically significant.

RESULTS
A total of 2939 ERCPs were performed by a single
endoscopist (CMW) during the study period, including 818
(28%) ES and 150 (5%) PBS procedures. Some overlap
occurred between these two groups in patients who had
both procedures performed during the study period. The
average age in the total group of 150 patients was 58.5
years (range, 11-92 years), and 67% (n = 101) of these
patients were female (data not shown). The indications for
sphincterotomy were similar between those undergoing ES
and PBS. The most frequent indications for PBS were, in
order of prevalence: stones, malignancy, biliary dilatation,
and stricture (Table 1). Sphincter of Oddi dysfunction
(SOD) was the indication in only one of the 150 patients
who underwent PBS. The percentage of PBS, both of the
total number of ERCPs and ES, ranged from 4% to 8%
and from 14% to 30% respectively, but did not trend up or
down during the study period (data not shown).
Based on selective ductal cannulation, PBS was
successful with the first attempt in 75% of the patients.
Cannulation was achieved in an additional 13% of the
patients during a subsequent attempt usually performed
within 1 wk, yielding a cumulative PBS success rate of
87% (95% CI, 81%-92%).
Overall, the total complication rate of all 2939 ERCPs
performed during the study period was 4%, while the
complication rate of the 150 PBS procedures was 7% (95%
CI, 4%-12%). This complication rate resulting from PBS
was 45% higher than that (5%) resulting from the 818 ES
procedures (95% CI, 3%-6%). However, the difference
was not significant (P = 0.29) (Table 2). Of the ten PBSrelated complications (7%), six were pancreatitis and four
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Table 3 One hundred and fifty precuts performed in the 6
groups during the study period
G r o u p Group G r o u p Group Group Group Total(%)
1 (%) 2 (%) 3 (%) 4 (%) 5 (%) 6 (%)
1º success
2º success
Total success
Complications
PD stent

64
20
84
8
20

68
16
84
8
28

76
12
88
16
24

80
8
88
4
28

76
12
88
0
48

84
8
921
4
16

74.7
12.7
87.3
6.7
27.3

Indicates the success rates compared in the discussion. 1o success: successful
cannulation of the duct at the first attempt; 2o success: successful cannulation
of the duct at a subsequent attempt. PD: pancreatic duct.
1

(%)
90
85
80
75
70
65
60
0

1

2

3
4
Group

5

6

7

Figure 1 Trend analysis of primary success of PBS. The success rate of the first
attempt at PBS in six chronological groups of 25 patients demonstrates an overall
trend towards success over time (P = 0.0393, Cochran-Armitage exact test for
trend, Z = -1.7588). Success rate in the six groups respectively is 64%, 68%, 76%,
80%, 76%, and 84%.

were bleeding. Of these six patients, pancreatitis was
classified as mild in four and moderate in two patients
with pancreatic duct stents placed before PBS. Bleeding
complication was classified as mild in one patient and as
moderate in the other three patients. None of the ten
complications was classified as severe and there were no
infections or perforations.
In order to gauge success over time, the 150 PBS
procedures performed in the study were divided arbitrarily
in chronological order into six groups, 25 patients in
each group (Table 3). None of the six groups varied
significantly from the total number of patients who
underwent PBS with regard to age, gender, or diagnosis
(data not shown). A pancreatic duct stent was placed in 41
cases (27%) of the 150 patients undergoing PBS. Stenting
was increasingly used in group 5 (48% of the cases in the
group) compared with 16%-28% of the cases in the other
five groups. The total success rate of PBS increased over
the study period from 84% in group 1 compared to 92%
in group 6 (P = 0.67) (Table 3). Success during the first
attempt at PBS also increased from 64% in group 1 to
84% in group 6 (P = 0.11). Similarly, the complication rate
decreased over time from 8% in group 1 to 0% in group 5
and 4% in group 6 (P = 0.49, P = 1.00, respectively). The
small number of patients may explain the lack of statistical
significance between the groups. There was a significant
trend towards increasing success for primary PBS over the

time period (P = 0.0393, Cochran-Armitage exact test for
trend, Z = -1.7588) (Figure 1).

DISCUSSION
Our findings are consistent with other large trials showing
that PBS is a safe and effective alternative to standard
techniques when deep cannulation is required and when the
procedure is performed by a skilled endoscopist. Although
our study reports a higher complication rate for PBS than
for ES (7% vs 5%), these rates are not significantly different.
Lack of significance could possibly be explained by the
relatively small number of patients. Although comparing
results from multiple endoscopists would provide more
information, we had ES and PBS data from only one
endoscopist over a prolonged period of time.
Our results sug gest that the PBS success rate is
directly proportional and the complication rate is inversely
proportional to the volume of procedures performed.
Total success in PBS increased from 84% in group 1 to
92% in group 6. The greatest proportion of improvement
was in the first attempt at precut with a significant trend
towards increasing success rates in this area over time
(P = 0.0393). Ten procedures out of 150 PBS resulted
in complications: 6 pancreatitis (4 mild, 2 moderate)
and 4 bleeding (1 mild, 3 moderate). Eight of these
ten complications occurred early in the study period
(groups 1-3). Therefore, the number of complications
decreased throughout the study, with only one mild and
one moderate bleeding complication in the latter half
of the study. This decline in complications differs from
the results reported in a similar study showing that while
precut success increases as the endoscopist gains more
experience, the complication rate generally reaches a
plateau after an initial decline[11].
One possible explanation for a decline in complications
over time is the increased use of a pancreatic stent in the
latter part of the study period. Placement of a pancreatic
stent prior to a precut or pancreatic sphincterotomy
is often used to help prevent post-ERCP pancreatitis,
especially in the setting of suspected SOD[11,18]. A study
by Harewood and Baron reporting a precut complication
rate of 15% (out of 253 PBS procedures) attributes
their higher number of complications in part to a lack
of PD stent placement [11]. Sherman et al [15] reported a
complication rate of 14% in their unstented controls
compared with a 2% rate of pancreatitis in patients with
a PD stent placed. In our study, a PD stent was used in
48% of the procedures in group 5, compared with an
average of 23% of the time in the other five groups.
Group 5 had a 0% complication rate compared with
4%-16% in the other groups. Therefore, our results are
consistent with other findings showing that the rate of
pancreatitis is higher in the absence of a pancreatic stent.
Our low number of complications from PBS may also
be directly related to the indications for the procedure.
Several studies have identified SOD as a risk factor for
pancreatitis following both ES and PBS[5,15,19]. The small
number of SOD patients requiring PBS in our study
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(1/150) is one explanation for the low complication rate.
However, we also hypothesize that endoscopist expertise
may play a significant role in determining complication
rate since our rate is lower than a 12% PBS complication
rate reported by a series that excluded any patient with
suspicion of SOD[3].
A problem with evaluation of the safety of PBS is the
lack of an equal alternative procedure for comparison.
Although we did not directly evaluate the success rate
of ES in this study, the rate nears 100%. Our series
evaluates the complication rates of PBS vs ES performed
by one endoscopist with a high volume of ERCPs per
year. Although precut is often evaluated against standard
sphincterotomy, we recognize that the two procedures are
not equal for comparison since the clinical indications are
often very different[12,20]. A duct that is easily cannulated
differs from a duct that cannot be entered using standard
methods. Failed cannulation itself creates a new scenario
that carries a higher risk of complications. For example,
higher rates of pancreatitis from PBS can partly be
explained by the additional manipulation of the duct
during several unsuccessful attempts at cannulation[1,2,5,21].
Therefore, trauma to the duct while trying to gain access
to it may be the direct cause of pancreatitis in many cases,
rather than the actual precut.
The issue of who should perfor m PBS remains
controversial. While formalized post-fellowship training is
strongly recommended and more likely today as programs
are moving to the third tier endoscopic training, our
results suggest that the procedure can be performed
with a high level of success and safety by an endoscopist
skilled in ERCP. However, we must emphasize that a
baseline competence in therapeutic ERCP is mandatory
before performing the procedure given the risks as well as
medicolegal implications[22]. Our results confirm the notion
that endoscopic skills are variable even among those with
similar training, suggesting that innate endoscopic skills
may be important. For example, specialized training in
PBS may not necessarily confer high success and low
complication rates subsequently.
In summary, both success and complication rates of
PBS may improve with increased endoscopist experience.
Our findings justify the conclusions of other studies that
PBS is an effective alternative to gain access to the common
bile duct when performed in appropriate circumstances by
an experienced endoscopist. Not only does success rate of
PBS increase with experience, the complication rate may
concurrently decline over time. Given the lack of postfellowship training in PBS by the endoscopist in our study,
extensive ERCP experience coupled with innate endoscopist
expertise and appropriate use of PBS may determine the
successful performance and low complication rate of this
procedure. Future studies examining the use of PBS in a
community setting with explicit information regarding prior
training, success, and complications would be helpful in
putting this procedure in proper perspective regarding who
should be employing this technique.
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Abstract
AIM: To assess whether CCL2 or interactions between
this chemokine and its receptor (CCR2) are associated
with outcomes of chronic hepatitis C and with responses
to antiviral therapy.
METHODS: Two hundred and eighty-four patients
with chronic hepatitis C and 193 non-infected matched
controls were included in this study. Patients were
categorized according to their Scheuer score of hepatic
fibrosis as F0-F2 (n = 202) or F3-F4 (n = 82) and
according to their response to anti-Hepatitis C virus
(HCV) therapy as sustained response (SR, n = 101) or
non-sustained response (NSR, n = 98). Genotyping of
the -2518 (A/G) CCL2 was performed using PCR-RFLP,
genotyping of the 190 (A/G) CCR2 using a PCR-ARMS
system, and genotyping of the rs3138042 (G/A) CCR2
using Taqman probes.
RESULTS: Univariate analyses identified 4 parameters
(infection duration time, viral genotype, gender and AST
levels) that tended to influence fibrosis and 7 parameters
(CCL2G, CCL2ACCR2A, viremia levels, fibrosis stage, viral
genotype, infection duration time and AST levels) that
significantly influenced or tended to influence response
to treatment. Multivariate analysis identified gender and
AST levels as parameters that independently influenced
fibrosis stage and viral genotype and infection duration
time were the two parameters that independently
influenced response to treatment.
CONCLUSION: Our results indicate that the mutations

INTRODUCTION
Hepatitis C virus (HCV) infection results in chronic active
hepatitis in more than 80% of infected patients, with
20%-30% developing progressive fibrosis and cirrhosis[1-3],
whereas only about 10%-20% of the HCV infected people
spontaneously eliminate the virus[3]. The morbidity and
mortality associated with chronic infection is due to the
development of cirrhosis and represents a high risk factor
for hepatocellular carcinoma [1,4]. Different factors may
influence both the ability to spontaneously clear the virus
and the progression of chronic infection. Viral load, viral
genotype, quasispecies, gender, alcohol consumption, iron
load and age of infection have been evaluated and shown
to be predictors of the natural course of HCV infection,
with controversial results[5-7]. Currently, the most effective
initial therapy for viral clearance is the combination of
IFNα and ribavirin (RBV). Sustained response to antiviral
therapy is also influenced by different viral and host
factors[8,9].
Chemokines and chemokine receptor genes are
candidates in HCV infection progression and in the
response to anti-HCV therapy. Chemokines play important
roles in leukocyte trafficking to the site of infection and
in regulating TH1/TH2 balance. Chemokine-chemokine
receptor interactions are likely to be important in chronic
hepatitis C, in which T cells are recruited to the liver where
they mediate virus clearance[10,11].
Monocyte chemoattractant protein-1 (MCP-1/CCL2)
is a β-chemokine that has been suggested to be responsible
www.wjgnet.com
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for monocyte and lymphocyte T recruitment in acute
inflammatory conditions and may be an important mediator
in chronic inflammation. In fact, it has been proposed that
CCL2 is responsible for tissue inflammation in autoimmune
diseases, as documented with tissue expression in human
and experimental autoimmune animal models [12-15] .
Additionally, CCL2 appears to be an important regulator
of cytokine homeostasis within the liver[16,17]. Thus, genetic
polymorphisms in the regulatory regions of the CCL2 gene
could be involved in the outcome of HCV infection.
A biallelic G/A polymorphism at position -2518 of
the CCL2 gene has been described[18]. This polymorphism
seems to influence transcriptional activity since cells
obtained from GG or AG individuals produced more
CCL2 than those isolated from AA individuals[18], and it
has been associated with the outcome of chronic hepatitis
C [19-21]. Furthermore, higher CCL2 serum levels have
been found in patients with chronic HCV infection [22].
Although CCL2 is a good candidate for influencing the
course of HCV infection and response to treatment, there
are few studies investigating the role of the functional
-2518 CCL2 polymorphism in the progression of this viral
infection[19-21].
The main receptor for CCL2 is CCR2, which plays
an important role in the recruitment of cells and is
highly expressed in chronic inflammation[23]. A 190-G/A
transition has been described in the CCR2 gene, which
leads to an amino acid change Val64Ile located in the first
transmembrane domain of the protein. This polymorphism
has been reported to be associated with a delay in disease
progression in HIV-1 infected individuals[24]. Moreover, the
CCR2-64Ile variant has been related to the lack of a capacity
to clear the virus infection in individuals with HCV [25].
Association between fibrosis and CCR2-64Ile has been
investigated in several studies[20,25-28]. In a previous study,
with a limited cohort of patients, we could not find any
relationship between this polymorphism and the outcome
of the HCV infection[29]. However, a relationship between
this polymorphism and the response to the treatment has
not been investigated sufficiently[28,30,31].
In a murine model with a hepatotropic virus, such as
CMV, a significant role for the CCL2/CCR2 pair in the
recruitment of macrophages and NK cells to the liver,
and in the regulation of cytokines, has been demonstrated.
In the same model, authors demonstrated that CCL2 and
CCR2 are critical factors in the control of virus replication
and in the outcome of liver disease[17].
The aims of this study were to: (1) analyze the possible
association of CCL2 with the outcome of chronic hepatitis
after HCV infection, (2) investigate the influence of both
CCL2 and CCR2 in the response to anti-HCV therapy, and
(3) analyze the possible association of interactions between
the chemokine and its receptor with the outcome of HCV
infection.

MATERIAL AND METHODS
Patients
Two hundred and eighty-four Caucasian Spanish patients
(166 males and 118 females, average age of 42.6 ± 11.3 years)
who were suffering from biopsy-proven chronic hepatitis C
www.wjgnet.com
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Table 1 Demographic profile of patients with chronic HCV infection
Patients
Gender M/F
Age (yr)
Age of Infection (yr)
Age of liver biopsy (yr)
ALT IU/L
AST IU/L
GGT IU/L
AP IU/L
Viral load (106) copies /mL
Viral genotypes
I
Ⅱ
Ⅲ
Ⅳ
I + another

n = 284
166/118
mean ± SD
42.6 ± 11.3
24.3 ± 11.4
40.1 ± 11.8
121.3 ± 100.9
67.6 ± 44.3
53.9 ± 53.8
181.35 ± 65.6
1.29 ± 1.3
n = 205 (%)
159 (77.6)
7 (3.4)
27 (13.2)
5 (2.4)
7 (3.4)

Range
21-75
1-57
16-70
16-660
16-300
10-472
73-637
0.0015-6.3

with compensated liver disease and were followed in the
outpatient clinic of the Hospital Universitario Virgen del
Rocío and Hospital Universitario de Valme (Sevilla, Spain)
were enrolled in this study. All patients were HBsAg and
HIV negative, anti HCV positive and HCV RNA positive
in serum. Anti-HCV, HbsAg and HIV were determined by
commercially available methods (HCV 3.0 test, ORTHO,
and Enzygnost HBsAg-5.0 and anti-HIV-1/2 plus, DADE
Behring, respectively). Demographic data of patients
and data from viral genotype, viral load and biochemical
feature ALT, AST, GGT and AP levels are displayed
in Table 1. Patients and controls agreed to a blood
examination according to the guidelines of the Hospital
Bioethics Committee. A total of 193 bone marrow donors
were included as healthy controls and were considered as
representative of the "normal" frequencies of the SNPs
(Single Nucleotide Polymorphism) studied in the Spanish
population.
Genotyping
DNA from patients and controls was extracted
from peripheral blood using standard methods.
-2518 CCL2 genotyping: The regulatory region of
the CCL2 gene (from -2746 at -1817) was amplified by
polymerase chain-reaction (PCR) using the forward primer
5' CCGAGATGTTCCCAGCACAG 3' and the reverse
primer 5’ CTGCTTTGCTTGTGCCTCTT 3'[18]. PCR was
performed using buffer 10 × (10 mmol/L Tris-HCl pH 9,
2.0 mmol/L MgCl2, 50 mmol/L KCl), 200 µmol/L dNTPs
(Pharmacia, Uppsala, Sweden), 2.5 pmoles of each primer,
0.5 µL of DNA, 0.5 U Taq polymerase (Pharmacia) and
ddH 2O up to a final volume of 10 µL. The following
thermal profiles were run: 94℃ for 1 min, 55℃ for 1 min,
and 72℃ for 1.5 min. After a final extension of 10 min
at 72℃, 7 µL of the PCR products were resolved in 2%
agarose gels and stained with ethidium bromide previously
diluted in blue juice buffer to detect the expected 930 bp
band. After detection, 3 µL of PCR products were digested
with 5 U of PvuⅡ (Boehringer Mannhein, Germany) in
buffer 10 × (Boehringer Mannhein) and ddH2O up to 10
µL of final volume incubating at 37℃ overnight. Digested
products were resolved in 2% agarose gels. Samples with
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a 930 bp band were assigned as AA, samples with two
bands of 708 and 222 bp were typed as GG and samples
with three bands of 930, 708 and 222 bp were assigned as
AG[18].
190 CCR2 Genotyping: The genotyping at this position
was performed with a PCR amplification refractory
mutation system (ARMS) using the primers CCR2-F1
5' TTGTGGGCAACATGCTGGTCA 3', CCR2-F2 5'
TTGTGGGCAACATGCTGGTCG 3' and CCR2-R 5'
ACTGTGAATAATTTTGCACATTGC 3' [32]. For each
sample, two separate PCR reactions were carried out, one
with the primers CCR2-F1 and CCR2-R and the other with
CCR2-F2 and CCR2-R. PCR reactions were performed in
a Perkin Elmer 9600 Thermal Cycler with mixes consisting
of 1 µL of genomic DNA, buffer 10 × (20 mmol/L TrisHCl pH 8.3, 3.0 mmol/L MgCl2, 100 mmol/L KCl, 0.005%
gelatine), 400 µmol/L of each dNTP, 20 ng of cresol red,
10% of glycerol, 2 pmoles of each primer (Perkin Elmer,
Foster City, CA), 0.4 U of Taq polymerase (Pharmacia,
Uppsala, Sweden) and ddH2O to a final volume of 10 µL.
The following thermal profile was run: initial denaturation
at 95℃ for 2 min, 10 cycles consisting of 94℃ for 10 s and
67℃ for 1 min, and finally 20 cycles consisting of 94℃ for
10 s, 62℃ for 50 s and 72℃ for 30 s. PCR products were
resolved in 2% agarose. Samples showing the expected size
fragment in only one tube were genotyped as homozygous
whereas samples showing amplification in both tubes were
assigned as heterozygous.
rs3138042 CCR2 genotyping: The genotyping of
this SNP was performed using the TaqMan 5' allelic
discrimination assay (Applied Biosystems, Foster City,
CA, USA). The primers used were 5' CGT GTG GAA
CCA CTG CAG AA 3' (forward) and 5' CCT TCC TGG
CTC TCT CCA CTT A 3' (reverse), and the TaqMan
MGB probe sequences were 5´ CTA TTT CCG AAA
TCA AC 3', and 5' TTT CCG GAA TCA AC 3'. The
probes were labeled with the fluorescent dyes VIC and
FAM, respectively. PCR reactions were carried out in a
total volume of 8 µL with the following amplification
protocol: denaturation at 95℃ for 10 min, followed by 40
cycles of denaturation at 92℃ for 15 s and finished with
annealing and extension at 60℃ for 1 min. Genotyping of
each sample was automatically attributed by the SDS 1.3
software for allelic discrimination.
Liver biopsies
Percutaneous liver biopsies were perfor med under
ultrasonographic control. A portion of the biopsy was
used for the histology diagnosis. Disease staging was
defined according to Scheuer et al[33] with ranking from
F0 (absence of fibrosis) to F4 (cirrhosis stage). Patients
were stratified into two groups: F0-F2, absence of fibrosis
to moderate fibrosis, and group F3-F4 with advanced
fibrosis-cirrhosis.
Treatment response
One hundred and ninety-nine patients were treated with
recombinant IFNα three times per wk over a period of 1
year. One hundred and four patients received a standard
schedule of combination therapy (IFN α 3 MU three

times per week and ribavirin 100-1200 mg/d) over 1 year.
Of these, 58 were naïve to treatment and 46 had relapsed
after a previous IFNα treatment cycle. Based on therapy
response, the patients were classified into two groups:
those with sustained response (SR), when HCV RNA
levels remained undetectable during 6 mo after therapy
discontinuation, and those with non-sustained response
(NSR), including non-responder patients (HCV RNA
levels detectable during the completed period of the
treatment) and relapsed responder patients (undetectable
HCV RNA during the therapy but detectable after
discontinuation).
Statistical analysis
Genotypic frequencies were obtained by direct counting.
Statistical analysis was performed by the χ2 test calculated
on 2 × 2 contingency tables using the Statcalc program
(Epi Info version 6.0; Centers for Disease Control and
Prevention, Atlanta, GA). The odd ratio (OR) with 95%
confidence intervals (95% CI) was calculated using the same
program. Univariate and multivariate logistic regression
analyses were used to determinate factors that significantly
contribute to the development of advanced fibrosiscirrhosis and those that contribute to NSR after treatment.
Variables that achieved statistical significance (P < 0.05) or
marginal significance (P < 0.30) on univariate analysis were
entered into a multiple logistic regression analysis to identify
significant independent factors (Epi Info version 6.0).

RESULTS
Variables included in the univariate analysis, except for
genetic factors studied, are summarized in Table 1. HCV
genotypes could be determined in 205 of the 284 patients.
The predominant viral genotype was genotype 1b alone,
which was present in 61.0% of cases. The genotypic
frequencies for all the polymorphisms studied were not
significantly different from those predicted by HardyWeinberg equilibrium in the healthy control group. The
distribution of the -2518 CCL2 A/G genotypes was
not significantly different when comparing patient and
control groups. Since previous studies reported functional
differences between bearing G and non-bearing G
genotypes, we grouped GG and AG individuals for further
analysis. We did not find differences in the distribution of
bearing G and non-bearing G individuals for demographic
features such as sex, age, genotype of HCV and route of
infection (data not shown). No significant differences were
observed among CCL2 genotypes and the mean serum
AST concentration (mean AST in AA: 71.43 ± 48.28 vs
mean AST in AG + GG: 61.62 ± 37.02, P = 0.10). When
the patients were stratified according to their fibrosis stage,
202 patients were included in the F0-F2 group and 82
patients were included in the F3-F4 group. No statistically
significant differences in the distribution of carriers of
the G allele vs non-carriers were found between these
fibrosis stage groups. Regarding the response to therapy,
199 patients received antiviral therapy. Among them, 101
(50.7%) presented SR to IFNα monotherapy or IFNα
plus ribavirin combined therapy (Table 2). No significant
differences in the distribution of CCL2 polymorphisms
www.wjgnet.com
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Table 2 Genotypic and allelic distribution of the –2518 CCL2 (A/G) and CCR2 polymorphisms in Spanish patients with chronic
hepatitis C (CHC) and healthy controls
Genotypes

n = 284 (%)

CHC

n = 202 (%)

F0-F2

n = 82 (%)

F3-F4

n = 101 (%)

SR

n = 98 (%)

NSR

Healthy controls
n = 193 (%)

-2518 CCL2 AA
-2518 CCL2 AG + GG
190 CCR2 GG
190 CCR2 AG + AA

168 (59.2)
116 (40.9)
205 (72.2)
79 (27.8)

123 (60.9)
79 (39.1)
146 (72.3)
56 (27.7)

45 (54.0)
37 (46.0)
59 (72.0)
23 (28.0)

64 (63.4)
37 (36.6)
72 (71.3)
29 (28.7)

55 (56.1)
43 (43.9)
74 (75.5)
24 (24.5)

119 (61.6)
74 (38.4)
156 (80.8%)
37 (19.1%)

CCR2 rs3138042 AA
CCR2 rs3138042 AG
CCR2 rs3138042 GG

134 (47.2)
124 (43.7)
26 (9.2)

93 (46.0)
91 (45.1)
18 (8.9)

41 (50.0)
33 (40.2)
8 (9.8)

48 (47.5)
42 (41.6)
11 (10.9)

46 (46.9)
45 (45.9)
7 (6.9)

102 (52.9)
72 (37.3)
19 (9.8)

F0-F2 = no fibrosis-mild fibrosis, F3-F4 = severe fibrosis-cirrhosis. SR: sustained response; NSR: no sustained response.

Table 3 Interactions between -2518 CCL2 G and 190 CCR2 A mutations
Chronic hepatitis

n = 284 (%)
CCL2G
CCL2G
CCL2A
CCL2A

CCR2A
CCR2G
CCR2A
CCR2G

31 (10.9)
85 (29.9)
48 (16.9)
120 (42.2)

F0-F2

n = 202 (%)
22 (10.9)
57 (28.2)
34 (16.8)
89 (44.1)

F3-F4

n = 82 (%)
9 (11.0)
28 (34.1)
14 (17.1)
31 (37.8)

SR

n =101 (%)
10 (9.9)
27 (26.7)
19 (18.8)
45 (44.5)

NSR

n =98 (%)
11 (11.2)
32 (32.6)
13 (13.3)
42 (42.8)

Healthy controls

n = 193 (%)
13 (6.7)
61 (31.6)
24 (12.4)
95 (49.2)

F0-F2 = no fibrosis-mild fibrosis, F3-F4 = severe fibrosis-cirrhosis. SR: sustained response; NSR: no sustained response.

and response to anti-HCV treatment were observed.
Nevertheless, a slight increase of G carriers was observed
among the NSR group (Table 2).
Regarding the SNP CCR2 190 G/A, we had previously
found no association between this polymorphism and
susceptibility and histological damage in a group of HCV
patients[29]. Data from the present cohort confirm previous
results from a smaller cohort studied by our group. No
statistically significant differences were found in the
distribution of carriers of the A allele vs non-carriers of
A with regards to AST levels (AA + AG 73.42 ± 52.31 vs
GG 65.32 ± 40.83 P = 0.20) or to the fibrosis stage. In the
previous study, we did not included response to treatment
because data were available for only a few patients. While
analyzing data from the current cohort, no significant
differences in the response to treatment were found when
comparing carriers of the A allele vs non-carriers of A (Table
2). Controversial results have been reported regarding
association of CCR2 and the outcome of HCV infection.
The CCR2 190A allele has a relatively low allelic frequency
in our population. Additionally, CCR2 190 G/A SNP
represents a conservative change (Val64Ile), and thus the
molecular mechanism associated with the infection would
be unclear. For these reasons, we investigated another
possible area of association by genotyping another SNP in
the same gene. The rs3138042 G/A SNP located within
the intron 2 at 1.8 kb of the CCR2 190 G/A was selected
because it is a SNP with a frequency that has been studied
in different populations and it has a high heterozygosity
index and thus may be informative. Results obtained for
rs3138042 G/A are displayed in Table 2. No significant
differences were found between patients with chronic
HCV infection and healthy controls and no significant
differences were found for any outcome parameter.
www.wjgnet.com

To explore possible interactions between -2518
CCL2G and 190 CCR2A, patients were categorized as
having mutations in both genes, a mutation in only one of
the genes or the absence of mutation in both genes. No
statistical differences were observed in any comparison
(Table 3). Noteworthy, a slight increase was observed in
the frequency of individuals who had CCL2A CCR2A in
the SR group.
Two different univariate analyses were performed. The
first with fibrosis stage (F3-F4 yes/no) as a dependent
variable and CCL2G (yes/no), CCR2A (yes/no), CCL2G
CCR2A (yes/no), CCL2G CCR2G (yes/no), CCL2A
CCR2G (yes/no), CCL2A CCR2A (yes/no), viral load,
viral genotype 1 (yes/no), infection duration time, gender
or AST levels as an independent variable. This analysis
identified 4 parameters (infection duration time, viral
genotype, gender and AST levels) that tended to influence
fibrosis stage. The second univariate analysis included
SR (yes/no) as a dependent variable and the variables
described above plus fibrosis stage as independent
variables. This analysis identified 7 parameters: (CCL2G,
CCL2A CCR2A, viremia levels, fibrosis stage, viral
genotype, infection duration time and AST levels) that
significantly influenced the response or tended to influence
the response to treatment. Multivariate analysis identified
gender and AST levels as parameters that independently
influence fibrosis stage; and the two parameters that
independently influenced response to treatment were viral
genotype and infection duration time.

DISCUSSION
The role of CCL2 in the pathophysiology of chronic
liver diseases is well-documented and there is evidence
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demonstrating that HCV is capable of inducing CCL2
gene expression in both nonhepatic and hepatic cells[16].
Moreover, it has been demonstrated in a murine CMV
infection model that CCL2 expression in liver is dependent
on IFNα/β. Also, the same study reported that CCL2
deficiency was associated with a dramatic reduction in the
accumulation of macrophages and NK cells, as well as
decreased production of MIP-1α and IFNγ[17]. Moreover,
correlation between plasma chemokine levels and the
outcome of antiviral therapy has been described in patients
with chronic hepatitis C[34]. However, to our knowledge,
there are only three studies investigating the role of
functional -2518 CCL2 polymorphisms in the progression
of HCV infection in Caucasian populations. These studies
produced controversial results and do not include any
analysis of the response to treatment[19-21]. In the present
study no statistically significant differences between both
liver damage and response to treatment with the presence
of -2518 CCL2 G were found, although in the univariate
analysis a trend to a higher frequency of -2518 CCL2 G
individuals in the NSR group was observed. Nevertheless,
no independent association for this mutation was found in
the multivariate analysis. Thus, our results rule out a major
role for -2518 CCL2 polymorphisms in the development
of liver damage and in the response to antiviral therapy in
HCV infection in the Spanish population.
Regarding CCR2 and susceptibility to develop chronic
hepatitis and liver damage, the present study confirms
data obtained by our group from a previous cohort with
a more limited number of HCV patients. We did not find
statistically significant differences to analyze the possible
relationship between the presence of the mutation 190
CCR2 A with response to treatment. Controversial results
in the association of CCR2 with progression of HCV
infections have been reported[24-31]. This occurs frequently
when the putative associated allele is relatively rare in the
population under study (frequency under 15%), which
is the case for the 190 CCR2 mutation in the Caucasian
population. It has been proposed that the association of
this variant with the progression of HCV infection may
be due to linkage disequilibrium with the true causative
variant[25]. Several SNPs have been described within the
CCR2 gene, with six of them located in exons and only
three as non-synonymous. Among the three that are nonsynonymous, the most extensively studied is the SNP
Ile64Val, whereas the other two have a low heterozygosity
index. In order to explore another region of the gene, a
SNP located in intron 2 with a high heterozygosity index
was chosen for study. No association was found between
this SNP and HCV infection outcome.
CCL2 and CCR2 interaction is a key factor in early liver
inflammatory response and in cytokine regulation which
is critical for an effective antiviral defense[17]. Thus, it is
possible that alteration in the expression of both CCL2
and CCR2 genes modifies the course of HCV infection.
We tested this hypothesis by analyzing the simultaneous
presence of mutations in both genes, in only one of the
two genes or absence of mutation in both. Although the
univariate analysis detected a trend to a higher frequency
of CCL2A CCR2A individuals among SR, no independent
association for this parameter was detected in the

multivariate analysis.
In conclusion, our results discard a major role for the
mutations studied in the gene pair CCL2/CCR2 in the
outcome and response to treatment for HCV infection in
the Spanish population.
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Abstract
AIM: To evaluate the efficacy of 5 compared to 10
granulocyteaphaeresis sessions in patients with active
steroid-dependent ulcerative colitis.
METHODS: In this pilot, prospective, multicenter
randomized trial, 20 patients with moderately active
steroid-dependent ulcerative colitis were randomized
to 5 or 10 granulocyteaphaeresis sessions. The primary
objective was clinical remission at wk 17. Secondary
measures included endoscopic remission and steroid
consumption.
RESULTS: N i n e p a t i e n t s w e r e r a n d o m i z e d t o 5
granulocyteaphaeresis sessions (group 1) and 11 patients
to 10 granulocyteaphaeresis sessions (group 2). At wk
17, 37.5% of patients in group 1 and 45.45% of patients
in group 2 were in clinical remission. Clinical remission
was accompanied by endoscopic remission in all cases.
Eighty-six percent of patients achieving remission were
steroid-free at wk 17. Daily steroid requirements were
significantly lower in group 2. Eighty-nine per cent of
patients remained in remission during a one year followup. One serious adverse event, not related to the study
therapy, was reported.
CONCLUSION: Granulocyteaphaeresis is safe and
effective for the treatment of steroid-dependent ulcerative
colitis. In this population, increasing the number of
aphaeresis sessions is not associated with higher remission
rates, but affords a significant steroid-sparing effect.

INTRODUCTION
Ulcerative colitis (UC) is a chronic relapsing inflammatory
disorder. Corticosteroids are the mainstay of treatment
to induce remission. However, long-term corticosteroid
use is not recommended due to both toxicity and lack of
efficacy. In addition, steroid dependency and resistance
occur frequently in patients with UC[1]. In these patients,
immune modulators (azathioprine/6-mercaptopurine)[2]
and more recently the chimeric monoclonal antibody
against tumor necrosis factor, infliximab, have shown
therapeutic efficacy [3] , but a proportion of patients
are intolerant or suffer adverse events related to these
medications. Therefore, other therapies are needed to
provide non-surgical and safe alternatives for patients who
fail to respond to conventional treatment.
In vitro and in vivo studies have suggested that UC
relapses are associated with an influx of granulocytes and
monocytes/macrophages into the mucosal tissue, and
these cell types are regarded as key mediators of mucosal
damage [4] . Reducing granulocytes and monocytes by
apheresis has the potential to reduce bowel inflammation
and to improve patient status. Several controlled and
uncontrolled studies have assessed the safety and efficacy
of granulocyteaphaeresis (GCAP) in steroid-dependent
UC[5-8], steroid-refractory UC[9-11], or as first-line therapy
in naïve UC patients[12,13]. However, the optimal treatment
scheme is still to be established. In a study by Hanai et al[9],
almost 40% of patients with steroid-dependent UC entered
into remission after 5 sessions of GCAP compared to
www.wjgnet.com
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80% after 10 sessions. However, in this study the number
of aphaeresis sessions was not established randomly but
based on clinical demand, and the question whether a
higher number of aphaeresis increases the efficacy of
this treatment remains open. We report the results of a
small pilot prospective, multicenter, randomized study
comparing the efficacy of 5 GCAP and 10 GCAP sessions
to induce remission in steroid-dependent UC. The primary
end point of the study was clinical remission at wk 17.

MATERIALS AND METHODS
Patients
This was a pilot open, prospective, multicenter, randomized
study evaluating the efficacy and safety of 5 compared
to 10 GCAP sessions in patients with moderately active
steroid-dependent UC. The study was conducted in five
centers in Spain according to the Declaration of Helsinki
and the Good Clinical Practice guidelines. The study
was approved by the Institutional Review Board of each
participating center and written informed consent was
obtained from all patients.
Patients were included in the study if they were
between 18 and 75 years of age and had clinical and
endoscopic evidence of moderately active UC defined
as a clinical activity index (CAI) ≥ 6 and ≤ 12 and
an endoscopic activity index (EAI) > 4 [14]. Additional
inclusion criteria were as follows: body weight ≥ 40 kg,
use of ≥ 400 mg of prednisone (or equivalent) within 4
wk before study start and at least one unsuccessful attempt
to taper corticosteroids, affected colon length ≥ 25 cm,
negative stool culture and no cytomegalovirus infection at
screening as assessed by immunohistochemistry of colonic
tissue samples.
Exclusion criteria included severe disease activity (CAI
> 12), aminosalicylates started or increased in dosage
within the prior 4 wk, or immune modulators started
within 2 mo prior the study entry; increased steroid dose
surpassing the baseline dose during the study period;
severe local or systemic infection; viral infection within 4
wk of study entry; hypotension (systolic blood pressure
< 80 mm Hg and/or diastolic blood pressure < 50 mm
Hg) or hypertension (systolic blood pressure > 180 mm
Hg and/or diastolic blood pressure > 120 mm Hg);
serious renal, hepatic or cardiovascular disease; significant
laboratory abnormalities such as absolute neutrophil count
< 1 × 109/L, platelet count < 100 × 109/L , haemoglobin
< 8 g/L, AST or ALT > 3 times upper normal range,
bilirubin > 2.5 upper normal range, serum creatinine > 1.8
mg/dL, partial thromboplastin time > 20% upper normal
range, prothombrin time < 50%; pregnancy; breastfeeding; or known allergy to heparin.
Methods
Patients were randomly assigned to receive 5 (group 1)
or 10 (group 2) GCAP sessions over 5 or 10 consecutive
weeks, respectively, in an out-patient setting (Figure 1).
Aphaeresis sessions lasted for 60 min at a flow rate of
30 mL/h. The aphaeresis system used consisted of a
pump with an integrated monitor (Adamonitor®, Otsuka
Electronics, Japan) and a single use polycarbonate column
www.wjgnet.com
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n = 20
Group 1:5 GCAP
n =9
1 patient withdrawn
for symptomatic
hypotension

Group 2:10 GCAP
n = 11
1 patient withdrawn
after 8 GCAP
disease activity

n =8
Completed 5 GCAP
1 patient withdrawn
at wk 7 for protocol
1
violation and 2 patients
withdrawn at wk 7 and
10 for disease activity

n = 10
Completed 10 GCAP
1 patient withdrawn
at wk 13 for
1
protocol violation

wk 17

n =5

Completed follow-up

wk 17

n =9

Completed follow-up

Figure 1 Study Design. 1Steroid dose increased over the initial dose.

(Adacolumn®, JIMRO, Japan) with a capacity of 335 mL
filled with about 35 000 pieces of cellulose acetate beads
of 2 mm in diameter bathed in physiological saline and
steam sterilized (JIMRO, Japan). During the sessions,
sodium heparin was continuously infused at a rate of 25
UI/min. All adverse events during the study period were
registered.
Clinical and endoscopic assessment was performed
according to the Rachmilewitz Index (CAI and EAI)
(14). CAI was measured at baseline, and thereafter on a
weekly basis until wk 17 (primary endpoint). Endoscopic
assessment of disease severity was performed at screening
and at wk 17. IBDQ was used to assess quality of life. The
primary endpoint was clinical remission at wk 17 defined
by a CAI ≤ 4. Secondary endpoints included changes
in quality of life (IBDQ), endoscopic remission, and
steroid consumption. Endoscopic remission was defined
as an EAI ≤ 4. Steroid dose could be tapered at the
investigator's discretion. In the case of worsening disease
activity, steroid dose could be increased without surpassing
the baseline dose.
Analysis of the results were performed on an intention
to treat (ITT) basis. All patients who completed at least
one aphaeresis session were considered in the analysis.
Results are presented as mean ± SD or median values.
For quantitative parameters statistical significance in
comparison to baseline within groups was calculated using
the Wilcoxon Signed Rank Test. Differences in categorical
variables were assessed using Fisher’s exact test. The
Mann-Whitney U-test was used for comparison of results
between groups. Statistical analysis was done by Systat® 1.1.

RESULTS
A total of 20 patients were included in the study. Nine
patients were randomized to group 1 and 11 patients to
group 2. One patient in group 1 was excluded from the
study because of symptomatic hypotension at the time of
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Table 1 Demographics and baseline characteristics
Group 1 (n = 9)

Group 2 (n = 11)

7

38.1 ± 13.5
6/3
0/7/2

44.6 ± 16.6
6/5
0/4/7

6

43 ± 10.31

35 ± 14.91

CAI

Age (yr)
Gender (male/female)
Smoking habit (smoker/nonsmoker/former-smoker)
Steroid dose at study
entrance (mg/d)
Previous medications
5-ASA
Azathioprine
Methotrexate
Cyclosporin A
Disease duration (mo)
Nº of previous flares in the
last 12 mo
Nº of previous admissions to
hospital
Site of disease
Proctosigmoiditis
Left sided colitis
Extensive colitis
Pancolitis
CAI
EAI
IBDQ
CRP (mg/L)

Group 1
Group 2

8

5
4
3
2

9
5
0
1
36 ± 32.3
2.33 ± 0.71

11
6
1
3
78 ± 42.8
2.22 ± 1.09

1.33 ± 1.22

1.18 ± 1.25

1
4
2
2

4
4
1
2
7.9 ± 1.2
8.8 ± 2.2
147 (224-100)
4.6 (13.6-0.5)

8.0 ± 1.0
8.7 ± 3.7
106 (230-70)
8 (23.1-2.5)

All data expressed as mean ± SD or median (max-min). CAI: clinical activity
index; EAI: endoscopic activity index; CRP: C reactive protein.

venopuncture before initiating the first aphaeresis treatment.
Demographics and baseline disease characteristics are
shown in Table 1. Disease duration was longer in group
2 compared to group 1 (78 ± 42.8 mo and 36 ± 32.3
mo, respectively) but the difference was not statistically
significant (P = 0.4). All other parameters were similar
between the two groups. The mean number of relapses
during the year prior to study entry was 2.33 ± 0.71 and
2.22 ± 1.09 for groups 1 and 2, respectively. Fifty-five
per cent of patients in group 1 and 64% of patients in
group 2 were previously treated with immune modulators
(azathioprine, methotrexate). One patient in group 1 and 3
patients in group 2 had required cyclosporine for previous
steroid refractory flares. All patients in both groups were
active in spite of receiving high steroid dose (43 ± 10.31
and 35 ± 14.9 mg/d of prednisone for group 1 and 2,
respectively).
At wk 17, 3 of 8 patients (37.5%) in group 1 and 5 of
11 patients (45.45%) in group 2 were in clinical remission.
CAI decreased from 8 ± 1 at baseline to 5.4 ± 3.0 at wk
17 in group 1, and from 7.9 ± 1.2 at baseline to 5.3 ± 5.0
at wk 17 in group 2; the reduction in CAI score was of
similar magnitude in both groups (P: NS) (Figure 2). All
patients who entered into clinical remission in both groups
were also in endoscopic remission. Median C reactive
protein (CRP) values showed a trend to reduction in group
2 [median 4.6 mg/L (13.6-0.5) at wk 1 and 2.6 mg/L
(31.4-0.3) at wk 17] but not in group 1 [median 8.0 mg/L
(13.8-2.5) at wk 1 and 10.4 mg/L (15.8-5.9) at wk 17]. The
steroid dose was reduced in both groups. When compared
with baseline, the dose of steroid was significantly reduced
(P < 0.05) since wk 4 in group 2 and since wk 5 and in
group 1. Intergroup comparison showed that daily steroid

1
0

0

1

2

3

4

5

6

7

8

9

10 11 13 17

t /wk

Figure 2 Evolution of CAI in group 1 (5 GCAP) and in group 2 (10 GCAP).

requirements were significantly lower in group 2 during the
period comprised between wk 9 and 13 but not at wk 17
(P = 0.066) (Figure 3). All but one of the patients who had
clinical remission were free of steroids at wk 17. There was
an improvement in IBDQ scores between wk 0 and wk 17
in both groups, but the differences were not statistically
significant[median 106 (230-70) at wk 0 and 110 (157-101)
at wk 17 in group 1; median 147 (224-100) at wk 0 and
178 (224-100) at wk 17 in group 2]. Granulocyteaphaeresis
with Adacolumn® was very well tolerated and no major
side effects were observed during the study. A total of 11
non-serious adverse events and one serious adverse event
were reported in both groups. The serious adverse event
was a community acquired pneumonia that was judged as
not related to the study therapy and resolved with an oral
antibiotic.
Seven patients entered into the one year long-term
follow-up. Six out of these 7 patients were in clinical
remission and remained steroid free without any changes
in UC therapy during this period.

DISCUSSION
A growing body of evidence suggests that GCAP can be
a therapeutic alternative for UC. Most of the published
studies are non-controlled, include a heterogeneous
UC population, and use different GCAP regimens. The
only sham-controlled study published so far, included a
UC population of similar clinical characteristics to the
one selected for the current study, and demonstrated
significantly higher response rates in patients receiving
active treatment [15]. In that study, 7 sessions of sham
or active aphaeresis were performed. In another recent
study, Hanai et al [9] reported that a 10 GCAP regimen
was associated with higher remission rates in steroid
dependent UC patients compared to 5 GCAP, but in
this study the number of aphaeresis sessions was based
on clinical judgment of the attending physician. No
formal comparison of various treatment strategies using
aphaeresis has been made so far in order to delineate an
optimal treatment scheme. Our group decided to conduct
a small pilot randomized controlled trial to determine if
there is a therapeutic gain by performing 10 as opposed
to 5 aphaeresis sessions for induction of remission in
patients with steroid-dependent active UC. Patients
www.wjgnet.com
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P < 0.05
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40
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Number 15

Figure 3 Steroid consumption in
group 1 (5 GCAP) and in group 2 (10
GCAP).
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recruited in this study represent a UC population that
is difficult to treat, 60% were under immune modulator
treatment with azathioprine or methotrexate, and 20%
had been previously treated with cyclosporine for steroid
refractory UC. None of the patients included had been
previously treated with infliximab because infliximab was
not authorized for UC treatment at the time the study was
performed.
Our results show that GCAP induced clinical and
endoscopic remission in an important proportion of the
patients. At wk 17, all but one of the responding patients
were free of steroid treatment. Furthermore, all responding
patients but one completed a one year long-term follow
up without requiring steroids or the introduction of
any other therapy. These results are in keeping with the
findings reported by Domenech et al[8] and support the
steroid sparing effect of GCAP in steroid dependent UC
patients. Interestingly, steroid consumption in our study
was lower in group 2, showing statistically significant
difference in a period starting when group 1 patients were
no longer receiving aphaeresis treatment, and group 2 was
still under active aphaeresis treatment. Although the study
failed to show any difference in terms of clinical remission
between 5 and 10 GCAP treatments, the aforementioned
differences in steroid requirement support the notion that
GCAP is effective for the treatment of UC.
Comparison of the efficacy of diverse treatment
modalities across various studies is subject to numerous
pitfalls, but quite often it is the only indirect information
on the relative efficacy of various therapeutic options,
since head to head comparisons are disappointingly scarce.
The population included in the current study consisted of
patients with steroid-dependent course and active disease
in spite of use of steroids for two weeks, which represents
a population particularly difficult to treat. The overall
42% clinical and endoscopic remission rates obtained in
the present study compare favorably with those of recent
studies using infliximab[3,16].
Although the study has important limitations due
to sample size, it is necessary to point out that to our
knowledge, this is the first randomized comparison of
two different GCAP regimens in a strictly defined UC
population. Even though the results show a trend towards
lower steroid requirements in group 2 (10 GCAP), in our
opinion these data do not support the recommendation of
this regimen over a 5 GCAP alternative. Our study did not
address the issue of intensification of GCAP (2-3 GCAP
www.wjgnet.com

per week). A randomized small study in patients with
active UC showed that an intensified aphaeresis regimen
had more rapid but not superior therapeutic effects than
a one GCAP per week schedule, as was performed in our
study[17].
In conclusion, GCAP seems to be an effective, safe,
and well tolerated therapy that allows steroid withdrawal in
steroid dependent moderately active UC patients. However,
10 weekly GCAP treatments do not provide an advantage
in this patient population as compared to 5 treatments
in terms of clinical or endoscopic remission but afford a
significant steroid-sparing effect. This information may
be of significant value both in clinical practice and in the
design of new clinical trials using this treatment modality.
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Abstract
AIM: To investigate the interactions at a metabolic level
between lovastatin, amiodarone and carbon tetrachloride
in isolated rat hepatocytes.
METHODS: For cell isolation two-step collagenase liver
perfusion was performed. Lovastatin was administered
alone in increasing concentrations (1 μmol/L, 3 μmol/L,
5 μmol/L and 10 μmol/L) and in combination with CCl4 (86
μmol/L). The cells were also pretreated with 14 μmol/L
amiodarone and then the other two compounds were
added.
RESULTS: Lovastatin promoted concentration-dependent
significant toxicity estimated by decrease in cell viability
and GSH level by 45% and 84%, respectively. LDHactivity increased by 114% and TBARS content by
90%. CCl 4 induced the expected severe damage on
the examined parameters. CCl 4 induced toxicity was
attenuated after lovastatin pretreatment, which was
expressed in less increased values of LDH activity and
TBARS levels, as well as in less decreased cell viability
and GSH concentrations. However, the pretreatment of
hepatocytes with amiodarone abolished the protective
effect of lovastatin.
CONCLUSION: We suggest that the observed cytoprotective effect was due to interactions between lovastatin,
CCl4 and amiodarone at a metabolic level.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors, commonly referred to as statins, are
widely used in hypercholesterolemia and prevention of
cardiovascular events[1]. Statins inhibit the rate-limiting
step in the mevalonate pathway, reducing the endogenous
de novo synthesis of cholesterol [1] . Statins differ with
respect to their pharmacokinetic properties and drug
interaction profiles. Lovastatin is intensively metabolized
by CYP3A4[2-4].
The most common side effect during statin-therapy is
skeletal muscle toxicity (from myalgia to rhabdomyolisis).
Some cases of statin-related liver toxicity have also been
reported[5-8]. The incidence is heightened, when statins
are used in combination with other compounds, fibrates,
NSAID, and ethanol-intake[2,9], which is connected to their
pharmacokinetics and pharmacodynamics.
However, some recent in vitro data sug gest that
statins can promote potent systemic antioxidant effects
through suppression of oxidation pathways [10-12] . In
hypercholesterolic animals Chen et al[13] have found that
lovastatin, as well as vitamin E and amlodipine, reduced
lipid peroxidation and preserved superoxide dismutase
activity. El-Swefy S et al[14] found that lovastatin provided
antioxidant protection in a hyperlipidemic-diabetic hamster
experimental model.
The precise mechanisms underlying the lovastatininduced toxicity and its eventual antioxidant protection
remain to be clarified.
This study also aims to evaluate the interactions
between lovastatin, amiodarone and carbon tetrachloride
at a metabolic level in freshly isolated rat hepatocytes. It
is well-known that the three compounds are substrates of
the CYP P450 enzyme system.
The effects of increasing concentrations of lovastatin
were evaluated. The concentration of 10 µmol/L, where
the most significant change has been observed, was
chosen.
In another experiment the possible antioxidant effect
of lovastatin in co-treatment with carbon tetrachloride,
a known toxic liver agent, was assessed. To clarify the
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potential mechanism underlying this protective effect,
amiodarone, a substrate of CYP3A4, was used.

MATERIALS AND METHODS
Materials
Animals: Male Wistar rats (200 ± 20 g b.w.) were used.
Rats were housed in Plexiglas cages (3 animals per cage) in
a 12/12 light/dark cycle, temperature 20 ± 2℃. Food and
water were provided ad libitum. Animals were purchased
from the National Breeding Centre, Sofia, Bulgaria. All
performed procedures were approved by the Institutional
Animal Care Committee and were in accordance with
European Union Guidelines for animal experimentation.
Chemicals and reagents: The following chemicals and
reagents were used: lovastatin (Sigma Aldrich, Germany);
amiodarone (Sigma Aldrich, Germany); Pentobarbital
sodium (Sanofi, France); Hepes [N-(2-hydroxuethyl)
piperazine-N’-(2-ethanesulfonic acid)] (Sigma Aldrich,
Ger many); NaCl (Merck, Ger many); KCl (Merck,
Germany); D-Glucosa (Merck, Germany); NaHCO 3
(Merck, Germany); KH2PO4 (Scharlau Chemie S.A., Spain);
CaCl2•2H2O (Merck, Germany); MgSO4•7H2O (Fluka AG,
Germany); collagenase from Clostridium histolyticum Type
Ⅳ (Sigma Aldrich, Germany); bovine albumin serum
Fraction Ⅴ, minimum 98% (Sigma Aldrich, Germany);
EGTA (ethylene glycol-bis ( β -aminoethylether)-N,
N, N’, N’-tetraacetic acid) (Sigma Aldrich, Germany);
2-thiobarbituric acid (4, 6-dihydroxypyrimidine-2-thiol)
(TBA) (Sigma Aldrich, Germany); trichloroacetic acid
(TCA) (Valerus, Bulgaria); carbon tetrachloride (CCl 4)
(Merck, Germany); 2, 2’-Dinitro-5, 5’-dithiodibenzoic acid
(DTNB) (Merck, Germany); lactate dehydrogenase Kit (LD
opt.) (Randox, United Kingdom); penicillin G, Williams'E
culture medium (Gibco-BRL); trypsin-EDTA (GibcoBRL); hydrocortisone; fetal bovine serum (Invitrogen
Carlsbad, CA); nitrocellulose membrane (Hybond);
primary antibodies: CYP3A4 and CYP 2B1 (Polyclonal
Chemicon, Eutromedex); rabbit anti-rabbit IgG HRPconjugated (Dako rabbit immunoglobulins); ECL western
blotting detection reagents and analysis system (Amersham,
Les Ulis, France).
Isolation and incubation of hepatocytes: Rats
were anaesthetized with intraperitoneal application
of pentobarbital sodium (0.2 mL/100 g). In situ twostep collagenase liver perfusion and cell isolation were
perfor med as previously described by Fau with our
modifications[15].
After portal catheterization, the liver was perfused with
100 mL HEPES buffer (pH 7.85), containing 10 mmol/L
HEPES, 142 mmol/L NaCl, 7 mmol/L KCl, 5 mmol/L
glucose + 0.6 mmol/L EDTA (pH 7.85), followed by 200
mL HEPES buffer (pH 7.85) only and finally 200 mL
HEPES buffer containing collagenase type Ⅳ (50 mg/200
mL) and 7 mmol/L CaCl2 (pH 7.85). The liver was excised,
minced into small pieces and hepatocytes were dispersed in
50 mL Krebs-Ringer-bicarbonate (KRB) buffer containing
1.2 mmol/L KH 2PO 4, 1 mmol/L CaCl 2, 1.2 mmol/L
MgSO4, 5 mmol/L KCl, 5 mmol/L NaHCO3, 4.5 mmol/L
glucose and 1% bovine serum albumin. After filtration,
the hepatocytes were centrifuged at 500 × g for 1 min and
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washed 3 times with KRB buffer.
Cells were counted by light microscopy and viability
was estimated by the Trypan blue (0.2%) exclusion test.
Only preparations with viability higher than 80% were
used. Cells were diluted with KRB buffer (pH 7.35) to
make a suspension of approximately 3 × 106 hepatocytes
per mL.
Incubations were carried out in 25-mL Erlenmeyer
flasks. Each flask contained 3 mL of the cell suspension
(i.e. 9 × 106 hepatocytes) with or without various additions,
as indicated below. Incubations were performed in a 95%
O2 + 5% CO2 atmosphere at 37℃[10]. The following series
of experiments were performed: (1) The cells were treated
in vitro with lovastatin in increasing concentrations (0.1-10
μmol/L); (2) The cells were pretreated for 15 min with
lovastatin and then loaded with 86 μmol/L CCl4; (3) The
cells were treated with 14 μmol/L amiodarone.
The cells were pretreated for 15 min with 14 μmol/L
amiodarone, then with 10 μmol/L lovastatin for 15 min
and at the end 86 μmol/L CCl4 was added. Non-treated
hepatocytes were used as controls. Shaking incubations
of the samples were performed for 1 h under 95% O2
+ 5% CO2 at 37℃. Thus, the metabolic activities of the
hepatocytes were best preserved.
Primary culture of rat hepatocytes
After isolation the hepatocytes were cultured at 37℃
under a 5% CO 2 , 95% air atmosphere in Williams E
culture medium, supplemented with fetal calf serum and
penicillin (1000 U/mL) [16]. After cell attachment (3 h)
the medium was replaced by a new, serum-free medium
containing hydrocortisone (70 μmol/L) and 31 μmol/L
lovastatin[17,18]. After 24 h the cells were recovered and the
technique for isolation of microsomes was performed.
Preparation of rat liver microsomes
After the incubation period the hepatocytes were used for
microsome fraction preparation by ultracentrifugation.
The cells were homogenized in 3 volumes of ice-cold 0.154
mol/L KCl, 0.01 mol/L sodium potassium phosphate
buffer, pH 7.4. The homogenate was firstly centrifuged at
10 000 g for 20 min. The supernatant was then centrifuged
at 100 000 × g for 60 min[19]. The microsomal pellet was
resuspended in sodium potassium buffer with 20%
glycerol and was stored at -80℃.
Trypan blue exclusion assay
At the end of incubation the cells were counted under a
microscope and the viability was estimated by a Trypan
blue (0.2) exclusion test.
Lactate dehydrogenase assay
Cell injury was assessed by LDH activity. The level of
LDH activity was measured in a suspension of isolated
hepatocytes as described by Bergmeyer et al[20]. using a
commercially available kit (LD opt., Randox).
Measurement of GSH depletion
At the end of the incubation cells were recovered by
centrifugation at 4℃ and used to measure intracellular
www.wjgnet.com
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Table 1 Cell viability, LDH activity and concentrations of TBARS
and GSH after 1 h incubation with lovastatin (mean ± SD)

b

Groups

Cell viability % LDH nmol/
6
min/10 cells

TBARS
GSH nmol/
6
6
nmol/10 cells 10 cells

Control
1 μmol/L
Lovastatin
3 μmol/L
Lovastatin
5 μmol/L
Lovastatin
10 μmol/L
Lovastatin

75 ± 5.97
68 ± 0.051b

0.102 ± 0.018
0.138 ± 0.061

d

0.157 ± 0.096
0.214 ± 0.084
b

b

b

0.248 ± 0.063

0.158 ± 0.016

4.68 ± 1.06

48 ± 9.19d

0.272 ± 0.057b

0.169 ± 0.067b

3.93 ± 0.51b

41 ± 2.36d

0.336 ± 0.007b

0.194 ± 0.022d

2.05 ± 0.042d

P < 0.01 vs control; dP < 0.001 vs control.

glutathione (GSH). GSH level was assessed by measuring
nonprotein sulfhydrils after precipitation of proteins
with TCA, followed by measurement of thiols in the
supernatant by the DTNB reagent[21]. The absorbance was
measured at 412 nm.
Determination of lipid peroxidation product
Malondialdehyde levels were determined by monitoring
thiobarbituric acid reactive substances (TBARS) according
to the method of Fau et al[21].
Hepatocyte suspension (1 mL) was taken and added to
0.67 mL of 20% (w/v) TCA. After centrifugation 1 mL
of the supernatant was added to 0.33 ml of 0.67% (w/v)
TBA and heated at 100℃ for 30 min. The absorbance
was measured at 535 nm, and the amount of TBARS was
calculated using a molar extinction coefficient of 1.56 ×
105 mol/L-1 cm-1.
Western blot analysis
The BCA protein assay was performed to obtain protein
concentrations.
Isolated microsomes (10 μ g of protein) were
separated by 10% SDS-polyacrylamide gel electrophoresis,
transferred to nitrocellulose paper and exposed to rabbit
monoclonal IgG antibody (CYP2B1 rabbit-monoclonal
IgG) at a dilution recommended by the supplier. The
membrane was then washed, and primary antibody was
detected with the rabbit anti-rabbit-IgG conjugated to
horseradish peroxidase. The bands were visualized with
enhanced chemiluminescence (Amersham, Les Ulis,
France). The films were scanned and the figures were
created using the program Adobe Photoshop version CS2.
Statistical analysis
Statistical analysis was performed and analyzed by one
way ANOVA at a significance level of P < 0.05. All data
(n = 12) were expressed by mean ± SD. A correlation
analysis was also applied by inclusion of all obtained values
(software: Statistica 5.0).

RESULTS
The assessed parameters after incubation of hepatocytes
with lovastatin in four increasing concentrations are shown
in Table 1.
www.wjgnet.com
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Table 2 Cell viability, LDH activity and concentrations
of TBARS and GSH after 1 h incubation with different
concentrations lovastatin and 86 μmol/L CCl4 (mean ± SD)

13.0 ± 2.53
9.63 ± 1.19

52 ± 4.28

April 21, 2007

Group

Cell viability
(%)

LDH nmol/
6
min/10 cells

TBARS nmol/ GSH
6
6
10 cells
nmol/10 cells

Control
CCl4
1 μmol/L
Lovastatin
+ CCl4
3 μmol/L
Lovastatin
+ CCl4
5 μmol/L
Lovastatin
+ CCl4
10 μmol/L
Lovastatin
+ CCl4

75 ± 5.97
35 ± 6.59f
33 ± 4.99f

0.157 ± 0.096 0.102 ± 0.018
13.0 ± 2.53
0.563 ± 0.098f 0.304 ± 0.056f 1.24 ± 0.43f
0.342 ± 0.028da 0.193 ± 0.004da 1.40 ± 0.49f

42 ± 4.50d

0.328 ± 0.041a

0.170 ± 0.020a

2.49 ± 0.10f

43 ± 7.77d

0.291 ± 0.025a

0.160 ± 0.014a

6.55 ± 0.005fb

45 ± 1.52d

0.239 ± 0.016a

0.130 ± 0.041a

7.50 ± 0.008db

a

P < 0.05 vs CCl4 group; bP < 0.01 vs CCl4 group; dP < 0.01 vs control; fP < 0.001
vs control.

The low concentrations of lovastatin to 1 µmol/L did
not show significant toxic effects.
The addition of 1-10 µ mol/L lovastatin promoted
a concentration-dependent significant decrease of cell
viability and GSH concentration (Table 1, Figure 1).
LDH activity and the amount of TBARS also increased
significantly in a concentration-dependent manner. At
the highest concentration of lovastatin (10 µ mol/L)
the following alterations expressed as percentage were
recorded: cell viability decreased by 45% (P < 0.001) and
GSH concentration by 84% (P < 0.001); LDH activity
increased by 114% (P < 0.01) and TBARS content by
90% (P < 0.001) (Table 1, Figure 1). Our results are in
accordance with previous findings of hepatotoxicity of
lovastatin in the concentration range of 1-100 µmol/L[22].
The assessed parameters after incubation of hepatocytes
with increasing lovastatin concentrations and 86 mmol/L
CCl4 are shown in Table 2.
CCl4 administration markedly decreased cell viability
by 53% (P < 0.001) and the level of reduced glutathione
by 90% (P < 0.001). Treatment with CCl4 significantly
increased LDH activity by 259% (P < 0.001) and TBARS
amount by 198% (P < 0.001) (Table 2).
The combination of lovastatin and CCl4 was also very
toxic to the cells. The toxicity was highest in the group
treated with 1 µmol/L lovastatin-CCl4: cell viability and
GSH level decreased by 56% (P < 0.001) and by 89% (P
< 0.001), respectively versus control group. The LDHactivity and TBARS content increased by 118% (P < 0.01)
and 89% (P < 0.01), respectively versus the control group
(Table 2, Figure 2).
On the other hand, the combination 10 µmol/L
lovastatin-CCl4 preserved the cell viability by 29% (P <
0.001) and GSH level by 505% (P < 0.001), versus the
group treated with CCl4 only; LDH leakage was also less
since it decreased by 68% (P < 0.01); and TBARS levels
decreased by 57% (P < 0.01) (Table 2, Figure 2).
The assessed parameters after incubation of hepatocytes
with amiodarone, lovastatin and CCl4 are shown in Table 3.
Hepatocyte incubation with amiodarone (14 μmol/L)
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Figure 1 Changes in the examined parameters (%) after 1 h incubation with different concentrations of lovastatin. The differences are expressed vs the control group.

160

Cell viability

0.35

140
120

0.3

100

0.25

% Effect

% Effect

LDH-activity

0.4

80
60

0.2
0.15

40

0.1

20

0.05
    0
0.00E+00 2.00E-06

   0
0.00E+00 2.00E-06 4.00E-06 6.00E-06 8.00E-06 1.00E-05 1.20E-05

4.00E-06 6.00E-06

8.00E-06 1.00E-05 1.20E-05

Lovastatin concentrations (mmol/L)

Lovastatin concentrations (mmol/L)
GSH-level

TBARS levels

0.25

8
0.2

7
5

% Effect

% Effect

6
4
3
2

0.15
0.1
0.05

1
0
0.00E+00 2.00E-06 4.00E-06 6.00E-06 8.00E-06

1.00E-05

1.20E-05

Lovastatin concentrations (mmol/L)

    0
0.00E+00

2.00E-06

4.00E-06

6.00E-06

8.00E-06

1.00E-05 1.20E-05

Lovastatin concentrations (mmol/L)

Figure 2 Changes in the examined parameters (%) after 1 h incubation with 86 mmol/L CCl4 and different concentrations of lovastatin. The differences are expressed vs the
CCl4 group.

resulted in significant reduction of cell viability by 13%
(P < 0.001), increased LDH leakage by 46% (P < 0.05),
depletion of GSH by 58% (P < 0.001) and increased
TBARS by 53% (P < 0.01) compared to the control (Table 3).
The co-treatment of hepatocytes with amiodarone and
lovastatin resulted in the following alterations: cell viability
and GSH level decreased by 31% (P < 0.001) and 58%
(P < 0.001), respectively; LDH activity increased by 114% (P <
0.01) and TBARS levels by 63% (P < 0.01) vs control group.

The same results assigned to the group treated with
lovastatin only, had the following alterations: Cell viability
increased by 27 (P < 0.01); LDH-activity decreased by 13%
(P < 0.01); GSH level rose by 164% (P < 0.01); TBARS
levels didn’t change significantly.
The combination of amiodarone and carbon
tetrachloride showed a significant reduction in cell viabilityby 48% (P < 0.001) and GSH amount-by 63% (P < 0.001);
LDH leakage and TBARS levels rose by 72% (P < 0.05)
www.wjgnet.com
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Table 3 Cell viability, LDH activity and concentrations
of TBARS and GSH after 1 h incubation with 14 μmol/L
amiodarone, 10 μmol/L lovastatin and 86 μmol/L CCl4 (mean
± SD)
Group

Control
86 μmol/L
CCl4
10 μmol/L
Lovastatin
10 μmol/L
Lovastatin
+ 86 μmol/L
CCl4
14 μmol/L
amiodarone
14 μmol/L
amiodarone
+ 86 μmol/L
CCl4
14 μmol/L
amiodarone
+ 10 μmol/L
lovastatin
14 μmol/L
amiodarone
+ 10 μmol/L
lovastatin
+ 86 μmol/L
CCl4

Cell
viability
%

TBARS
LDH
6
6
nmol/min/10 nmol/10
cells
cells

GSH
6
nmol/10
cells

75 ± 5.97
35 ± 6.59j

0.157 ± 0.096
0.563 ± 0.098j

0.102 ± 0.018
0.304 ± 0.056j

13.0 ± 2.53
1.24 ± 0.43j

41 ± 2.36j

0.336 ± 0.007f

0.194 ± 0.022j

2.05 ± 0.042h

45 ± 1.52bj

0.239 ± 0.016a

0.130 ± 0.041af 7.50 ± 0.008d

0.229 ± 0.046b

0.156 ± 0.072ah 5.51 ± 1.06fj

39 ± 6.63j

0.270 ± 0.032af

0.162 ± 0.059ah 4.80 ± 0.284dj

52 ± 4.58dfj

0.294 ± 0.032hl

0.166 ± 0.063ah 5.42 ± 1.04bjl

35 ± 2.22j

0.286 ± 0.052f

0.151 ± 0.077af 2.94 ± 1.61j

a

P < 0.05 vs CCl4 group; bP < 0.01 vs CCl4 group; dP < 0.001 vs CCl4 group; fP <
0.01 vs control; hP < 0.01 vs control; jP < 0.01 vs control; lP < 0.01 vs lovastatin
group.

and 59% (P < 0.01), respectively vs control group.
Pre-incubation of the hepatocytes with amiodarone
abolished the protective effect of lovastatin on CCl 4induced injury. Cell viability decreased by 22% (P < 0.05),
GSH level by 61% (P < 0.01) and LDH activity and
TBARS level increased by 20% (P > 0.05) and 16% (P >
0.05), respectively vs the group treated with lovastatin and
CCl4.
The correlation coefficient (r) values were between
-0.73 and -0.90 for the following correlation pairs: cell
viability/LDH activity; cell viability/TBARS content; LDH
activity/GSH content; TBARS content/GSH content. The
correlation coefficients between cell viability/GSH content
and LDH-activity/TBARS content amounted to +0.83
and +0.75, respectively.
All correlation coefficient values were highly significant
(P < 0.001).
After incubation of hepatocytes with 31 μ mol/L
lovastatin, CYP 2B1 protein was quantified by Western
blot and expressed as a percentage of the mean value of
control cells (Figure 3). Considering absolute values, there
was a significant increase (49%) in protein expression by
the cells treated with lovastatin.

DISCUSSION
Isolated hepatocytes provide an opportunity to evaluate
the effects of direct interactions of the studied compounds
www.wjgnet.com
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Figure 3 Effect of lovastatin on CYP 2B1 protein expression in cultured rat
hepatocytes. A: Western blot picture B: Expression of CYP2B1 (in %) Hepatocytes
were incubated with 31 μmol/L lovastatin before western blotting analysis, as
described in the methods part. Data are expressed as mean ± SD obtained from
three independent experiments.

with endogenous factors. The present study showed
considerable alterations in isolated hepatocytes under the
influence of the tested compounds lovastatin, CCl4 and
amiodarone. We chose CCl4 not only as a known toxic
agent, but also as a substrate of CYP P450 isoenzymes in
order to evaluate the precise mechanism of interactions at
a metabolic level with lovastatin.
After oral ingestion, lovastatin, which is an inactive
lactone, is readily hydrolyzed to the corresponding
β-hydroxyacid form and its 6’-hydroxy, 6’-hydroxymethyl,
and 6’-hydroxymethylene derivates. The principle
metabolite (β-hydroxyacid form) is a specific inhibitor of
HMG-CoA-reductase[2] which is pharmacologically active.
Previous studies have shown that cytochrome P450 3A
enzymes are primarily responsible for the metabolism of
lovastatin in rat and human liver microsomes[4,22]. Kocarek
et al[17] demonstrated that lovastatin induces several varieties
of cytochrome P450, including CYP2B1/2, CYP3A1/2.
It is well known that CCl 4 causes hepatic injury
after metabolization by CYP 2E1, CYP 2B1 and to a
smaller extend by CYP 3A [18, 23]. The formed radicals
covalently bind to lipid membranes and other cellular
macromolecules [24,25]. CCl 4-induced lipid peroxidation
i s h i g h l y d e p e n d e n t o n i t s b i o a c t iva t i o n t o t h e
trichloromethyl and trichloromethyl peroxy radicals.
Consequently, unsaturated fatty acids in hepatocyte
membranes undergo perturbations, resulting in production
of lipid peroxides[24,25].
In this study the administration of lovastatin
alone exerted toxic effects on isolated hepatocytes
estimated by cell viability, LDH activity, the amount
of TBARS and GSH level (Table 1). The unfavorable
consequences increased gradually with the rising lovastatin
concentrations. The correlation is significant and negative.
This finding is not surprising, as there are some episodic
data pointing at hepatotoxicity due to statin therapy[3,26-29].
The precise mechanism underlying hepatotoxicity has
not been fully elucidated. Kornbrust et al[30] have found
that the toxicity of high doses of lovastatin to rabbits is
a consequence of a highly exaggerated pharmacologic
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action in blocking mevalonate synthesis. Rousseau et al[3]
discovered that lovastatin decreased ubiquinone tissue
level in the hypercholesterolemic hamster. In another study
Willis et al[4] demonstrate that lovastatin decreased tissue
ubiquinone levels in rats. It is well known that ubiquinone
acts primarily by preventing the formation of lipid peroxyl
radicals[31]. Kubota et al[9] have found that statins (1-100
μmol/L) cause toxicity in cultured human hepatocytes.
CCl4 induced the expected severe damage demonstrated
by markedly elevated levels of LDH activity and decreased
cell viability. The increased TBARS content suggests
oxidative stress promoting an expressed GSH depletion.
In this study CCl 4 toxicity was obviously attenuated
after lovastatin pretreatment (Table 2). Recent data
suggest that lovastatin prevents hepatic GSH depletion
induced by acetaldehyde[32,33]. Jeon et al[34] have found that
lovastatin exhibited an inhibitory effect on the plasma
and hepatic lipid peroxidation and increased the hepatic
catalase activity in high-cholesterol fed rabbits. Chen
et al[13] stated that lovastatin reduced lipid peroxidation
and preserved superoxide dismutase in vivo in rabbits fed
cholesterol diet. These suggestions explain and confirm
the biological protective effect of lovastatin. Our data
indicating improvement in TBARS and GSH values after
lovastatin pretreatment are in accordance with the above
investigations.
These phenomena could also be ascribed to an
interaction at a metabolic level between lovastatin and
CCl 4 . As previously mentioned, lovastatin and CCl 4
are metabolized by identical CYP isoenzymes, namely
CYP 3A4 and CYP 2B1 [17,18] . Our results show that
lovastatin induces expression of CYP 2B1 in cultured rat
hepatocytes, assessed by Western blot analysis (Figure 1).
We can suggest that in combination both compounds
compete for the same isoforms. Thus, the metabolism
of lovastatin is inhibited and the active metabolite is less
formed. This probably led to the reduced toxicity observed
in hepatocytes (Table 2).
To test this hypothesis we pretreated hepatocytes with
amiodarone, a substrate and inhibitor of CYP3A4 [35].
Amiodarone at a concentration of 14 μmol/L[27] exerted
toxic effects (Table 3), manifested by a decrease of cell
viability, GSH level and by an increase of LDH leakage
and TBARS level.
The pretreatment of hepatocytes with amiodarone,
a substrate of CYP 3A4, reduced the toxic effect of
lovastatin. We can sug gest that an inhibition of its
metabolism takes place. Probably amiodarone interferes
with the metabolism of lovastatin by the CYP3A4
metabolic pathway, thus the metabolites of lovastatin are
less produced and there is no severe toxicity.
In combination with CCl 4, amiodarone is a smaller
protector as in the group with lovastatin. The pretreatment
of hepatocytes with amiodarone affected the metabolism
of CCl4 by the CYP 3A4 metabolic pathway, which can
explain the significantly smaller toxic effect. LDH activity
and TBARS levels are less expressed than in the CCl4 group.
Reduced GSH is also preserved. We can speculate that the
pretreatment of hepatocytes with amiodarone inhibited
the for mation of inter mediate reactive metabolites
and there was no severe damage as observed in the group

2203

treated with CCl4 only.
The combination of the three substrates-amiodarone,
lovastatin and CCL4 resulted in significant toxicity. The
applied concentration of amiodarone is probably not
sufficient to inhibit at the same time the metabolism
of lovastatin and CCl4. This might explain the lack of
protection of lovastatin.
In conclusion, our data show the following phenomena:
Lovastatin is hepatotoxic in a concentration-dependent
manner; Lovastatin exerts some protective effect on
CCl4-induced injury, probably through an interaction of
cytochrome P450 on a metabolic level by CYP3A4 and
CYP 2B1. The observed protective effect of lovastatin on
CCl4-induced toxicity is abolished after pretreatment with
amiodarone, substrate and inhibitor of CYP3A4.
Many patients with hyperlipidemia present the
concomitant medical problems, such as diabetes,
hypertension, and coronary artery disease. Statins are very
often used in combination with other medications. This
raises the potential for adverse drug-drug interactions,
which can have serious clinical consequences. Our data
suggest that the combined intake of lovastatin with other
substrates of different isoforms of cytochrome P450
(drugs, biological active agents) can result in interactions
on a biotransformation level. In these cases, clinically,
drug-drug interactions may lead to severe toxicity and may
force discontinuation of needed pharmacotherapy.
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Abstract
AIM: The goal of the current work was to analyse the
prevalence of the +49A/G variant of the cytotoxic T-lymphocyte antigen 4 gene (CTLA4) in Hungarian patients
with Crohn’s
�������� ������������������������������������
disease (CD) and ulcerative colitis �����
(UC).
METHODS: A
����������������������������������
total of 130 unrelated subjects with
��������
CD
and 150 with UC, and 170 matched controls were genotyped for the single nucleotide polymorphism (SNP).
The genotypes were determined by using PCR/RFLP test.
RESULTS: The
�������������
G allele frequency
�����������������������������
and the prevalence
of the GG genotype were 38.1% and 12.3% in the CD
group, 40.6% and 18.6% in the UC patients, and 37.4%
and 15.9% in the control group, respectively.
CONCLUSION: The
���� results
�������� of
��������������������������
the current study show
that carriage of the +49G SNP in heterozygous or in homozygous form does not confer risk either for CD or for
UC in the Hungarian population.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Inflammatory bowel disease (IBD) is a multifactorial
disorder characterized by non-specific inflammation of
the digestive tract, causing intestinal malabsorption and
immune defense abnormalities, including exaggergated
T cell response[1,2]. The cytotoxic T-lymphocyte antigen 4
(EC. number 3.4.21.) gene is a T cell receptor that binds
to B7-1 (CD80) and B7-2 (CD86) ligands and plays a key
role in the down-regulation of T cell activation[2,3]. The
CTLA4 gene +49A/G polymorphism has been suggested
to associate with IBD[2].
Two major forms of chronic IBD are Crohn’s disease
and ulcerative colitis[4,5]. ����������������������������������
The development of these diseases
is known to be influenced by both environmental factors
and ������������������������������
complex�����������������������
genetic predisposition[6]. IBD patients have
an increased risk for the development of colorectal cancer[7]. The relative risk of colorectal cancer in ulcerative colitis is increased, compared to Crohn’s disease[8]. Smoking
is an important environmental factor with different effects
on IBD[4]. Many other environmental factors have been
investigated, including infectious agents, diet, drugs, stress,
and social status[9]. With genome-wide linkage analyses
several loci of possible IBD susceptibility genes have been
identified[10-18]. The CARD15 gene on chromosome 16 via
the NOD2 protein, and the SLC22A4 and SLC22A5 genes
on chromosome 5q via the OCTN1 and OCTN2 transporters has been found to confer increased risk for developing
inflammatory bowel disease[19-22].
In the current study our aim was to examine whether
CTLA4 gene +49A/G polymorphism confers susceptibility to Crohn’s
������������������������������������������
disease and ulcerative colitis in Hungarian
����������
population samples.
www.wjgnet.com
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MATERIALS AND METHODS
Patients
We examined 130 patients with CD (55 males, 75 females,
mean age 43.0 ± 1.42 years) and 150 patients with UC (63
males, 87 females, mean age 46.1 ± 1.30 years). Diagnosis
of inflammatory bowel disease was established according
to endoscopic, radiological, histological and clinical criteria
following the Council for International Organizations of
Medical Sciences in WHO and the International Organization for the Study of Inflammatory Bowel Disease[23-25].
A total of 170 selected controls (49 males, 121 females,
mean age 57.7 ± 1.29 years) were used. The control subjects were age- and sex-matched clinically healthy subjects
and did not receive any drug administration. The IBD
patients were treated with various drugs, such as sulfosalazin, 5-aminosalicylic acid, budesonide, metilprednisolon or azathioprin. All of our patients and controls were
unrelated Caucasians. During the entire study period the
guidelines and regulations approved by the local Ethics
Committee and the Helsinki Declaration of 1975 were
followed. The study design was approved by the local
Ethics Committee.
Methods
Genomic ����������������������������������������
DNA was extracted from peripheral blood
leukocytes with a routine salting out method.�����������
The CTLA4
gene (MIM: 123890) +49A/G (GenBank rs231775) SNP
in exon 1 was examined. For the amplification of the target
sequence the following primers were designed and used: 5’CTTGAGGTTGTCTTTTCGAG-3’ as the sense and 5’TACTAAATACCTGGCGCTCT-3’ as the antisense primer. The PCR amplifications were performed on MJ Research PTC 200 thermal cyclers using the following conditions: initial denaturation at 96℃ for 3 min followed by 35
cycles of denaturation at 96℃ for 45 s, annealing at 56℃
for 45 s, extension at 72℃ for 45 s and final extension at
72℃ for 10 min. The amplicons were digested by allelespecific restriction endonuclease, Bse XI. The amplicon
contained an obligate cleavage site �������������������
of the restriction
enzyme for the suitable visual control of the efficacy of
the digestion�����������������������
. In normal cases (AA) Bse XI cleaves the 573
bp PCR product into 51 and 522 bp
����������������������
long ��������������
fragments. In
���
heterozygotes (AG) ��������������������������������������
51, 235, 287 and 522 �����������������
bp long products
were detected�������������������������������������������
. In GG genotype ��������������������������
the digestion resulted in
51, 235 and 287 bp long fragments�����������������������
. The
���������������������
restriction fragments were separated by electrophoresis on agarose gels
containing ethidium bromide and visualized by UV transillumination.
Statistical analysis
Statistical analysis was carried out using Excel and SPSS
11.5. for Windows. �������������������
For statistics the χ2 method (cross-table
analyses) was used to analyze the possible associations
between the diseases and the examined polymorphism.

RESULTS
Results for the genotyping of the CTLA4 gene +49A/G
SNP in 130 patients with CD, 150 subjects with UC, and
170 healthy controls are summarized in Table 1. The
www.wjgnet.com
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Table 1 Prevalence of the alleles of CTLA4 gene in patients
with Crohn’s disease and ulcerative colitis

Exon 1
+49A/G

AA
AG
GG

G allele frequency

Crohn’s disease
n = 130

Ulcerative colitis
n = 150

n = 170

Controls

47 (36.2%)
67 (51.5%)
16 (12.3%)

56 (37.3%)
66 (44.0%)
28 (18.6%)

70 (41.2%)
73 (42.9%)
27 (15.9%)

38.10%

40.60%

37.40%

allele frequencies were in Hardy-Weinberg equilibrium
both in the patients and in the controls. We found no
accumulation of either the G allele alone; either expressed
as AG heterozygous genotype, or as the G allele frequency,
nor increased prevalence rate of the homozygous GG
genotype in any IBD type compared with the healthy,
IBD free controls. Comparing the genotype frequencies
separately in males and females, there were no gender
differences in the distribution of the genotypes.

DISCUSSION
The CTLA4 gene on chromosome 2q33 region has been
investigated in several diseases with chronic inflammatory
nature[3]. Nistico et al[26] identified a novel polymorphism,
+49A/G in exon 1, which associates with a Thr to Ala
substitution at position 17 of the amino acid sequence.
Several studies have reported controversial
�������������������������
results o��
n
association�������������������������������������
of the +49A/G SNP in the CTLA4 gene
with type I diabetes[27,28], Grave’s disease[29,30], rheumatoid
arthritis[31-34], multiple sclerosis[35] and celiac disease[3,36].
CTLA4 is a susceptibility gene also for two main types
of inflammatory bowel disease; Crohn’s disease and ulcerative colitis[2]. Machida et al[2] found that in the Japanese
population CTLA4 is one of the determinants of UC, and
confers risk for development of CD associated with fistula
formation, and the GG genotype was also more frequently
observed in CD patients with fistula[2]. Xia et al[37] found
no association of CTLA4 +49G SNP with IBD in Dutch
Caucasian patients and with UC in Chinese patients. More
confusing that in some studies the A variant was found as
a susceptibility factor for rheumatoid arthritis and celiac�
disease[33,38].
In the present study we compared the heterozygous
AG genotype, the homozygous GG variant, and the G
allele frequency of the CTLA4 gene +49A/G polymorphisms, and could not detect accumulation of any of them in
any type of the IBD. This shows that the G variant of the
+49A/G allele of the CTLA4 gene does not represent an
obligatory susceptibility factor for Crohn’s disease or for
ulcerative colitis. Separate comparison of the G and GG
genotypes in each diseases also excluded the possibility of
a gene dose effect, evidenced by the similar distribution of
each.
Several explanations have been presented for the
discrepancy between negative findings[37,39,40], like ours, and
the positive findings of others[2]. The
��������������������������
most plausible is the
known genetic diversity of the different populations at
the haplotype level. For the present study, it is of special

Magyari���L� et al. CTLA4 +49A/G in Hungarian patients with IBD

interest that the Hungarians are historically different from
the surrounding nations in the Carpathian basin due to
the Asian origin of the founder tribes[41]. Recent studies
support a language dominance, therefore the majority
of the Hungarian population does not differ from the
Europeans with respect to their genetic grouping [42-44].
However, spread of a non-European, non-susceptibility
haplotype variant containing the +49G allele of the
CTLA4 gene at a high incidence rate in Hungarians
cannot be ruled out. Further association studies with more
detailed haplotype analysis should be performed to clarify
this assumption, with special care to the differentiation of
the +49G allele containing variants.
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INTRODUCTION
Abstract
AIM: To explore the relationship between acetylation
WAF1
of histone in total chromatin and p 21
expression
regulation in human colorectal carcinoma.
METHODS: We analyzed the expression of tumor
WAF1
suppressor gene p 21
mRNA by RT-PCR or realtime PCR in 33 samples of colorectal cancerous tissue,
corresponding para-cancerous tissue and normal
colorectal mucosa, and also examined the level of
acetylated histone H3 in total chromatin using Western
blotting.
RESULTS: The expression level of p 21WAF1 mRNA was
significantly lower in colorectal cancerous tissue from
33 patients than in para-cancerous tissue and normal
colorectal mucosa (2377.95 ± 865.80 vs 3216.58 ±
1149.42 and 3541.61 ± 1433.17 respectively, P <
WAF1
0.01). In addition, when p 21
mRNA expression was
undectectable or at very low level (50% less than that
in adjacent tissue and normal colorectal mucosa) in all
tissues, the level of acetylated histone H3 in colorectal
cancerous tissue was significantly lower than that
in corresponding para-cancerous tissue and normal
colorectal mucosa in five of seven (71.43%) cases. The
WAF1
transcriptional level of p 21
in colorectal carcinoma
might not be associated with its biological behaviors.
CONCLUSION: T h e d o w n - r e g u l a t i o n o f p 2 1 W A F 1
transcription is involved in the tumorigenesis and
development of colorectal carcinoma. The downWAF1
expression of p 21
mRNA in colorectal carcinoma
might be associated with histone hypoacetylation in

Cell cycle prog ression is regulated by interactions
between cyclins and cyclin-dependent kinases (CDKs)[1].
p21WAF1 is one of the CIP/KIP protein family members
known to inhibit CDK activity. Increased p21 WAF1
expression may play an important role in the growth
arrest of transfor med cells [2] . Although stability of
p21 WAF1 mRNA could be altered by different signals
such as differentiation and various influencing factors, a
recent study suggested that inactive chromatin induced
by histone deacetylation may be a likely candidate
mechanism for p21WAF1 inactivation[3].
In recent years, some studies indicated that p21WAF1
expression is regulated by gene-associated histone
acetylation in tumors[3-5]. We have previously reported that
the level of p21 WAF1 gene promoter-associated histone
acetylation is decreased in human colon cancer cell line,
SW1116 [6]. However, these investigations were carried
out in vitro experiments using certain cell lines, and very
few data are available regarding p21WAF1 expression and
histone acetylation in excised human carcinoma tissues.
Furthermore, whether acetylation of histone in total
chromatin affects p21WAF1 gene regulation in human colon
cancer is unknown.
In this paper, we provide further evidence that the
acetylation of histone in total chromatin is a mechanism
of down-regulation of p21WAF1 mRNA in patients with
colorectal cancer.

MATERIALS AND METHODS
Patients and specimens
T h i r t y - t h r e e p a t i e n t s w i t h c o l o r e c t a l c a r cin o ma
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Table 1 Primer sequence, PCR program and Genbank accession number
Primers

Sense (5’ -> 3’)

Antisense (5’ -> 3’)

Size and PCR condition

GenBank accession number

b-actin

GGC
ATC
GTG
ATG
GAC TCC G
CAG
GGG
ACA
GCA
GAG GAA GA

GCT
GGA
AGG TGG
ACA GCG A
GGG CGG
CCA GGG
TAT GTA C

94℃ 5 min; 92℃ 40 s;
58℃ 40 s; 72℃ 50 s, 30X

BC023204

94℃ 5 min; 94℃ 1 min;
58℃ 1 min; 72℃ 1 min, 35X

NM_000389

p21WAF1

Table 2 Sequences of primers and probes for real-time PCR
Gene

Primer (forward) (5’ -> 3’)

Primer (reverse) (5’ -> 3’)

Probe

GenBank No.

p21WAF1

CTG GAG ACT
CTC AGG GTC
GAA
CTG GCA CCC
AGC ACA ATG

GGA TTA GGG
CTT CCT CTT
GGA
GGA CAG CGA
GGC CAG GAT

ACG GCG GCA
GAC CAG CAT GA

NM_078467

ATC ATT GCT
CCT CCT GAG

BC016045

b-actin

underwent resection at Shanghai Renji Hospital between
May 2001 and July 2002. All patients gave their informed
consent and none of them received radiation or
chemotherapy before surgery. Fresh samples taken from
the tumor and its corresponding adjacent tissue (obtained
from areas less than 5 cm away from the margin of
carcinoma) and normal colorectal mucosa (obtained from
areas at least 10 cm away from the margin of carcinoma)
were frozen immediately in liquid nitrogen, fixed in
formalin solution and embedded in paraffin blocks for
pathological diagnosis. Clinicopathological factors, tumor
histology and disease stage were assigned according to
the general rules for clinical and pathological studies
on cancer of colon, rectum, anus and Dukes’ stage[7].
Fifteen cases were identified as stage B, 11 cases as stage
C, and 7 cases as stage D. There were 23 cases of tubular
adenocarcinoma, 2 cases of mucinous adenocarcinoma
and 8 cases of tubular-papillar y adenocarcinoma.
Twenty-one patients were males and 12 were females, and
their mean age was 65.36 years (SD 13.00 years, range
39-89 years). The protocol was approved by the Ethics
Committee of Shanghai Second Medical University and
the research was carried out according to the Helsinki
Declaration in 1975.
RT-PCR and real-time RT-PCR
Total RNA was extracted from clinical specimens using
Trizol reagent (Gibco BRL, Gaithersburg, MD), following
the manufacturer’s recommendations. After DNAse I
(Promega, UK) digest, the pellet was vacuum dried and
resuspended in 20 µL sterile distilled water containing
1 U/µL RNasin (Promega, UK).
RT-PCR was performed as described previously[8]. The
primer sequence and amplification profiles are shown in
Table 1. The control consisted of an amplified 612 bp
fragment of β-actin cDNA. The density of the bands in
RT-PCR was quantitated by using a molecular dynamics
phosphor-imager (Nucleo Tech Inc., San Mateo, CA),
normalized in each lane to the amount of total RNA as
determined by the density of β-actin band from RT-PCR[9].
www.wjgnet.com

The expression of the p21 WAF1 gene in 13 of 33
colorectal carcinoma specimens was detected using a realtime quantitative PCR system. Gene-specific TaqMan
probes and PCR primers were designed using Primer
Express software (PE Biosystems, Foster City, CA). The
sequence for forward and reverse primers and the probe
are shown in Table 2. Triplicate PCR was prepared for
each cDNA sample. PCR consisted of 40 cycles of 95℃
denaturation at 95℃ for 15 s and annealing/extension
at 60℃ for 1 min. Ther mal cycling and fluorescent
monitoring were performed using an ABI 7700 sequence
analyzer (PE Biosystems). The point at which the PCR
product was first detected above a fixed threshold, termed
cycle threshold (Ct), was determined for each sample, and
the average Ct of triplicate samples was calculated. The
ratio of p21 WAF1 mRNA levels in colorectal carcinoma
specimens relative to those in non-neoplastic mucosa was
calculated.
Western blot analysis of acetylated histone H3 in total
chromatin
Seven powdered colorectal cancerous tissue sections in
which p21WAF1 mRNA expression was undetectable or at
very low levels (50% less than that in adjacent tissue and
normal colorectal mucosa) (100 mg) and six such sections
in which p21WAF1 mRNA expression was comparable to
that in non-neoplastic mucosa were suspended in 500 µL
Radio-immunoprecipitation assay buffer (150 mmol/L
NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS,
50 mmol/L Tris-HCl pH 8.0, 0.2 mmol/L PMSF, 1 µg/µL
aprotinin/ leupeptin) for 15 min with rotation at 4℃, then
the soluble protein was collected by centrifugation.
Tissue extracts (200 µg) were boiled in loading buffer
(125 mmol/L Tris-HCl, pH 6.8, 4% SDS, 20% glycerol,
0.005% bromphenol blue) for 5 min and then loaded
onto a 15% SDS-polyacryamide gel. After electrophoresis,
proteins were transferred onto nitrocellulose membranes.
The membranes were blocked with 5% nonfat dry milk in
PBS for 1 h at room temperature, incubated overnight at
4℃ with the first antibody (Upstate Biotechnology, Lake

WAF1
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Table 3 Expression of p 21

mRNA in colorectal carcinoma tissue

b-actin

←

p21WAF1 mRNA

p 21WAF1

Cancerous
tissues

Para-cancerous

Normal mucosa

2377.95 ± 865.80b

3216.58 ± 1149.42

3541.61 ± 433.17

b

P < 0.01: average density in cancerous tissue vs that in corresponding paracancerous tissue and normal colorectal mucosa. The band density detected
by RT-PCR was described in the “Material and Methods”.

Figure 1 RT-PCR products of grouped samples of colorectal cancerous tissues
(lanes 1, 4, 7, 10), corresponding para-cancerous tissue (lanes 2, 5, 8, 11) and
normal colorectal mucosa (lanes 3, 6, 9, 12). b-actin amplified from the same
cDNA served an internal control.

A

1 2 3 4

5

6 7

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

28 29 30 31 32 33 34 35 36 37 38 39

Actin
Acetylated
histone H3

B

14

12.86

10
8
6
4
2

10.33

9.13
6.67 6.37
2.88

6.73
3.5

6.62
4.29

6.94
4.56

Cancerous

10.33
8.73

4.31
3.55

5.32
5.17

7.27
5.17
3.72

Para-cancerous

5.32
5.25
4.52 5.16
3.43
5.87
3.39 3.09

Normal mucosa

6.94
6.8 6.67 7.27

9.12
8.73
7.95

4.29
4.31
3.55

0

Figure 2 Level of acetylated core histone H3 (A) and mRNA p21WAF1 mRNA (B) in colorectal carcinoma tissues. Lanes 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 31, 34, 37: tumor
tissue; lanes 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 32, 35, 38: corresponding para-cancerous tissue; and normal colorectal mucosa lanes 3, 6, 9, 12, 15, 18, 21, 34, 27, 30, 33,
36, 39: normal colorectal mucosa.

Placid, NY) against acetylated histone H3, and incubated
for 4 h at 4℃ with secondary antibodies against rabbit
IgG-conjugated AP, and then exposed to Kodak BioMax
film for 1 min. Antibody against β-actin (Sigma, St Louis,
MO) was used as a control for protein concentration.
Statistical analysis
The level of tumor-related gene expression in cancerous
and adjacent tissues and normal colorectal mucosa was
compared by variance analysis or Student’s t-test using
SPSS 6.0. Variables associated with the expression of
two tumor suppressor genes as well as the correlation
to various clinicopathological variables were examined
by the χ2 method and correlation analysis. P < 0.05 was
considered statistically significant.

RESULTS
Expression of p21 WAF1 mRNA was down-regulated in
colorectal cancer tissue
As shown in Figure 1 and Table 3, the expression level
of p21 WAF1 mRNA in colorectal cancerous tissue was
significantly lower than that in adjacent tissue and normal
colorectal mucosa (P < 0.01). However, there was no
significant difference in the expression level of p21WAF1
between the samples of adjacent tissue and normal mucosa
(P > 0.05). Of the 33 tumor samples, 23 (69.70%) showed
varying degrees of decrease in p21WAF1 expression. In seven
cases, p21WAF1 mRNA expression was undetectable or at
very low levels (50% less than that in adjacent tissue and

normal colorectal mucosa). The data were consistent with
the result from real-time RT-PCR (Figure 2).
Acetylation of histone H3 in total chromatin was related to
p21WAF1 expression
Futher study of the seven specimens with undetectable
or very low level p21WAF1 mRNA expression revealed that
in five of seven (71.43% ) cases (Figure 2), the level of
acetylated histone H3 in cancerous tissue was significantly
lower than that in corresponding para-cancerous tissue
and normal colorectal mucosa. The level of acetylated
core histone H3 in tumor specimen with p21WAF1 mRNA
expression was comparable to that in non-neoplastic
mucosa specimen. However, it was lower than that in two
of six (33.33%) non-neoplastic mucosa specimens (Figure 2).
Expression of p21WAF1 might not be associated with
clinicopathological characteristics
We examined the relationship between p21WAF1 expression
in cancer tissue and the clinicopathological characteristics
of colorectal cancer patients. There was no significant
correlation between p21WAF1 expression and tumor size,
extent of local tumor invasion, lymphatic invasion, Duke’s
stage or histological subtype (data not shown).

DISCUSSION
The initiation and progression of colorectal carcinoma
involve unregulated epithelial cell proliferation associated
with a series of accumulated genetic alterations[10]. The
www.wjgnet.com
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molecular pathogenesis of human cancer is due to
structural and/or functional alterations of specific genes
whose normal function is to control cellular growth and
differentiation. The development of colorectal cancer
is associated with activation of oncogenes and/or
inactivation of tumor suppressor genes.
Defects in the mechanisms controlling cell cycle are
critical triggers in cell transformation and/or tumor
progression. p21 WAF1 is a known inhibitor of cyclindependent kinases, which can block tumor progression
through the cell cycle[11]. The discovery of the p21WAF1
gene has illuminated the importance of down-regulation
of cell cycle as an inhibitor of cyclin-cdk complexes. The
p21WAF1 gene causes G1 arrest of the cell cycle, and inhibits
growth of human tumor cells by blocking G1/S transition
through interference with cyclin-cdk function. In this
study, we showed that p21 WAF1 mRNA expression was
constantly and significantly suppressed in tumor tissues
compared to that in the corresponding adjacent tissue and
normal colorectal mucosa. We also found that p21 WAF1
expression was decreased in 69.70% of the tumor samples,
which was higher than that in colorectal cancer detected
by immunohistochemistry[12], and lower than that detected
by Northern blot analysis[13]. The different results may
be due to the geographical and racial factors. Our results
suggest that tumor cell cycles are disturbed by reduction
in p21WAF1 mRNA expression, leading to uncontrolled cell
proliferation in human colorectal carcinoma. That is to say,
tumor cells may acquire more rapid growth activity and
more malignant potential as p21WAF1 expression decreases.
It was repor ted that two histone deacetylation
inhibitors, trichostatin A and sodium butyrate, cause
accumulation of acetylated histone H3 and H4[14]. This
action most likely occurs in vivo because in rats fed
with a high-fiber diet, high butyrate levels are correlated
with histone hyperacetylation in colonic epithelial
cells[15]. Moreover, accumulation of acetylated histones
in total cellular chromatin and hyperacetylation of
p21 WAF1 gene-associated histones H3 and H4 could
activate the expression of p21 WAF1 mRNA and protein
in SW1116 cells [16] . However, the in vivo status of
histone acetylation in human colorectal carcinoma tissue
is not well understood. In this study, we investigated
colorectal cancerous tissues where p21 WAF1 mRNA
expression was undetectable or at very low levels, and
found that the level of acetylated histone H3 in total
chromatin was significantly lower in cancerous tissue
than in corresponding para-cancerous tissue and normal
colorectal mucosa. Also, acetylated core histone H3 level
in tumor specimens where p21WAF1 mRNA expression was
comparable to that in non-neoplastic mucosa specimens
was lower than that in non-neoplastic mucosa specimens.
These results suggest that the down-expression of p21WAF1
mRNA in colorectal carcinoma might be associated with
histone hypoacetylation in total chromatin. It is possible
that nucleosome conformation was altered due to histone
H3 hypoacetylation and that access of transcriptional
regulatory proteins to chromatin might be reduced in
colorectal cancer. Thus, we hypothesize that p21WAF1 overexpression may be relevant to the possible therapeutic
effects of anticancer drugs.
www.wjgnet.com
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However, the data from this study indicate that none
of the clinicopathological parameters correlates with
p21WAF1 expression, including different tumor size, tumor
depth, lymph node metastasis, Dukes’ classification and
histological stage. These results suggest that the expression
of p21WAF1 detected by RT-PCR cannot be used per se as
a predictive indicator for clinicopathological behaviors in
colorectal carcinoma. To date, the potential correlation
between tumor-related genes and biological behaviors
remains controversial. For example, one recent report[17]
demonstrated that allelic deletion on chromosome 18q
is associated with poor survival of patients with stage
[18]
showed
Ⅱ colorectal cancer, while another study
that this phenomenon does not provide any prognostic
information, suggesting that construction of composite
genetic profiles of tumor tissue, with inclusion of several
tumor markers, may be premature[14].
It is necessary to further investigate how histone
modifications impact the neoplastic process, and to study
the means for prevention and treatment of colorectal
carcinoma, such as chromatin structure alteration and
activation of specific tumor suppressor genes.
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Abstract

INTRODUCTION

AIM: To identify the methylation of secreted frizzledrelated protein 1 (SFRP1) in gastric cancer and to
investigate the aberrant expression of SFRP1 and its
correlation with the clinical pathological features of
patients.

Carcinogenesis is a complex process involving a series
of genetic and epigenetic changes. Aberrant methylation
is recognized as an important pathway leading to gene
silencing. Hypermethylation in CpG islands and silencing
of tumor-related genes in human cancer have been the
focus of study in the last decade.
Secreted frizzled-related protein 1 (SFRP1) found in
1987 by several different groups[1-3], contains a cysteinerich domain (CRD) which share 30%-50% sequence
similarity with those of Wnt receptor frizzled proteins.
Through the CRD, SFRP1 can antagonize Wnt signaling
by interacting with Wnt ligand. As Wnt signaling pathway
plays an important role both in embryo development and
in proliferation, differentiation and apoptosis in adult
tissues. Thus aberrant activation of Wnt pathway may
induce tumorigenesis. As a Wnt inhibitor, SFRP1 downregulation caused by hypermethylation has been found in
several kinds of cancer[4-8].
In this study, we detected the methylation status and
aberrant expression of SFRP1 in gastric cancer. We also
analyzed the correlation between the expression of SFRP1
and clinical pathologic characteristics of primary gastric
cancer.

METHODS: We determined SFRP1 methylation and
SFRP1 mRNA expression in 3 gastric cancer cell lines
SGC-7901, BGC-823, HGC-27, from 52 primary gastric
cancer specimens and matched tumor adjacent tissue
specimens by methylation-specific (MSP) PCR and RTPCR respectively. Fisher’s exact test was used to analyze
the statistical association between clinical pathological
data and aberrant expression of SFRP1.
RESULTS: In 3 cancer cell lines, BGC-823 and HGC-27
had methylated SFRP1 and lost SFRP1 mRNA expression.
After treatment of BGC-823 and HGC-27 with the
demethylating agent, 5-aza-2’-deoxycytidine, SFRP1 was
re-expressed. In 52 primary gastric cancer specimens
and matched tumor adjacent tissue specimens,
hypermethylation of SFRP1 was detected in 23 (44%)
2
and 8 (15%) specimens respectively (χ = 10.34,
P < 0.01). Loss of SFRP1 expression was detected in
2
17(33%) and 6 (12%) specimens respectively (χ = 6.75,
P < 0.01). There was a significant correlation between
SFRP1 hypermethylation and SFRP1 expression loss.
SFRP1 expression was also correlated significantly with
tumor stage and lymph node status, but not with patient
sex, age and histological type.
CONCLUSION: SFRP1 inactivation is a common and
early event caused mainly by hypermethylation in gastric
cancer. SFRP1 expression loss may be correlated with
www.wjgnet.com
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MATERIALS AND METHODS
Cell lines, cancer and matched adjacent tissue samples
Human gastric cancer cell lines SGC-7901, BGC-823 and
HGC-27 (From KUNKEN Bio-reagent Corp. Shanghai,
China) were cultured in RPMI 1640 supplemented with
10% fetal bovine serum, penicillin (100 IU/mL), and
streptomycin (100 μg/mL). Primary gastric cancer and
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Figure 2 Expression of
SFRP1 mRNA in SGC-7901
(A) but not in BGC-823 (B)
and HGC-27 (C).
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Figure 1 Hypermethylation of SFRP1 in BGC-823 (B) and HGC-27 (C) but not in
SGC-7901 (A). M: methylated; U: unmethylated.
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Table 1 Hypermethylation and expression loss of SFRP1 in
primary gastric cancer and matched cancer adjacent tissue
samples
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Gastric cancer
Adjacent tissue
P

n

Hypermethylation (+)

Expression (-)

52
52

23
8
2
χ = 10.34, P < 0.01

17
6
2
χ = 6.75, P < 0.01

β-actin

Figure 3 Expression of SFRP1 mRNA after treatment with 5-aza-2’-deoxycytidine
in BGC-823 (B) and HGC-27 (C).

matched adjacent tissue samples were obtained from
patients who underwent operation at the Second Affiliated
Hospital, Chinese Medical University. The samples were
frozen in liquid nitrogen immediately after surgery.
Haematoxylin and eosin staining was used to confirm that
cancer samples were consisted mostly of tumor cells and
there were no tumor cell in tumor adjacent tissue samples.
DNA and RNA extraction
DNA was extracted by a standard phenol/chloroform
extraction and ethanol precipitation procedure. RNA
was isolated by TRIZOL (Takara Corp.) according to the
protocols supplied by the manufacturer.
Semi-quantitative reverse transcription-PCR
RT-PCR was performed by Takala RNA PCR 3.0 Kit.
cDNA was synthesized from 1 μ g SFRP1 RNA using
random 9 primer and AMV reverse transcriptase. Cycle
condition was 1 cycle at 30℃ for 10 min, at 42℃ for 25
min, at 99℃ for 5 min and at 5℃ for 5 min. For PCR, the
SFRP1 primer sequences[7] are F (5’-TCTACACCAAGC
CACCTCAG-3’) and R (5’-CAGTCACCCCATTCTTCA
GG-3’). Cycle condition was 1 cycle at 94℃ for 2 min; 30
cycles at 94℃ for 30 s, at 60℃ for 30 s and at 72℃ for 2
min.
Methylation-specific PCR
The methylation status of SFRP1 was detected by
GENMED MSP Kit (GENMED, Shanghai, China). The
procedure was performed according to its protocol. The
primers[7] for methylated sequence of SFRP1 are F (5’
-TGTAGTTTTCGGAGTTAGTGTCGCGC-3’) and R (5’
-CCTACGATCGAAAACGACGCGAACG-3’), and those
for unmethylated sequences are F (5’-GTTTTGTAGTTT
TTGGAGTTAGTGTTGTGT-3’) and R (5’-CTCAACCT
ACAATCAAAAACAACACAAACA-3’). Cycle condition
was 1 cycle at 95℃ for 5 min; 35 cycles at 95℃ for 30 s, at
60℃ for 30 s and at 72℃ for 30 s.

5-aza-2’-deoxycytidine treatment
Cells were seeded at a density of 3 × 104 cells/cm2 in a four
well plate on d 0, and exposed to 5-aza-2’-deoxycytidine
(Sigma, 1 μmol/L) on d 1, 2, and 3. After each treatment,
the cells were cultured in fresh medium. Control cells were
incubated without the addition of 5-aza-2’-deoxycytidine.
Cells were harvested in d 4 for RNA extract.
Statistical analysis
Methylation and expression status of SFRP1 in primary
pancreatic cancer and adjacent tissue samples were
compared by χ2 test. Fisher’s exact test was used to study
the statistical association between clinical pathologic data
and aberrant expression of SFRP1. Differences were
considered statistically significant when P values were less
than 0.05.

RESULTS
Hypermethylation and expression of SFRP1 in gastric
cancer cell lines
Hypermethylation of SFRP1 was found in BGC-823
and HGC-27 by MSP (Figure 1). Expression of SFRP1
mRNA was detected in SGC-7901, but not in BGC-823
and HGC-27 (Figure 2). After treatment of BGC-823
and HGC-27 with the demethylating agent, 5-aza-2’
-deoxycytidine, SFRP1 mRNA was re-expressed in
BGC-823 and HGC-27 (Figure 3).
Hypermethylation and expression of SFRP1 in primary
gastric cancer and matched cancer adjacent tissue
samples
In 52 primary gastric cancer samples, hypermethylation
of SFRP1 was detected in 23. In matched cancer
adjacent tissue samples, 8 were found with SFRP1
hypermethylation. The hypermethylation rate in primary
gastric cancer samples was significantly higher than that
in matched cancer adjacent tissue samples (χ2 = 10.34, P
< 0.01). Expression of SFRP1 mRNA was not found in
17 gastric cancer samples and 6 matched cancer adjacent
tissue samples respectively. The difference was also
significant (χ2 = 6.75, P < 0.01) (Table 1).

www.wjgnet.com

2216

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 2 Correlation of SFRP1 expression with SFRP1 hypermethylation and clinical pathologic patient data
Variable

Categorisation

n

SFRP1 (-)

P

Sex

Male
Female
> 50
≤ 50
T1 + T2
T3 + T4
N0 + N1
N2 + N3
Diffused
Intestinal
Methylated
Unmethylated

34
18
30
22
25
27
36
16
31
21
28
24

11
6
12
5
4
13
8
9
12
5
13
4

0.24

Age at diagnosis
(yr)
Tumor stage1
Lymph node status
Histological type
Methylation status

0.10
0.01
0.02
0.13
0.02

1

According to UICC: TNM classification of malignant tumors.

Correlation analysis of SFRP1 expression, SFRP1
hypermethylation and clinical pathologic data in primary
gastric cancer
Fisher’s exact test was used to analyze the correlation
between SFRP1 expression and SFRP1 methylation
and other clinical pathologic patient data. A significant
cor relation was found (P = 0.02) between SFRP1
hypermethylation and SFRP1 expression loss. SFRP1
expression was also correlated significantly with tumor
stage (P = 0.01) and lymph node status (P = 0.02), but not
with patient sex, age, histological type (Table 2).

DISCUSSION
Hypermethylation in promoter CpG islands and diminished
expression have been reported to be present in a number
of tumor-related genes in gastric cancer, including p16[9],
hMLH1[10], E-cadherin[11], APC[12], MGMT[13], RASSF1A[14],
DAP-kinase[15], RUNX3[16], GSTP1[17]. In addition, many
studies have shown that concurrent hypermethylation
of multiple tumor-related genes in gastric cancer, is
also termed CpG island methylator phenotype (CIMP).
Recently, several other tumor-related genes have been
reported with hypermethylation in CpG island in gastric
cancer, such as CHFR [18] , HLTF [19] , RIZ1 [20] , HRK [21] ,
SOCS-1 [22] , BNIP3 [23] . The identification of genes
targeted by hypermethylation may provide insights into
the mechanisms underlying the inactivation of tumor
suppressive pathways in gastric cancer.
Wnt signaling pathway plays an impor tant role
in cell proliferation, differentiation and apoptosis in
adult tissues. Aberrant activation of Wnt signaling in
tumorigenesis has been reported frequently. Overexpression of members of Wnt family, such as Wnt1,
Wnt2 and Wnt3a, has been found in several kinds of
human cancer [24-26]. Down-regulation of Wnt inhibitor
DKK family has also been found in human cancer[27,28].
As another kind of Wnt inhibitor, SFRP1 may promote
cell apoptosis[2]. Additionally, the SFRP1 gene has been
found at 8p11.2, a site of frequent loss of heterozygosity,
so it may be a putative tumor suppressor gene. SFRP1
down-regulation has also been found in several kinds of
human in recent years. Most of these reports showed
www.wjgnet.com
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that SFRP1 expression loss mainly caused by promoter
hypermethylation is an important epigenetic gene silencing
mechanism.
In this study, we analyzed the expression status of
SFRP1 in gastric cancer. Our results showed that primary
gastric cancer had SFRP1 expression loss which was
significantly correlated with SFRP1 hypermethylation. The
hypermethylation rate in primary gastric cancer samples
was significantly higher than that in tumor adjacent
tissue samples, suggesting SFRP1 hypermethyaltion
and subsequent expression loss occur early and play an
important role in gastric cancer. At the same time, SFRP1
expression loss was significantly correlated with tumor
stage and lymph node status, indicating that SFRP1
expression loss might be associated with poor prognosis in
gastric cancer.
As we know, Wnt signaling is divided into canonical
pathway Wnt/ β -catenin and non-canonical pathway,
including planar cell polarity pathway and Wnt/Ca 2+
pathway. As we did not measure the level of β-catenin, we
could not determine the pathway through which SFRP1
expression loss take part in the gastric carcinogenesis. The
detailed mechanism still needs more studies. Because the
epigenetic alteration usually is reversible, demethylating
drugs may be used in the treatment of gastric cancer.
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Abstract
AIM: T o s t u d y t h e g e n e e x p r e s s i o n c h a n g e s i n
pancreatic cystic neoplasm in SV40Tag transgenic mice
model and to provide information about the prevention,
clinical diagnosis and therapy of pancreatic cancer.
METHODS: Using the pBC-SV40Tag transgenic mice
model of pancreatic cystic neoplasm, we studied the
gene expression changes by applying high-density
microarrays. Validation of part gene expression profiling
data was performed using real-time PCR.
RESULTS: By using high-density oligonucleotide
microarray, of 14 113 genes, 453 were increased and
760 decreased in pancreatic cystic neoplasm, including
oncogenes, cell-cycle-related genes, signal transductionrelated genes, skeleton-related genes and metabolismrelated genes. Among these, we confirmed the changes
in Igf, Shh and Wnt signal pathways with real-time PCR.
The results of real-time PCR showed similar expression
changes in gene chip.
CONCLUSION: all the altered expression genes are
associated with cell cycle, DNA damage and repair, signal
pathway, and metabolism. SV40Tag may cooperate with
several proteins in promoting tumorigenesis.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Pancreatic cystic neoplasms comprise a heterogeneous
group of pathologic entities. Although the incidence rate
and lethality of the pancreatic cystic neoplasm is not as
high as that of the pancreatic adenocarcinoma, some of
the cystic pancreatic neoplasms can be developed into
metastatic pancreatic adenocarcinoma. Due to the low
incidence and recent nosographic arrangement, the natural
evolution and the clinical development of pancreatic cystic
neoplasms are not well known. It is, therefore, difficult
to identify all types of these cystic lesions. Pancreatic
cancers were rarely observed spontaneously or induced by
carcinogen administration in the laboratory mice. However,
genetic engineering has been shown to effectively generate
mice with germline oncogenic lesions similar to human
pancreatic adenocarcinomas[1].
We have successfully generated a transgenic animal
model with classic features of pancreatic cystic neoplasm[2].
This transgenic mice model formed pancreatic cystic
neoplasms owing to the expression of SV40Tag. In order
to identify the tumor-associated genes of pancreatic
cystic neoplasm, we analyzed the gene expression changes
in this tumor by using gene chip technique. To further
confirm the gene expression profiling data from gene
chip experiment, some of the genes with high-mutation
in cancer were validated by real-time PCR. This study may
help to search the genes associated to pancreatic cystic
neoplasm; and it will provide some information about the
prevention, clinical diagnosis and treatment of pancreatic
cystic neoplasm.

MATERIALS AND METHODS
Materials
pBC-SV40Tag transgenic mice model of pancreatic cystic
neoplasm and FVB mice were provided by Shanghai
Institute of Brain Functional Genomics, East China
Normal University. Mice were maintained in standard
laboratory conditions on a 12 h: 12 h light-dark cycle.
We randomly selected three pBC-SV40Tag transgenic

Feng J� et al . Gene expression in pancreatic cystic neoplasm

mice and three normal mice, dissected tumor and normal
pancreas, and separated them into two independent tissue
pools for the extraction of poly (A) mRNA. Total RNA
was extracted and reverse transcribed into cDNA using the
SuperScript First-Strand Synthesis System for RT-PCR (Life
Technologies, INVITROGEN, Carlsbad, CA). The highdensity oligonucleotide microarray (gene chip) analysis
was conducted as previously described [3,4]. Microarray
experiments were performed using an Agilent G4121A
Mouse Oligo Microarray Kit following the manufacturer’s
instructions. Data were analyzed by Imagene software and
normalized by Feature Extraction. To ensure the reliability
of the data, we conducted hybridization experiments in
duplicates consisting of two independent mRNAs and
two sets of duplicate microarrays. In agreement with our
previous experience with DNA microarrays, we found
our procedures involving duplicate experiments provided
consistent and reproducible hybridization signals.
Real-time PCR
The expression profiling of several genes involved in signal
pathways identified using gene chip were confirmed by
fluorescence quantitative real-time PCR. The experiment
was performed on the Option 2 (MJ research, USA). PCR
primers were designed using primer 5.0. PCR primers were
as follows: igf-ir: 5-GCCTTGGTCTCCTTGTCCTT-3′
(forward) and 5′-CTCTGGCGTCCCTTGGTT-3′
(reverse); igf-ii: 5′-AGCCGTGGCATCGTGGAA-3′
(forward) and 5′-GCGGGGTCTTTGGGTGGT-3′
(reverse); irs-1: 5′-CCTGGAGTATTATGAGAACGAG-3′
(forward) and 5′-CGGCAATGGCAAAGTGT-3′ (reverse);
igfbp-1: 5′-GCCCGAGTTCCTAACTGTTG-3′ (forward)
and 5′-CAGCAGCCTTTGCCTCTTC-3′ (reverse); igfbp-2:
5′-CCAGACGCTACGCTGCTATC-3′ (forward) and
5′-CACTGCTACCACCTCCCAAC-3′ (reverse); igfbp-3:
5′-GCAGCCTAAGCACCTACCT-3′ (forward) and 5
′-CCTCTGGGACTCAGCACAT-3′ (reverse); igfbp-4:
5′-GGTTGCGAGGAGTTGGTG-3′ (forward) and
5′-GTGGGTACGGCTCTGTGAG-3′ (reverse); igfbp-5:
5′-TGAGATGAGACAGGAATCCGAACA-3′ (forward)
and 5′-CGAAGGCGTGGCACTGAAAG-3′ (reverse);
igfbp-6: 5′-CCGTCGGAGGAGACTACAAAG-3′ (forward)
and 5′-CCATCTGGAGACACTGGCAAA-3′ (reverse);
β -catenin: 5′-TCTACGCCATCACGACAC-3′ (forward)
and 5′-CAGACAGACAGCACCTTC-3′ (reverse); shh:
5′-CGGCAGATATGAAGGGAAGA-3′ (forward) and
5′-GGTCCAGGAAGGTGAGGAAGT-3′ (reverse); gli2:
5′-CACAGGGCGGGCACAAGAT-3′ (forward) and
5′-GGAGGGCAGTGTCAAGGAA-3′ (reverse); sufu:
5′-TCCAGGTTACCGCTATCGTC-3′ (forward) and
5′-TCCACTGTTGGGCTGAATGT-3′ (reverse); and
GAPDH: 5′-TCAACGACCCCTTCATTGAC-3′ (forward)
and 5′-ATGCAGGGATGATGTTCTGG-3′ (reverse).
GAPDH was used as a reference gene. PCR reaction was
performed using 20 μL of total reaction mixture volume,
containing 1 μL of cDNA reaction products and 0.2 μL
of SYBR Green I as follows: one cycle at 95℃ for 10 min,
followed by 40 amplification cycles, each cycle consisting
of denaturation at 95℃ for 30 s, primer annealing at 59℃
for 30 s and extension at 72℃ for 30 s. Fold change was
determined based on average cycle threshold (Ct) values
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1

Figure 1 Extraction RNA from pancreatic tumor and
normal pancreas. Lane 1: Pancreatic cystic neoplasm;
lane 2: Normal pancreas.

2

28 S
18 S

for duplicates. Gene expression levels were calculated and
presented with 2-∆∆Ct values[5].

RESULTS
The RNA electrophoresis revealed two clear and bright
bands, which correspond to 28 S and 18 S (Figure 1).
Spectrophotometer measure showed absorption of total
RNA at A260/A280 greater than 1.9.
Gene expression analysis
Gene chip analysis focused on genes altered by 3.0- or
0.3-fold change with a P-value ≤ 0.05. Compared to the
tumor and normal pancreas, of 1 4113 genes, 552 were
increased in pancreatic cystic neoplasm, such as replication
factor C (recc1) and n-myc downstream-regulated 3 (ndr3),
and 759 were decreased in pancreatic cystic neoplasm, such
as bcl2-like 2 (bcl2l2) and programmed cell death 2 (pdcd2).
All the altered expression genes were associated with cell
cycle, DNA damage and repair, signal pathway, metabolism
and so on (Table 1). According to the gene function, about
26% were associated with signal transduction, and 8.4%
with cell cycle.
Several oncogenes were obviously up-regulated in
the pancreatic cystic neoplasm, such as kit oncogene,
myeloblastosis oncogene (myb). Members of Wnt receptor
pathway, β -catenin interacting protein 1 (catnbip1) and
Wnt1 inducible signaling pathway protein 2 (wisp2) were
also up-regulated. Gpcr65, 19, members of G-proteincoupled receptors family, were found to be changed in the
tumor. Several genes involved in apoptosis, such as bcl2like 2 (bcl2l2), programmed cell death 2 (pdcd2), were downregulated (Table 1).
Interestingly, several members of Igf pathway activated
in many tumors, such as insulin-like growth factor (igf-i),
igf-i receptor (igf-ir) and insulin-like receptor substrateⅠ
(irs-1), were down-regulated or showed a little change in
the tumor (Figure 2); but insulinⅠ(ins1) and insulin Ⅱ
(ins2), two hormones of Igf signal pathway and involved
in glucose transport, were down-regulated in pancreatic
cystic neoplasm. Sonic hedgehog (shh) and gli2, involved in
the development and cell-cell signaling, were also downregulated in pancreatic cystic neoplasm.
Real-time PCR
We performed real-time PCR to further confirm the gene
expression profiling data using gene chip. The results
demonstrated that most of the chosen genes showed similar
expression changes in both gene chip and real-time PCR
www.wjgnet.com
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Table 1 Part of altered genes in pancreatic cystic neoplasm
Category

Gene name

GenBank ID

Average ratio

Signal
transduction

RB-associated KRAB repressor (rbak)
Regulator of G-protein signaling 2 (rgs2)
G-protein-coupled receptor 65 (gpcr65)
G protein-coupled receptor 19 (gpr19)
Sonic hedgehog (shh)
Nerve growth factor receptor (ngfr)
Platelet-derived growth factor receptor, alpha polypeptide (pdgfra)
Cholecystokinin A receptor (cckar)
Kit oncogene (kit)
Myeloblastosis oncogene (myb)
C-mer proto-oncogene (mer)
Cyclin A2 (ccna2)
Cyclin G2 (ccng2)
Cyclin-dependent kinase inhibitor 1C (cdkn1c)
Cell division cycle 25 homolog C (cdc25c)
Cyclin-dependent kinase inhibitor 2D (cdkn2d)
Adducin 1 (alpha) (add1)
Tubulin beta 5 (tubb5)
Matrix metalloproteinase 19 (mmp19)
Capping protein (actin filament), gelsolin-like (capg)
InsulinⅠ(ins1)
InsulinⅡ(ins2)
Acylglycerol-3-phosphate O-acyltransferase 3 (agpat3)
Carbonic anhydrase 2 (car2)
Fatty acid-coenzyme A ligase, long chain 4 (facl4)
Phosphofructokinase, platelet (pfkp)
Death-associated protein (dap)
Caspase recruitment domain family, member 15 (card15)
Cell death-inducing DNA fragmentation factor, alpha subunit-like effector B (cideb)
Mus musculus Bcl2-like 2 (bcl2l2)
Tumor necrosis factor receptor superfamily, member 10b (tnfrsf10b)
Programmed cell death 2 (pdcd2)
CD68 antigen (cd68)
Centromere autoantigen C (cenpc)

AF226870
NM_009061
NM_008152
NM_008157
X76290
NM_033217
NM_011058
NM_009827
NM_021099
NM_033597
NM_008587
NM_009828
NM_007635
NM_009876
NM_009860
NM_009878
NM_013457
NM_011655
NM_021412
NM_007599
NM_008386
NM_008387
NM_053014
NM_009801
NM_019477
NM_019703
AK014991
AK089843
NM_009894
NM_007537
NM_020275
NM_008799
NM_009853
NM_007683

2.373022
9.531784
3.032290
3.761271
0.366694
0.322626
2.925733
2.359371
5.686938
2.834637
3.447795
9.783554
2.630338
2.802018
3.383045
4.352507
2.672981
2.867130
0.509155
2.840273
0.573778
0.211135
2.607845
2.452762
3.001425
2.690855
0.358995
0.329593
0.221076
0.784750
0.451223
0.481340
3.388384
2.372337

Oncogene

Cell cycle

Cytoskeleton

Metabolism

Apoptosis

Cell antigen

A

Microarry
Real-time PCR

200

B

350
300

160
Fold of change (%)

Fold of change (%)

250
120

80

40

0

200
150
100
50

igf-ir

igf-ii

irs-1 igfbp-1 igfbp-2 igfbp-3 igfbp-4 igfbp-5 igfbp-6

Gene name

0

shh

gli2

sufu

β-catenin

Gene name

Figure 2 Comparison of gene expressions analysis between microarray and real-time PCR. The GAPDH was used as reference gene. A: Genes involved in igf signal
pathway; B: Genes involved in shh and wnt signal pathway.

(Figure 2). The data also revealed that the fold changes of
most chosen genes were higher in real-time PCR than in
gene chip. Thus, we realized that the real-time PCR method
is more sensitive and reliable than microarray technology.

DISCUSSION
With the completion of Human Genome Project and
www.wjgnet.com

beginning of proteomics, it is very necessary to study the
gene function. Cancer is caused by the accumulation of
genetic mutations, such as oncogenes or tumor suppressor
genes. Gene chip has become one of the most important
technologies since 1990’s. It has been widely used to
study the gene expression analysis, tumor classification
and cancer progression. It has shown enormous potential
in gene function research, clinical diagnosis, and drug
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screening[6].
In this study, we analyzed the gene expression changes
in pBC-SV40Tag transgenic mice model by applying highdensity microarrays. Validation of the gene expression
profiling data was performed by using real-time PCR. We
found obvious changes in genes were involved in signaling
pathway, metabolism and cell cycle.
Igf-ir is a multifunctional tyrosine kinase involved in
normal and pathological growth of cell[7-9]. It can support
malignant growth of cell by stimulating cell proliferation,
protecting cells from apoptosis, triggering a transformed
phenotype when the receptor molecular is g rossly
over-expressed [9-12]. Irs-1 is a major cytosolic signaling
molecule for igf-ir [13]. But it is worth noting that they
were down-regulated or had a little change in our study,
and the expression of other members, such as insulinⅠ
(ins1) and ins2, were also decreased. It is consistent with
literature that the majority of mice with pancreatic cystic
neoplasm have diabetes or high blood sugar. It suggests
that pancreatic lesion in pBC-SV40Tag transgenic mice
may affect the secreting function of pancreatic cells. Igf
signalling pathway does not promote the pancreatic cystic
neoplasm.
The Hedgehog signaling pathway is known to play a
very important role during development, regulation of
both cell fate and proliferation [14,15]. The Shh signaling
pathway is required in many mammalian tissues for
embryonic patterning, cell proliferation and differentiation.
In addition, inappropriate activation of the pathway has
been implicated in many tumors[16,17]. Gli2, the members
of Shh pathway, plays key roles in activating the signal
pathway, and promoting gene expression. But in our study,
shh and gli2 showed low expression level in pBC-SV40Tag
transgenic mice, which might be the cooperative effects of
several other signal pathways.
Wnt pathway can be detected in many tumors. The
critical mediator, β-catenin, is an important downstream
protein of it. It initiates a complex signaling cascade that
plays an important role in regulating cell proliferation and
differentiation. It is a member of cytoskeleton, and also
involved in signal transduction[18]. It also plays important
roles in DNA binding and transcription. Moreover, it can
cooperate with the nuclear protein, such as cyclin D1, c-myc,
to promote the gene expression. In our study, β -catenin,
cyclin D1, β -catenin-interacting protein 1 (catnbip1) and
WNT1-inducible signaling pathway protein 2 (wisp2) were
also up-regulated obviously. It may be an important clue
for the nosogenesis study of pBC-SV40Tag transgenic mice.
Recently, the studies on G protein-coupled receptors
(GPCRs) have shown that GPCRs modulate diverse
physiological and behavioral signaling pathways by virtue
of changes in receptor activation and inactivation states.
We found several changes of GPCRs and the regulators in
pBC-SV40Tag transgenic mice by using microarray, such
as gpcr65, gpr19. They both were up-regulated in pancreatic
cystic neoplasm, but we could not find the correlative
reports. It suggests us they may promote the tumorigenesis
in the transgenic mice model.
On the basis that SV40Tag is a viral oncogene,
epidemiology studies have shown that SV40Tag can be
detected in several human tumors, such as lymphoma,
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brain tumor and bone tumor [19-21]. Furthermore, SV40
genomic DNA sequence can be detected from tumors[22].
So, we speculated that Wnt pathway and GPCRs family
may cooperate with SV40Tag to promote pancreatic
tumorigenesis. About 98% of the 94-ku phosphorylated
SV40Tag locates in the nucleus. Several in vitro studies have
demonstrated that SV40Tag can integrate into cell genome,
destroy its stability and activate the abnor mal gene
expression[23-25]. In pBC-SV40Tag transgenic mice model,
SV40Tag may have the biological activity similar to that
in vitro. We speculate that it has the ability to translocate
some proteins from plasma to nucleus, further activate the
downstream gene expression, and thereby promoting the
tumorigenesis.
To study the nosogenesis of SV40Tag and the related
proteins in the transgenic mice, we should further apply
immunohistochemistry, immunoprecipitation experiment
to confirm our hypotheses. Hence, we should further
study some of the strategies that are being used or can
be explored to target the components of these signaling
pathways in drug discovery of pancreatic cystic neoplasm.
In conclusion, we studied the gene expression changes
by applying high-density microarrays. Validation of the
gene expression profiling data was performed using realtime PCR. Gene chip may be a powerful strategy to
identify the cancer-associated genes. The data suggests that
SV40Tag may cooperate with members of Wnt pathways,
GPCRs and play important role in the pancreatic cystic
neoplasm. We speculate that they may cooperate with other
signal pathways in promoting tumorigenesis. All these may
provide some information about the prevention, clinical
diagnosis and treatment of pancreatic cystic neoplasm.
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Abstract
AIM: To evaluate the effects of combined treatment
of glutamine (Gln) and recombinant human growth
hormone(rhGH) on intestinal barrier function following
portal hypertension surgery.
METHODS: This study was designed as a prospective,
randomized and controlled clinical trial. Forty two
patients after portal hypertension surgery were
randomly assigned into 2 groups: control group
(n = 20) and supplemental group (adding Gln and
rhGH, n = 22). Every patient received isocaloric and
isonitrogenous standard total parenteral nutrition
(TPN) starting 3 d after surgery for 7 d. Blood samples
were obtained before surgery and at the 3rd and 10th
day postoperatively. Host immunity was evaluated by
measuring levels of CD4, CD8, CD4/CD8, IgG, IgM and
IgA, and the inflammatory responses were determined
by assessing IL-2, TNF-α and C-reactive protein (CRP)
levels. Intestinal permeability and integrity was evaluated
by L/M test and histological examination, respectively.
RESULTS: On postoperative d 10, CD4, CD4/CD8, IgG
and IL-2 levels in supplemental group were significantly
higher than those in control group (33.7 ± 5.5 vs 31.0
± 5.4, P < 0.05, (1.17 ± 0.32 vs 1.05 ± 0.15, P < 0.05,
13.94 ± 1.09 vs 12.33 ± 1.33, P < 0.05, and 368.12
± 59.25 vs 318.12 ± 45.65, P < 0.05, respectively),
whereas the increase in serum TNF-α concentration was
significantly reduced (41.02 ± 27.56 vs 160.09 ± 35.17,
P < 0.05). The increase in L/M ratio was significantly
lower in the supplemental group than in the control
group (0.0166 ± 0.0017 vs 0.0339 ± 0.0028, P < 0.05).
Moreover, mucosal integrity in the supplemental group
was better than in the control group.

CONCLUSION: Postoperative administration of TPN
supplemented with Gln and rhGH in patients after
portal hypertension surgery improves immune function,
modulates inflammatory response, prevents the intestinal
mucous membrane from atrophy and preserves intestinal
integrity.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Surgical inter vention and the use of intravenous
alimentation over a long period of time will impair
the barrier function of the intestine, increase mucosal
permeability, decrease immunity, and lead to bacterial/
endotoxin translocation [1,2]. If the intestinal barrier is
impaired, the damage to the intestinal mucosa becomes
more severe and bacterial translocation can lead to
enterogenous infections, and even sepsis and multiple
organ dysfunction syndrome (MODS) can ensue. These
adverse affects are very common especially in patients
with hepatic cirrhosis that underwent portal hypertension
surgery. Glutamine (Gln) and recombinant human growth
hormone(rhGH) protect the intestinal mucosa barrier
after surgery. In this study, we determined the protective
effect of Gln and rhGH on intestinal barrier function after
portal hypertension surgery.

MATERIALS AND METHODS
Patients
This study was performed as a randomized, controlled
trial. Forty-two patients with liver cirrhosis underwent
portal hypertension surgery at the Third Affiliated Hospital
of Sun Yat-sen University between June 1, 2004 and
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Table 1 Baseline characteristics of two groups
Characteristics

Control group
(n = 20)

Supplemental group
(n = 22)

Male:Female
Age (yr)
Child-Pugh’s grade A
(No. of patients)
Child-Pugh’s grade B
(No. of patients)
Splenectomy
(No. of patients)
Splenectomy + EVL1
(No. of patients)

15:5
46.1 ± 2.1
11

17:5
44.3 ± 3.8
10

9

12

13

15

7

7

1

Endoscopic variceal ligation.

August 31, 2006. All patients gave their written consent to
this study.
Diagnosis of cirrhosis was made according to the
criteria revised in 1990 at the National Symposium on
Cirrhosis in China. The following patients were excluded:
hepatic function was Child-Pugh’s grade C, liver cancer,
alcoholic cirrhosis or biliary cirrhosis, mental disease,
severe cardiac, pulmonary, renal or cerebrovascular disease,
diabetes, and those who developed severe complications.
Treatment
Patients were randomly divided into 2 groups: control
group (n = 20) and supplemental group (n = 22). Patient’s
demography from both groups is summarized in Table 1.
Parenteral nutrition was initiated three days after surgery
in both groups and lasted for seven days. Each patient
received 125 kJ/kg body mass of calories every day of
TPN solution. The ratio of glucose to lipid in this solution
is 2:1, and nonprotein calorie to nitrogen (kcal/kg), 100:1.
Multivitamins, electrolytes, trace elements and insulin were
also included in the TPN solution. All nutrient solutions
were prepared daily under aseptic conditions. Infusion
was performed through a central venous catheter using an
injecting micro pump. Gln (0.3 g/kg per day) was added
into the TPN solution and rhGH (10 μ/d) was injected
subcutaneously in the supplemental group.
Monitoring of immunological and inflammatory responses
Immune function and inflammatory responses were
determined before surgery and on d 3 and 10 after surgery.
Three milliliters venous blood was taken for tests in the
morning. Immune function was evaluated by measuring
serum IgG, IgM, IgA and blood lymphocyte subsets (CD4,
CD8 and CD4/CD8). Inflammatory responses were
determined by assessing serum cytokine (IL-2, TNF-α,
CRP) levels using radioimmunoassay kits (Sigma Inc.,
USA) according to the manufacturers’ recommendation.
Lymphocyte subsets were assayed on a fluorescence
activated cell scan flow cytometer (FACS calibur, Becton
Dickinson, USA).
Lactulose/mannitol test
In the morning one day before surgery and on the 10th
day postoperative, all patients received 10 g of lactulose
www.wjgnet.com
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and 5g mannitol dissolved in 50 mL water. Twenty-four
hour urine was collected, the volume was recorded and
0.2 mL of mercury salicylosulfide added. Then 20 mL
of the urine specimen was stored at -20℃ until further
tested. The lactulose and mannitol concentrations in the
urine sample were measured by a high-performance liquid
chromatograph (Waters Co, USA) using an ion-exchange
column (Transgenomic Co, USA). The ratio between the
two sugars was calculated.
Preparation of small intestine specimens
Duodenal mucosa biopsies were taken 2 d before and
10 d after surgery. Mucosa tissue was obtained in the
descending part of duodenum and put into a 40 g/L
neutral formaldehyde solution promptly for histological
examination.
Histological examination of the intestinal mucosa
Specimens were embedded in paraffin, 4 μm sections were
cut and stained with HE and analyzed with a HPIAS-1000
Multimedia Color Analysis System. Three low power (10
× 10) fields in each section were observed. The length
of 5 villi and the depth of 5 crypts of the mucosa at 5
sites were analyzed. The average value was calculated and
documented.
Expression of proliferating cell nuclear antigen (PCNA)
index
Intestinal mucosa sections at a thickness of 4 μm were
prepared and deparaffinized. Endogenous peroxidase was
blocked with 3% H2O2 in methanol for 10 min, processed
in boiling distilled water for 15 min, and then stained with
PCNA staining kit (Zymed, South San Francisco, USA).
Briefly, the sections were incubated with block solution
and then with biotinylated mouse-peroxidase antibody.
Streptavidin-peroxidase was used as a signal generator,
and diaminobenzidine as a chromogen. The sections
of specimens were counterstained with hematoxylin,
dehydrated and mounted. A total of 10 high power fields (×
400) were counted for each sample. The cells with nuclei
dyed into brown yellow were considered to be positive
cells. The proportion of cells expressing PCNA in the
nucleus was calculated as the number of labeled cells with
respect to the total number of calculated enterocytes
Statistical analysis
The data is expressed as mean ± SD. Significance testing
for univariate, between-group differences was performed
using, where appropriate, the chi-square test, Fisher’s exact
test, and Student’s t test. Statistical significance was defined
as P < 0.05. Data analysis was performed using SPSS
version 11.0.

RESULTS
Clinical
There were no differences in the baseline characteristics
between the two g roups as shown in Table 1. All
subjects survived the duration of the study. TPN with or
without combined Gln and rhGH treatments was well
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Table 2 Variations of immune and cytokine levels
Control group (n = 20)
CD4 (%)
CD8 (%)
CD4/CD8
IgG (g/L)
IgA (g/L)
IgM (g/L)
IL-2 (pg/mL)
TNF-α (pg/mL)
CRP (mg/mL)

Supplemental group (n = 22)

d0

d3

d 10

d0

d3

30.2 ± 5.9
28.4 ± 1.5
1.05 ± 0.14
13.34 ± 2.12
2.55 ± 0.46
1.16 ± 0.35
256.21 ± 55.66
285.01 ± 42.25
6.4 ± 3.1

26.1 ± 3.2a
31.4 ± 2.2a
0.91 ± 0.22a
9.14 ± 1.36a
1.35 ± 0.21a
0.75 ± 0.15a
  280.21 ± 48.32
385.98 ± 89.12
88.1 ± 25.6a

31.0 ± 5.4b
29.9 ± 1.5
1.05 ± 0.15b
12.33 ± 1.33b
1.98 ± 0.35b
1.18 ± 0.20b
318.12 ± 45.65
4 40.10 ± 56.52
42.2 ± 20.1b

31.1 ± 3.2
27.8 ± 2.1
1.18 ± 0.14
13.95 ± 1.68
2.93 ± 0.74
1.18 ± 0.33
285.01 ± 71.78
280.10 ± 51.10
5.9 ± 5.2

27.6 ± 6.0a
30.5 ± 2.4a
0.92 ± 0.08a
10.12 ± 1.65a
1.33 ± 0.44a
0.78 ± 0.24a
290.21 ± 65.86
372.98 ± 85.22
65.1 ± 44.5a

d 10
33.7 ± 5.5c,e
28.8 ± 2.2
   1.17 ± 0.32c,e
13.94 ± 1.09c,e
2.17 ± 0.31c
1.28 ± 0.38c
368.12 ± 59.25e
321.12 ± 81.42e
32.2 ± 15.2c,e

a

P < 0.05 vs d 0, cP < 0.05 vs d 3, eP < 0.05 vs control group.

Table 3 Effect of Gln and rhGH on intestinal permeability (L/M ratio), morphology, and
PCNA index before and after operation
Control group (n = 20)
L/M ratio
Villus height (μm)
Crypt depth (μm)
PCNA (%)

Supplemental group (n = 22)

Preoperative

Postoperative

Preoperative

Postoperative

0.0410 ± 0.0015
352.4 ± 13.6
115.0 ± 6.2
16.02 ± 2.06

0.0749 ± 0.0051a
336.2 ± 11.6a
111.3 ± 3.9
15.65 ± 2.56

0.0401 ± 0.0031
359.7 ± 17.5
117.7 ± 7.5
16.20 ± 1.87

0.0567 ± 0.0033a,c
377.6 ± 14.6a,c
126.1 ± 7.2a,c
24.08 ± 1.85a,c

a

P < 0.05 vs preoperative; cP < 0.05 vs control.

tolerated, with no short-term adverse effects identified
on carbohydrate metabolism, or renal, hepatic, and
cardiovascular status(data not shown).
Immune function
Serum IgG, IgM, and IgA concentrations and blood
lymphocyte subset analyses are summarized in Table 2.
Immune function was similar in both groups preoperatively
and decreased postoperatively without any significant
difference (P > 0.05). On d 10 postoperatively, however,
IgG concentrations, CD4 expression, and CD4/CD8 ratio
were significantly higher in the supplemental group than in
the control group (P < 0.05).
Inflammatory responses
Circulating levels of IL-2, TNF-α and CRP are displayed
in Table 2. Cytokine levels in both groups increased after
surgery with no significant difference (P > 0.05). On
postoperative d 10, levels of IL-2 were significantly higher
in the supplemental group than in the control group (P <
0.05). However, the mean TNF-α and CRP concentrations
were significantly lower in the supplemental group than
in the control group (P < 0.05), and the increase in
TNF-α levels postoperative was significantly lower in the
supplemental group than in the control group (41.02 ±
27.56 vs 160.09 ± 35.17, P < 0.05).
Lactulose/mannitol (L/M) ratio
The L/M ratio increased in both groups after surgery (P <
0.05). However, the increase observed in the supplemental
group was lower than in the control group (0.0166 ± 0.0017
vs 0.0339 ± 0.0028, P < 0.05) (Table 3).

Morphology and morphometry of small intestinal mucous
membrane
After seven days of TPN, the length of villi and depth of
crypts in the supplemental group increased significantly
compared with preoperative or control group (P < 0.05,
respectively) (Table 3).
Expression of PCNA index of small intestinal mucous
membrane
PCNA positive cells with a brown yellow-stained nucleus
locate around the cr ypts. The PCNA index in the
supplemental group increased significantly compared to
preoperative or control group (P < 0.05) (Table 3, Figure 1).

DISCUSSION
The results of this trial show the benefits that Gln
and rhGH supplemented TPN decreases intestinal
permeability, causes hyperplasia of intestinal epithelial
cells, and protects the morphology of small intestinal
mucous membranes when compared to regular TPN
following portal hypertension surgery.
Intestinal barrier malfunction is common in hepatic
cir rhotic patients underg oing portal hypertension
surgery. Surgical intervention usually results in impaired
immune defense mechanisms and altered inflammatory
responses[3,4]. The present study indicates that patients in
both groups had lower immune function after surgery,
and the markers descend further at d 3 postoperatively.
With the increase in intestinal permeability, bacterial
translocation and even MODS can ensue.
Increasing evidence suggests that nutritional support
www.wjgnet.com
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Figure 1 PCNA expression of intestinal mucosa. Brown nuclei are seen in PCNA positive cells. (DAB, × 400). A: Preoperative; B: Control, postoperative; C: Supplemental,
postoperative.

reduces postoperative complications and improves surgical
outcomes. However, parenteral nutrition could meet the
needs of other organs and tissues of the body, but not that
of the intestinal mucosa. Seventy percent of the nutrients
that intestinal epithelia need are absorbed directly from the
intestinal lumen by mucosa cells. Qin and his colleagues[5]
discovered that parenteral feeding in a 7-d period in
experimental pancreatitis of dogs caused a significant
damage of intestinal mucosa and bacterial translocation
when compared to isonitrogenous and isocaloric enteral
feeding. Similar results were reported by other scholars[6].
Newer strategies have focused on the use of specialized
nutrition, including glutamine supplementation. Studies
indicate that the addition of intravenous or enteral
glutamine reduces infection rates[7-9] and length of hospital
stay, and may improve mortality in intensive care unit (ICU)
patients[10]. Glutamine has many biological functions. It
comprises more than 50% of the body's free amino acid
pool and is a precursor for synthesis of nucleic acids and
glutathione. It is the main resource for rapid proliferating
and dividing cells such as enterocytes, lymphocytes, and
other immunocompetent cells etc. The structure and
function of small intestinal mucosa is maintained and
the increase in intestinal permeability is reduced when
glutamine is supplemented to animals fed parenterally[11-13].
Our results confirm these findings. Additionally, glutamine
could enhance body’s immunity through immune
modulation. Results from a series of experiments and
clinical investigations indicate that supplementation with
glutamine parenterally and/or enterally has resulted in
improved immune response when used in humans and
animals[14,15].
Administration of growth hormone (GH) has been
shown to have protein-anabolic effects in critically ill
subjects following both elective and emergency surgery[16,17].
Moreover, GH can protect the intestinal mucosa barrier in
obstructive jaundice which reduced intestinal translocation
of bacteria and endotoxin[18,19]. Additionally, GH therapy
has been shown to attenuate the skeletal muscle depletion
of glutamine in critically ill patients[20,21], and it has been
proposed that prevention of glutamine mobilization may
contribute to loss of gut mucosal integrity, deteriorating
sepsis, and multiple organ failure [22] . These findings
perhaps indicate that GH treatments in the critically ill,
highly catabolic patient should be combined with adequate
provision of substrates, including amino acids and, in
www.wjgnet.com

particular, glutamine.
In our study, the increase of L/M ratio after TPN
was significantly lower in the experimental group when
compared to the control group. The L/M test was used
to measure the amount of excreted dual sugars in urine
of 24 h. Because these two kinds of sugars are neither
metabolized nor synthesized in the body, amounts of the
two sugars being excreted from urine reflect the degree of
intestinal permeability. The molecular weight of these two
sugars is different. The test error can be reduced when
using two sugars of different molecular weight instead of
using only one for the test. If the ratio of the two sugars
percentage in the tested group was significantly higher than
that of normal, it could be concluded that the intestinal
permeability in tested patients increased. Our results
indicate that the combined use of Gln and rhGH prevents
intestinal mucous membrane atrophy with preservation
of intestinal integrity[23,24] following portal hypertension
surgery. This finding possibly implies the synergistic
action of an energetic substrate for the epithelium and
a trophic hormone for the intestinal wall. However, the
major limitation of the technique used in the present study
is the morphology and morphometry of small intestinal
mucous membrane. These measurements (an average of 5
slides/per specimen) are subjective and localized, and thus,
errors may possibly exist. In fact, criticisms for the use
of histological parameters are exactly due to subjectivism
of the method. Therefore, all the calculation was done
double-blinded by two experienced pathologists.
T h e m e ch a n i s m o f t h e i n c r e a s e i n i n t e s t i n a l
permeability is very complicated. It may be related to a
number of inflammation mediators, such as cytokines[25],
vasoactive amines[26], and oxygen free radicals[27,28]. In the
present study, intestinal mucous membrane atrophy was
found in every patient before operation. This may result
from portal hypertension and malnutrition. However,
it is uncertain if there is a correlation between the
morphological alteration and the degree of increased
intestinal permeability in our study. Further experiments
should be performed.
Inflammation is essential for healing, immune processes
and successful recovery after injury. However, uncontrolled
systemic inflammatory responses lead to organ dysfunction
and adverse outcome. Further, it has been suggested that
injury alters the balance of protein synthesis by switching
from constitutive to acute-phase proteins through the
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release of pro-inflammatory cytokines such as TNF-α
and IL-6. This may be associated with a rapid decrease
in nitrogen balance, with loss of lean body mass and
with a catabolic response. In our study, we observed
that combined use of Gln and rhGH increased serum
immunoglobulin levels and increased the levels of CD4
cells and the CD4/CD8 ratio, which are disadvantageous
to bacterial translocation and enterogenous infection.
We also found that a Gln and rhGH supplemented
nutritional support increased the serum level of IL-2 and
decreased serum level of CRP and TNF-α. Our results
suggest that Gln and rhGH can modulate postoperative
immunosuppressive and inflammatory responses.
Although glutamine and recombinant human growth
hormone with TPN could prevent the intestinal mucous
membrane from atrophy with preservation of intestinal
integrity, it is too early to conclude that they can prevent
bacterial translocation. Nonetheless, despite the fact that
none of our patients showed severe disorder in fluid and
electrolytes during TPN, we still found TPN difficult for
hepatic cirrhotic patients. Moreover, TPN is only suitable
to support the ill subject, particularly in situations where
enteral feeding is inadequate or impossible.
In conclusion, supplementation of parenteral nutrition
with Gln and rhGH can protect the intestinal mucous
membrane from atrophy, thus likely preserving intestinal
integrity, and modulates postoperative immune- as well
as inflammatory responses following portal hypertension
surgery.
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Abstract
AIM: To observe the effect of acupuncture at FootYangming Meridian on gastric mucosal blood flow (GMBF),
gastric motility and brain-gut peptide.
METHODS: Sixty SD rats were randomly divided into
6 groups: normal control group, model group (group
with gastric mucosal damage, GMD), Sibai group (with
acupuncture at Sibai point + GMD), Tianshu group (with
acupuncture at Tianshu point + GMD), Zusanli group
(with acupuncture at Zusanli point + GMD) and nonacupoint group (with acupuncture at non-acupoint +
GMD). The GMD model group was induced by infusing
pure alcohol into gastric cavity. H2 Gas Clearance Test
(HGCT) was used to measure GMBF, the frequency and
amplitude of gastric motility were measured by the
method of aerocyst, the content of brain-gut peptide in
sinus ventriculi and bulbus medullae were detected by
radioimmunoassay.
RESULTS: Inhibitory effect of the frequency and
amplitude of gastric motility were shown in model group,
and the rates of frequency and amplitude changes were
remarkably different from the normal control group
(-19.41 ± 17.21 vs -4.71 ± 10.32, P < 0.05; -51.61 ±
29.02 vs 1.81 ± 14.12, P < 0.01). In comparison with
control group, the GMBF was 0.52 ± 0.161 mL vs 1.03
± 0.255 mL per 100g tissue/min, P < 0.01, the content
of motilin in sinus ventriculi and bulbus medullae was
63.04 ± 7.77 pg/mL vs 72.91 ± 8.42 pg/mL, P < 0.05
and 50.96 ± 8.77 pg/mL vs 60.76 ± 8.05 pg/mL, P <
0.05, but the content of somatostatin in sinus ventriculi
and bulbus medullae was 179.85 ± 43.13 ng/g vs
90.54 ± 40.42 ng/g, P < 0.01 and 532.86 ± 122.58
ng/g vs 370.91 ± 76.29 ng/g, P < 0.05,respectively. In
comparison with model group, the amplitude of gastric
motility was 1.52 ± 20.13, -6.52 ± 23.31, 6.92 ± 25.21 vs

-51.61 ± 29.02, P < 0.01 and GMBF was 0.694 ± 0.160
mL vs 0.893 ± 0.210 mL, 1.038 ± 0.301 mL vs 0.52 ±
0.161 mL per 100g tissue/min, P < 0.01, respectively in
Tianshu, Sibai and Zusanli groups, the content of motilin
in sinus ventriculi and bulbus medullae was 71.64 ± 9.35
pg/mL vs 63.04 ± 7.77 pg/mL, P < 0.05; 58.96 ± 6.69
pg/mL vs 50.96 ± 8.77 pg/mL, P < 0.05 in Zusanli group
and 72.84 ± 8.62 pg/mL vs 63.04 ± 7.77 pg/mL, P <
0.05 in Sibai group, while the content of somatostatin
in bulbus medullae in Tianshu, Sibai and Zusanli groups
was 480.62 ± 151.69 ng/g, 388.53 ± 155.04 ng/g,
365.76 ± 143.93 ng/g vs 532.86 ± 122.58 ng/g, P < 0.05,
respectively.
CONCLUSION: Electro-acupuncture at acupoints of
Foot-Yangming Meridian could enhance the gastric
motility, improve GMBF, and regulate the content of
motilin and somatostatin in sinus ventriculi and bulbus.
The effects of acupuncture on GMBF and gastric motility
may be related to the content of brain-gut peptide.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The relationship between Foot-Yangming Meridian and
stomach is an important issue in the field of meridian study.
Our previous study had proved that acupuncture at FootYangming Meridian could regulate gastric motility, gastric
myoelectricity, tension of musculus sphincter pyloricus,
gastric emptying and gastric pressure wave to protect gastric
mucosa, and brain-gut peptide is one of the substantial
factors in the relationship between Foot-Yangming Meridian
and stomach. The present study examined the effect of
acupuncture at points of Foot-Yangming Meridian on
gastric motility, the content of motilin and somatostatin in
GMD rats to explore the connection channel and substantial
basis between Foot-Yangming Meridian and stomach.
www.wjgnet.com
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MATERIALS AND METHODS
Meterials
Electric acupuncture apparatus (SDE- Ⅱ , Huatuo,
Suzhou Medical Supplies Co.), desk-top high speed
freezing centrifuge (TGL 16 M, by Kewei Industry Co.),
FJ2008 radio-immune γ counter (262 Factory of Xi’
an), and RM-46 electrophysiolograph (Photoelectricity
Factory, Japan) were used. Somatostatin and motilin
radioimmunoassay reagent package were purchased
from Huaying Biotechnology Institute of Beijing. SP
radioimmunoassay reagent package was obtained from
Navy RI Technique Center of Beijing. Other chemicals
used were of analytical grade.
Animal experiment
Sixty healthy SD rats of either sex weighing 200-300 g
were obtained from Animal Technology College of Hunan
University of Agriculture. They were randomly divided
into 6 groups: normal control group, model group (group
with gastric mucosal damage, GMD), Sibai group (with
acupuncture at Sibai point + GMD), Tianshu group (with
acupuncture at Tianshu point + GMD), Zusanli group (with
acupuncture at Zusanli point + GMD) and non-acupoint
group (with acupuncture at non-acupoint + GMD). The
bilateral Sibai, Zusanli and Tianshu acupoints were chosen.
The Sibai point was at the middle of infraorbital border.
The Zusanli point was 5 mm under capitulum fibulae. The
Tianshu point was 0.5 cm beside bellybutton. And the nonacupoint was 2 cm under anterior superior iliac spine.
Experimental procedure
In normal control group, the gastric motility wave was
recorded for 150 min. In model group, the gastric motility
wave was recorded for 45 min, and the rats were infused
with pure alcohol into gastric cavity to induce gastric
mucosal damage. After that, the gastric motility wave was
recorded for 60 min. In Tianshu, Sibai and Zusanli groups,
the gastric motility wave was recorded for 45 min. Then
the rats were treated with electro-acupuncture for 20 min,
and were infused with pure alcohol into the gastric cavity
to induce gastric mucosal damage and the gastric motility
wave recorded for 60 min. At last, GMBF and ulcer index
(UI) were observed and the sinus ventriculi and bulbus
medullae were collected for motilin and somatostatin
detection for each group.
Acupuncture method
Stimulus parameters: condensation and rarefaction wave
with the rarefaction wave of 4 Hz and condensation wave
of 20 Hz, pulse wide of 0.5 ms; output voltage of 2-4 V,
output current of 4-6 mA. The negative electrode was
connected with the acupoint on the right side, while the
positive electrode with the tail of a rat.
Measurement
Frequency and amplitude of gastric motility wave were
measured. The rats were fasted for 12 h and anesthetized
with an intraperitoneal injection of 10% urethane (1
mL/100 g). Through a midline laparotomy, an aerocyst
was implanted into sinus ventriculi and infused with
gas to keep its water pressure at 2.5 kPa-4 kPa. The
www.wjgnet.com
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Table 1 Effect of acupuncture on UI and GMBF (mean ± SD,

n = 10)
Groups

UI
2
(mm )

GMBF
(mL/100g tissue/min)

Normal control
Model
Tianshu
Sibai
Zusanli
Non-acupoint

2.28 ± 1.56
4.46 ± 1.77a
3.09 ± 1.62
3.05 ± 1.38
2.44 ± 1.68
4.12 ± 1.82

1.03 ± 0.255
0.52 ± 0.161b
0.694 ± 0.160d
0.893 ± 0.210c,d
1.038 ± 0.301d,f,h
0.671 ± 0.282b,d

a
f

P < 0.05, bP < 0.01 vs normal control group; dP < 0.01 vs model group; cP < 0.05,
P < 0.01 vs Tianshu group; hP < 0.01 vs non-acupoint group.

aerocyst was connected with pressure transducer and
electrophysiolograph through a tube. The parameters were
set as follows: Channel pattern: gastrointestinal motility
scan; scan speed: 4 s/div; frequency filtering: 30 Hz; and
sensitivity: 1 mm Hg. The frequency and amplitude of 10
waves were measured in every 10 min. The data measured
before model preparation was regarded as the normal
value while the data measured after that was the effective
value. Rate of change = (Effective value - Normal value)/
Normal value × 100%. According to the above formula,
the average rate of frequency and amplitude change in 60
min was calculated as the final result. GMBF was evaluated
by H2 Gas Clearance Test (HGCT). The sinus ventriculi
and bulbus medullae were collected and put into centrifuge
tubes with about 2-3 mL boiled normal saline pro rata, and
were kept on boiling for 3 min in thermostatic water bath
at 100℃. After combination with 0.5 mL glacial acetic
acid (1 mol/L), the tissues were centrifuged at 19 000 r/
min for 5 s three times at an interval of 1 min. The clear
supernatant liquid was separated by centrifugation at 3000
r/min at 4℃ for 30 min and kept in EP tube at -20℃ for
motilin and somatostatin assay according to the description
in radioimmunoassay kit.
Statistical analysis
All results were expressed as mean ± SD. Statistical
significance of differences was performed by employing the
ANOVA with SPSS software (version 10.0). Differences were
considered to be significant when P value was less than 0.05.

RESULTS
UI and GMBF
UI in model group was higher than that in normal control
group which suggested successful model preparation.
GMBF in model group was significantly lower than that in
normal control group; GMBF in each group treated with
electro-acupuncture was significantly higher than that in
model group. It suggested that electro-acupuncture could
improve GMBF (Table 1).
Gastric motility
The frequency and amplitude of gastric motility in model
group were significantly lower than that in the normal
control group. The average descending level of frequency
and amplitude of gastric motility in Sibai, Tianshu, Zusanli
group was lower than that in model group. The average
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Table 2 Effect of acupuncture on average rates of frequency
(%) and amplitude changes (%) (mean ± SD, n = 10)

Table 4 Effect of acupuncture on content of somatostatin in
sinus ventriculi and bulbus medullae (mean ± SD)

Groups

Frequency change (%)

Amplitude change (%)

Groups

Sinus ventriculi (ng/g)

Bulbus medullae (ng/g)

Normal control
Model
Tianshu
Sibai
Zusanli
Non-acupoint

-4.71 ± 10.32
-19.41 ± 17.21a
4.52 ± 20.62c
-3.03 ± 18.12
-1.62 ± 14.21
-21.62 ± 16.42

1.81 ± 14.12
-51.61 ± 29.02b
1.52 ± 20.13dh
-6.52 ± 23.31d,f
6.92 ± 25.21d,f
-38.12 ± 26.42b

Normal control
Model
Tianshu
Sibai
Zusanli
Non-acupoint

90.54 ± 40.42
179.85 ± 43.13b
177.58 ± 42.42
130.26 ± 69.23e,f
131.72 ± 38.27c,d,f
165.26 ± 56.19

370.91 ± 76.29
532.86 ± 122.58a
480.62 ± 151.69c
388.53 ± 155.04c,d,g
365.76 ± 143.93ce
476.22 ± 131.17

a

P < 0.05, bP < 0.01 vs normal control group; cP < 0.05, dP < 0.01 vs model
group; fP < 0.01 vs non-acupoint group.

Table 3 Effect of acupuncture on content of motilin in sinus
ventriculi and bulbus medullae (mean ± SD, n = 10)
Groups

Sinus ventriculi (pg/mL)

Bulbus medullae (pg/mL)

Normal control
Model
Tianshu
Sibai
Zusanli
Non-acupoint

72.91 ± 8.42
63.04 ± 7.77a
66.06 ± 10.43
72.84 ± 8.62c
71.64 ± 9.35c
65.29 ± 8.31

60.76 ± 8.05
50.96 ± 8.77a
51.27 ± 7.77a
56.61 ± 8.29
58.96 ± 6.69c,e,g
50.66 ± 9.46b

a

P < 0.05, bP < 0.01 vs normal control group; cP < 0.05 vs model group; eP < 0.05
vs Tianshu group; gP < 0.05 vs non-acupoint group.

rates of amplitude change in Sibai, Tianshu and Zusanli
were higher than that in model group. The average rate
of frequency change in Tianshu group was significantly
different from the model group (Table 2).
Motilin
The content of motilin in sinus ventriculi and bulbus medullae
of model group was lower than that of normal control group.
The content of motilin in sinus ventriculi of Sibai and Zusanli
was higher than that of model group. And the content of
motilin in bulbus medullae of Zusanli group was higher
than that of model, Tianshu and non-acupoints groups. The
results suggested that electro-acupuncture at Sibai points could
increase the content of motilin in sinus ventriculi and electroacupuncture at Zusanli could increase the content of motilin in
both sinus ventriculi and bulbus medullae (Table 3).
Somatostatin
The content of somatostatin in sinus ventriculi and
bulbus medullae of model group was higher than that
of normal control group. The content of somatostatin
in sinus ventriculi decreased in each acupuncture group.
The content of somatostatin in sinus ventriculi of
Sibai group was lower than Tianshu and non-acupoints
groups. The content of somatostatin in sinus ventriculi
of Zusanli group was lower than that of model, Tianshu
and non-acupoints. The results suggested that electroacupuncture at Sibai and Zusanli could regulate the
content of somatostatin in sinus ventriculi. The content
of somatostatin in bulbus medullae decreased after
acupuncture at Sibai. Tianshu and Zusanli compared with
model group (Table 4).

a

P < 0.05, bP < 0.01 vs normal control group; cP < 0.05 vs model group; eP < 0.05,
P < 0.01 vs Tianshu group; gP < 0.05, fP < 0.01 vs non-acupoint group.

d

DISCUSSION
The study of interconnections between viscera and
meridians reveals the principle of the connection between
the upper and lower, exterior and interior of the human
body. The principle has been proved in clinical and
experimental studies, but the connected channel and
mechanisms are not yet clear. Foot-Yangming meridian
belongs to stomach and connected with spleen. The
acupoints of Foot-Yangming Meridian are always used to
treat gastrointestinal disease. In recent years, the connected
channel and mechanism of “Interconnections between
Foot-Yangming Meridian and stomach” have been studied.
Tianshu point is the acupoint of Foot-Yangming Meridian
and also the “Mu Point” of large intestinal meridian.
Zusanli is the “He Point” of Foot-Yangming Meridian
and always used to treat gastrointestinal disease in clinical
practice. Our previous studies proved that acupuncture
at Sibai could regulate sinus ventriculi area and gastric
motility[1-3], and the regulation effect was even better than
that of acupuncture at “Zusanli”. In this study, the effect
of acupuncture at Tianshu, Sibai and Zusanli on GMBF,
gastric motility and brain-gut peptide was observed.
Sufficient gastric mucosal blood flow is important
to maintain normal secretion, digestion and motility of
stomach and plays an important role in development of
ulcers. Ischemic gastric mucosa is the main pathogenesis
of stress ulcers[4]. Results of this study showed that gastric
mucosal blood flow is decreased by gastric mucosal
damage. After acupuncture at Sibai and Zusanli points,
gastric mucosal blood flow increased and gastric mucosal
damage was relieved. It suggested that acupuncture could
protect gastric mucosa by increasing gastric mucosal blood
flow.
Regulating function of electro-acupuncture in gastric
motility has been proved[5-7]. Our previous study found
acupuncture at acupoints of Foot-Yangming Meridian
could increase amplitude of gastric motility wave,
indicating a strong relevance between Foot-Yangming
Meridian and stomach [8] . The present study showed
that amplitude and frequency of gastric motility wave
were suppressed after gastric mucosa was damaged.
Acupuncture at Sibai, Tianshu and Zusanli could promote
the gastric motility, while the effect of acupuncture at
non-acupoints was not obvious. It suggested acupuncture
at acupoints of Foot-Yang, Meridian could regulate gastric
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motility and the relevance between Foot-Yang Meridian and
stomach was proved again.
Gastrointestinal peptide can regulate gastrointestinal
motility through nervous system and body fluid. In the
nervous system, gastrointestinal peptides, such as motilin,
can regulate gastrointestinal spontaneous rhythmic
contraction induced by ICC cells in the gastrointestinal
wall[9] and autokinetic movement of intestinal smooth
muscle mediated by enteric nervous system (ENS)[10]. Some
kinds of gastrointestinal peptide, for example, vasoactive
intestinal peptide (VIP), can also regulate gastrointestinal
motility as neurotransmitter of peptidergic nerve fiber.
In addition, gastrointestinal peptide such as substance P
(SP) and somatostatin can regulate gastrointestinal motility
in the central nervous system [11]. On the other hand,
gastrointestinal peptide can influence gastrointestinal
motility in endocrine mode. The gastrointestinal tract is
a huge endocrine organ. Some kinds of gastrointestinal
peptide have been found in endocrine cells, some in
gastrointestinal nerve system, and some in both. They
regulate gastrointestinal functions in paracrine secretion
and neurocrine mode. At present, motilin and SP are
regarded as peptides which can stimulate gastrointestinal
smooth muscle, while somatostatin and VIP as peptide
exerts a suppressive effect.
Motilin is a kind of polypeptide composed of 22
amino acids[12]. It has been found in central, peripheral
and ner vous system of gastrointestinal wall. The
main physiological functions of motilin are regulating
gastrointestinal motility, inducing smooth muscle
contraction of sinus ventriculi and segmentation
movement of intestine, promoting movement of colon
and gall bladder [13-15]. Yang et al [16] found that gastric
emptying was closely related to content of motilin in
plasma. Motilin could promote gastric motility and
gastric electrical activity persistently [17]. Acupuncture
has bidirectional effects on motilin. In other words,
acupuncture could decrease exorbitant content of motlin
as well as increase abnormally low content of motilin[18,19].
We found that electro-acupuncture could promote motility
of stomach and Oddi sphincter muscle, which might be
related to the regulating effect of acupuncture on release
of motilin and CCK in the periphery [20]. The present
study demonstrated that the content of motilin in sinus
ventriculi and bulbus medullae decreased significantly
accompanied with the suppression of gastric motility
after the gastric mucosa was damaged, while acupuncture
at Sibai could increase the content of motilin in sinus
ventriculi and acupuncture at Zusanli could increase it
both in sinus ventriculi and bulbus medullae. It suggested
that acupuncture might regulate content of motilin to
influence gastric motility.
Somatostatin can inhibit almost all the internal and
external secretion and regulate other neuropeptides
and neurotransmitters [21]. It can also inhibit release of
gut hormones such as motilin. Somatostatin has been
found in peripheral nerve, gastrointestinal mucosa and
other parts of the brain besides the hypothalamus [22].
The chief biological effect of somatostatin on digestive
system is inhibition. It can inhibit motility of stomach
intestine and gall bladder, proliferation of mucosal cells;
secretion of digestive juice, for example, gastric acid,
www.wjgnet.com
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and gut hormones such as motilin, CCK, VIP, pancreatic
polypeptide (PP) and gastric inhibitory peptide. It can
also suppress absorption of nutrient substances such
as electrolytes by small intestine, secretion of glicentin
and release of growth hormone [23] . The reports of
somatostatin in ulcer are not accordant. Sun et al[24] found
content of somatostatin in serum and sinus ventriculi
of gastric ulcer model group was lower than that of
normal group. Increased content of somatostatin in
gastric mucosa of ulcerated rats and decreased content of
somatostatin in the rats after acupuncture have also been
reported[25]. Xu et al[26] found content of serum gastrin
increased and somatostatin decreased during spontaneous
healing of stress ulcer in rats. The results of our study
showed the content of somatostatin in sinus ventriculi
and bulbus medullae increased after the gastric mucosa
was damaged but increased after acupuncture. On the
one hand, a compensative feedback effect diminished
because acupuncture relieved the damage of gastric
mucosa. On the other hand, somatostatin could inhibit
synthesis of DNA and have a down-regulating effect on
cell proliferation. The results suggested acupuncture at
acupoints of Foot-Yangming Meridian could regulate the
content of somatostatin to promote healing of gastric
mucosal damage.
To sum up the above arguments, electro-acupuncture
at acupoints of Foot-Yangming Meridian could regulate
content of motilin and somatostatin in sinus ventriculi
and bulbus medullae, improve gastric motility and
gastric mucosal blood flow. But acupuncture at different
acupoints had different effects on gastrointestinal
peptide. Acupuncture at Sibai points regulate content
of motilin and somatostatin mainly in sinus ventriculi,
while acupuncture at Zusanli points regulate content of
somatostatin in sinus ventriculi but motilin in bulbus
medullae. It suggested that effects of acupuncture at
different acupoints on gastric motility were related to
different brain-gut peptides.
Effect of acupuncture at acupoints of Foot-Yangming
Meridian on gastrointestinal functions was considered
to be related to neural and humoral factors [27] . Our
previous study demonstrated acupuncture at acupoints
of Foot-Yangming Meridian could change the release of
peripheral brain-gut peptide to protect gastric mucosa[28-30].
It could be deduced that Foot-Yangming Meridian was
correlated with peptidergic nerve of stomach. The results
of this study showed acupuncture at acupoints of FootYangming Meridian could regulate content of motilin and
somatostatin in sinus ventriculi and bulbus medullae, which
suggested electro-acupuncture regulated gastric motility
through regulating release of central and peripheral
neuropeptides. The effect of acupuncture on viscera was
slow and persistent which was similar to the active mode
of neuropeptides as neurotransmitters. It further proved
the correlation between Foot-Yangming Meridian and
peptidergic nerves.

COMMENTS
Background

In recent years, there have been more studies on effect of acupuncture on
brain-gut peptide. Whether acupuncture could regulate digestive tract motility
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by influencing content of brain-gut peptide remains a problem to address.
Acupuncture at Foot-Yangming Meridian could regulate gastric myoelectricity and
increase content of motilin and gastrin in plasma and sinus ventriculi. The effects
of acupuncture on gastrointestinal tract were related to brain-gut peptide.

10
11
12

Research frontiers

Foot-Yangming Meridian is an important meridian of human body. The authors
investigated whether acupuncture at Foot-Yangming Meridian could regulate
gastrointestinal motility and content of brain-gut peptide in sinus ventriculi and
bulbus medullae.

Innovations and breakthroughs

13
14

The effect of acupuncture at acupoints of Foot-Yangming Meridian on gastric
motility and content of brain-gut peptide was observed. It provided scientific
references for correlation between Foot-Yangming Meridian and brain-gut peptide.

15

Applications

16

Acupuncture could improve gastric motility and gastric mucosal blood flow,
and regulate content of motilin and somatostatin in sinus ventriculi and bulbus
medullae. Acupuncture at acupoints of Foot-Yangming Meridian could protect
gastric mucosa by regulating content of brain-gut peptide.

Terminology

17
18

Brain-gut peptide: Brain-gut peptide as a kind of neurotransmitter exists in brain
and gastrointestinal tract.
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Peer review

20

This paper tries to explore the mechanism of this connection using electricacupuncture to stimulate Foot-Yangming Meridian and investigate various
responses of the stomach model. The idea of this study is novel and innovative.
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Abstract
AIM: To investigate the reversal effect of LY980503,
a benflumetol derivative, on multidrug resistance in
vincristine (VCR) -resistant human gastric carcinoma cell
line SGC7901/VCR.
METHODS: Cells of a human gastric cancer cell line,
SGC7901, and its VCR-resistant variant, SGC7901/VCR,
were cultivated with LY980503 and /or doxorubicin (DOX).
The cytotoxicity of drugs in vitro was assayed by MTT
method. Based on the flow cytometric technology, the
uptake of DOX was detected in these cells by measuring
DOX -associated mean fluorescence intensity (MFI).
RESULTS: SGC7901/VCR cells were 23.5 times more
resistant to DOX in comparison with SGC7901 cells.
LY980503 at the concentrations of 2.0 μmol/L -10 μmol/
L had no obvious cytotoxicity to SGC7901 and SGC7901/
VCR cells. After simultaneous treatment with LY980503
at the concentrations of 2.0, 4.0 and 10 μmol/L, the
IC50 of DOX to SGC7901/VCR cells decreased from 1.6
± 0.12 μmol/L to 0.55 ± 0.024, 0.25 ± 0.032 and 0.11
± 0.015 μmol/L, respectively, thus, increasing the DOX
sensitivity by 2.9-fold (P < 0. 05), 6.4-fold (P < 0. 01)
and 14.5-fold (P < 0. 01), respectively. In the uptake
study of DOX, simultaneous incubation of SGC7901/VCR
cells with LY980503 significantly increased the DOX
-associated MFI in SGC7901/VCR cells. No such results
were found in parental SGC7901 cells.
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CONCLUSION: LY980503 at non-cytotoxic concentrations can effectively circumvent resistance of
SGC7901/VCR cells to DOX by increasing intracellular
DOX accumulation.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Resistance of tumor cells to chemotherapeutic drugs is a
major problem in clinical treatment of cancer. Multidrug
resistance (MDR) is the most important form of drug
resistance characterized by decreased cellular sensitivity to a
broad range of chemotherapeutic drugs[1,2]. Classic MDR is
mainly caused by over-expression of P-glycoprotein(Pgp),
which is coded by the MDR1 gene and functions as an
ATP-dependent drug-efflux membrane transporter that
rapidly extrudes a variety of hydrophobic anticancer drugs
from exerting cytotoxic effect[1-3]. Agents that inhibit the
ATP-dependent transporter can suppress the efflux of
hydrophobic drugs from resistant cells and increase their
intracellular accumulation. A number of agents, including
verapamil and cyclosporin A, bind to and inhibit Pgp to
restore drug sensitivity to cancer cells in vitro. However, to
date, no effective resistance modulators have been used in
clinic due to their toxicity or unacceptable side effects[3,4].
Therefore, development of safe and effective MDR
reversal agents is eagerly required.
Our previous study has proved that LY980503, a derivative
of benflumetol (Figure 1), could effectively reverse Pgpmediated MDR in doxorubicin (DOX) -resistant human
breast cancer cell line MCF/DOX[5]. However, the effect of
LY980503 on MDR in human gastric cancer cells remains
unknown. The present study was therefore undertaken to
explore the reversal effect of LY980503 on MDR in vincristine
(VCR)-resistant human gastric cancer cell line SGC7901/VCR.
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MATERIALS AND METHODS
Drugs and chemicals
LY980503 was synthesized in our laboratory, and dissolved
in dimethyl sulfoxide (DMSO). MTT, DOX were
purchased from Sigma, VCR from the Twelfth Shanghai
Pharmaceutical Product Factory.
Cell culture
Human gastric cancer cell line SGC7901, and its VCRresistant counterpart SGC7901/VCR selected by stepwise
exposure of parental SGC7901 cells to increasing
concentrations of VCR, were purchased from Wuhan
University Type Culture Collection (Wuhan, China). Both
cell lines were grown in RPMI 1640 medium supplemented
with 10% fetal calf ser um at 37℃ in a humidified
atmosphere of 5% CO2. The SGC7901/VCR cells were
cultured in the presence of 0.8 μmol/L VCR and grown in
drug-free medium 2 wk before the experiments.
Cytotoxicity assay
The ability of LY980503 to potentiate DOX cytotoxicity
was evaluated in SGC7901/VCR and SGC7901 cells by
MTT method[5]. SGC7901 and SGC7901/VCR cells in
exponential growth were seeded in 96- well plates at a
density of 4 × 104 cells per well and 24 h later graded
DOX (at the concentrations of 0, 0.01, 0.03, 0.1, 0.3, 1.0,
3.0, 10 μ mol/L) and LY980503 (at the concentration
of 1.0, 2.0, 4.0, 10 μmol/L ) were added simultaneously,
respectively. The total medium volume of each well was
200 μL. Three days after drug addition, 10 μL MTT (5.0
g/L in PBS) was added. After 4 h incubation, supernatants
were removed and replaced by 150 μ L DMSO. After
formazan solubilization, the absorbance at 570 nm was
recorded using an automated microplate reader. IC50
(concentration resulting in 50% inhibition of cell growth)
values for DOX were calculated as 100% from plotted
results using untreated cells. The reversal fold (RF) was
calculated as follows:
RF = IC50 of DOX/IC50 of DOX in the presence of
LY980503
Intrinsic cytotoxicity assay
SGC7901 and SGC7901/VCR cells were seeded into 96well plates at 4 × 104/well. After 24 h incubation, 2.0, 4.0,
10, 20, 40 μmol/L of LY980503 were added, respectively.
The cells were incubated for 72 h, and the intrinsic
cytotoxicity of LY980503 was determined as above.
Intracellular DOX accumulation
The assay was performed as described by Broxterman et
al[6]. Briefly, the cells in exponential growth were seeded
in 96- well plates at a density of 4 × 104/mL. After 24 h
incubation, the SGC7901 and SGC7901/VCR cells were
exposed to 4.0 μmol/L DOX in the presence of graded
LY980503 (at the concentration of 1.0, 2.0, 4.0, 10 μmol/L,
respectively) for 60 min. Following incubation, the cells
were washed twice with ice-cold PBS and respended in 100
μL of ice-cold PBS. DOX-associated MFI was measured
by flow cytometry at an excitation wavelength of 488 nm
and an emission wavelength of 550 nm.

NH

CH3

Cl

Cl

O

O
N
Cl
Benflumetol

N
OH
LY980503

Figure 1 Chemical structures of benflumetol and benflumetol derivative
LY980503.

Table 1 Effect of LY980503 on the sensitivity of SGC7901
and SGC7901/VCR cells to DOX (mean ± SD)
LY980503
(μmol/L)
0
1
2
4
10

IC50 (μmol/L)
SGC7901(RF)
SGC7901/VCR (RF)
0.068 ± 0.0081
1.6 ± 0.12
0.060 ± 0.0048 (1.1)
1.3 ± 0.19 (1.3)
0.049 ± 0.0058 (1.4)a
0.55 ± 0.024 (2.9)c
0.037 ± 0.0027 (1.8)b
0.25 ± 0.032 (6.4)d
b
0.021 ± 0.0029 (3.2)
0.11 ± 0.015 (14.5)d

a

P < 0.05, bP < 0.01 vs SGC7901 cells in the absence of LY980503; cP < 0.05, dP
< 0. 01 vs SGC7901/VCR cells in the absence of LY980503.

Statistical analysis
Data were expressed as mean ± SD. Student’s t test was
used to assess statistical significance of differences. P < 0.05
was considered statistically significant.

RESULTS
Modulating effect of LY980503 on MDR in SGC7901/VCR
cells
Using the MTT assay, the in vitro cytotoxicity of DOX
combined with LY980503 in SGC7901 and SGC7901/
VCR cells was examined. As shown in Table 1, SGC7901/
VCR cells were 23.5 times more resistant to DOX in
comparison with SGC7901 cells. LY980503 gave a
significant reversal of resistance of SGC7901/VCR
cells to DOX at the concentration as low as 2.0 μmol/L.
LY980503 at 10 μmol/L decreased the IC50 of DOX on
SGC7901/VCR cells from 1.6 ± 0.12 μ mol/L to 0.11
± 0.015 μmol/L (the reversal fold was 14.5), indicating
that LY980503 had a potent reversal effect on MDR in
SGC7901/VCR cells. The IC 50 of DOX on SGC7901
cells decreased from 0.068 ± 0.0081 μmol/L to 0.021 ±
0.0029 μmol/L in the presence of 10 μmol/L LY980503
(the reversal fold was 3.2), indicating that LY980503 could
slightly enhance the sensitivity of SGC7901 cells to DOX.
Intrinsic cytotoxicity
As shown in Table 2, LY980503 up to 10 μmol/L had no
obvious cytotoxicity to SGC7901 and SGC7901/VCR cells.
Effect of LY980503 on intracellular accumulation of DOX
The ability of LY980503 to inhibit the Pgp function was
www.wjgnet.com
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Table 2 Effect of LY980503 on the growth of SGC7901 and
SGC7901/VCR cells (mean ± SD)
LY980503

Survival rate (%)

(μmol/L)

SGC7901

SGC7901/VCR

2
4
10

97 ± 8.6
94 ± 7.8
89 ± 6.5

103 ± 9.7
98 ± 8.3
87 ± 8.9

20
40

61 ± 4.6
34 ± 4.5

67 ± 6.8
39 ± 3.9

SGC7901
SGC7901/VCR

DOX-associated MFI

160

d

120
d

80
a
b

40

  0

0

1
2
4
LY980503 concentration(μmol/L)

10

Figure 2 Effect of LY980503 at various concentrations on accumulation of
intracellular DOX in SGC7901 and SGC7901/VCR cells. SGC7901 and SGC7901/
VCR cells were incubated with 4.0 μmol/L DOX for 60 min, in the presence of 0.0,
1.0, 2.0, 4.0 and 10 μmol/L LY980503, respectively. Each point represents the
mean ± SD from three experiments. bP < 0. 01 vs SGC7901 cells in the absence
of LY980503; aP < 0.05, dP < 0.01 vs SGC7901/VCR cells in the absence of
LY980503.

evaluated by determining the intracellular DOX-associated
MFI in SGC7901/VCR and SGC7901 cells. As shown
In Figure 2, in the uptake study, there was a high level
of DOX accumulation in the drug-sensitive SGC7901
cells, that was unaffected by LY980503. There was a very
low level of accumulation in SGC7901/VCR cells in
the absence of LY980503. In contrast, LY980503 dosedependently restored the level of accumulation of DOX
in SGC7901/VCR cells. LY980503 at 2.0, 4.0, 10 μmol/L
enhanced DOX-associated MFI in SGC7901/VCR cells by
1.4-, 2.3-, 3.4-fold, respectively.

DISCUSSION
Many mechanisms are involved in resistance to cancer
chemotherapy, including decreased drug accumulation,
altered intracellular dr ug distribution, increased
detoxification, diminished dr ug-target interaction,
increased DNA repair, altered cell-cycle regulation, etc. Of
these, over-expression of Pgp is the main mechanism of
MDR[3,4].
SGC7901/VCR is an established VCR-resistant
cell sub-line selected by stepwise exposure of parental
SGC7901 cells to increasing concentrations of VCR.
Several reports have proved that the VCR-resistant
SGC7901/VCR cells possess the characteristics of MDR
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with over-expression of Pgp[7-12]. The SGC7901/VCR cell
line has been successfully used as an in vitro MDR reversal
model by several study groups[10-12].
Benflumetol is a newly developed antimalarial drug[13].
Our previous study found that 10 μmol/L benflumetol
could decrease the IC50 values of DOX on MCF/DOX
cells from 2.8 μmol/L to 0.55 μmol/L, indicating that
benflumetol has a slight reversal effect on MDR [5]. We
synthesized a series of benflumetol derivatives. Among the
22 benflumetol derivatives, twelve compounds have varied
MDR reversal effects, and the effect of LY980503 was the
most potent on MDR in MCF/DOX cells[5].
SGC7901/VCR cell line was 23.5-fold more resistant
to DOX than the parental SGC7901 cell line. LY980503,
at concentrations of 2.0, 4.0, 10 μmol/L, could increase
the chemosensitivity of SGC7901/VCR cells to DOX
by 2.9-, 6.4- and 14.5-fold, respectively. Restoration of
DOX accumulation in the resistant SGC7901/VCR cells
close to the level seen in the sensitive SGC7901 cells
in the presence of 10 μmol/L LY980503 suggests that
LY980503 can inhibit efflux of DOX by Pgp. Taken
together, it seems reasonable to conclude that LY980503
can inhibit the function of Pgp and therefore enchance the
sensitivity of the resistant cells to anticancer agent DOX.
Furthermore, although LY980503 reverses Pgp-mediated
MDR at the concentration of 2.0 μmol/L, the compound
is non-cytotoxic by itself at the concentration up to 10
μmol/L in SGC7901/VCR and parental SGC7901 cells.
I n c o n c l u s i o n , LY 9 8 0 5 0 3 a t a n o n - c y t o t ox i c
concentration exerts a potent reversal effect on MDR in
SGC7901/VCR cells by inhibiting Pgp-mediated drug
transport, indicating that LY980503 may be a promising
MDR chemosensitizer.

COMMENTS
Background

Multidrug resistance (MDR) was first observed in experimental oncology in
1970 by Biedler and Riehm, and has been extensively studied since then. MDR
involves the simultaneous cross-resistance to several structurally unrelated
natural products. Unfortunately, approximately 50% of all antineoplastic agents are
derived from natural sources and fall under the umbrella of the MDR mechanism.
The MDR phenotype confers resistance to anthracyclines, vinca alkaloids,
epipodophyllotoxins, taxanes, antibiotics and some of the new topo-I inhibitors.
The most important factor of the mechanisms leading to MDR of tumor cells is
the increased activity of transporter proteins. The best-characterized transporter
protein is P-glycoprotein (Pgp), and a number of clinical investigations have
suggested that its intrinsic or acquired over-expression results in a poor clinical
outcome of chemotherapy. An interesting feature of the MDR phenotype is its
susceptibility to inhibition by certain non-natural product agents. Calcium channel
blockers, calmodulin antagonists, immunosuppressants, hormonal drugs and
other agents have been found to inhibit Pgp function and the MDR phenotype.
Structural similarities in many of these reversal agents include a ternary nitrogen,
aromatic ring and amphipathic characteristics. The mechanism of action is
thought to be direct binding to the Pgp and displacing anticancer drugs, which
increase intracellular drug accumulation. The design of nontoxic agents that would
overcome the MDR of tumors has been a challenging area for pharmaceutical
development.

Research frontiers

Many agents that modulate the Pgp transporter, including verapamil, cyclosporin,
tamoxifen, and several calmodulin antagonists, were identified in the 1980s.
These agents often produce disappointing results in vivo because their low
binding affinities necessitate the use of high doses, resulting in unacceptable

Wu DL� et al . LY980503 on multidrug resistance in SGC7901/VCR cells
toxicity. Many of the first chemosensitizers identified are substrates for Pgp and
thus work by competing with the cytotoxic compounds for efflux by the Pgp pump.
However, many of these chemosensitizers are substrates for other transporters
and enzyme systems, resulting in unpredictable pharmacokinetic interactions in
the presence of chemotherapy agents. The second-generation Pgp modulators
include dexverapamil, dexniguldipine, valspodar and biricodar. These agents are
more potent and also less toxic than their predecessors. The best characterized
of these agents is valspodar, a nonimmunosuppressive derivative of cyclosporin
D. Valspodar has been studied in numerous clinical trials in combination with
cytotoxic agents. A study reported that valspodar at 1 nmol/L had a modest effect
(20% increase) on anthracycline accumulation in Pgp positive sarcoma samples.
The co-administration of second-generation Pgp modulators and chemotherapy
agents in clinical trials has resulted in the reversal of MDR and some limited
success in treating refractory cancers. Second-generation Pgp modulators have
a better pharmacologic profile than the first-generation compounds, but they
also retain some characteristics that limit their clinical usefulness. In particular,
these compounds significantly inhibit the metabolism and excretion of cytotoxic
agents, thus leading to unacceptable toxicity that has necessitated chemotherapy
dose reductions in clinical trials. Third-generation molecules that specifically and
potently inhibit Pgp function have been developed by using structure-activity
relationships and combinatorial chemistry to overcome the limitations of the
second generation Pgp modulators. These agents do not affect cytochrome P450
3A4 at relevant concentrations, thus do not alter the plasma pharmacokinetics of
anticancer drugs. Similarly, third-generation agents typically do not inhibit other
ABC transporters. This specificity for the Pgp pump minimizes the possibility
that the blockade of more than one pump might result in altered bioavailability
or excretion of the chemotherapy agents. The third generation Pgp inhibitors
currently in clinical development include tariquidar, zosuquidar and laniquidar.
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Abstract
To describe a case of probable relapsing autoimmune
hepatitis associated with vaccination against hepatitis A
virus (HAV). A case report and review of literature were
written concerning autoimmune hepatitis in association
with hepatitis A and other hepatotropic viruses. Soon
after the administration of formalin-inactivated hepatitis
A vaccine, a man who had recently recovered from
an uncharacterized but self-limiting hepatitic illness,
experienced a severe deterioration (AST 1687 U/L, INR
1.4). Anti-nuclear antibodies were detectable, and liver
biopsy was compatible with autoimmune hepatitis. The
observation supports the role of HAV as a trigger of
autoimmune hepatitis. Studies in helper T-cell activity
and antibody expression against hepatic proteins in the
context of hepatitis A infection are summarized, and the
concept of molecular mimicry with regard to other forms
of viral hepatitis and autoimmunity is briefly explored.
© 2007 The WJG Press. All rights reserved.
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hepatitis; Helper T-cell; Molecular mimicry
Berry PA, Smith-Laing G. Hepatitis A vaccine associated with
autoimmune hepatitis. World J Gastroenterol 2007; 13(15):
2238-2239

http://www.wjgnet.com/1007-9327/13/2238.asp

INTRODUCTION
There is substantial evidence favoring hepatitis A virus
(HAV) as an etiological factor in autoimmune hepatitis
(AIH). This includes individual case reports of persistent
hepatic inflammation, with serological and histological
features of AIH following proven infection with HAV[1,2],
and the development of autoantibodies to hepatic
constituents during and after HAV infection[3,4]. There have
been no reports of AIH in association with vaccination
against HAV. Herein we describe the development of
www.wjgnet.com

severe hepatitis, with serological and biopsy features
of AIH, ten days after vaccination against HAV, and
five months after the resolution of a self-limiting but
uncharacterized hepatitic illness.

CASE REPORT
A 56-year-old man presented with jaundice and malaise
shortly after a holiday in Greece. There was no history of
drug ingestion. Examination was normal apart from the
jaundice and mild leg oedema. Blood tests were compatible
with acute hepatitis (bilirubin 451 μ mol/L, aspartate
aminotransferase, 1138 IU/L) and significant impairment
of synthetic function (albumin 28 g/L, international
normalized ratio [INR] 1.6). Antibodies to hepatitis A, B
and C viruses were absent, as were markers suggestive of
an autoimmune process, including anti-nuclear antibody
(ANA), anti-smooth muscle antibody (ASMA), type 1 antiliver/kidney microsomal antibody (ALKM1) and antimitochondrial antibody (AMA). Tests for iron and copper
storage disorders were negative. Ultrasound scan of the
liver was normal. Hepatic function improved without
specific treatment, and four months later liver function
tests became completely normal (Figure 1).
Five months later he attended clinic urg ently
complaining of severe lethargy and a return of the jaundice.
This occurred ten days after vaccination against HAV,
administered prior to a planned holiday. He had taken
no new medications, and had drunk alcohol in moderate
volume only. Because of his illness he did not go abroad.
AST was now 1687 IU/L, and INR was 1.4. A further
viral and autoimmune screen proved negative, and a liver
biopsy was performed. This showed features of severe
hepatitis, with bridging and multiacinar necrosis, and portal
tract expansion due to dense lymphocytic and neutrophilic
infiltrates (Figure 2).
Three months later AST was still 532 U/L. ANA
was detected at a titre of 1:100 with a speckled pattern.
Antibody to double stranded DNA was detected at a
concentration of 57 IU/L. Serum globulins were now
increased to 47 g/L. Viral serology remained negative.
Prednisolone 30 mg daily was prescribed, and liver function
was improved rapidly. Two months later the patient's
symptoms abated and his LFTs nearly normalized once
again. He returned to work and remained asymptomatic.

DISCUSSION
At first presentation this patient had severe but self-limiting
seronegative hepatitis. He failed to fulfill standard criteria
for the diagnosis of AIH[5], although retrospectively this
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Figure 2 Photomicrograph
of liver biopsy (H&E) An
inflammatory infiltrate is seen
at the interface of portal tract
and lobule, characteristic of
autoimmune hepatitis.

Trend in AST

1800
1600

AST (U/L)

1400
1200

Prednisolone

1000
  800

Vaccination

  600
  400
  200
0

0

10

20
30
40
50
Weeks since first presentation

60

70

Figure 1 Graph showing AST vs time. After resolution of the initial transaminitis
there was a marked deterioration (AST > 1600 U/L) soon after vaccination against
hepatitis A virus. AST remained elevated three months after this episode, and only
normalized after introduction of corticosteroid.

would appear as the likely diagnosis. A dramatic relapse
occurred following vaccination against HAV. During this
second phase he did meet diagnostic criteria for ‘probable’
AIH (aggregate score 10 before treatment), and required
immunosuppressive therapy with corticosteroids. This
treatment brought about a rapid improvement in liver
function tests.
Hepatitis A vaccine contains whole viral particles
that are inactivated with formalin, and its involvement
in such an illness requires discussion about the role of
viral antigens in the etiology of autoimmune hepatitis.
Associations between a number of hepatotropic viruses
(e.g. measles, Epstein Barr, herpes simplex and hepatitis
A, B and C) and autoimmune processes directed against
the liver have been described[6], but evidence to suggest an
etiological role has been lacking. The strongest evidence is
probably related to HAV.
AIH has developed after clinical HAV infection[1,2]. In
relatives of patients with AIH, Vento et al[3] demonstrated
an intrinsic defect in suppressor-inducer T-cells mediating
immune reactivity to a liver antigen (asialoglycoprotein
receptor-ASPGR), and described the development of
AIH following sub-clinical exposure (seroconversion to
HAV) with a simultaneous rise in anti-ASGPR antibodies.
The same author found autoantibodies to the liverderived lipoprotein complex in 10 patients with acute
hepatitis A. Antibodies to ASPGR (a constituent of the
lipoprotien complex) were detected in 6 of the 10 patients.
Similar findings were seen in patients with acute hepatitis
B[4]. In this study antibody production did not correlate
with the transient cellular immune response, leading the
investigators to conclude that antibody production against
liver cell surface antigens could be due to viral induction
of T-cell independent B lymphocytes.
More recently, attention has focused on the theory of
molecular mimicry between the infectious particle and
the liver constituent against which the resulting antibodies
react. Such mimicry between a viral and a hepatic epitope
has been demonstrated. In the case of herpes simplex 1
(HSV-1), cytochrome P450 IID6, the target of the major
liver-kidney microsomal antibody shares an identical
sequence of amino acids with the ‘immediate early protein’
IE 175 of HSV-1[7]. This study also demonstrated a cross
reactivity between the same cytochrome and hepatitis C
virus infection which is associated with a high incidence
of autoantibody development. More recent work has

shown molecular mimicry between cytochrome P2D6
and the NS3 and NS5a proteins of HCV[8]. Cytochrome
P2D6 is the target of anti-LKM1 antibodies, the classic
diagnostic marker of type 2 autoimmune hepatitis. Despite
the promising findings to support this theory in other
hepatotropic viruses, it should be noted that evidence is
still deficient for molecular mimicry in relation to HAV.
Vaccination with inactivated HAV has been available
since 1992, and its safety is well documented. The
manufacturers have stated that recrudescence of hepatitis
is not a known side effect of immunization (private
communication), other autoimmune phenomena have
not been described[9], and no adverse reactions have been
reported in those with pre-existing liver disease. Indeed,
vaccination is recommended in such patients if exposure
is thought to be likely, and according to Vento et al[3], those
made susceptible to AIH by the above-mentioned T-cell
deficit.
The recrudescence of this case following vaccination
with inactivated HAV adds to the evidence that HAV may
trigger autoimmunity against the liver. It should not be
interpreted as a side effect based on the vaccine’s track
record of safety, but reveals potential connections between
two apparently disparate liver pathologies.
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Abstract
W h i l e j e j u n o i l e a l d i ve r t i c u l a a re ra re a n d o f t e n
asymptomatic, they may lead to chronic non-specific or
acute symptoms. The large majority of complications
present with an acute abdomen similar to appendicitis,
cholecystitis or colonic diverticulitis but they also may
appear with atypical symptoms. As a result, diagnosis
of complicated jejunoileal diverticulosis can be quite
difficult, and may solely depend on the result of surgical
exploration. In the absence of contra-indications,
diagnostic laparoscopy has the benefit of thorough
examination of the abdominal contents and helps to
reach an absolute diagnosis. Surgical resection of the
involved small-bowel segment with primary anastomosis
is the preferred treatment in patients with symptomatic
complicated jejunoileal diverticular disease. An atypical
presentation of complicated jejunal diverticulitis in
conjunction with sigmoid diverticulitis diagnosed with
laparoscopy and treated with surgical resection is
presented.
Key words: Jejunoileal diverticulosis; Diverticulitis; Smallbowel resection; Perforation; Laparoscopy
Kassahun WT, Fangmann J, Harms J, Bartels M, Hauss J.
Complicated small-bowel diverticulosis: A case report and
review of the literature. World J Gastroenterol 2007; 13(15):
2240-2242
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INTRODUCTION
The prevalence of small intestinal diverticula on autopsy
ranges from 0.06% to 1.3%[1]. The prevalence increases
with age, peaking at the sixth and seventh decades [2].
www.wjgnet.com

Eighty percent of diverticula occur in the jejunum, 15%
in the ileum and 5% in both[3]. Coexistent colonic and
duodenal diverticula have been reported suggesting an
associated or common etiology [4] . Most small bowel
diverticula are thought to be acquired pulsion lesions. The
clinical presentations of acquired jejunoileal diverticulosis
are vague and diverse. As a result, identification of the
disorder can be quite difficult. Presenting complaints such
as intermittent abdominal pain, constipation and diarrhea,
akin to those seen in irritable bowel syndrome, have
been demonstrated in up to 90% of the patients[4] and
imaging tests have mostly atypical appearance without key
diagnostic features and may not correlate with the clinical
symptoms. As a result, the diagnosis is frequently made
incidentally either by radiographic examination or upon
laparotomy due to complications. Thus, clinical recognition
of the disease depends primarily on an awareness of the
condition and the various ways in which it may present.
The reported complications of jejunoileal diverticulosis
include chronic abdominal pain, malabsor ption,
hemorrhage, diverticulitis, obstruction, abscesses in the
mesentery and perforation, and occur in 10%-30% of
patients[5-7]. Jejunoileal diverticulitis is quite uncommon and
has a mortality rate as high as 24%[8,9]. We report a case
of complicated jejunal diverticulits in conjunction with
sigmoid diverticulits and review its presentation, clinical
features, and management

CASE REPORT
An 85-year old man with a history of ischemic heart
disease, chronic obstructive pulmonary disease (COPD),
atrial fibrillation and myocardial infarction was admitted
to our hospital because of abdominal pain. He was taking
regular medications for the above mentioned conditions
including warfarin for prevention of systemic embolism
owing to atrial fibrillation. He had previously episodes
of pneumonia with fever, and chills that were managed
conservatively. He had been otherwise well since then.
The patient underwent no surgical procedure in the past.
The abdominal pain was diffuse and severe. He denied
shortness of breath and changes in eating or bowel habits.
Physical examination revealed tenderness and distention
of the abdomen and no palpable mass. On admission,
elevated white blood cell count (12 900/mm 3; normal
4000-9000/mm 3) and C-reactive protein (32.48 mg/L;
normal < 5.0 mg/L) were found. All other laboratory data
were within normal limits. Computed tomography of the
abdomen revealed no abnormalities except for prostate
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hypertrophy. Pneumoperitoneum was not visible. Because
of this unclear condition, the patient was subjected
to laparoscopic evaluation of the abdomen. A jejunal
diverticulosis complicated by diverticulitis and abscesses in
the mesentery (Figure 1A and B) and coexisting sigmoid
diverticulitis was found. Laparoscopy was converted to
laparotomy which confirmed multiple diverticula in a
100-cm segment of jejunum, commencing 20 cm distal
to the ligament of Treitz with massive inflammation
and abscesses at locations of 2 diverticula. One of the
diverticula was supposed to be perforated. However, a free
perforation within the peritoneal cavity was not seen. The
remainder of the small bowel appeared normal. Coexisting
diverticulosis of the left colon with sigmoid diverticulitis
was also found. Since both diverticular conditions
could be the cause of the presenting symptom of the
patient (peritonitis), resection of the entire diverticulabearing segment of jejunum with primary anastomosis
and sigmoid colectomy with temporary end colostomy
(Hartmann’s procedure) were carried out. Final pathology
confirmed evidence of a perforated diverticulitis and
purulent peridiverticulitis with peritonitis. Furthermore,
inflammation, scaring and stenosis of large intestinal lining
indicating a chronic process were found. The postoperative
course was complicated due to wound infection and
pneumonia. However, he recovered after appropriate
medical management and was discharged home.

DISCUSSION
Acquired jejunoileal diverticulosis was first described
in 1794 by Sommering and later in 1807 by Sir Astley
Cooper and is characterized by herniation of mucosa and
submucosa through the muscular layer of the bowel wall
(false diverticula) on the mesenteric border of the bowel[10].
For several reasons, despite its 213-year history as a defined
anatomic entity, the true prevalence of this disorder is
difficult to ascertain. It is likely that many surgeons have
not documented the presence of these lesions simply
because little clinical significance has been attributed to
them. Furthermore, as diverticula are frequently buried
in the mesenteric fat, success in demonstrating them is
related to the effort expended in searching for them.
Diverticula are usually multiple, in contrast to the true
congenital Meckel’s diverticulum and tend to be larger and
higher in number in the proximal jejunum and smaller and

Figure 1 Laparotomy showing
multiple diverticula in a segment of
jejunum with massive inflammation
and small abscesses in the
mesentery of a 85-yr old man with
jejunal diverticulosis.

fewer caudally[9]. Coexistent diverticula are found in the
colon in 20%-70%, in the duodenum in 10%-40%, in the
esophagus and stomach in 2% of patients and may partly
indicate associated common etiology[11,12].
Regarding the etiology of jejunoileal diverticula,
the current hypothesis focuses on abnormalities in the
smooth muscle or myenteric plexus. Careful microscopic
evaluation of jejunal specimens with diverticula has shown
that these abnormalities are of three types[13]: fibrosis and
decreased numbers of normal muscle cells, consistent with
progressive systemic sclerosis; fibrosis and degenerated
smooth muscle cells, suggestive of a visceral myopathy;
neuronal and axonal degeneration indicative of visceral
neuropathy. Any of these abnormalities could lead to
distorted smooth muscle contractions of the affected small
bowel generating increased intraluminal pressure. The
result is herniation of mucosa and submucosa through the
weakest mesenteric site of the bowel wall with penetration
induced by paired blood vessels from the mesentery.
Usually, the disorder is clinically silent until it presents
with complications. If symptomatic, vague and chronic
abdominal pain of varying severity, localized epigastrically
or periumbilically with a bloating sensation after food
intake is frequent and may be the earliest symptom.
Unfortunately, the only means of confirming a diverticular
source is cessation of the pain after surgical resection
of the involved segment of small bowel. Complications
requiring surgical intervention occur in 8%-30% of
patients[11]. Common acute complications of jejunoileal
diverticulosis include diverticulitis, bleeding, perforation
and intestinal obstruction.
Jejunoileal diverticulitis with or without perforation
and abscess occurs in about 2%-6% of cases[6]. Patients
usually present with a localized or diffuse peritonitis like
in our case. However, presenting symptoms vary widely
and are nonspecific. Therefore, the clinical picture can
be confused with other intra-abdominal acute conditions
such as appendicitis, cholecystitis, colonic diverticulitis,
perforated ulcer and others. In general, there are no
reliable diagnostic tests that can confirm the presence
of complicated jejunoileal diverticulosis highlighting
the diagnostic challenges of this disorder. Computed
tomography (CT) may visualize localized inflammatory
masses such as a large abscess confined to one quadrant[14].
However, owing to lack of key diagnostic features it
may fail to identify diffuse inflammatory changes like
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in the presented case and, under normal circumstances,
does not have additional benefits. Endoscopy (capsule
endoscopy and double-balloon enteroscopy) is of benefit
in diagnosing small-bowel disorders [15] . However, its
utility in emergency situations like in the presented case is
limited[16]. Mechanical obstruction as a result of pressure
on the intestinal wall from inflammatory mass, or scarring
and stenosis of the intestinal lining associated with
diverticulitis, intussusception, and adhesions that influence
insertion depth, are some of the limiting factors. As a
result, the diagnosis is exclusion of one of the factors and
seldom made before diagnostic laparoscopy or exploratory
laparotomy[17]. Diagnostic laparoscopy is very useful in
evaluating patients with a complicated course. It ensures
an accurate diagnosis and avoids the risk of unnecessary
laparotomy if not indicated[17]. Conclusive diagnosis in our
patient was made by diagnostic laparoscopy, resulting in
prompt and appropriate surgical treatment. In the presence
of laparoscopic intraoperative findings such as perforation,
abscesses, and mechanical obstruction, exploratory
laparotomy with resection of the diseased bowel and
primary anastomosis is appropriate. Other procedures,
such as simple closure or excision are associated with a
three-fold mortality rate [18]. Moreover, compared with
duodenal diverticula, jejunoileal diverticula are nearly 4
times more likely to develop complications, and nearly 18
times more likely to perforate and develop abscesses[8].
Based on these data, a more aggressive surgical approach
can be justified in treating jejunoileal diverticulosis even
in patients with chronic symptoms, hence the potential
benefit of resecting symptomatic multiple jejunoileal
diverticula outweighs the small risk of morbidity after
elective small bowel resection[5].
In conclusion, jejunoileal diverticulosis is a rare
condition that continues to present formidable challenges
in diagnosis and treatment. It should not be regarded as
an insignificant finding, and should be highly suspected
in older patients presenting with unexplained abdominal
symptoms, because it may lead to life-threatening
complications and death. For patients with chronic
abdominal pain, bacterial overgrowth, and syndromes
of malabsorption related to jejunoileal diverticulosis,
conservative management is the initial treatment option.
If unresponsive to conservative treatment, and in the
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presence of complications, surgical resection with primary
anastomosis is the preferred treatment option.
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Abstract
We recently encountered an unusual case of hilar
cholangiocarcinoma in which a solitary recurrence in
a mediastinal lymph node occurred two years after
curative resection of the primary tumor. A 64-year old
woman was admitted to our hospital with a complaint
of right hypochondrial discomfort. After imaging studies
demonstrated a hilar cholangiocarcinoma in the left
hepatic duct, a curative resection of the tumor was
performed, consisting of a left hepatic lobectomy along
with caudate lobectomy, regional lymph node dissection,
and resection of the extrahepatic bile duct. No nodal
metastasis was observed histologically. Two years after
surgery, the patient was found to have a nodule in the
posterior mediastinum, which was thoracoscopically
resected. No other swollen lymph nodes, local recurrence,
or distant metastasis were noted. Histologically, the
nodule proved to be a metastatic lymph node, and
adjuvant chemoradiation therapy was initiated. The
patient remained well for the four years following her
first operation and had no evidence of disease recurrence
28 mo after her second operation. To our knowledge,
this case is the first report of solitary recurrence in a
mediastinal lymph node after curative resection of hilar
cholangiocarcinoma.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Hilar cholangiocarcinoma, which comprises approximately
50% of all malignant bile duct tumors, is a cancer that
is difficult to treat[1-3]. Although surgical resection is the
best therapeutic strategy for this malignant disorder,
long-term outcome after surgical intervention remains
unfavorable because of frequent local and/or regional
lymph node recurrences[4,5]. The most common sites of
nodal recurrence are the hepatoduodenal ligament and
the posterior pancreaticoduodenal area[6,7]. We recently
encountered an unusual case of hilar cholangiocarcinoma
in which a solitar y nodal recur rence occur red in a
mediastinal lymph node two years after curative resection
of the primary tumor. Thoracoscopic removal of the
lymph node definitively confirmed a diagnosis of nodal
metastasis. The patient subsequently received adjuvant
chemoradiation therapy and has had no further disease
recurrence to date.

CASE REPORT
A 64-year old woman was admitted to our hospital in
December 2001, with a complaint of right hypochondrial
discomfort. Past medical history was not remarkable. She
was not icteric and physical examination showed a soft
abdomen without tenderness or guarding. Laboratory
evaluation on admission revealed a normal white blood cell
count, hemoglobin, total protein, total bilirubin, amylase,
and creatinine. Hepatic and biliary enzymes were normal
except for a γ-glutamyl transpeptitase of 114 IU/L (normal:
10-47 IU/L). Hepatitis B antigen and hepatitis C antibody
were negative. Although serum levels of CEA and AFP
were within normal limits, CA19-9 was elevated to 113.5
U/L (normal < 37 U/L).
Abdominal ultrasonography demonstrated marked
dilatation of the bile ducts in the left lobe of the liver.
Abdominal computed tomography (CT) with intravenous
contrast material showed a well-enhanced mass lesion on
the left side of the hepatic hilum along with dilated left
intrahepatic bile ducts (Figure 1). Endoscopic retrograde
cholangiopancreatography (ERCP) demonstrated a
tumor protruding into the lumen of the left hepatic duct,
resulting in complete obstruction of the duct (Figure 2).
These findings were consistent with a diagnosis of hilar
cholangiocarcinoma originating from the left hepatic duct.
In December 2001, the patient underwent laparotomy.
Since no evidence of ascites, peritoneal dissemination
or liver metastasis was observed at the time of surgery,
www.wjgnet.com
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Figure 1 CT image with
contrast material at the
level of the upper abdomen
demonstrating a well
enhanced mass lesion on
the left side of the hepatic
hilum (arrow) along with
dilated left intrahepatic bile
ducts.

Figure 2 Endoscopic retrograde
cholangiography showing
a tumor in the left hepatic
duct (arrow-heads) with no
involvement of the right hepatic
duct. The asterisk shows the
gallbladder and the dashed
arrow the common bile duct.

A

B

Figure 3 A tumor arising from the left hepatic duct (arrow-head) with invasion into
the left intrahepatic bile ducts and the hepatic parenchyma (A) and a moderately
differentiated adenocarcinoma (B) in the specimen from the patient's liver.

curative resection of the tumor was performed, consisting
of a left hepatic lobectomy together with caudate
lobectomy, lymphadenectomy along the hepatoduodenal
ligament and the common hepatic artery, sampling of
paraaortic lymph nodes, and resection of the extrahepatic
bile duct. Macroscopically, the tumor evidently derived
from the left hepatic duct and showed spread into the left
intrahepatic bile ducts along with hepatic parenchymal
invasion. The feature of tumor spread was expansive and
well-demarcated (Figure 3A). Histological examination
demonstrated a moderately differentiated adenocarcinoma
(Figure 3B) with no nodal metastasis (pT3N0M0).
However, the examination did find moderate lymphatic
and venous involvement with cancer cells and an extensive
invasion of cancer cells into hepatic parenchyma. After
removal of the tumor, the ser um level of CA19-9
decreased to the nor mal range, and the patient was
discharged 66 d after the operation.
The patient was followed up abdominal CT scanning
and tumor marker testing ever y six months on an
outpatient basis. A follow-up abdominal CT examination
two years after the operation detected a small nodule,
measuring 2.2 cm in diameter, behind the inferior vena
cava. Subsequent magnetic resonance imaging localized
www.wjgnet.com
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Figure 4 Magnetic resonance
imaging localizes the nodule
to the posterior mediastinum
(arrow).

A

B

Figure 5 A well-capsulated solid mass at the cut surface (A) and a wellcapsulated solid lymph node containing moderately differentiated adenocarcinoma
similar in appearance to the pathology of the primary tumor (B) in the specimen of
the patient's liver.

the nodule to the posterior mediastinum above the
diaphragm (Figure 4). Reevaluation three months later
with contrast-enhanced CT demonstrated a progressively
enlarging nodule in the mediastinum. However, no
other swollen lymph nodes, local recurrence, or distant
metastasis was noted. Serum levels of CA19-9 and CEA
were also normal. In February 2004, the patient underwent
thoracoscopic removal of the mediastinal nodule, which
had an appearance suspicious of a lymph node metastasis,
to establish a definitive diagnosis. Intraoperative
ultrasonography was useful for detecting the nodule and
understanding the surrounding anatomy. The nodule was
located adjacent to the aorta, vena cava, and esophagus.
No other swollen lymph nodes were noted. The nodule
was carefully removed by electrocautery. The cut surface
of the surgical specimen revealed a well-encapsulated,
whitish solid mass, measuring 2.2 cm × 2.0 cm (Figure 5A).
Histologically, the nodule proved to be a metastatic lymph
node containing moderately differentiated adenocarcinoma
(Figure 5B) similar in appearance to the pathology of the
primary tumor. The patient’s postoperative recovery was
prompt and uneventful. Following the second operation,
the patient received a total of 50 Gy of irradiation
to the lower part of the periesophagus, including the
cardiac portion of the stomach, the hepatic hilum, and
the paraaortic area. The patient started on oral adjuvant
chemotherapy with UFT capsule ®, a combination of
tegafur (a 5-fluorouarcil prodrug) and uracil in a 1:4 molar
ratio, at a combined daily dose of 600 mg concomitant
with the extracorporeal irradiation. However, the patient
had to discontinue chemotherapy after three days because
of nausea and vomiting. After finishing the radiation
therapy, the patient started on oral adjuvant chemotherapy
again. In June 2006, the patient did well during the four
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years following her first operation and had no evidence of
recurrence 28 mo after her second operation.

DISCUSSION
Cholangiocarcinoma is an adenocarcinoma arising from
the bile duct epithelium and is the second most common
primary hepatobiliary cancer. It includes intrahepatic,
hilar, and distal extrahepatic tumors of the bile ducts. The
hepatic duct bifurcation is the most frequently involved
site, and approximately 50% of cholangiocarcinomas are
encountered in this region[1-3].
Despite recent advances in diagnostic modalities and
intensive management, hilar cholangiocarcinoma still has
a dismal prognosis because of an extensive progression
and a high frequency of recurrence after surgery. Jarnagin
et al[7] have reported a recurrence rate of 68% for hilar
cholangiocarcinoma after removal of the primary tumor,
and found that most recurrences occur locally and at the
following sites: retroperitoneal lymph nodes, peritoneum,
liver, and lung.
Pericholedochal lymph nodes in the hepatoduodenal
ligament are the most common sites of nodal metastasis
in hilar cholangiocarcinoma. These nodes appear to
be representative key stations for lymphatic spread of
cancer cells towards peripancreatic and more distant
lymph nodes [6] . Peripor tal, common he patic, and
posterior pancreaticoduodenal nodes also show a high
incidence of metastatic involvement[6,8]. Thus, two major
lymphatic flow pathways have been associated with
hilar cholangiocarcinoma: a lymphatic pathway from the
hepatoduodenal ligament to the superior border of the
pancreas or retropancreatic area, and a pathway to the
celiac trunk via the common hepatic area and along the
gastric lesser curvature[9].
Our patient, however, developed a solitary nodal
recurrence in a posterior mediastinum lymph node 2 years
after a curative resection of hilar cholangiocarcinoma
despite the absence of nodal metastasis in the
hepatoduodenal ligament, around the common hepatic
artery, or in the paraaortic area at the time of the first
operation. In a study of 13 patients with intrahepatic
cholangiocarcinoma in the left hepatic lobe of the liver,
Okami et al[10] identified a second metastatic pathway via
lymph nodes around the cardiac portion of the stomach
or along the gastric lesser curvature in addition to the
well-known metastatic pathway via lymph nodes in the
hepatoduodenal ligament. In a study employing a contrast
material staining technique, Kitazume and Okudaira[11]
demonstrated lymph-flow from the intrahepatic lymph
vessels to the lower anterior mediastinum and posterior
mediastinal lymph nodes (periesophageal lymph nodes).
In the present case, histological involvement of the liver
parenchyma in the left hepatic lobe with cancer cells
was evident along with lymphatic and venous invasion.
Thus, we presume that the lymphatic metastasis in our
patient arose by direct spread towards the posterior
mediastinal lymph node or via the cardiac pathway, as has
been reported previously in patients with intrahepatic
cholangiocarcinoma in the left lobe of the liver.
We delayed performing the second operation for
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three months following the detection of a doubtful
nodal recurrence in the mediastinum because metastasis
after surgical resection of hilar cholangiocarcinoma
usually shows a wide spread and because a solitary
nodal recurrence in a mediastinal lymph node has not
been previously reported. We successfully removed the
mediastinal lymph node thoracoscopically, enabling us
to make a definitive diagnosis of nodal metastasis with a
minimally invasive procedure. Histological examination
revealed that the lymph node contained tubular structures
and was similar in appearance to the pathology of the
primary tumor. Finally we diagnosed the metastasis of
hilar cholangiocarcinoma.
Adjuvant therapy for biliary carcinoma utilizes one of
the following three alternative approaches: chemotherapy,
radiation therapy, or chemoradiation therapy. Based
upon a study by Pederson et al [12] reporting that 5-FU
prodrug therapy had a radiosensitizing effect on external
beam ir radiation of cholangiocarcinoma cells, we
performed adjuvant radiation therapy combined with
UFT capsule® for our patient. To cover the well-known
and potential pathways for lymphatic spread mentioned
above, the irradiation area included the lower part of the
periesophagus, the cardiac portion of the stomach, the
hepatic hilum, and the paraaortic area. The patient had
to discontinue chemotherapy after three days because of
its adverse effects. After finishing the radiation therapy,
the patient started on oral adjuvant chemotherapy again.
The patient has been doing well since June 2006, with no
evidence of recurrence 28 mo after the second surgery.
In conclusion, this case report describes a delayed,
solitary nodal recurrence in a posterior mediastinal lymph
node in a patient who has previously undergone curative
resection of hilar cholangiocarcinoma of the left hepatic
duct. Hilar cholangiocarcinoma of the left hepatic duct
may thus have an ability to spread to mediastinal lymph
nodes via an unusual pathway when the tumor involves
hepatic parenchyma along with lymphatic and venous
invasion.

REFERENCES
1
2

3

4
5

6

Tompkins RK, Saunders K, Roslyn JJ, Longmire WP.
Changing patterns in diagnosis and management of bile duct
cancer. Ann Surg 1990; 211: 614-620; discussion 620-621
Schoenthaler R, Phillips TL, Castro J, Efird JT, Better A, Way
LW. Carcinoma of the extrahepatic bile ducts. The University
of California at San Francisco experience. Ann Surg 1994; 219:
267-274
Nakeeb A, Lipsett PA, Lillemoe KD, Fox-Talbot MK, Coleman
J, Cameron JL, Pitt HA. Biliary carcinoembryonic antigen
levels are a marker for cholangiocarcinoma. Am J Surg 1996;
171: 147-152; discussion 152-153
Kurosaki I, Hatakeyama K, Tsukada K. Long-term survival
of patients with biliary tract cancers with lymph node
involvement. J Hepatobiliary Pancreat Surg 1999; 6: 399-404
Todoroki T, Kawamoto T, Koike N, Takahashi H, Yoshida S,
Kashiwagi H, Takada Y, Otsuka M, Fukao K. Radical resection
of hilar bile duct carcinoma and predictors of survival. Br J
Surg 2000; 87: 306-313
Kitagawa Y, Nagino M, Kamiya J, Uesaka K, Sano T,
Yamamot o H, Hay ak awa N, Nimura Y. Ly mph node
metastasis from hilar cholangiocarcinoma: audit of 110
patients who underwent regional and paraaortic node
dissection. Ann Surg 2001; 233: 385-392
www.wjgnet.com

2246
7

8
9

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Jarnagin WR, Ruo L, Little SA, Klimstra D, D'Angelica M,
DeMatteo RP, Wagman R, Blumgart LH, Fong Y. Patterns
of initial disease recurrence after resection of gallbladder
carcinoma and hilar cholangiocarcinoma: implications for
adjuvant therapeutic strategies. Cancer 2003; 98: 1689-1700
Kayahara M, Nagakawa T, Ueno K, Ohta T, Takeda T,
Miyazaki I. Lymphatic flow in carcinoma of the distal bile duct
based on a clinicopathologic study. Cancer 1993; 72: 2112-2117
Yoshida T, Shibata K, Yokoyama H, Morii Y, Matsumoto
T, Sasaki A, Kitano S. Patterns of lymph node metastasis in
carcinoma of the distal bile duct. Hepatogastroenterology 1999;
46: 1595-1598

10

11
12

April 21, 2007

Number 15

Okami J, Dono K, Sakon M, Tsujie M, Hayashi N, Fujiwara
Y, Nagano H, Umeshita K, Nakamori S, Monden M.
Patterns of regional lymph node involvement in intrahepatic
cholangiocarcinoma of the left lobe. J Gastrointest Surg 2003; 7:
850-856
Kitazume N, Okudaira M. The hepatic lymph vessels (in
Japanese). Kantansui 1995; 30: 447-451
Pederson LC, Buchsbaum DJ, Vickers SM, Kancharla
SR, Mayo MS, Curiel DT, Stackhouse MA. Molecular
chemotherapy combined with radiation therapy enhances
killing of cholangiocarcinoma cells in vitro and in vivo. Cancer
Res 1997; 57: 4325-4332
S- Editor Wang J

www.wjgnet.com

Volume 13

L- Editor Wang XL

E- Editor Chen GJ

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 April 21; 13(15): 2247-2249
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

CASE REPORT

Multiple carcinoids in the duodenum, pancreas and stomach
accompanied with type A gastritis: A case report
Takeo Bamba, Shin-ichi Kosugi, Tatsuo Kanda, Toshihiro Tsubono, Yasuo Sakai, Nobuyuki Musha, Noriko Ishihara,
Katsuyoshi Hatakeyama
Takeo Bamba, Shin-ichi Kosugi, Tatsuo Kanda, Katsuyoshi
Hatakeyama, Division of Digestive and General Surgery, Niigata
University Graduate School of Medical and Dental Sciences,
Japan
Toshihiro Tsubono, Yasuo Sakai, Nobuyuki Musha, Division
of Surgery, Saiseikai Niigata Daini Hospital, Japan
Noriko Ishihara, Division of Pathology, Saiseikai Niigata Daini
Hospital, Japan
Correspondence to: Takeo Bamba, Division of Digestive and
General Surgery, Niigata University Graduate School of Medical
and Dental Sciences.1-757 Asahimachi-dori, Niigata City
951-8510, Japan. banbantak@msn.com
Telephone: +81-25-2272228
Received: 2007-01-14
Accepted: 2007-02-14

Abstract
We report a case of multiple duodenal, pancreatic, and
gastric carcinoids. A 67-year old woman was admitted
to our hospital for treatment of a duodenal carcinoid.
Laboratory tests revealed that the patient was associated
with macrocytic anemia and hypergastrinemia, and
type A gastritis was shown by gastrofiberscopy.
During surgery, another tumor was incidentally
found in the head of the pancreas. The tumors in the
duodenum and pancreas were completely excised by
pancreatoduodenectomy and immunohistologically
diagnosed as gastrin-and serotonin-producing carcinoids,
respectively. Pathological examination revealed that
in addition to the grossly found carcinoids, there were
subclinical carcinoids, one of which was an endocrine
cell micronest, located in the stomach and duodenum.
The tumors in the duodenum, pancreas, and stomach
showed different characteristics from one another
morphologically and immunochemically. Although no
definitive evidence has been obtained, some sort of
genetic anomaly may have been involved in this case,
and hypergastrinemia due to duodenal gastrinoma may
induce multiple gastric carcinoids.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal carcinoids are relatively rare tumors and
usually occur singly. According to the organ distribution
of carcinoid tumors as determined by an analysis of 11842
reported cases[1], the frequencies of occurrence of gastric,
duodenal, and pancreatic carcinoids are 8.3%, 11.6%, and
1.1%, respectively. Therefore, the likelihood that multiple
primary carcinoids would occur simultaneously in these
organs is quite low. Recently, researchers have accumulated
clinical evidence of gastric carcinoid associated with type
A gastritis, which frequently leads to multiple tumors[2,3].
We report here a case of multiple primary carcinoids in the
duodenum, pancreas, and stomach that was associated with
type A gastritis. We also discuss the possible mechanisms
underlying the occurrence of multiple carcinoids in our
case with reference to a review of the literature.

CASE REPORT
On June 5, 2001, a 67-year old woman with no subjective
symptoms was admitted to Saiseikai Niigata Daini
Hospital for a detailed examination and treatment of a
duodenal tumor. A submucosal tumor in the duodenum
of the patient had been followed up by a family doctor
since 1997. The patient had a 30-year history of bronchial
asthma treatment but no particular family history of
anemia, hypercalcemia, pituitary tumor, and malignant
diseases. Hematological examination on admission showed
macrocytic anemia (RBC: 230 × 104/mm3; Hb: 8.8 mg/dL;
MCV: 113.0 μm3) with a low vitamin B12 level (below 100
pg/mL). The blood calcium level was normal (9.0 mg/dL).
The fasting serum gastrin level was extremely high (1630
pg/mL). Serum serotonin and urine 5-hydroxyindole
acetic acid concentrations were within the normal range
(63 μg/dL and 5.70 ng/mL, respectively). Gastrointestinal
endoscopy showed a sessile tumor with a diameter of
nearly 18 mm and covered by intact mucosa at the upper
curve of the duodenal bulb, as well as extensive mucosal
atrophy in the fundus of the stomach corresponding
to type A gastritis. The tumor in the duodenum was
diagnosed as a carcinoid by histological examination of
www.wjgnet.com
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Table 1 Summary of the pathological and immunohistochemical
features of the six tumors surgically excised
Tumor
Carcinoid
Carcinoid
Carcinoid
Carcinoid
Carcinoid
ECM

C

April 21, 2007

Site
Duodenum
Pancreas
Stomach
Stomach
Duodenum
Stomach

Size (mm)
14 × 13
15 × 13
1.2
1.8
0.5
≤ 0.1

Gastrin

Serotonin

+++
+ (slightly)
NA
NA
NA

+ (slightly)
+++
NA
NA
NA

NA: not analyzed; ECM: endocrine cell micronest.

Figure 1 Histological examination of each carcinoid in three organs. A: Duodenal
carcinoid showing anastomotic ribbon-like formation in the interstitium with
predominant blood vessels and only a small amount of connective tissue (HE, ×
10); B: A palisade-like carcinoid in the pancreas, and a moderate amount of fibrous
connective tissue observed in the interstitium (HE, × 20); C: Vesicular carcinoids in
the stomach (arrow) (HE, × 10).

A

B

Figure 2 Imunohistochemical staining of carcinoids in the duodenum and pancreas
(× 20). A: Gatrin immunostaining showing a quite positive carcinoid in the duodenum;
B: Serotonin immunostaining showing a strongly positive carcinoid in the pancreas.

biopsy specimens. Computed tomography scans showed
no metastasis and no other tumor in the abdomen.
On July 2, 2001, the patient underwent surgery to excise
the duodenal carcinoid. During the operation, however,
another tumor about 1 cm in size was incidentally found
in the head of the pancreas. Pathological examination
using frozen sections revealed that the tumor was an
endocrine neoplasm. Both tumors were completely excised
by pancreatoduodenectomy. The serum gastrin level
returned to normal postoperatively. Presently, the patient
has survived for 47 mo since the surgery with no sign of
recurrence.
Pathological examination of an excised specimen
revealed that the endocrine neoplasm in the pancreatic
head was a carcinoid. Furthermore, a detailed examination
using serial sections revealed that there were four
subclinical carcinoid tumors that were smaller than 2 mm
in size in the antrum and duodenum. Thus, 6 carcinoid
tumors, one of which was endocrine cell micronest
(ECM)[4], were present in the excised specimen (2 in the
duodenum, 1 in the pancreas, and 3 in the stomach).
Histologically, the grossly found tumor in the duodenum
showed an anastomotic ribbon-like appearance, and the
www.wjgnet.com

interstitum was composed of enriched vasculature (Figure
1A). The carcinoid in the pancreas showed a palisadelike arrangement and relatively dense connective tissues
in the intersitium (Figure 1B). On the other hand, the
tumor nests in the gastric carcinoids exhibited a vesicular
appearance (Figure 1C). That is, the carcinoids in the three
organs differed from one another histomorphologically.
Fur ther more, we characterized the tumors in the
duodenum, pancreas and stomach by immunohistochemical
analysis using anti-human gastrin polyclonal antibody
(DAKO, Japan) and anti-human serotonin polyclonal
antibody (DAKO, Japan). The tumor cells in the duodenal
carcinoid were strongly positive (Figure 2A) for gastrin
and very weakly positive for serotonin. Conversely, the
carcinoid in the pancreas was weakly positive for gastrin
and strongly positive for serotonin (Figure 2B). On
the other hand, a carcinoid tumor in the stomach was
unequivocally negative for the two hormones. Thus, the
carcinoid tumors in the duodenum, pancreas, and stomach
also showed different endocrinological features from one
another. The pathological and immunochemical features
of the six tumors are summarized in Table 1.

DISCUSSION
We reported a case of multiple carcinoids that showed
different histomorphological and immunohistological
characteristics. Rindi et al[5] have classified gastric carcinoids
into the following three types: (1) those that arise in a
background of type A gastritis, (2) those associated with
Zollinger-Ellison syndrome, usually in combination with
multiple endocrine neoplasia type 1 (MEN1), and (3)
those that occur sporadically. Based on an analysis of 1094
gastric carcinoid cases that were reported in the literature,
the incidence of multiple tumors is 16.7% in patients not
associated with type A gastritis[6]. On the other hand, in
patients associated with type A gastritis, the incidence is
64.0%, which is significantly higher than that in patients
not associated with type A gastritis. The presumed
mechanism underlying the occurrence of multiple gastric
carcinoids in type A gastritis is as follows: a low or no
acid state caused by mucosal atrophy in the fundic gland
region induces hyperplasia of gastrin-producing cells
in the gastric antrum through feedback, which causes
a rise of blood gastrin levels. Then, the unusually and
constantly high levels of gastrin stimulate the proliferation
of enterochromaffin-like (ECL) cells in the stomach. It is
thought that hyperplasia and the subsequent tumorigenic
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transformation of ECL cells are the cause of multiple
carcinoids[7,8].
Our case was clinically diagnosed as type A gastritis
with pernicious anemia, and the blood gastrin level
was high (1630 pg/mL). Histological examination of
the excised specimen, however, showed no hyperplasia
of g astrin producing cells in the g astric antr um.
Concerning the hypergastrinemia in the present case,
the relevance of a gastrin-producing tumor in the
duodenum should be taken into consideration. Some
of carcinoids are capable of functioning and producing
gastrointestinal hormones. A duodenal carcinoid tumor
in the present case was unequivocally positive for gastrin
in an immunohistochemical analysis. Moreover, the
hypergastrinemia rapidly remitted after excision. These
findings suggest the possibility that hypergastrinemia in
the present case was caused largely by a gastrin-producing
tumor in the duodenum, that is duodenal gastrinoma.
Interestingly, atrophy in the fundic gland region due to
type A gastritis seemed to prevent the typical symptoms
of Zollinger-Ellison syndrome/gastrinoma, such as
refractory peptic ulcer disease, severe diarrhea and gastric
acid hypersecretion. In the present case, all four carcinoid
tumors in the stomach were small and included ECM. It
is likely that ECL cells in the stomach were constitutively
stimulated and consequently transformed into neoplasms.
On the other hand, the relevance of type A gastritis
and/or hypergastrinemia to the development of pancreatic
or duodenal carcinoids remains unclear. Thus, we should
take the genetic background of multiple carcinoids into
consideration. A MEN-1 type genetic anomaly is known
to cause carcinoid tumors as lesions secondary to (1)
pituitary gland tumors, (2) parathyroid gland tumors, and
(3) pancreatic endocrine neoplasms[9]. The causative gene
(MEN-1) has been identified, and the penetration is said
to reach 99% by 50 years of age in autosomal dominant
inheritance. Although no genetic examination was conducted
in this case, it is unlikely that a MEN-1 type genetic anomaly
was related to the multiple carcinoids because our case had
neither family history nor parathyroid gland lesion, that
has a high occurrence rate (90%-100%) and generally
occurs in youth. However, Imamura et al[10] have recently
reported that endocrine neoplasm occurs frequently
in the duodenum and pancreas in gastrinoma patients
with MEN-1 type genetic anomaly, and that gastrinomas
are immunochemically positive for g astrin in the
duodenum and negative for gastrin in the pancreas. This
endocrinological feature of gastrointestinal tumors in
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MEN-1 is in agreement with our case. Because carcinoid
is a relatively rare tumor, the chance of multiple primary
carcinoids occurring simultaneously in three organs is
quite small. Therefore, the possibility that an unknown
genetic anomaly similar to the MEN-1 type anomaly may
be involved in the occurrence of multiple carcinoids is
undeniable.
The mechanism underlying the occurrence of multiple
carcinoids in the present case was discussed from various
perspectives. The specific mechanism of multiple carcinoids
would be established by the accumulation of additional
similar cases in the near future.
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Abstract
We describe our experience of treatment for a giant
esophageal malignant fistula, which has not been reported
previously. A 36-year-old woman who was diagnosed
as having massive esophageal small cell carcinoma
with metastases was treated with chemoradiotherapy.
However, a giant esophagomediastinal fistula appeared
due to shrinkage of the massive tumor, and all anti-cancer
treatment was suspended. However, chemoradiotherapy
was restarted at the request of the patient despite the
presence of the fistula. After restarting treatment, the
giant esophageal fistula was naturally closed despite
intensive chemoradiotherapy, and the patient became
able to eat and drink. Although the patient finally died,
her QOL and prognosis seemed to be improved by the
chemoradiotherapy. Anti-cancer treatment could be
safely performed despite the presence of a giant fistula.
The giant fistula closed while intensive chemotherapy
was administered to the patient. Therefore, the presence
of a fistula may not be a contraindication for curative
chemoradiotherapy. Completion of treatment with proper
management and maintenance of patients would be of
benefit to patients with fistula.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
There are many causes of esophageal fistula or perforation,
www.wjgnet.com

including trauma, congenital, infection, tuberculosis,
malignancy, and iatrogenic causes[1-5] In cases of advanced
esophageal malignancy that has invaded adjacent organs,
there is a high risk of fistula formation[1,2,6]. And in the
treatment of advanced esophageal malignancy, there
is a high risk of an esophageal fistula in the course of
treatment or after treatment due to shrinkage of the tumor
rather than before treatment.
Among various treatments, including esophagectomy,
stent insertion, bypass surgery and radiotherapy, none
has been tried for esophageal malignancy with a fistula,
and no standard treatment has been established.
Several studies, however, have suggested that bypass
surgery and radiotherapy may be more effective than
other treatments [1,2,7-10]. In radiotherapy for advanced
esophageal malignancies, continuation and completion
of the radiotherapy is important regardless of fistula
formation[1,7].
However, the treatable limit for fistula size is not clear,
and there has been no report on treatment for a giant
esophageal malignant fistula. In this report, we describe
out experience of treatment for a patient with a giant
esophageal malignant fistula and the course of events.

CASE REPORT
Diagnosis
A 36-year-old woman visited our hospital with chief
complaints of a palpable tumor in the right breast
and a sense of chest incompatibility. An elastic hard,
round tumor of 6 cm in maximum diameter in the right
breast was palpable in clinical examination. Computed
tomography (CT) revealed a solid massive tumor of 13 cm
× 9 cm located in the middle to lower mediastinum (Figure
1A) and celiac artery lymphadenopathy appeared to be
metastases (Figure 1B). A barium esophagogram showed
leftward shift of the esophagus and ulceration in the
lower esophagus, but dysphagia and obstruction were not
observed (Figure 1C). In examination of tumor markers,
serum NSE neuron-specific enolase (NSE) level was
elevated to 130 ng/mL (normal: < 12.0 ng/mL) and serum
CA125 level was also elevated to 59.9 U/mL (normal: < 35
U/mL). Serum carcinoembryonic antigen (CEA), CA19-9
(carbohydrate antigen 19-9), soluble IL-2R (interleukin
2 receptor), and squamous cell carcinoma antigen (SCC)
levels were within normal ranges. In cytology, the tumor
consisted of abnormal cells containing little cytoplasm
and round-shaped nuclei, a finding that is similar to that
in malignant lymphoma (Figure 2A). Surface marker
analyses showed CD20 negative, CD45RO negative,
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Figure 1 A: Chest CT before treatment. A round and solid tumor seen in the right breast (white arrowheads). A solid and massive tumor shown in the lower mediastinum
(white arrows) and the esophagus shifted to the left-front by the tumor (black arrowhead); B: Abdominal CT before treatment. Abdominal lymphadenopathy showing
metastasis (black arrowheads); C: Esophagogram before treatment. Ulceration seen in the lower esophagus (white arrowhead), but there is no obstruction or stenosis.
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C

Figure 2 A: The tumor consists of cells with little cytoplasm and round nuclei; HE (hematoxylin-eosin) stain (× 200); B: The tumor tissue diffusely expresses NSE; NSE
(neuron-specific enolase) stain (× 200); C: The tumor tissue shows weakly positive expression; Keratin-wide stain (× 200).

CD56 positive and CD38 negative, suggesting that the
tumor was derived from cells other than hematogenous
cells. Immunohistochemical staining for NSE was positive
(Figure 2B), for keratin-wide was weakly positive (Figure
2C), and for chromogranin A was negative (not shown).
Based on the results of cytopathology, analyses of
surface antigen, immunohistochemistry and serum tumor
marker levels, the malignancy was histopathologically
diagnosed as small cell carcinoma with characteristics of a
neuroendocrine tumor. The patient was clinically diagnosed
as having esophageal small cell carcinoma (ESCC) with
right breast and multiple lymph nodes metastases.
Initial treatment
CDDP (cis-dichlorodiammineplatinum Ⅱ) at 90 mg/
body and irinotecan (CPT-11) at 100 mg/body were used
in initial chemotherapy. Radiotherapy for the massive
esophageal tumor (60 Gray in 50 fractions, 1.2 Gray/
fraction, twice a day, 10 mega-volt photon) and for the
right breast tumor (60 Gray in 50 fractions, 1.2 Gray/
fraction, twice a day, 4 mega-volt photon) was performed
concomitantly. After the completion of 3 courses of
chemotherapy and radotherapy for the esophageal tumor
and breast tumor (3 mo after the start of initial treatment),
both the massive esophageal tumor and right breast tumor
almost disappeared (Figure 3B and 3C). The formation of
a giant esophagomediastinal fistula was observed, and all

anti-cancer treatments were suspended (Figure 3A).
R����������
estart of treatment
����������
The abdominal lymph node metastasis shrank and started
to regrow after the suspension of treatment, and opioid
analgesics were administered for abdominal cancerous
pain. Furthermore, a tumor in the neck appeared to be a
metastasis. The giant esophageal fistula was still present
at this time, but restarting anti-cancer treatment was
suggested, and the patient agreed and was transferred to
the Department of Radiation Oncology, where anti-cancer
treatment was restarted.
Radiotherapy and chemotherapy were restarted 5 mo
after the start of initial treatment. The course of treatment
is shown in Figure 4. Second chemotherapy was started
with CDDP at 100 mg/body and VP16 at 120 mg/body.
Radiotherapy was planned for abdominal lymph node
metastasis, which was causing abdominal cancerous pain,
and for neck lymph node metastasis. Prescribed dose for
both lesions was 60 Gy/50 fractions (b.i.d.) with limited
irradiation fields as far as possible.
Treatments were started sequentially in order to
relieve the patient's sense of anxiety. Granulocyte colony
stimulating factor (G-CSF), mannitol, adenine and
phosphate added red cell product (MAP) and platelet
concentrate (PC) were used for leukopenia, anemia
and thrombocytopenia by chemotherapy. Antibiotics
www.wjgnet.com
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Figure 3 A: Esophagogram at 3 mo after initial treatment. A giant esophagomediastinal fistula formed at the lower esophagus (black arrowheads); B: Three months after
initial treatment. The massive mediastinal tumor completely disappeared with chemoradiotherapy, but a false lumen is shown at the same site (white arrows). No definite
infection is observed. The right breast tumor also completely disappeared with chemoradiotherapy (white arrowheads); C: Three months after initial treatment. Abdominal
lymphadenopathy completely disappeared with chemotherapy (black arrowhead); D: Two months after suspension of treatment (5 mo after initial treatment). Regrowth of
abdominal tumor causing cancerous pain is shown (black arrowheads).
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Figure 4 Course of treatment after restarting treatment (d 1) to closure of the fistula (d 60).

and antifungal drug were prophylactically used for a
short term at minimal doses. Feeding and drinking were
stopped, and nutrition was administered by intravenous
www.wjgnet.com

hyperalimentation. If the WBC count was more than
2000/mm 3 , sleepover at home at the weekend was
permitted despite the presence of the fistula. No special

Nomiya T� et al . Treatment giant esophageal fistula

A

B

C

D

treatment for the esophageal fistula was performed other
than the above-mentioned treatment.
Gastrografin esophagography performed on d 60 (60 d
after restarting treatment) showed that the giant esophageal
fistula had completely disappeared, and only a mucosal
notch was observed (Figure 5A and 5B). CT revealed
disappearance of abdominal lymph node metastasis
and neck lymph node metastasis and obstruction of the
esophageal fistula without recurrence (Figure 5C and 5D).
Furthermore, the serum NSE and CA125 levels were
within normal ranges, and the patient was diagnosed as
having a complete response (CR: no visible tumor with
normalized tumor markers). The patient gradually became
able to eat and to drink, and activity of daily life (ADL)
was maintained at a good level.
Outcome
At d 120 after restarting treatment (9 mo after the initial
treatment), multiple lung nodules that were thought
to be pulmonary metastases appeared in the course
of adjuvant chemotherapy, indicating that cells were
resistant to the anti-cancer agents. The anti-cancer agents
were then altered, but response was poor. Furthermore,
myelosuppression due to long-ter m chemotherapy
impeded continuation of intensive chemotherapy, and
multiple pulmonary metastases could not be improved.
At d 360 after the initial treatment, the patient died of
respiratory insufficiency due to multiple pulmonary
metastases.

DISCUSSION
Propriety of treatment for esophageal malignancy with a
fistula
It has been reported that continuing and completing a
course of treatment for malignancy seems to be better
than suspending treatment even if a malignant fistula
appears in the course of treatment[1,2,7]. However, there
has been no report on the size limit of a treatable fistula
and the propriety of treatment with the presence of a
giant fistula.
In the present case, it was possible to perform radical
treatment and intensive chemoradiotherapy safely in
spite of the presence of a giant esophageal fistula. The
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Figure 5 A: Esophagogram before restarting treatment
(3 mo after initial treatment); B: Esophagogram 2 mo after
restarting treatment (7 mo after the initial treatment). The
giant fistula was almost restored with good passage (white
arrowheads); C: Chest CT 2 mo after restarting treatment.
The CT reveals the esophagus repaired with normal
mucosa but no recurrent tumor, and the false lumen forming
a scar (white arrows). No recurrence is seen in the right
breast (white arrowhead); D: The regrown abdominal tumor
disappeared again (black arrowhead).

presence of the esophageal fistula had no adverse
effect on continuation of chemoradiotherapy. Intensive
chemoradiotherapy caused no deterioration of the
esophageal fistula. Although the risk of mediastinal
infection seems to be higher than that in normal patients, it
is thought that chemoradiotherapy is not a contraindication
even for a patient with a giant esophageal fistula as long as
informed consent has been obtained.
Possibility of closure of a fistula
The giant fistula in the present case improved in an
unexpectedly short period despite intensive chemoradiotherapy. CT and esophagography showed that
the fistula was closed because of not only progression
of malignancy but also of regrowth of normal tissues.
Although the site of the fistula was completely included in
the irradiation field and was irradiated with 60 Gy/50 fr. in
the initial treatment, the giant fistula showed unexpected
improvement. This suggests that normal esophageal
mucosal tissue has a potential restoring force even with
irradiation of a total dose of 60 Gy.
It has been reported that an esophageal fistula due
to tuberculosis can be closed only by administration of
antituberculous drugs[4-6]. Similar to this mechanism, it
is presumed that elimination of foreign bodies (abscess,
tumor, bacteria, etc.) enables restoration of the perforated
mucosa and connective tissues, and it therefore seems that
treatment for the cause of the fistula should come before
protection of the fistula. This theory is supported by the
course of the present case and the course of a previously
reported case[7].
Patient’s maintenance
No obvious infection was observed only by administration
of limited antibiotics and antifungal drugs as prophylactics
(several days per month). The patient was not confined to
bed but allowed to sleep at home and go out as much as
possible despite the presence of a giant esophageal fistula.
An appropriate amount of exercise and maintenance
of activities of daily life (ADL) might be important for
maintaining the patient's stamina.
I���������������������������������������
ntensive treatment in patient����������
���������
prognosis
From the viewpoint of cure of disease, the achievement of
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systemic CR seemed to be important. However, prognosis
of ESCC is extremely poor, and past studies have shown
that the median survival of patients with untreated ESCC
is several weeks and that even with intensive treatment it
is only 6-12 mo[11-13]. Complete cure of ESCC is therefore
extremely difficult. However, the fact that a patient with
massive ESCC and distant metastases survived for about
one year from the initial treatment indicates that curative
treatment can significantly contribute to improvement of
prognosis.
Q����������
uality of ����
life
Relief of abdominal cancerous pain by restarting anticancer treatment led to an improvement in the patient's
QOL shown by the fact that the patient became able
to eat and drink. The patient was able to stay at home
with her family every weekend even in the course of
treatment. Staying at home seems to have resulted in both
improvement of QOL and maintenance of ADL. The
patient could walk independently until several days before
her death, and her ADL was maintained at a good level for
her terminal state (ECOG performance status: 2-3).
The 36-year-old female patient was too young to
accept her terminal status and death. However, the patient
survived 7 mo with minimum pain from the hopeless
situation due to fistula formation and suspension of
treatment. From the viewpoint of psycho-oncology, this
period that was obtained by restart of intensive treatment
seemed to make her enable to accept her death.
In conclusion, although a giant esophageal fistula
was present, the fistula improved despite intensive
chemoradiotherapy. Our experience suggests that it is
possible to perform anti-cancer treatment even for patients
with a giant esophageal fistula and that there is no need to
wait for closure of the fistula. The giant esophageal fistula
in this case was restored during anti-cancer treatment
without any special treatment for the fistula.
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Abstract
Percutaneous endoscopic colostomy (PEC) is increasingly
proposed as an alternative to surgery to treat various
disorders, including acute colonic pseudo-obstruction,
chronic intestinal pseudo-obstruction and relapsing
sigmoid volvulus. We report on a severe complication
that occurred two months after PEC placement. A
74-year-old man with a history of chronic intestinal
pseudo-obstruction evolving since 8 years was
readmitted to our hospital and received PEC to provide
long-standing relief. The procedure was uneventful and
greatly improved the patient’s quality of life. Two months
later, the patient developed acute stercoral peritonitis.
At laparotomy, the colostomy flange was embedded in
the abdominal wall but no pressure necrosis was found
at the level of the colonic wall. This complication was
likely related to inadvertent traction of the colostomy
tube. Subtotal colectomy with terminal ileostomy was
performed. We review the major features of 60 cases
of PEC reported to date, including indications and
complications.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Chronic intestinal pseudo-obstruction (CIP) is a clinical
syndrome characterized by the association of intestinal
motor dysfunction and dilated bowel segments in the
absence of mechanical obstr uction [1] . CIP may be
primary disease of the intestinal smooth muscle or nerve
plexus, or it may complicate a variety of conditions,
including scleroderma, Parkinson’s disease, amyloidosis or
incomplete gut obstruction[2]. Medical as well as surgical
management are often disappointing, as about one third of
patients require long-term home parenteral nutrition while
two thirds suffer some sort of nutritional limitation[3].
Percutaneous endoscopic colostomy (PEC) has recently
regained interest as a minimally invasive approach to treat
CIP. We report on a severe complication which developed
two months after PEC placement for CIP.

CASE REPORT
A 74-year-old man with a history of CIP, sigmoidectomy
for repeated volvulus, and Parkinson’s disease, presented
with moderate abdominal pain and massive colonic
distension (Figure 1). Over the preceding 8 years, various
therapies had been attempted to treat CIP, including
17 colonoscopic decompressions, but symptoms had
progressively worsened. After discussion with the patient
and his family, the placement of a PEC was decided, for
which the patient provided informed consent.
Colonoscopy was performed under conscious sedation
up to the splenic flexure and a 15-Fr tube from a standard
percutaneous endoscopic gastrostomy kit (Nutricia
Healthcare S.A. Fribourg, Switzerland) was inserted
transanally into the left colon, as previously described
(Figure 2) [4]. Briefly, after infiltration of the puncture
site (identified by abdominal wall transillumination)
with lidocaine, a 19-gauge needle was inserted into the
colon and grasped with a polypectomy snare to maintain
apposition of this portion of the colon to the abdominal
wall. The Seldinger needle of the percutaneous endoscopic
gastrostomy kit was inserted beside the 19-gauge needle
into the colon, the 19-gauge needle was removed, and
the PEG string was passed through the Seldinger needle
and the anus; the gastrostomy tube was inserted through
the anus into the colon and through the skin using
the pull technique. The procedure was uneventful and
long-standing relief of abdominal distension and other
www.wjgnet.com
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Figure 1 CT-scan showing massive distension of the colon (but not of the small
intestine).
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symptoms ensued (Figure 3).
Two months later, the patient suddenly developed
severe abdominal pain, nausea and vomiting. Abdominal
plain X-ray revealed colonic distension and a massive
pneumoperitoneum (Figure 4). At laparotomy, feces were
found in the left parieto-colic gutter with the left hemiabdomen presenting a peritonitic aspect. The colostomy
flange was embedded in the abdominal wall (between the
transversalis and internal oblique muscles), and a hole
about 1.5 cm in diameter was found in the colon with
stool spillage (this was circumscribed by post-operative
adhesions). Subtotal colectomy with terminal ileostomy
was performed in order to treat both CIP and the acute
complication. Recovery was complicated two weeks
later by leakage at the level of the rectal stump, which
responded well to antibiotherapy and surgical drainage.
The patient is doing well 8 wk after hospital discharge.

DISCUSSION
Management of CIP depends on its etiology, the extent
and location of intestinal involvement, and the severity
of symptoms. Treatment goals include maintenance
of adequate nutrition and hydration, symptom relief,
restoration of nor mal intestinal propulsion, and
suppression of bacterial overgrowth[1]. Prokinetic agents
may be helpful: the efficacy of erythromycin, a specific
www.wjgnet.com

Number 15

Figure 3 CT-scan showing the colostomy tube in place (arrow) and a normalappearing colon.

H

Figure 2 Endoscopic view of the left colon. A 19-gauge needle grasped with an
endoscopic snare (arrow) serves to hold the colon close to the abdominal wall
while a string is passed through a Seldinger needle (arrowhead) to allow for
transanal insertion of the colostomy tube.

Volume 13

Figure 4 Abdominal plain
X-ray showing a massive
pneumoperitoneum.

agonist to motilin receptors, has been reported to be
sustained in some patients, and tegaserod may also be
effective, particularly in patients with colonic involvement.
Octreotide has been effective in patients with CIP
secondary to scleroderma[5]. In patients with symptoms
suggestive of bacterial overgrowth, repeated courses of
antibiotics, such as metronidazole and ciproxine, may be
useful[6]. Surgical resection of the colon segments with
impaired motility may improve symptoms and decrease
the need for parenteral nutrition, but this requires careful
preoperative evaluation (particularly of the length and site
of resection) since CIP may relapse in previously normalappearing colon segments.
PEC has been proposed as an alternative to surgery
to treat CIP in selected cases, in which it dramatically
improved the patients’ quality of life. The advantages
of the PEC option are that the insertion procedure
does not require general anesthesia, and the possibility
to easily remove the colostomy tube if colonic function
later recovers[4]. This technique has also been successfully
used to treat other disorders, including recurrent sigmoid
volvulus[7], neurogenic bowel [8], fecal incontinence and
constipation (PEC inserted at the level of the cecum allows
antegrade colonic irrigation)[9]. However, complications
with this technique, although generally minor, are common
(42%, 25 of 60 cases of PEC have been reported to
date) (Table 1). Distinctive features of the complication
reported here include its high degree of severity and the
delay between PEC placement and acute complication
(two months). Three other cases of severe complication
requiring surgery have been reported to date; they have

Bertolini D� et al . Fecal peritonitis after endoscopic colostomy
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Table 1 Cases of percutaneous endoscopic colostomy reported in the literature
First author, yr

n

Median age Underlying
(yr) (range) condition

Ponsky[12], 1986

2 76 (70-82)

Salm[13], 1988

2 64 (63-65)

Daniels[7], 2000

14 78 (53-99)

Rivera[9], 2001

12 (1.5-22)

Ramage[8], 2003

5 67 (37-76)

Thompson[4], 2004

3 57 (23-83)

Rawat[11], 2004

14 5.6 (1.5-11)

Einwachter[14], 2006

1 53

Lynch[10], 2006

7 77 (51-84)

Outcome

ACPO

Clinical improvement
(PEC removed in 1/2)
ACPO
Clinical improvement
(no PEC removed)
Sigmoid volvulus Recurrence of volvulus
after PEC removal in 3/8
Constipation
Clinical improvement
(no PEC removed)

ACPO,
Clinical improvement
neurogenic bowel (PEC removed in 1/5)
CIP
Clinical improvement
(no PEC removed)
Constipation
Clinical improvement
excepted in 1 patient
(PEC removed in 3/14)
CIP
Clinical improvement
(no PEC removed)
CIP, constipation Clinical improvement
(PEC removed in 3/7)

Complications

Severity of
complication1

Median follow-up
(mo) (range)

None

NA

0.3

None

NA

Not available

Peritonitis (n = 1)

Severe

13 (7-21)

Granuloma formation (n = 5);
urinary infection, seizures,
systemic infection, and enterocolitis
(1 each)
Self-limited bleeding and transient
fever (1 each)
None

Mild (causal
relationship for
enterocolitis
doubtful)
Mild (n = 1) and
severe (n = 1)
NA

13 (2-31)

Granuloma formation (n = 6), local Mild (n = 9) and
infection (n = 3), and sepsis (n = 1) severe (n = 1)

12 (2-51)

6 (2-12)
24 (1-30)

None

NA

6

Local infection (n = 2), and
peritonitis (n = 1)

Mild (n = 2) and
severe (n = 1)

6 (1-12)

ACPO: Acute colonic pseudo-obstruction; CIP: Chronic intestinal pseudo-obstruction; PEC: Percutaneous endoscopic colostomy; NA: Not applicable. 1Severity
as estimated by the present authors, according to original publications and the classification of complications proposed by Cotton[15].

been attributed to the resolution of an hematoma resulting
from inadvertent cecal-vein laceration (feces leaked into
the peritoneum, probably due to the retraction of the
cecum from the abdominal wall)[10], to patient’s learning
difficulties[7], and to colonic infection[11].
In our patient, heteroanamnesis and findings at
laparotomy (i.e. absence of pressure necrosis at the level
of the colonic wall) strongly suggest that the colostomy
tube was accidentally pulled out. Due to the relative
fragility of the colonic wall and the prevalence of cognitive
troubles in these patients, we think that particular care is
necessary to avoid inadvertent traction of the colostomy
tube, and that replacement with a button system should
be systematically considered 4-6 wk after PEC placement.
Alternatively, traction-removable tubes from selected
percutaneous endoscopic gastrostomy kits (e.g. CORFLOBower, CORPAK MedSystems, Wheeling, IL) may be
used.
In conclusion, the relatively high incidence of
immediate and delayed serious complications (≥ 5%)
after PEC placement emphasizes the need to obtain
fully informed consent, and to provide adequate postprocedural care.
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Abstract
An extremely rare case of persistent omphalomesenteric
duct causing small bowel obstruction is presented. A
20-year-old female patient without medical history
presented with colicky abdominal pain, vomiting, absence
of passage of gas and feces, and abdominal distension of
24 h duration. Physical examination and blood tests were
normal. Abdominal X-ray showed small bowel obstruction.
Computed tomography of the abdomen demonstrated
dilated small bowel and a band originating from the
umbilicus and continuing between the small bowel loops;
an omphalomesenteric duct remnant was suspected. In
exploratory laparotomy, persistent omphalomesenteric
duct causing small bowel obstruction was identified and
resected. The patient had an uneventful recovery and
th
was discharged on the 5 postoperative day. Although
persistent omphalomesenteric duct is an extremely
infrequent cause of small bowel obstruction in adult
patients, it should be taken into consideration in patients
without any previous surgical history.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Small bowel obstruction is a common surgical emergency
and a frequently encountered problem in abdominal
surgery[1,2]. It is a major cause of morbidity and medical
cost in hospitals around the world[3] and a significant cause
of admissions for emergency surgical treatment[2]. It is
a highly severe conditions, requiring quick and correct
diagnosis as well as immmediate, rational and effective
therapy[4]. Although small bowel obstruction is common,
persistent omphalomesenteric duct as a cause of this
condition, particularly in adult patients, is an exceptional
finding.
The omphalomesenteric duct remnant is one of the
rare congenital anomalies associated with the primitive
yolk stalk [5,6]. Most omphalomesenteric duct remnants
tend to be Meckel’s diverticulum while the occurrence of
a persistent omphalomesenteric duct is infrequent[5,6]. An
omphalomesenteric duct remnant may induce intestinal
obstruction, abdominal pain, melena, and umbilical
hernia or drainage that tend to occur most frequently
during childhood[5,6]. An extremely rare case of persistent
omphalomesenteric duct causing small bowel obstruction
in an adult patient is herein presented.

CASE REPORT
A 20-year-old female patient without any medical history
or history of previous abdominal operation presented in
our department with colicky abdominal pain, vomiting,
absence of passage of gas and feces, and abdominal
distension of 24 h duration. Physical examination and
blood tests were normal. Abdominal X-ray revealed small
bowel obstruction with marked small bowel air-fluid levels
(Figure 1). Ultrasound of the abdomen showed dilated
small bowel loops. Abdominal computed tomography (CT)
demonstrated dilated small bowel and a band originating
from the umbilicus and continuing between the small
bowel loops; an omphalomesenteric duct remnant was
suspected (Figure 2).
The patient was managed with restriction of oral
intake, nasogastric suction, and intravenous hydration.
Since no resolution of the obstruction or improvement
of the clinical picture of the patient was observed in the
following 12 h, and due to the suspicion of a persistent

Markogiannakis H� et al . Vitelline duct causing ileus in an adult
Figure 1 Abdominal X-ray revealing
marked small bowel air-fluid levels.
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omphalomesenteric duct in the CT scan, an operative
intervention was decided. In exploratory laparotomy, a
fibrous cord extending from the anti-mesenteric border
of the preterminal ileum to the posterior wall of the
umbilicus was identified, justifying the suspicion of
persistent omphalomesenteric duct, causing closed loop
ileal obstruction. The persistent omphalomesenteric duct
was resected and the obstruction was resolved without
bowel resection. The patient had an uneventful recovery
and was discharged on the 5th postoperative day.

DISCUSSION
Acute mechanical small bowel obstruction is a common
surgical emergency[1,2]. Immediate and correct diagnosis of
this condition and its etiology are essential and appropriate
treatment is of utmost importance[4]. The clinical picture,
however, of these patients [4,7] along with the etiology
of obstruction [1,3] may be variable while appropriate
management remains controversial[1-3,8,9].
The most frequent symptoms and signs of patients
with small bowel obstruction, although variable, are
abdominal pain, vomiting, constipation, abdominal
distension and tenderness [4,7]. Adhesions, incarcerated
hernias, and large bowel cancer constitute the most
frequent causes of obstruction while adhesions are the
leading cause accounting for 45%-80%[1,3,8,10]. Other less
common causes reported in the literature are Crohn’s
disease, gallstones, bowel volvulus, and intussusception
accounting for 2%-14% of small bowel obstruction
cases [3,8,10]. Small bowel obstruction, however, due to
persistent omphalomesenteric duct, particularly in adult
patients, is extremely rare with very few cases reported in
the literature[11-17].
Omphalomesenteric duct remnants (vitelline
duct anomalies) have been reported to be congenital
anomalies associated with the primitive yolk stalk [5,6].
The omphalomesenteric duct is the embryonic structure
connecting the primary yolk sac to the embryonic midgut
that nor mally becomes a thin fibrous band, which
eventually disintegrates and is absorbed spontaneously at
the 5th-10th wk of gestation[5,6]. The omphalomesenteric
duct will continue to grow if it fails to completely atrophy
and disintegrate; the failure of such closure may result
in various lesions (omphalomesenteric duct remnants):
Meckel’s diverticulum, patent omphalomesenteric duct
(umbilicoileal fistula), omphalomesenteric duct (umbilical)

30

W 400
L 30

Figure 2 CT scan demonstrating dilated small bowel and a band originating from
the umbilicus (big white arrow) and continuing between the small bowel loops (small
white arrow).

sinus, omphalomesenteric duct (umbilical) cyst, umbilical
mucosal polyp or a fibrous cord connecting the ileum
to the umbilicus [5,6,18]. Meckel diverticulum is the most
common omphalomesenteric duct anomaly[5,6].
Omphalomesenteric duct remnants may persist
in approximately 2% of infants [18] . Although these
malformations are found with equal frequency between
the sexes, a significantly greater incidence of symptoms
is encountered in males [6] . Even though they may be
asymptomatic, common symptoms of omphalomesenteric
duct malfor mations include abdominal pain, rectal
bleeding, intestinal obstruction, umbilical drainage, and
umbilical hernia[5,6], and all these symptoms appear to be
age-dependent. Most of the symptoms usually appear
before the age of 4 years[5]. Eighty-five percent of infants
younger than 1 mo and 77% of children aged 1 mo to 2
years have a symptomatic presentation[5]. It has also been
reported that 40% of the children with this anomaly
have symptomatic lesions, while this anomaly is usually
asymptomatic in adults[5].
T h e r e a r e m a n y m e ch a n i s m s f o r s m a l l b owe l
obstr uction from a persistent omphalomesenteric
duct. These mechanisms include intussusception, in
case of a patent omphalomesenteric duct, volvulus or
internal hernia (closed loop obstruction) from a patent
omphalomesenteric duct or a fibrous connection between
the umbilicus and the ileum[11-17]. A fibrous cord connecting
the umbilicus to the ileum, such as in the presented case,
results from an atrophic omphalomesenteric duct that
is not completely obliterated and absorbed. Congenital
fibrous bands are clinically significant because they may
lead to intestinal obstruction, as in our patient[11-14,17].
In general, appropriate treatment of small bowel
obstruction as well as timing of surgery still remain
controversial[1-3,8,9]. Management of this condition requires
careful assessment and awareness while the appropriate
treatment needs to be tailored to the individual situation[9].
An important share of these patients, particularly those
with adhesive small bowel obstruction, can be safely and
effectively treated nonoperatively [2,3,7-10]. Great caution
should be paid, however, since the incidence of bowel
strangulation is quite high[7,8,10]. In the reported case, since
there was no history of previous abdominal operation and
no resolution of the obstruction or improvement of the
www.wjgnet.com
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clinical picture of the patient was observed, and due to
the suspicion of a persistent omphalomesenteric duct in
the CT, an operative intervention was decided. Operative
findings justified such treatment of our patient.
In conclusion, persistent omphalomesenteric duct
constitutes an extremely infrequent cause of small bowel
obstruction in adult patients, with very few cases reported
in the literature. It should be taken into consideration,
however, in adults with acute mechanical small bowel
obstruction without any previous history of surgery.
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INTRODUCTION
18F-FDG (fluoro-deoxyglucose)-positron emission
tomography and computed tomography (PET/CT) may
prove useful in staging and treating malignant gastrointestinal stromal tumor (GIST)[1,2]. GIST is a rare aggressive mesenchymal tumor in the gastrointestinal system
and can metastasize[3-6]. In this case, FDG-PET/CT scans
were performed before and after one- month treatment
with imatinib, a tyrosine-kinase inhibitor, demonstrating a
significant, nearly complete metabolic response to imatinib
treatment.

Abstract

CASE REPORT

A 41-year old female with metastatic gastrointestinal
stromal tumor was referred to 18F-FDG-positron emission
tomography and computed tomography (PET/CT) scan
before and after one-month treatment with imatinib
®
®
(Glivec , Gleevec , Novartis, Basel, Switzerland), a
tyrosine kinase inhibitor (400 mg/d). Metabolic response
was evaluated before and after one month of therapy. The
decrease of the maximum standardised uptake value (SUV)
was 79% (from 9.8 to 2.1). Positron emission tomography
demonstrated complete metabolic response after onemonth of imatinib treatment. Additionally, the previous
lesion was compared with the coronal computerized
tomographic image. There was no difference in the
size of the tumor before and after therapy according to
CT images. However, metabolic activity was inhibited.
18F-FDG-PET is a valuable method for the detection of
response to one-month imatinib treatment in patients with
gastrointestinal stromal tumors.

A 41-year old female with biopsy-proven malignant GIST
was referred to 18F-FDG-PET scan before and after onemonth chemotheraphy. 18F-FDG-PET/CT scans were
performed by using a Siemens Biograph 2 LSO entegrated
PET/CT camera (Siemens, Knoxville, Tennessee, USA).
FDG-PET images were obtained approximately 60 min
after intravenous injection of 481 MBq (13 mCi) F-18
FDG with the patient fasted for 8 h. Oral contrast was
given for CT part of the PET/CT. The first PET/CT
was performed before imatinib treatment and the coronal
image (Figure 1) demonstrated abnormal and markedly
increased FDG uptake, consistent with metastatic disease
involving abdominal, pelvic and inferior parts of the
left thoracic areas. Maximum standardised uptake value
(SUV) for the lesion area was 9.8. The second FDGPET/CT scan was performed one month after imatinib
treatment and the coronal image (Figure 2) demonstrated
a significant, complete metabolic response to imatinib
treatment. Maximum SUV for the lesion area was 2.1.
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DISCUSSION
Invasive surgical resection is used as a choice of primary
treatment for gastrointestinal stromal tumor, because
standard chemotherapy and radiotherapy cannot improve
the overall survival of patients with GIST[3,4]. Recently trials
using imatinib, a tyrosine-kinase inhibitor have shown a
significant response in patients with metastatic GIST[7,8]. The
extent of GIST is usually assessed by CT scans, showing
typical intramural or extramural nodules with areas of
necrosis[9].
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Figure 1 Coronal PET image demonstrating abnormal FDG uptake (A) and
coronal CT image showing a large lesion occupying the same areas (B).

There are a number few studies in the literature reporting
the role of FDG PET in GIST[1,2,10]. Van Oosterom et al[10]
investigated imatinib, a tyrosine-kinase inhibitor in the
treatment of metastatic GIST and performed FDG PET
for response assessment, showing that FDG PET may
prove useful in staging and treating GIST. Prenen et al[2]
have established a mouse GIST model and evaluated the
response to imatinib treatment by small animal positron
emission tomography. Small animal PET revealed that
FDG up-take in xenografts was significantly decreased
after 24 h treatment with imatinib. This model can be used
to study imatinib resistance and evaluate novel targeted
therapies. Heinicke et al[1] detected the early response to
imatinib treatment in gastrointestinal stromal tumors using
18F-PET. The mean decrease in SUV before and after oneweek imatinib treatment was 60% (range 43%-77%). In our
case, FDG-PET/CT scans were performed before and one
month after imatinib treatment, demonstrating a significant,
nearly complete metabolic response to imatinib treatment.
The decrease in the SUV was 79% (9.8 vs 2.1).
Additionally, the previous lesion was compared with
the coronal computerized tomographic image. There was
no difference in size of GIST before and after imatinib
treatment according to CT images. However, metabolic
activity was inhibited. If the tumor was evaluated using
the sum of the longest dimensions (RECIST), the patient
was categorized as having stable disease, despite the fact
that 79% reduction in the mean SUVmax on FDG PET.
Thus, tumor size determined using the RECIST is not
reliable and underestimates the tumor response to imatinib
treatment during the early post-treatment stage in patients
with metastatic GIST[11].
FDG PET is a sensitive and specific method to evaluate tumor response on the basis of changes in tumor
metabolism. In our study, a dramatic decrease in FDG
uptake was observed early after imatinib treatment. FDG
PET may be useful in detecting the response of patients to
imatinib treatment one month later.
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Abstract
Intestinal lymphangiectasia (IL) is a rare disease
characterized by dilated lymphatic vessles in the
intestinal wall and small bowel mesentery which induce
loss of protein and lymphocytes into bowel lumen.
Because it most often occurs in the intestine and cannot
be detected by upper gastroendoscopy or colonoscopy,
and the value of common image examinations such as
X-ray and computerized tomography (CT) are limited,
the diagnosis of IL is difficult, usually needing the help
of surgery. Capsule endoscopy is useful in diagnosing
intestinal diseases, such as IL. We here report a case
of IL in a female patient who was admitted for the
complaint of recurrent edema accompanied with diarrhea
and abdominal pain over the last twenty years, and
aggravated ten days ago. She was diagnosed by M2A
capsule endoscopy as a primary IL and confirmed by
surgical and pathological examination.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Intestinal lymphangiectasia (IL) is a rare disease and was

first reported by Waldmanin in 1961 [1]. Since then, no
more than two hundred cases have been reported. IL
can be classified into primary (idiopathic) and secondary
type. Secondary IL is manifested as hypoproteinemia,
lymphocytopenia and edema. IL has been found to be the
cause of one third of protein-losing enteropathy patients.
Main laboratory findings of this disease include decreased
lymphocytes, serum protein and immunoglobin, increased
fat concentration in stool. Common image examinations,
such as lymphangiography, ECT examination, abdominal
CT scan, are helpful. Endoscopy and capsule endoscopy
can discover lesions which cannot be detected by gastroendoscopy or colonoscopy. Pathological examination makes
its definite diagnosis. Medium chain triglyceride (MCT)
supplement can improve its clinical symptoms. It was
reported that somatostatin and antiplasmin are effective
in some cases[2]. Surgery can be performed to alleviate
symptoms in patients with limited lesions or a large
amount of ascites[3]. Treatment of secondary IL is focused
on symptoms and etiology. IL can progress to lymphoma
after years or decades. We here present a case of IL
diagnosed by capsule endoscopy and confirmed at surgery.

CASE REPORT
A 55-year old female was admitted to our hospital in March
2005 for recurrent edema accompanied with diarrhea and
abdominal pain during the last twenty years, and aggravated
ten days ago. The clinical findings are listed in Table 1. The
patient denied other systemic diseases and any surgical
history, as well as family history of such a disease. Other
examinations (such as stool and urea examinations, serum
tumor markers, purified protein derivatives (PPD) test,
autoimmunity examinations) were all negative. Finally the
patient underwent surgical exploration with resection of
the affected intestine. Pathological examination confirmed
the diagnosis of primary intestinal lymphangiectasia.

DISCUSSION
IL is a rare disease characterized by dilated lymphatic
vessles in the intestinal wall and small bowel mesentery
which induce loss of protein and lymphocytes into bowel
lumen. This disease is due to obstruction of the lymph
drainage system with various causes. When the pressure of
lymphatic vessels increases, the lymphatic vessels dilate and
rupture, resulting in leakage of lymph fluid, which in turn,
leads to hypoproteinemia, edema, and lymphocytopenia.
www.wjgnet.com
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Table 1 Clinical manifestations of the patient
Main clinical manifestations
Laboratory possitive findings
Endoscopy findings
Image findings
Capsule endoscopy fingding

Operation finding
Pathological findings

Chronic diarrhea, lower limb edema, upper abdominal pain.
Lymphocytes: 1.0 × 103/dL, albumin: (19.5-24.5) g/L, IgG: 407.0 mg/dL, IgM: 40.4 mg/dL, TSH (RIA): 5.58 mIU/L, freeT3
(RIA): 1.24 pmol/L, freeT4 (RIA): 4.54 pmol/L.
Basically normal
Abdominal computer tomography (CT) (Figure 1) showing thickening of sinus ventriculi and jejunal mucosa, and the sign
of chronic cholecystitis; ECT of lymphatic system showing no obviously abnormal.
Diffuse dilatation of lymphatic vessels (Figure 2A and B), thickening of intestinal villi. The dilatation of lymphatic vessels
was more obvious in the middle and lower parts of the intestine. The dilated lymphatic vessels presented as coral and
were mixed with the dilated capillaries.
Adhesion of greater omentum and abdominal wall. Gallbladder was enlarged and had multiple cholecystolithiasis,
diffuse intestinal lesions and obviously dilated lymphatic vessels in the intestinal wall, most severe at the end of ileum.
Dilated lymphatic vessels in the villi, submucosal and outside of the intestinal wall.

A

Figure 1 Abdominal computer tomography (CT) showing
thickening of jejunal mucosa.

Figure 2 Capsule endoscopy showing diffuse oedematous aspect, dilatation of
lymphatic vessels in the intestine (A) and thickening of whitish intestinal villi (B). The
dilated lymphatic vessels presented as coral and were mixed with dilated capillaries.

Leakage of lymph fluid into the bowel lumen can result in
celiac and steatorrhea and leakage of lymph fluid into the
abdominal cavity can cause chyliform ascites. According to
the cause of the disease, it can be classified into primary
and secondary intestinal lymphangiectasia. Primary intestinal lymphangiectasia usually occurs in children and
adolescents, due to deformity of the lymphatic system[1].
Adult intestinal lymphangiectasia is often secondary to
many other factors, such as lymphoma, systemic lupus
erythematosus (SLE), intestinal tuberculosis, retroperitoneal
fibrosis, post-radiation effect[4], repeated parasite infection[5],
hepatic cirrhosis[6], constrictive pericarditis, and abdominal
surgery.
The disease is characterized by hypoproteinemia, lymphocytopenia, edema and ascites. Clinical manifestations
may be presented as asymptomatic or fatigue, lower abdominal pain, edema, chylothorax, chronic diarrhea, ascites,
recurrent intestinal bleeding with unknown reason, or
protein-losing enteropathy, even as a surgical emergency
with right abdominal pain, abdominal mass. Children may
show growth retardation, smaller physical constitution. Iron
deficiency anemia and hypocalcemic tetany can be observed
too. Laboratory findings include decreased serum total
protein and albumin along with decreased immunoglobulin
levels including IgA, IgM, and especially IgG, due to its long
half life. The number of lymphocytes, especially CD4+ and
CD8+ lymphocytes, is decreased in almost every patient[7].
Secondary IL has other laboratory findings according to
the primary disease. Diagnosis of this disease depends on
www.wjgnet.com
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characteristic features identified from gastroendoscopy
and capsule endoscopy. Lymphangiography sometimes
can find deformities of lymphatic vessels. ECT can
indicate protein loss into the bowel lumen. Pathological
examination confirms the final diagnosis. Since intestinal
lymphangiectasia often occurs at jejunoileum[1,8], the upper
and lower gastroendoscopy cannot access it in the intestine.
If the lesion is within the reach of the endoscope, a biopsy
would be diagnostic. Otherwise, lymphangiography or
surgery is needed for a diagnosis. Capsule endoscopy is a
relatively new technique, it is highly useful for evaluating
small bowel diseases such as small bowel Crohn’s disease[9].
The manifestations of intestinal lymphangiectasia observed
by capsule endoscopy have been reported [10]. Capsule
endoscopy is a useful and noninvasive method to diagnose
intestinal lymphangiectasia when other methods are incapable of finding the lesion. Treatment of intestinal
lymphangiectasia depends on different situations. Usually a
low-fat, high-protein diet supplemented with medium-chain
triglyceride (MCT) can improve the clinical symptoms and
signs[11-13]. Essential trace elements need to be supplemented
too. Both primary and secondary intestinal lymphangiectasia
can follow this treatment with few side effects. However,
patients may need to be treated in their whole life, because
the symptoms and signs will recur soon after stopping the
treatment. Medium-chain triglycerides, unlike the longchain triglycerides, can bypass the lymphatic system and
directly secreted into portal system, avoiding the increase

Fang YH� et al . Capsule endoscopy-diagnosed intestinal lymphangiectasia

of lymphatic vessel pressure and the loss of protein. It was
reported that somatostatins such as octreotide can decrease
triglyceride absorption[6,14]. Antiplasmin therapy may have
some role when fibrinolysis is increased[15,16]. Isolated lesions
should be resected.
In this paper, we report a case of IL, mainly presented
as protein-losing enteropathy. Capsule endoscopy is a good
option for the diagnosis of intestinal diseases such IL.
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Morphogenesis and Cancerogenesis
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Goettingen
symposia@falkfoundation.de
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Intestinal Inflammation and
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Clinical Practice
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Gastroenterology
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Abstract
The completely assembled human genome has made
it possible for modern medicine to step into an era rich
in genetic information and high-throughput genomic
analysis. These novel and readily available genetic
resources and analytical tools may be the key to unravel
the molecular basis of hepatocellular carcinoma (HCC).
Moreover, since an efficient treatment for this disease is
lacking, further understanding of the genetic background
of HCC will be crucial in order to develop new therapies
aimed at selected targets. We report on the current
status and recent developments in HCC genetics. Special
emphasis is given to the genetics and regulation of major
signalling pathways involved in HCC such as p 53, Wntsignalling, TGFβ, Ras, and Rb pathways. Furthermore,
we describe the influence of chromosomal aberrations
as well as of DNA methylation. Finally, we report on the
rapidly developing field of genomic expression profiling
in HCC, mainly by microarray analysis.
© 2007 The WJG Press. All rights reserved.

Key words: Hepatocellular carcinoma; Liver cancer;
Genetics; Genomics; Chromosome; Mutation; Pathway
Teufel A, Staib F, Kanzler S, Weinmann A, SchulzeBergkamen H, Galle PR. Genetics of hepatocellular
carcinoma. World J Gastroenterol 2007; 13(16): 2271-2282
http://www.wjgnet.com/1007-9327/13/2271.asp

INTRODUCTION
Hepatocellular carcinoma (HCC) is among the
most common malignancies worldwide. At present,
approximately 550 000 new patients are diagnosed with
HCC each year worldwide. However, regional differences
in the incidence of HCC are significant. The highest

prevalence is found in Southeast Asia and the sub-saharan
Africa, mostly due to the high rates of chronic viral
hepatitis, a high risk factor for HCC. Additional causes
leading to HCC are alcohol, toxins such as aflatoxin,
hemochromatosis, α1-antitrypsin deficiency, and nonalcoholic fatty liver disease (NAFLD)[1-5].
Despite major efforts to improve diagnosis and
treatment of HCC, therapeutic options remain limited.
The main therapeutic strategies are surgical resection of
the tumor or liver transplantation. However, most patients,
especially in Asia and sub-saharan Africa, present at late
stages of the disease or with underlying liver cirrhosis
and consequently surgical options may no longer be
indicated. Although palliative treatments are needed, they
remain very limited. Efforts to establish efficient systemic
chemotherapy regimens have not succeeded and Best
Supportive Care is still considered standard of treatment.
Thus, the need for novel therapeutic agents and strategies
is obvious.
Lately, genomic targets and networks have increasingly
gained attention due to the efforts of the Human Genome
Project. As a result, human and many other genomic
sequences are publicly available. This vast amount of
newly available genomic data provides a rich source to
identify novel genomic targets for therapeutic intervention.
However, to screen these novel genomic data for new
targets, a profound knowledge of the genetic basis of
HCC is essential. We therefore provide a summary on
the current status of known genetic influences on HCC
and on current hypotheses of genetic aspects to the
development of liver cancer. This article reports on the
genetics of major molecular pathways involved in HCC
and their differential regulation in HCC. Furthermore,
we discuss major structural aberrations of chromosomes
and DNA methylation as well as current data on high
throughput approaches to investigate on the genetic basis
of HCC, essentially using microarray analysis.

CHROMOSOMAL ABERRATIONS
C h r o m o s o m a l a b e r r a t i o n s h a ve b e e n r e p o r t e d
frequently in HCC. Moinzadeh and colleagues have
recently performed a meta-analysis of available data on
chromosomal aberrations and genomic hybridisation
analyses. They found amplifications of the chromosomes
1q, 8q, 6p, and 17q to be the most prominent ones.
Among the chromosomes most frequently lost in HCC
were 8p, 16q, 4q, 17p, and 13q. Furthermore, in poorly
differentiated HCCs, 13q and 4q were significantly underrepresented[6]. These chromosomal regions contain key
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players in hepatocarcinogenesis such as p53 (chromosome
17p) or Rb (chromosome 13q).
However, data on correlation of these chromosomal
aberrations with the clinical course of the disease are not
available, mostly due to the limited overall number of the
comparatively large chromosomal aberrations and to the
especially low occurence of the same aberration within the
same collective patients.

p53
Originally identified in 1979, p53 was initially believed to be
an oncogene. In the late 1980s, however, it was discovered
that only missense mutations of the p53 gene had been
studied instead of the wild-type gene. And yet, studying
the missense mutation found in original p53 cDNA clones
was a main factor for understanding the pathobiological
activity of p53[7]. The p53 protein is able to form tetramers
allowing acting in a dominant negative fashion. The
allele-producing p53 mutants heterodimerize with wildtype p53, which results in a conformational change that
prevents binding to p53 regulated elements. Thus, mutant
p53 suppresses the activity of wild-type p53 [8]. And in
fact, certain missense p53 mutants can gain “oncogenic
activity”[7]. About ten years later, in the early 1990s, p53
was recognized as a tumor suppressor gene and the most
frequently mutated gene in human cancer with a mutation
rate of over 50% in human cancer cases. During the 1990s
interest in p53 research increased after it was shown that
p53 knock-out mice spontaneously developed tumors and
patients with the cancer prone Li-Fraumeni syndrome had
germ-line p53 mutations[9,10]. Our understanding of the
role of p53 in tumorigenesis improved after it was shown
that p53 can also act as a transcription factor involved
in cell-cycle regulation and apoptosis. This was followed
by the discovery of its multiple roles in development,
differentiation, gene amplification, DNA recombination,
chromosomal segregation, and cellular senescence [11,12].
In the late 1990s, p53’s role in DNA repair by facilitating
nucleotide excision repair and base excision repair was
demonstrated. Most recently, p53 was shown to accelerate
aging in mice when expressed constitutively[7]. A series
of additional reviews and publications describes the role
of p53 at the crossroads of the cellular stress response
pathway[7,13,14]. Along with these functions, p53 has been
described as “the guardian of the genome”, referring to its
role in conserving genetic stability by preventing genome
mutation.��������������������������������������������
From these multiple and highly coordinated
functions by which p53, once activated in response to
cellular stress or DNA damage, tries to prevent further
cellular damage, e.g. by either inducing cell cycle arrest
to permit DNA repair or apoptosis, it can be realized
why p53 is the most frequently mutated gene in human
carcinogenesis.
A variety of studies in recent years provided evidence
that the p53 tumor suppressor gene plays a major role
in hepatocarcinogenesis irrespective of the etiology[15].
However, the frequency of p53 mutations and its mutation
spectrum with 75% missense mutations are exceptionally
diverse in their position and nature, affecting over 200
codons scattered mainly throughout the central portion of
www.wjgnet.com
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the gene[16]. In HCC, p53 mutations also vary in different
geographic areas, presumably reflecting differences in
both etiological agents and host susceptibility factors[17].
In some geographical areas, such as sub-Saharan Africa
and China, Aflatoxin B1 exposure and chronic viral
hepatitis are responsible for a very high incidence of
HCC (with up to 100/100 000 cases per year). In these
areas, there is a high proportion of a p53 point mutation
at the third position of codon 249 resulting in a G:C to T:
A transversion[18-20]. Furthermore, it was shown that cells
with an increasing 249ser mutation load in non-tumorous
liver reflect the AFB1 exposure in a dose dependent
manner[21], indicating that this is an early mutational event
in hepatocarcinogenesis. In addition, this may also offer a
chance to screen for patients at higher risk for developing
HCC. A number of studies clearly support the findings of
a positive correlation between the 249ser p53 gene mutation
and the AFB1 exposure[22-25]. These studies also point out
that the analysis of HCC in areas of hardly any AFB1
intake, e.g. USA and Western Europe, revealed a different
mutational spectrum with no particular hotspot.
On the background of an enhanced cell proliferation,
e.g. in chronic hepatitis B or C, promutagenic N7dG
(N7-deoxyguanosine) adduct formation from AFB1 in
hepatocytes may allow the fixation of the G:C to T:A
transversion at the p53 codon 249, which might lead to
the selection of an expansive cell clone within the affected
hepatocytes. However, the high incidence of HCC in
countries with a high AFB1 intake is not necessarily
dependent on genomic HBV integ ration. This has
been shown in vitro by demonstrating that exposure of
human liver cell lines to AFB1 results in the same 249ser
mutation even without the presence of HBV[26]. A possible
explanation came from further studies demonstrating
that the third base at the codon 249 had an unusual high
mutation rate in the presence of AFB1[25]. Alternatively,
there might be a growth and/or survival advantage of liver
cells with the 249ser mutant p53[17,27].
Thus, analysis of serum for the codon 249ser mutation
may be useful as a biomarker for AFB1 exposure and
possibly early HCC stages.
In contrast, p53 mutation may occur as a late event in
carcinogenesis without a typical mutational pattern in areas
with low AFB1 intake[28-30]. A series of studies support
this hypothesis: dedifferentiated cellular subpopulations
developed after p53 mutations occurred within HCC[31],
different p53 mutations have been found in nodule-innodule HCCs leading to HCC progression[32], more severe
cellular atypia exists in areas with loss of heterozygosity
(LOH) of p53 within HCC[30], and finally, p53 mutations
preferentially occur in moderately to poorly differentiated
HCC along with or after p53 LOH[23], while LOH at p53
has not been shown in cirrhotic nodules[33].
Compared to these non-specific p53 mutational
patterns, only a few more specific p53 mutations correlated
to other etiological factors have been described. Among
these factors is the exposure to vinyl chloride (VC). The
intrahepatic generation of chloroethylene oxide as the
ultimate alkylating, mutagenic, and carcinogenic metabolite
of VC leads to the generation of highly reactive etheno
adducts[34,35].
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For these etheno adducts, A:T to T:A transversions
at the codons 179, 249, and 255 have been described as
a typical base-pair substitution mutation in VC triggered
hepatic angiosarcoma[36,37]. These data are supported by
findings in rat angiosarcoma with 44% of p53 mutations
with most of them occurring at the A:T base pairs[17].
Compared with these data, an association of VC with
the development of HCC is less conclusive. Only a few
epidemiological studies report an association of VC
exposure and HCC[38,39], while a more recent report did not
find any A:T to T:A transversion among the p53 mutation
of VC exposed worker[40]. This report described CpG site
mutation, which occurred at hotspot codons 175, 248, and
273 and also common in HCC following alcohol or HBV
exposure.
A number of studies have demonstrated the effects
of oxidative stress in liver carcinogenesis associated with
typical p53 mutations. Among several oxyradical overload
diseases are hemochromatosis and Wilson disease (WD).
This results in the development of cirrhosis with a
200-fold risk for HCC in hemochromatosis and a lower
incidence in WD[41]. It has been shown for both diseases
that oxidative stress with a subsequent generation of
reactive species occurs[42] and, in fact, leads to G:C to T:A
transversions at codon 249 as well as to C:T to A:T and C:
G to T:A transversions at codon 250[41]. In this study, an
elevated level of inducible nitric oxide synthase (iNOS)
has been described, which might be at least one source of
increased oxidative stress resulting in p53 mutations. These
results are supported by a number of in vitro data that have
been reviewed elsewhere[17].
Two further major risk factors for developing HCC
are HBV and HCV infection. HBV infection is associated
with about 40% of all HCC cases worldwide. A detailed
overview of the multilayered interactions between HBV
and its host’s genome is beyond the scope of this article
and has been reviewed before[17]. As most of the HBVrelated HCCs contain HBV DNA sequences, following
a variable and random integration, a number of genomic
consequences have been described, e.g. translocations,
inverted duplications, and recombinations. As a result
of these chromosomal alterations, cellular regulatory
genes, e.g. tumor suppressor genes such as p53, may
get lost. Among the different HBV genes, the HBx
gene seems to play a more causal role in HBV-related
HCC because it is the most commonly integrated viral
gene[17,43]. Among the pathobiological effects of HBx are:
transcriptional coactivation of cellular and viral genes,
e.g. by transcriptional alteration through modulation of
RNA polymerase Ⅱ and Ⅲ ; action as cotranscription
factor for the major histocompatibility complex (MHC),
epidermal growth factor receptor, and oncogenes like
c-myc, c-jun/fos or ras-signalling pathway; decrease of
nucleotide excision repair and interaction with the cellular
DNA repair system; deregulation of cell cycle checkpoint
controls. These HBx-related effects provide many different
ways as to how HBV contributes to HCC development.
However, there are also several more direct interactions
between HBx and p53 functions. By decreasing p53’s
binding to XBP, HBx indirectly reduces nucleotide excision
repair [44] and XBP functions as a basic transcription
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factor[45]. Furthermore, HBx binds to p53 and suppresses a
number of p53-dependend functions: p53 sequence-specific
DNA-binding activity in vitro p53-mediated transcriptional
activation in vivo[44], p53 transcription[46]. HBx is capable
of blocking p53-mediated apoptosis. Especially the latter
function provides a selective cellular growth advantage for
preneoplastic or neoplastic hepatocytes[47-49].
Compared to HBV-related heptocarcinogenesis,
much less is known about the pathophysiology leading
to HCV-related cirrhosis (70% in HCV vs 50% in HBV)
and HCC (75% in HCV vs 29% in HBV)[50]. None of the
different parts of the HCV genome is integrated into
the host genome. As for HBV there are several HCVrelated protein interactions known possibly involved in
hepatocarcinogenesis, which mainly concern the core
protein including indirect activation of the TNF-α
receptor, the Raf-1 kinase, and NF-κB pathways leading
to inhibition of TNF-α-induced and Fas-mediated
apoptosis [51-53]. Depending on the cellular background
contradictory data exist[54]. This is also true for the known
interaction between HCV and p53: using different cell lines
these studies provided data demonstrating suppression
of p53 promoter transcriptional activity [55,56]. To gain
better insight into HCV-related hepatocarcinogenesis, the
microarray technology has been used in several studies.
Honda et al[57] and Shackel et al[58] analyzed HCV cirrhosis
and showed an upregulation of pro-inflammatory, proapoptotic, and pro-proliferative genes, which might reflect
groups of genes being involved in HCV-related cirrhosis
during progression to HCC. Dou et al analyzed gene
expression profiles of the HCV genotypes 1b, 2a, and 4d
core proteins in HepG2 and Huh-7 cells and identified
that each core protein has its own expression profile
and that each of them seems to be implicated in HCV
replication and oncogenesis[59,60]. In another study based
on the transient expression of the HCV core protein
transfected into Huh-7 cells by Fukutomi et al[61] most
transcriptionally changed genes were involved in cell
growth or oncogenic signalling. Of particular interest were
growth-related genes like the wnt-1 pathway. In primary
human hepatocytes the HCV core gene was induced after
senescence, immortalization, and anchor-independent
growth passages of the cells. Reflecting the HCV core
gene introduction into these three distinct HCV-related
hepatocytic stages, the following cellular pathways have
been identified: cell growth regulation, immune regulation,
oxidative stress, and apoptosis. Finally, to further focus
on the role of p53 in HCC, a number of p53 mutant and
p53 wild type HCC cases were analyzed by microarrays
identifying 83 p53-related genes in p53 mutant HCCs
when compared with wild type p53 HCCs[62]. Among these
genes, an overexpression (among others) was described
for cell cycle-related genes (CCNG2, BZAP45) and cell
proliferation-related genes (SSR1, ANXA2, S100A10,
and PTMA). Based on their results the authors assume
that mutant p53 tumors have higher malignant potentials
than those with wild type p53. This concept is supported
by previous reports demonstrating that p53 mutations
constitute an unfavorable prognostic factor related to
recurrence in HCC[60,61].
Together, genomic data support a substantial role for
www.wjgnet.com
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p53 in development and differentiation of HCC.

Wnt SIGNALLING PATHWAY
Originally identified in Drosophila melanogaster and
subsequently described in several other organisms,
members of the wingless gene family are secreted
morphogenic ligands, essential to establishing body
patter ning and axis for mation during embr yonic
development, cell/cell interaction and regulation of
proliferation. Lately, the Wnt pathway has also been
demonstrated to function as a key regulator in tumor
development and differentiation.
Members of the Wnt protein family initiate signalling
through binding to cell-surface receptors of the Frizzled
(Fz) family and their co-receptors, the LRP 5/6 proteins.
Binding finally results in an increasing amount of
β-catenin reaching the nucleus. Wnt/frizzled binding leads
to activation of Dishevelled (Dsh), a component of a
membrane-associated Wnt receptor complex, subsequently
inhibiting a complex of proteins including Axin, GSK-3,
and APC. This complex normally promotes the proteolytic
degradation of the β-catenin intracellular signalling
molecule. However, if inhibited by Dsh, cytoplasmatic
degradation of β-catenin is decreased and an increasing
amount of β-catenin is able to enter the nucleus and
interact with TCF/LEF family transcription factors to
promote specific gene expression[63].
Besides its role in embryonic development, the Wnt
signalling pathway has been studied extensively with
respect to cancer development and differentiation[64-67].
Several lines of evidence support an essential role of
the Wnt/b-catenin singnaling pathway in HCC. These
include an increased expression and nuclear accumulation
of β-catenin as a feature of an activated Wnt signalling
pathway[66,68,69]. Up to 62% of all HCC were shown to
display such a disregulation of β-catenin. In addition, a
multivariate analysis has demonstrated poorer prognosis
and higher rate of tumor recurrence in patients with
nuclear accumulation of β-catenin[68,69].
Further attention was drawn to Wnt-/β-cateninsignalling when oncogenic β-catenin mutations were
demonstrated to promote also the development of
HCC. These mutations prevent β-catenin from being
phosphorylated and thus prevent degradation, resulting
in activation of Wnt-/β-catenin signalling. Prevalence of
the mutations has been estimated from several reports to
be within 26% and 41%[70-73] and some reports describe a
high association of the mutations with high exposure to
aflatoxin B1 and HCV infection[74,75]. In addition, mutations
of Axin1, a negative regulator of the Wnt signalling
pathway, have also been reported to be highly prevalent in
human HCC and transfection of wildtype Axin1 lead to
reconstitution of Wnt signalling and apoptosis in cancer
cells [76,77]. At a lower frequency, Axin2 mutations may
contribute to HCC as well[77]. In contrast to other tumor
entities, like colorectal carcinoma, no mutations of the
Adenoma Polyposis Coli (APC) gene have been identified
in HCC[78]. However, a liver-specific disruption of the
APC gene in mice resulted in an activation of the Wnt/
β-catenin pathway and also in the development of HCC[79].
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Furthermore, the course of disease of patients with
HCC harboring β-catenin mutations was demonstrated
to be clinically distinct since, on average, they display a
less aggressive and less invasive tumor progression and
better prognosis compared to patients without β-catenin
mutations[69,71-73].
Besides mutations of Wnt-/β-catenin signalling
associated genes, differential expression of Frizzledreceptors and secreted inihibitors of the pathway have
been repeatedly demonstrated to contribute to HCC
development. Overexpression of Frizzled-7 (FDZ7) was
predominant in most HCC and was regarded an early
event in hepatocarcinogenesis [80,81]. The Wnt inhibitor
HDPR1, the human homologue of Dapper (Dpr), was
observed in 43% of HCC likely due to methylation of
a CpG island in the promoter region and exon1 of the
HDPR1 gene[82]. Methylation of the secreted Frizzledrelated protein 1 promoter gene (SFRP1) was found in
75% of HCC samples and methylation of the promoter
was demonstrated to correlate with downregulation of
SFRP1 expression, suggesting SFRP1 expression to be
regulated by methylation of the gene promoter[83].
Together, an essential role of the Wnt signalling
pathway in hepatocarcinogenesis has been established in
several ways and targeting the pathway may be promising
for therapeutic options. First attempts to target Wnt
signalling showed promising results as in vitro RNA
interference against β-catenin inhibited the proliferation
of pediatric hepatic tumor cells suggesting β-catenin to be
a possible target of further in vivo studies[84].

TGFβ PATHWAY
The transforming growth factor (TGF) signalling pathway
is essential to many cellular processes such as cell growth,
cell differentiation, and apoptosis. In the liver, a major
function of TGF-β, which is normally produced by
nonparenchymal stellate cells, is to limit regenerative
growth of hepatocytes in response to injury by inhibiting
DNA synthesis and inducing apoptosis[85,86]. TGFβs have
three mammalian isoforms, TGFβ1, TGFβ-2 and TGFβ-3
each with distinct functions in vivo. All three TGFβs use
the same receptor signalling system[87]. TGFβ has three
receptors, typeⅠ(RⅠ), type Ⅱ (RⅡ) and type Ⅲ (RⅢ).
TGFβR3 is the most abundant of the TGFβ receptors yet,
it has no known signalling domain. However, it may serve
to enhance the binding of TGFβ ligands to TGFβ type Ⅱ
receptors by binding TGFβ and presenting it to TGFβR2.
Type RⅢ (also called betaglycan) binds two TGFβ
polypeptides, recruits TGFβ to R Ⅱ and intensifies
TGFβ signalling. Binding of a TGFβ ligand[87-89] to a type
Ⅱ receptor results in the recruitment of and complex
formation with a typeⅠreceptor and its phosphorylation.
Together these proteins form a hetero-tetrameric complex
with the ligand. After activation of the TGFβ type Ⅱ
/TGFβ typeⅠ(TGFβRⅡ/TGFβRⅠ) receptor complex,
the signal is transmitted mostly through the Smad proteins.
However, the activated receptor complex may also
transduce the TGFβ signal through phosphatidylinositol
3-kinase (PI3K), protein phosphatase 2A/p70 S6 kinase
(PP2A/p70S6K), and various mitogen-activated protein
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kinase (MAPK) pathways. The later pathways are not
dependent on Smad function. If bound by TGF/RⅡ and
phosphorylated, RⅠ subsequently phosphorylates Smad2
and Smad3, subsequently forming a complex with Smad4.
These Smad4 bound complexes translocate to the nucleus
where they bind to specific DNA sequences and act to
repress or activate transcription.
TGFβ has repeatedly been demonstrated to be
overexpressed in HCC. Elevated expression levels of
TGFβ in HCC tissue have been found by means of
Northern blot and immunohistochemistry[90-92]. Expression
of TGF-β1 in HCC tissue was correlated with poorer
histological differentiation [91]. In addition, serum and
urin TGFβ levels have been shown to correlate with
poorer prognosis and increased tumor angiogenesis[93-96].
Furthermore, it has recently been described in several
tumor entities that during tumor progression[87-89,97] TGFβ
activity continues to be increased due to autostimulation
of the Tgfb1 gene and due to transcriptional activation
by Ras and other effectors, as well as by the action of
proteases that activate the latent TGFβ in the extracellular
matrix[98,99]. Also, attenuation of TGF-β signalling was
observed as a result of downregulation of TGF-βRⅡ
[100,101]
.
The stimulation of neoplastic growth of liver cancer
despite an overexpression of TGFβ and a generally growth
limiting function of TGFβ is not fully understood, but
has lately been explained partly by evidence for resistance
of the tumor to TGFβ function on the one hand site and
a switch of TGFβ function towards a growth stimulating
function during later stage tumor growth on the other
hand site. Significant evidence that evasion from TGFβ
may play a role during early HCC development comes
from mice heterozygous for a target-inactivated TGFβ1
allele or a TGFβ type Ⅱ receptor. These animals show
enhanced susceptibility to chemical carcinogens such
as N-diethylnitrocosamine compared to their wild-type
littermates, indicating a haploinsufficiency of tumor
suppression[102-104]. This hypothesis was further supported
by in vitro and clinical data. Expression of TGFβR-Ⅱ in
liver tissues was significantly decreased in patients with
HCC compared to patients with chronic hepatitis or liver
cirrhosis. Conversely, transfection of TGFβR-Ⅱ cDNA
into the hepatoma cell line Huh7 induced cell arrest and
apoptosis[105].
In several tissues, an active involvement of TGFβ in
tumor progression and metastasis has been suggested.
For example, mice inoculated with prostate cancer cells
overexpressing TGFβ-1 have tumors that are 50%
larger than controls and are significantly more likely to
develop metastases[106]. As consequence of these findings
a hypothesis of a switch of TGFβ action from a tumor
suppressing effect to a tumor promoting function during
cancerogenesis in several cancers has been proposed[107].
However, such a tumor promoting effect has not yet been
demonstrated in HCC.
Besides disruption of the TGFβ pathway at the
TGFβ/TGFβR level, the signalling pathway may be also
disregulated further downstream at the level of Smad
proteins. Smad7 expression was found highly elevated in
HCC tissue, especially in patients with elevated TGFβ or
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normal TGFβRⅡ levels suggesting that Smad7 may be
one of the resistance mechanisms to TGFβ in late stage
HCC[108]. At present, only a few data are available on Smad
mutations. In a small cohort of 35 patients, three were
identified to have mutations of either Smad 2 or Smad
4 [109]. In contrast, levels of Smad 5 were rather found
upregulated than downregulated and therefore Smad 5 was
excluded to play a significant role in HCC development[110].
Finally, in vitro experiments suggested that ability to
repress the activity of Smad proteins of Ski and SnoN by
interacting with Smad 2, Smad 3, and Smad 4 accounted
for their transforming activity and resistance to TGFβ
induced growth arrest[111].

Ras SIGNALLING
The three human ras genes (H-ras, N-ras and K-ras)
encode for four proteins that function as small guanosine
triphsophate (GTP) binding proteins, H-Ras, N-Ras,
K-Ras4A and K-Ras4B[112-115]. The two forms of K-Ras
only differ in their C-terminal 25 amino acids due to
alternate splicing. Ras proteins are positioned at the inner
surface of the plasma membrane, where they serve as
molecular switches to transduce extracellular signals into
the cytoplasm to control signal transduction pathways that
influence cell growth, differentiation and apoptosis[116]. Ras
proteins can be activated by a wide range of extracellular
proteins. For example, Ras proteins become activated
following triggering of receptor tyrosine kinases such as
the epidermal growth factor receptor (EGFR)[117].
Single amino acid substitutions at N-ras codon 12,
H-ras codon 13 or K-ras codon 61, that unmask Ras
transforming potential, create mutant proteins that are
insensitive to GAP (Ras p120 GTPase activation protein)
stimulation[118]. Consequently, these oncogenic Ras mutant
proteins are locked in the active, GTP-bound state, leading
to constitutive, deregulated activation of Ras function.
Activated Ras relays its signals downstream through
a cascade of cytoplasmic proteins. Substantial biological,
biochemical and genetic evidence has implicated the
Raf-1 serine/threonine kinase as a critical effector of Ras
function[119]. A key observation was that only biologically
active Ras forms a high affinity complex with Raf-1[120-124].
The Ras-Raf association promotes a translocation of
the cytoplasmic Raf protein to the plasma membrane,
where subsequent events lead to the activation of its
kinase function. These events are complex and remain
to be fully understood [125]. Upon activation, Raf then
phosphorylates and activates the MAPK kinases (MKKs)
MEK1 and MEK2. MEK1 and 2 are dual specificity
kinases which catalyze the phosphorylation of Erk1
and 2 on both tyrosine and threonine residues after
translocation to the nucleus. Erk1 and 2 in turn activate
numerous downstream targets such as transcription factors
127]
(e.g. Elk-1 and c-Jun[126,����
), other kinases (e.g. p90rsk S6
kinase), upstream regulators (e.g. Sos Ras exchange factor)
and other regulatory enzymes (e.g. phospholipase A2).
These downstream targets then control cellular responses
including growth, differentiation and apoptosis.
Overexpression of Ras and members of the signalling
pathway such as p21 have been demonstrated in HCC
www.wjgnet.com
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in multiple studies[128,129]. Likewise, inhibitors of the Ras
pathway were reported to be downregulated in HCC[130].
Besides overexpression of Ras in HCC, mutations of
the Ras proto-oncogenes, locking Ras in the active state,
have been identified. The most commonly investigated
mutations were the N-Ras codon 61[131-133] , the H-Ras
codon 12 [134] and the K-Ras codon 12 mutation [135-137].
However, the absolute numbers of HCC investigated
were rather low in these studies. Ras mutations were
continuously obser ved in HCC induced by various
chemical agents in rats. These chemicals inducing HCC
were N-nitrosomorpholine (NNM[138]), a combination of
bleomycin and 1-nitropyrene[137], methyl (acetoxymethyl)
nitrosamine[139], acetylaminofluorene (AAF)[140], 3-methyl(dimethylamino) azobenzene[139], and nitroglycerine[141]. In
accordance with these data originating from murine HCC
models, tumor tissue of workers exposed to vinyl chloride
were demonstrated to contain a significant level of Ras
mutations, supporting evidence for a role of Ras mutations
in HCC[142,143].
As a consequence of overexpression of the Ras
pathway in HCC and in order to identify novel therapeutic
targets for the treatment of HCC, various groups have
lately studied regulation of the pathway by antisense
RNA. Thereby, it has repeatedly been reported that
antisense treatment for H-Ras significantly inhibited
hepatocarcinogenesis and was able to reconstitute
apoptosis in respective cells/tissues[138,144,145]. In addition,
novel treatment approaches with multikinase inhibitors
such as sorafenib targeting the Raf kinase in patients with
advanced HCC have displayed a moderate therapeutic
efficacy as a single-agent and may now be evaluated for
combination treatment with other anticancer agents[146].

Rb
The tumor suppressor protein retinoblastoma protein
(Rb), is critical for the development of several cancer
types. Rb is the target for phosphorylation by several
kinases as described below. In normal cell signalling,
Rb prevents cell division and cell cycle progression. In
particular, Rb prevents the cell from replicating damaged
DNA, by preventing its progression through the cell cycle
into S phase or progressing through G1[147]. Bound to the
transcription factor E2F, Rb acts as a growth suppressor
and prevents progression through the cell cycle[148]. Rb only
inhibits cell cycle progression in a dephosphorylated state.
Before entering S-phase, complexes of a cyclin-dependent
kinases (CDK) and cyclins phosphorylate Rb [147-151] .
Dephosphorylated Rb binds to the transcription factor
E2F[148]. Subsequently, phosphorylation of Rb results in
148,152]
the dissociation of E2F-DP from Rb[147,��������
. Free E2F
may then activate cell cycle activating factors like cyclins
(e.g. Cyclin E and A), leading to progression of the cell
cycle. Thus, cells with mutated Rb are subject to reduced
control in cell cycle progression subsequently resulting in
the development of cancer.
In addition, the Rb-E2F/DP complex also binds
a protein called histone deacetylase (HDAC) which
when associated to chromatin, further suppresses DNA
synthesis. HDAC inihibitors have recently attracted
www.wjgnet.com
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increasing attention as therapeutic agents. Furthermore,
oncoproteins of several viruses can bind and inactivate Rb,
possibly leading to cancer development[153-156].
Although a vast amount of data has been accumulated
on the role of Rb in cancer differentiation for several
cancer entities, only limited insight is available on a role
of Rb in HCC differentiation. Rb has been demonstrated
to be inactivated in human HCC cell lines and in 28% of
HCCs[157,158]. Simultaneously, additional members in the
Rb network also have significantly aberrant expression
in HCC. For example cyclin D1/Cdk4, phosphorylating
and inactivating Rb, is overexpressed in 58% of HCCs[159].
Furthermore, the p16 protein, also a regulator of Rb
activity through inhibition against Cdk4, is absent in 34%
of HCCs[160]. Together, these data suggest that disruption
of the Rb regulatory network is common in HCC
carcinogenesis.

GENOME-SCALE ANALYSIS OF GENE
EXPRESSION IN HCC
In recent years multiple data sets of microarray data
from genome wide expression analysis of HCC have
been published. Most of these have reported novel
involvements of individual genes in differentation
or development of HCC. In order to identify gene
clusters, individual genes, and pathways crucial to HCC
development in general [161-163], solitary or multinodular
development[164,165], metastasis[166] and tumor recurrence�
after surgical resection[167] multiple microarray experiments
have been performed. These experiments revealed several
gene cluster and multiple genes to perform essential roles
in HCC differentiation. However, comparison between
these different microarray experiments remains difficult
as these experiments all defined diverse clusters of genes
essential to tumor development, metastasis or recurrence.
Thus, the challenge remains to identify a small subset of
key regulatory genes, which may subsequently be chosen
for evaluation as novel regulatory targets interfering with
tumor development.
The most valuable perception from genome-wide
expression profiles of HCC was that HCC must not be
regarded as a single tumor entity but rather represents
several distinct subtypes of liver cancer defined by distinct
gene expression profiles. Groups of HCC selected with
respect to clinical outcome and distinct survival of
patients varied significantly in their expression profile.
However, these two tumor expression profiles were more
closely related compared to normal tissue[168]. These data
were in accordance with expression studies performed
in murine HCC. By means of molecular biology, Stahl et
al[169] confirmed that HCC contains at least two subtypes,
which may be distinguished by expression of β-catenin
Similarly, HCCs induced by chronic HBV or chronic HCV
infection were demonstrated to display clearly distinct
expression profiles and thus the conclusion was drawn that
hepatocarcinogenesis due to HBV or HCV is driven by
different pathophysiological mechanisms[170]. Furthermore,
the expression profile of HCCs was suggested to differ
according to distinct histological tumor types[171].
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Besides the gene clusters identified to be essential to
HCC development, differentiation of subtypes and clinical
outcome, HCC expression profiles of multiple genes
and genetic networks was demonstrated to be critical
to response of HCC cell lines to treatment with several
chemotherapeutic agents in vitro[172]. The pharmacogenetic
relevance has been evaluated in multiple studies revealing
individual clusters of genes crucial to treatment response
with 5FU and cisplatin[173], 5FU plus interferon alpha[174],
interferon alpha alone [175] , and histone deacetylase
inhibitors[176,177]. Although these data certainly contributed
new insights to the pharmacogenetics of HCC treatment,
the number of individual genes identified correlated
with treatment response is still too large to be routinely
tested for each individual patient before initiation of
treatment. Thus, the future challenge remains to focus
on a small subset of highly predictive genes which may
be investigated more easily and rapidly and not at least
cheaper in order to establish a personal prediction of
chemotherapy response.

ALTERED DNA METHYLATION IN HCC
In contrast to somatic mutations, changes in methylation,
especially in promoter regions of individual genes, are
capable of regulating gene expression without changes
in DNA sequence. Methylation may occur on cytosine
nucleotides, predominantly in CpG nucleotides, and the
methyl group can be added to the pyrimidine ring by either
one of the three methyltransferases (DNMT 1, DNMT3a
and DNMT3b). These methylations are passed through
cell division. Methylation of promoters may interfere with
the binding of transcription factors and other regulatory
mechanisms. Subsequently, progressive methylation of
promoter regions may result in decreased expression of
the corresponding gene.
In cancer, a “methylation imbalance” was frequently
observed, where a genome-wide hypomethylation is
accompanied by localized hypermethylation and an
increase in expression of DNA methyltransferase.
T h e i nve s t i g a t i o n o f a l t e r e d m e t hy l a t i o n i n
pathogenesis of HCC remains limited to individual genes
being investigated due to the lack of high throughput
techniques for analysis of methylation. In a study on
133 genes investigated for changes in methylation in
HCC, 32 were mostly hypermethylated, only a few
hypomethylated. Wether these altered methylation profiles
lead to significant changes in expression profiles and the
function of genetic networks or whether these changes
just indicate severe epigenetic disturbances remains to
be investigated. However, as these genes were selected
prior to analysis with respect to differential expression
in HCC, altered methylation was suggested to contribute
significantly to the differentiation of HCC. Besides this
comparatively large set of genes, only a few genes have
repeatedly been investigated individually and reported to
be hypermethylated in HCC. Thus, the SFRP1, RUNX3,
RASSF1, OCT6, AR, p73, MYOD1, and p16INK4a gene
were reported hypermethylated in more than half of all
HCC[178,179].
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Changes of methylation were not only observed in
tumor tissue but also in peripheral blood[180]. In addition,
DNA methylation was demonstrated to be significantly
decreased after surgery. These findings certainly represent
initial, preliminary studies and need to be further
confirmed. However, if confirmed, analyzing DNA
methylation may develop into an additional aid in diagnosis
and follow up of HCC.
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Abstract
AIM: To investigate the relationship between cyclooxygenase-2 (COX-2), and vascular endothelial growth
factor (VEGF), and to determine the clinical significance
of this relationship in esophageal cancer patients
undergoing chemoradiotherapy (CRT).
METHODS: Immunohistochemical staining was used to
evaluate COX-2 and VEGF expression in 40 patients with
histologically-confirmed esophageal squamous carcinoma
(ESCC) who were undergoing preoperative CRT.
RESULTS: Fourteen out of 40 ESCC patients showed a
pathological complete response (CR) after CRT. COX-2
and VEGF protein expressions were observed in the
cytoplasm of 17 and 13 tumors, respectively, with null
expression in 9 and 13 tumors, respectively. COX-2
expression was strongly correlated with VEGF expression
(P < 0.05). There were also significant associations
between COX-2 expression, tumor recurrence, and
lymph-node involvement (P = 0.0277 and P = 0.0095,
respectively). COX-2 expression and VEGF expression
had significant prognostic value for disease-free survival
(log-rank test; P = 0.0073 and P = 0.0341, respectively),
but not for overall survival, as assessed by univariate
analysis.
CONCLUSION: O u r re s u l t s s u g g e s t t h a t C OX- 2

expression correlates with VEGF expression and might
be a useful prognostic factor for more frequent tumor
recurrence in ESCC patients undergoing neoadjuvant
CRT. These findings support the use of anti-angiogenic
COX-2 inhibitors in the treatment of ESCC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Esophageal cancer is an ag gressive disease, and the
presence of lymph-node metastasis and vascular
invasion indicate high malignant potential [1]. Surgery is
the treatment of choice for patients with locoregionally
confined esophageal cancer; however, the 5-year survival
prognosis is less than 50%, even after curative surgery[2].
The development of improved prognostic markers
and effective treatment strategies is therefore of great
importance; this process depends on our understanding of
the biological behavior of the tumors, and the identifying
factors responsible for tumor invasiveness, metastasis, and
recurrence.
The initiation, growth, and development of new
blood vessels through angiogenesis are essential processes
for tumor growth and dissemination. Inhibiting tumor
blood-vessel formation[3,4] offers promising therapeutic
approaches. In pathological angiogenesis, the angiogenic
switch is shifted towards the proangiogenic factors,
which results in irregular tumor vessel growth. Blood
vessel growth in normal tissues is regulated through a
delicate and complex equilibrium between the collective
actions of proangiog enic factors and angiog enic
www.wjgnet.com
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ESCC tissue specimens were processed using conventional
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Patients and therapy
In total, 40 patients (nine women and 31 men; mean
age, 60 years; age range, 44-78 years) with surgically
excised ESCC were studied at the Hyogo College of
Medicine, Japan, between April 1996 and December
2005. Preoperative CRT was perfor med as follows
(Figure 1): 5-flurouracil (5-FU; 500 mg/m2 per day) was
administered as a 120 h continuous intravenous (i.v.)
infusion starting on d 1, and cisplatin (CDDP) (15 mg/m2
per day) was administered as a 2 h i.v. infusion on d 1-5.
Radiation therapy was performed on d 1-5, after CDDP
infusion, using a linear accelerator (Mevatron KD2,
Siemens, Germany) and the previously described radiation
method[14]. Chemotherapy was combined with radiation
therapy during the first week, then radiation therapy alone
was repeated for the next 3 wk (d 8-12, 15-19, and 22-26).
Each single dose of radiation was 2 Gy/d, with a total
dose of 40 Gy. Surgery was usually performed 4-6 wk
after the completion of CRT. Resected specimens were
cut open longitudinally and fixed with formalin. Followup information was obtained from office charts, hospital
records, and telephone interviews. The ethics committee
of the institution approved the study protocol.
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inhibitors. Many factors are involved in regulating the
equilibrium between angiogenic stimulants and inhibitors,
including vascular endothelial growth factor (VEGF),
methionine aminopeptidase-2 (MetAP-2), p53, tubulin,
cyclooxygenase-2 (COX-2), and matrix metalloproteinases
(MMPs).
VEGF is the best-characterized proangiogenic
factor[5,6] and belongs to the platelet-derived growth factor
superfamily. It potently increases vascular permeability,
and promotes the for mation of new blood vessels
by stimulating endothelial cells to migrate and divide.
VEGF is overexpressed in the majority of human solid
cancers, where it is correlated with poor prognosis [7–10].
COX-2, which is an enzyme responsible for the formation
of prostaglandin H 2 from arachidonic acid, regulates
angiogenesis, and COX-2-selective inhibitors can inhibit
the process of colorectal tumorigenesis in both mice and
humans[11-13]. COX-2 and VEGF expression are closely
linked, and play critical roles in tumor progression and
aggressiveness.
Since 1996, our institute has offered preoperative
chemoradiotherapy (CRT) combined with radical surgery
for the treatment of esophageal cancers. This has led to
increased resectability, reduced incidence of both local
recurrence and distant metastasis, and better prognosis
for CRT responders[14]. However, the application of CRT
remains controversial, and the prognosis of patients
undergoing CRT has not been reliably estimated. In
the current study, we retrospectively investigated the
expression of COX-2 protein in human esophageal
squamous cell carcinoma (ESCC) tissues, and evaluated
the clinical implications for patients who underwent
preoperative CRT and radical surgery.
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  Radiation

8-10 wk
  Operation

2 Gy × 5 d (wk)
Total 40 Gy
The radiation field:
3 cm longitudinal margin and 4 cm lateral margin
Operation was performed 4-6 wk following chemoradiation

Figure 1 Schedule of preoperative CRT.

procedures for paraffin embedding, cut into 4 μ m
sections, and mounted onto poly-l-lysine-coated slides.
Sections were dewaxed in xylene and rehydrated in a
descending series of alcohols. They were then blocked
for endogenous peroxidase with 30 mL/L H 2 O 2 in
methanol, and blocked for non-specific antibody binding
with normal rabbit serum. Sections were incubated for 2
h at room temperature with goat polyclonal anti-human
COX-2 antibody and mouse monoclonal anti-human
VEGF antibody (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), followed by a standard avidin-biotin-peroxidase
complex method. The slides were developed with 3,
3’-diaminobenzidine tetrahydrochloride solution containing
1 mL/L H 2 O 2 and were lightly counterstained with
hematoxylin. Normal mouse immunoglobulin G (IgG) was
substituted for the primary antibody as a negative control.
The sections were finally counterstained with Lillie-Mayer’s
hematoxylin, mounted, and examined microscopically
by three of the authors (Y.F., K.K., and T.T.) without
knowledge of clinicopathologic features. The results
were graded on a scale of 0-3 based on the percentage of
specific tumor-cell staining as follows: grade 0, no specific
staining or < 5% of the tumor cells; grade 1, ≥ 5% to <
35% of the tumor cells; grade 2, ≥ 35% to < 65% of the
tumor cells; grade 3, ≥ 65% tumor cells. Grades 0 and
1 were considered as low expression, and grades 2 and 3
were considered as high expression.
Statistical analysis
Overall survival (OS) was defined as the time from the date
of initial diagnosis to patient death or the date of the last
available information on vital status. Disease-free survival
(DFS) was defined as the length of time after treatment
during which no cancer was found. In univariate analysis,
the difference between the cumulative survival rates of
patient groups was calculated by the log-rank test for
comparison using Kaplan-Meier survival curves. Statistical
significance was considered at P < 0.05. Statistical analyses
were carried out using Statistica software, version 06J
(Statistica, Tulsa, OK, USA).

RESULTS
Patient and tumor characteristics
The patient group showed a male gender bias (male:
female, 31:9). The histology of all tumors was shown
to be ESCC. Thirty-six tumors originated in the thorax.
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A-1

A-2

B-1

B-2

Table 1 Patient characteristics
Characteristics
Sex (M/F)
Mean age (yr)
Location of tumor

T-classification
N-classification
M-classification
UICC TNM stage

2285

n

Cervical
Upper thoracic
Middle thoracic
Lower thoracic
T3
T4
N0
N1
M0
M1
Ⅱa
Ⅲ
Ⅳa
Ⅳb

40 (31/9)
60
2
5
22
11
18
22
23
17
34
6
15
16
5
4

UICC: International Union Against Cancer.

Figure 2 COX-2 or VEGF expression in ESCC tissue. A: Strong COX-2
expression (A-1; × 40, A-2; × 200); B: Strong VEGF expression (B-1; × 40, B-2; ×
200). Bar indicates 100 μm.

According to the Tumor-node-metastasis (TNM) system
of the American Joint Committee on Cancer, stage Ⅱ
tumors were seen in 15 patients (37.5%), stage Ⅲ tumors
were seen in 16 (40.0%), and stage Ⅳ tumors were seen
in nine (22.5%). Seventeen patients (42.5%) had lymphnode metastasis at the time of diagnosis. All lesions before
CRT presented with a T3 or T4 extent of invasion. Threequarters of the patients had tumors between 6 and 8 cm
in diameter. The M+ classification was given to six
tumors. Two patients had distant metastasis of the liver.
All patients experienced a disease-free period. During the
follow-up period, five patients (12.5%) developed local
recurrence or residual tumors, six (15.0%) developed
neck or celiac lymph-node recurrence, and seven (17.5%)
developed distant metastasis. Sixteen patients (40.0%) died
during follow-up: 14 (35.0%) of these died from their
tumors, whereas the remaining two (2.0%) were tumor free
and died of intercurrent diseases (Table 1).
COX-2 and VEGF expression
Fourteen tumors were eradicated by CRT, resulting in an
absence of visible tumor cells described as a pathological
complete response (CR). No COX-2 expression was
detected in nine tumors, and VEGF expression was
absent from 13 tumors (34.6% and 50.0%, respectively).
Seventeen tumors (65.4%) were positive for COX-2
expression: 12 scored 1, five scored 2, and none scored
3. Thirteen tumors (50.0%) were positive for VEGF
expression: five scored 1, six scored 2, and two scored
3. One of the two patients who scored 3 for VEGF
expression died of multiple lung metastasis 2 months after
surgery.
Positive COX-2 expression was shown to be related to
VEGF expression (P < 0.05). Staining for both proteins
was predominantly observed in the cytoplasm of tumor
cells (Figure 2). In the COX-2/VEGF-positive expression
group (n = 13), recurrences were found in nine patients:
two locally and eight distant in the liver, bone, thyroid
gland, lung, and neck lymph nodes. By contrast, in the null
COX-2 or VEGF expression group (n = 13), recurrences
were found in only two patients in the liver and bone.

Table 2 Univariate analysis of prognostic factors for overall
survival and COX-2 expression
n
Covariate
Age (yr)
Gender
Effect of CRT
Lymph node metastasis
Distant metastasis
Depth of tumor invasion
Tumor location1
COX-2 expression
VEGF expression

< 70
≥ 70
Male
Female
Effective
Ineffective
Positive
Negative
Positive
Negative
T3
T4
Upper
Lower
Positive
Negative
Positive
Negative

34
6
31
9
32
8
17
23
6
34
18
22
7
33
17
23
13
27

P

P

for OS
NS

for COX-2
NS

NS

NS

0.0019b

NS

0.012a

0.0095b

0.00026b

0.0277a

0.0401a

NS

NS

NS

NS

-

NS

-

1

Upper or lower: Above or below the tracheal bifurcation. NS: Not significant.
P < 0.05, bP < 0.01, comparison between two corresponding groups.

a

After follow-up, disease progression was detected in
nine of the 13 COX-2/VEGF-positive patients, four of
whom died. A univariate analysis of the OS prognostic
factors is summarized in Table 2. The results revealed
that lymph-node metastasis and distant metastasis had
significant prognostic value (P = 0.012 and P = 0.00026,
respectively). Furthermore, there was a significant effect of
CRT on OS prognosis (P = 0.0019).
COX-2 and VEGF expression predicts more frequent tumor
recurrence
Kaplan-Meier analyses did not find a low OS for patients
with persistent positive COX-2 or VEGF expression
in their primary tumors, compared with null COX-2 or
VEGF expression patients, or those with no residual
tumor (Table 2). However, patients with null COX-2 or
www.wjgnet.com
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Figure 3 Disease-free survival differences between patients with no residual
tumor or null COX-2 expression, and those with positive COX-2 expression.

Figure 4 Disease-free survival differences between patients with no residual
tumor or null VEGF expression and those with positive VEGF expression.

VEGF expression, or no residual tumors, showed an
improved DFS compared with other patients (log-rank
test; P = 0.0073 and P = 0.0341, respectively; Figures 3,
and 4). Those with only null COX-2 expression showed
no significantly improved DFS compared with those with
COX-2 expression (log-rank test; P = 0.07).

Some COX-2 inhibitors also reduce proliferation and
increase apoptosis in esophageal cancer both in vitro and
in vivo[21-24]. Thus, these inhibitors might have the potential
to act as radiosensitizers due to increased intrinsic cell
radiosensitivity and inhibition of tumor angiogenesis[25].
Consequently, the antitumor effect of COX-2 inhibitors is
considered as at least partially antiangiogenetic in nature.
A recent study on lung adenocarcinoma samples
suggested that COX-2 might be involved in the regulation of lymphangiog enesis via induction of the
lymphangiogenetic factor VEGF-C[19]; similar effects were
also suggested for ESCC[15]. Together with our results,
these findings indicate that the COX-2/VEGF interaction
is important for the metastasis of solid tumors that fail
to respond to CRT, although the alteration of COX-2
and VEGF expression by CRT was not directly analyzed
in our current study. Application of COX-2 inhibitors in
combination with CRT should therefore be explored for
ESCC patients.
In the present study, patients with null COX-2
expression or no residual tumors showed an improved
DFS compared with other patients; however, there was no
evidence for a significantly improved OS. The reason for
this discrepancy remains to be clarified. The association
between high COX-2 expression and limited patient
response to chemotherapy, particularly platinum alone[26-28],
is supported by our data, which confirm that adjuvant
chemotherapy after surgery is more influential for the
prognosis of ESCC patients than the status of COX-2
expression after CRT.
At our institution, a regimen of platinum and
taxane (e.g. paclitaxel, docetaxel) is the preferred firstline adjuvant treatment for ESCC, which might reflect
an improved OS in patients with COX-2 expression.
Taxane interferes with microtubule formation, and its
antiangiogenic effects have been shown to be partly due
to its preferential accumulation in endothelial cells[29]. A
modality utilizing taxane plus COX-2 inhibitor might be
an attractive antiangiogenic and antitumor strategy in the
adjuvant setting. Therefore, more attention should be
required in choosing chemotherapeutic modality (including
antiangiogenic agents in the near future) for the high-risk

DISCUSSION
Understanding the role of molecular factors in the
acquisition of esophageal cancer malignant potential is
important in treating these aggressive tumors. Recently,
high COX-2 expression was shown to associate with
increased intratumoral microvessel density and suppression
of tumor cell apoptosis in human ESCCs [15,16] . Cells
showing COX-2 overexpression tend to be resistant
to undergo apoptosis [11] . Notably, the present study
demonstrated that COX-2 expression was an influential
factor for lymph-node metastasis and poorer prognosis
in operable ESCC patients who underwent CRT. COX-2
signaling pathway is also related to tumor angiogenesis
via its association with VEGF expression in ESCC and
colorectal cancer [17,18]. Taken together, these findings
suggest that ESCCs with high COX-2 expression might be
less sensitive to CRT because of increased vascularization,
and anti-apoptotic action against anticancer agents and
radiation therapy.
Re c e n t l y, h i g h C OX - 2 e x p r e s s i o n f o l l o w i n g
neoadjuvant CRT has been reported to be associated with
tumor regression grade responding to CRT[19]. To date, few
reports have examined the relationship between COX-2
and VEGF expression and clinicopathological parameters
in ESCC patients who are undergoing preoperative CRT
and surgical resection. Our results suggest that COX-2
expression after CRT might be a useful biomarker for the
screening and management of high-risk patients with more
frequent metastasis.
Overexpression of COX-2 has been reported in
several human malignancies, including esophageal
cancer[20]. Accumulating evidence indicates that selective
COX-2 inhibitors show antitumor activity, and have
synergistic effects with chemotherapy and/or radiotherapy.
www.wjgnet.com
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patients showing high levels of COX-2 expression.
In conclusion, we have demonstrated that positive
COX-2 expression after CRT correlates with lymphnode metastasis and is a possible prognostic factor
in ESCC progression-free sur vival. These findings
suggest that COX-2 plays an important role in ESCC
lymphangiogenesis, and is a promising molecular target
for the treatment of ESCC. Large-cohort studies in
a multicenter setting will be necessary to validate our
findings, and to explore the use of taxane in postoperative
adjuvant chemotherapy.

of the patient flow may help us in sound judgement and in preventing selection
bias.
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Abstract
AIM: To evaluate the role of intestinal microflora in the
effects of multi-herbal medicine on gene expression in
the gut and liver.
METHODS: The multi-herbal medicine Juzentaihoto
(JTX) was administered to five germ-free mice and
regular mice for 2 wk. Among the results of the
comprehensive gene chip analysis of the intestine and
liver, we featured heat shock proteins (HSPs) 70 and
105 because their gene expression changed only in the
presence of microflora. Real-time RT-PCR was performed
to confirm the expression levels of these HSP genes. To
determine whether JTX acts directly on the HSP genes,
sodium arsenite (SA) was used to induce the heat shock
proteins directly. To examine the change of the intestinal
microflora with administration of JTX, the terminal
restriction fragment polymorphism (T-RFLP) method was
used. To identify the changed bacteria, DNA sequencing
was performed.
RESULTS: Heat shock protein gene expression,

documented by gene chip and real-time RT-PCR,
changed with the administration of JTX in the regular
mice but not in the germ-free mice. JTX did not suppress
the direct induction of the HSPs by SA. T-RFLP suggested
that JTX decreased unculturable bacteria and increased
Lactobacillus johnsoni . These data suggested that JTX
changed the intestinal microflora which, in turn, changed
HSP gene expression.
CONCLUSION: Intestinal microflora affects multi-herbal
product JTX on the gene expression in the gut and liver.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Increasingly, herbal products are used worldwide.
Although many studies have suggested efficacy of herbal
products, often the mechanism of action is not well
understood. Kampo medicine is a Japanese traditional
herbal medicine, and it also uses substances that are
of pharmaceutical grade and integrated in the national
medical system. More than 70% of Japanese physicians
prescribe K ampo medicine together with wester n
medicine[1]. Juzentaihoto (JTX; Shi-Quan-Da-Bu-Tang in
Chinese) is one of the Kampo medicines that consists of
10 herbs. It has been traditionally used for centuries for
general malaise. Currently, JTX is widely prescribed for
anemia, rheumatoid arthritis, chronic fatigue syndrome and
inflammatory bowel diseases. It is also widely used for the
prevention of cancer metastasis and infection in immunocompromised patients[1]. The mechanism of its action has
been vigorously investigated.
www.wjgnet.com
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For example, JTX stimulates hematopoietic stem
cell growth [2] , enhances T-cell-mediated suppression
of melanocytic tumor cell growth[3] and inhibits tumor
metastases [4] . Although one of the mechanisms of
action may be alteration of intestinal microflora[5,6] and
stimulation of the host immune system via the mucosal
immune system [6], the relationship between host gene
expression and intestinal microflora change has not been
clarified.
We investigated the genome-wide analysis of mRNA
of the intestine and liver and compared the effect of JTX
on germ-free (GF) mice with no intestinal microflora
and specific pathogen-free (SPF) mice that have normal
intestinal bacteria, which enabled us to discriminate the
intestinal microflora-dependent and -independent effects
of JTX. Within the comprehensive gene expression
analysis, we focused on heat shock proteins 105 (HSP105)
and 70 (HSP70) because their expression changed together
with cytokine-related molecules, such as interleukin-related
factor 7 (IRF-7), with the administration of JTX only in
SPF mice, but not in GF mice. Also, heat shock proteins
in the gut are reported to be maintained and controlled by
the intestinal microflora and may reflect the inflammatory
state of the gut[7,8]. Our previous study showed that JTX
suppressed the serum ammonia elevation after a partial
hepatectomy of mouse [9]. In that study, the change of
the intestinal microflora after partial liver excision was
minimized with JTX administration.
In the present study, we investigated the species
of intestinal bacteria which may affect the change of
HSPs expression. Terminal restriction fragment length
polymorphism (T-RFLP) analysis is a very useful tool
for comparing microbial communities, including the
unculturable bacteria[10]. The estimation of the number
of bacterial species in intestinal microflora by cultureindependent approaches using 16S rDNA clone library
suggests that only 20% to 30% of the total intestinal
bacteria are culturable [11,12]. Recent studies of murine
intestinal microflora using T-RFLP analysis revealed the
existence of many previously unidentified microorganisms
in the intestinal tracts of mice[13,14].
As a result of these investigations, we propose a novel
mechanism of action for herbal product: altered gene
expression as a result of altered intestinal microflora.

MATERIALS AND METHODS
Animals
For the study of comparison of germ-free (GF) mice with
specific pathogen-free (SPF) mice, male IQI mice (age 7
to 9 wk) kept under GF or SPF conditions were provided
from the Central Institute of Experimental Animals
(Central Institute for Experimental Animals, Kawasaki,
Japan). IQI mice have been established as an inbred strain
from ICR mice. Male ICR mice from CLEA Japan Inc.
(age 7 to 9 wk) were used in the rest of the experiments.
The GF mice were maintained in isolators which were
free from bacteria throughout the experiments. The SPF
mice were housed in an air-conditioned room (temperature
24℃ ± 1℃) with a controlled light/dark cycle (light on
www.wjgnet.com
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between 6:30 am and 7:00 pm), and food and water were
available ad libitum. The mice were randomly divided into
two groups, three to six in each group. One group was
orally treated with JTX (Tsumura & Co. Tokyo, Japan)
solution (1.0 g/kg body weight), and another was treated
with an equal volume of water as the control. JTX was
administered using a stainless steel gastric tube once a
day for 14 d. Figure 1 shows the chemical profile of JTX.
For antibiotic treatment, ciprofloxacin (CPFX) was fed
in the diet (240 mg/kg body weight per day) for a week.
The intake of chow was recorded daily. Sodium arsenite
(SA) (Sigma Chemical, St. Louis, MO) was diluted in saline
(5 mg/kg) and injected intraperitoneally. This protocol
was approved by the Guidance for the Care and Use
of Laboratory Animals of Keio University School of
Medicine that is in accordance with the NIH Guide for
Care and Use of Laboratory Animals.
RNA preparation from the mice tissues
Mice were sacrificed and the liver, small intestine and large
intestine were harvested for preparation of total RNA.
Each of the samples (0.1 g tissue) was homogenized in a
1 mL of TRI reagent (Sigma-Aldrich Japan, Tokyo, Japan)
with POLYTRON tissue homogenizer (Kinematica,
Littau-Lucerne, Switzerland) and incubated for 10 min
at room temperature. Chloroform (0.2 mL/1 mL TRI
reagent) was added to the samples and the suspensions
were centrifuged at 13 200 × g for 15 min at 4℃. The
water phase was transferred to a new tube and the RNA
was prepared with a conventional isopropanol/ethanol
precipitate technique. To check the quality and quantity
of RNA, ultraviolet (UV) absorbance at 260 nm was
determined and the electrophoresed RNA was visualized
by ethidium bromide staining.
Real-time RT-PCR
Real-time RT-PCR was perfor med to confir m the
expression levels of HSP105, HSP70 RNA and β 2microgloblin (as a house-keeping gene) with sequencespecific oligonucleotide primers (Invitrogen, Carlsbad,
CA). RNA templates were quantified by the QuantiTect
SYBR Green RT-PCR kit (Qiagen, Tokyo, Japan) according
to the manufacturer’s instructions. The sequences of the
primers were as follows: HSP105 (forward: 5’-GTG TCA
GGG TCC TGT GGA GT-3’, reverse: 5’-CCT TGG
CAA GAA TAA CTG CTT-3’); HSP70 (forward: 5’-TGC
CTT CAA CAT GAA GAG CG-3’, reverse: 5’-TTG TGC
ACG AAC TCC TCC TT-3’); β2-microgroblin (forward: 5’
-CGG CTT GTA TGC TAT CCA GA, reverse: 5’-AGA
AAG ACC AGT CCT TGC TG-3’). Real-time RT-PCR
reactions were carried out with 100 ng of total RNA as
the templates through 30 amplification cycles of 94℃ for
15 s, 60℃ for 30 s and 72℃ for 20 s. After amplification,
samples were kept at 55℃ for 1 min and the temperature
was raised gradually by 0.5℃ in every 10 s to perform the
melt-curve analysis. All procedures of real-time RT-PCR
were performed on the iCycler iQTM Real-Time PCR and
Detection System (Bio-Rad Laboratories, Tokyo, Japan),
the software for this instrument. The threshold cycles (Ct)
were used to quantify the mRNA expression levels of
samples with β2-microgloblin normalization.
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Figure 1 Chemical
profile of JTX product
analyzed by threedimensional HPLC.
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Cell lysis and DNA isolation from samples
DNA extraction and purification were based on the
methods described by Clement and Kitts[15], using an Ultra
Clean Soil DNA Isolation kit (Mo Bio Laboratories, Inc.
Solana Beach, CA) with some modifications according to
Kibe et al[16].
T-RFLP analysis and sequencing
The primers used for the PCR amplification of 16S
rDNA sequences were 27F (5’-AGA GTT TGA TCC
TGG CTC AG-3’) and 1492R (5’-GGT TAC CTT GTT
ACG ACT T-3’)[16]. 27F was labeled at the 5’ end with
the 6’-carboxyfluorescein (6-FAM) (Applied Bio Systems,
Tokyo, Japan). PCR was performed as described by Kibe
et al[16]. Purified PCR products were digested with 20 U
of Hha I or Msp I (Takara Bio Inc.) in a total volume of
10 μL at 37℃ for 3 h. GS-500 Rox and GS-1000 Rox
(Applied Biosystems) were used as internal standard
markers. The length of the terminal restriction fragments
(T-RFs) were analyzed by electrophoresis on a model ABI
Prism 310 Genetic Analyzer (Applied Biosystems) and
Genecan analysis software (Applied Biosystems). The
distances between samples were represented graphically
by constructing a dendrogram based on Jaccard matching
coefficients of T-RFLP profiles. Unweighted pair-group
method with arithmetic mean (UPGMA) was used for
establishing the dendrogram type.
To identify the bacteria, T-RFs were electrophoresed,
isolated, ligated with pT7Blue T vector and transformed
into E. coli[17]. More than 100 transformants per T-RF were

O
O

14-isovaleroyl-2E, 8E,10E-triene-4,
6-diyne-1, 12-diol
+
O

Atractylodinol

Sampling of feces
After 2 wk administration of JTX or water, mice were
sacrificed and the feces of the small intestine and large
intestine were collected. Samples were stored at -80℃
until use.

min

HO

OH

subjected to the direct DNA sequencing. The sequences
were sent to database for BLAST[18] searches to determine
identities/similarities or homologies to known sequences.
Statistical analysis
The data were expressed as mean ± SD and groups
were compared using Student’s t-test corrected for
small sample size. For multiple comparisons, Dunnet’s
method was used. P < 0.05 was considered statistically
significant.

RESULTS
Effects of JTX on the expression of HSP105 and 70 mRNA
Gene chip analysis showed that JTX administration
decreased the mRNA expression of HSP105 and HSP70
in the small or large intestine and the liver in SPF mice, but
not in GF mice (data not shown). The real-time RT-PCR
analysis confirmed this effect (Figure 2). Significantly lower
levels of HSP105 mRNA were observed in the intestines
and liver of SPF mice treated with JTX compared to that
of SPF mice with water. JTX administration seemed to
affect HSP105 mRNA expression in the opposite direction
in GF mice compared to SPF mice though the changes
were not significant. In SPF mice, HSP70 mRNA showed
a similar reduction to HSP105 mRNA, but did not reach
statistical significance. Moreover, the effect of JTX on
HSP70 mRNA levels was inconsistent among tissues in
GF mice.
The same experiment was performed with the widely
used SPF ICR mice which were already stated. Three
doses of JTX (1, 0.5, and 0.25 g/kg) were used. SPF ICR
mice with JTX, at the doses of 0.5 and 1.0 g/kg, expressed
significantly lower amounts of HSP105 and HSP70
mRNA as compared to the control mice in all examined
tissues (Figure 3).
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Figure 2 Effect of JTX (1 g/kg body weight for 2 wk) on the expression of HSP105 and HSP70 mRNA in the liver, small intestine and large intestine detected by real-time
RT-PCR in SPF and GF IQI mice (n = 5, mean ± SD, aP < 0.05, bP < 0.01 vs water).
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Figure 3 Effect of JTX (0.25, 0.5 and 1 g/kg body weight for 2 wk) on the
expression of HSP105 and HSP70 mRNA detected by real-time RT-PCR in the
liver, small intestine and large intestine in ICR mice (n = 4-5; mean ± SD, aP < 0.05
vs water).

Change in the intestinal microflora by JTX
The differential expression of HSP105 and HSP70 mRNA
by JTX between GF and SPF mice suggested strongly
that the effect of JTX on HSP gene expression depended
on intestinal microflora. To investigate how JTX affected
intestinal microflora in the small intestine and large
intestine, T-RFLP analysis was performed. Figure 4 shows
one representative profile. We performed dendrogram
analysis based on the Jaccard matching coefficients.
UPGMA was used as the dendrogram type (Figure 5).
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100.0

MC81C01
MC82C09
Bifidobacterium lactis
Lactobacillus johnsonii

99-100
99-100
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a
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a

Table 1 Identification of decreased (98- and 115-base) and
increased (1000-base) peaks in the T-RFLP chart by the
administration of JTX

Analysis of T-RFLP profiles of the small intestine showed
significant differences between the JTX-treated group
and the control group. Dendrogram analysis of T-RFLP
patterns showed that the differences between the JTXtreated and the control group for large intestinal microflora
were not statistically significant. Compared to the large
intestinal microflora, the number of bacteria was much less
in the small intestine. The several peaks with same sizes
(some are indicated by the arrows in Figure 4) showed
remarkable change by JTX treatment in all samples of
the small intestine and large intestine. These disappeared
(98-base T-RF produced by HhaⅠ digestion and 118-base
T-RF by MspⅠ, Figure 4) and appeared (1000-base T-RF
by MspⅠ, data not shown) DNA fragments were cloned
and 100 clones per each T-RF were subjected to DNA
sequencing. Results are shown in Table 1. A 1000-base
T-RF was supposed to be derived from Lactobacillus
johnsoni. Over 90% of the 98- and 115-base T-RF clones
showed a high homology with MC81C01, bacteria which
were unknown except for the DNA sequence of 16S
rDNA and was unculturable. The results clearly indicated
that JTX administration brought about some change to the
intestinal microflora.
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scale is changed.
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Change in the expression of HSP105 and HSP70 mRNA by
ciprofloxacin
The results described above addressed the possibility
that JTX decreased HSPs via altered intestinal microflora.
To investigate whether changes of intestinal microflora
affect the expression of HSPs, mice were continuously
provided the antibiotic ciprofloxacin (CPFX) in the chow
for a week. CPFX is a fluoroquinoline antibiotic which
inhibits DNA synthesis in bacteria via affecting bactrerial
DNA gyrase. This antibiotic has an effect on both Grampositive and -negative bacteria[19]. The apparent decrease
in HSPs was observed in all examined cases, although the
significant changes were shown only in the expression of
HSP105 and HSP70 mRNA in the liver and HSP105 in
the large intestine (Figure 6).
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Figure 5 Dendrogram analysis of the intestinal microflora based on T-RFLP.
Jaccard matching coefficients was performed and UPGMA were used as the
dendrogram type.
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Figure 6 Real-time RT-PCR showing the change of expression of HSP105
and HSP70 mRNA in the liver, small intestine and large intestine of mice by the
administration of CPFX in SPF ICR mice (n = 5, mean ± SD, aP < 0.05, bP < 0.01
vs control).

epithelial cells is involved in JTX’s suppressive effect on
HSPs expression, we examined the effect of JTX on
the direct induction of the heat shock response. Sodium
arsenite (SA) has been used to directly induce heat shock
proteins in animals and various cell lines even though the
mechanism is not known[20-22]. Intraperitoneal injection
of SA induced HSP105 and HSP70 mRNA in the liver,
small intestine and large intestine of ICR mice (Figure 7).
The induction of these mRNA reached a peak within 1 h
in these three organs. The levels of HSP70 and HSP105
expression turned back to a steady state within 4 h and 8 h,
respectively. Mice with JTX administration for 2 wk were
www.wjgnet.com
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injected SA and sacrificed after 1 h. Though the modest
decrease in HSP70 in the large intestine (significant) and
in HSP105/70 in the small intestine (not significant) were
observed, the induction ability of heat shock response was
essentially retained in JTX-treated mice (Figure 8).

DISCUSSION
Kampo medicines have been suggested to have antibiotic
or prebiotic effects [23,24] . Some constituent herbs of
JTX and its ingredients have also been reported to have
antimicrobial effects[25,26] and a putative stimulating effect
on the growth of certain bacterial species [5] . Kampo
medicines have been considered to modulate intestinal
microflora and exert their beneficial effects in part by this
modulation. However, to our knowledge, changes in the
intestinal microflora by the administration of Kampo
medicines have not been detected despite great effort
till now. Two possible reasons for this are considered.
First, recent studies using DNA-based estimation have
suggested that 70%-80% of the total intestinal bacteria are
unculturable, so that the conventional detection methods
based on the bacterial cultures may miss significant
changes in intestinal microflora [11,12]. Second, Kampo
medicines contain many species of prebiotic compounds
in relatively small quantities. The changes induced by
Kampo drug administration are assumed to be subtle and
complex compared to those induced by a simple prebiotic
compound, such as oligosaccharide or starch.
In this study, we used T-RFLP analysis, which allowed
us to detect the change of intestinal microflora including
currently unculturable bacteria as a pattern of Figure 4
chart. Though the changes of peaks by JTX administration
were small and complex, the dendrogram analysis based
on Jaccard matching showed a significant change of gut
bacteria in the small intestine (Figure 5). On the other
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detected by real-time RT-PCR in the liver, small intestine and large intestine of
SPF ICR mice (n = 6, mean ± SD, aP < 0.05, bP < 0.01 vs water).

hand, because the number of the bacteria is much larger in
the large intestine than in the small intestine, the change of
the microflora is rather difficult to visualize. Several peaks
in T-RFLP chart that were changed with JTX were derived
from the unculturable bacteria like MC81C01 or MC82C09
shown by DNA sequencing (Table 1). The present study
indicates that T-RFLP analysis is a useful tool for detecting
the effect of Kampo medicines on the intestinal bacterial
population.
The result of T-RFLP also suggested that Lactobacillus
johnsoni increased in JTX-treated mice. Lactobacillus johnsoni
are being increasingly used as probiotics in functional
foods and as vaccine carriers. This bacteria has various
activities such as a preventive effect against gastrointestinal
infection by several pathogens including H pylori[27] and
Salmonella enterica[28]. It is also known to have functions,
such as immunomodulation[29,30], anti-oxidative stress[31]
and a therapeutic effect for chronic fatigue syndrome[32].
These are also expected in JTX[3], so it is possible that
the pharmacological effect of JTX is, at least partly, due
to the increase of Lactobacillus johnsoni. The function of
Lactobacillus johnsoni is mediated by the modulation of pH
and by production of lactic acid, bacteriocins, and other
antibacterial molecules[28,33]. It may be possible through this
function, MC81C01 or MC82C09 (98 and 115 base peaks)
are suppressed as a result.
In this study, the effect of JTX on the expression
of HSPs was obser ved only in the mice which had
intestinal microflora (Figure 2). HSPs are classified into
several families: HSP27, HSP60, HSP70, HSP90 and
HSP105/110. The 70-ku heat shock protein (HSP70)
family is one of the most highly conserved members of
the HSP family [34]. HSP70 expresses ubiquitously and
protects cells against lethal heat shock by denaturing
proteins in an ATP-dependent manner[34]. HSP105/110
protein can be a substitute for HSP70 family proteins to
modulate the aggregation of denatured protein when the
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cellular ATP level decreases[35].
The role of HSPs in the gut is not well understood.
The presence of HSP110 protein in the feces and in the
large intestine has been detected[36]. Intestinal bacteria, such
as E. coli[7] and Salmonella enteritidis[8], have been reported
to induce certain HSPs in intestinal epithelial cells. Similar
effects of intestinal bacteria-derived substances, such as
LPS[37-40], Staphylococcus aureus enterotoxin B[41] and butyric
acid[42], have also been known. Thus HSPs in the gut might
be controlled by a certain intestinal bacteria and may
reflect the status of intestinal microflora in the gut.
As a fact, the administration of the antibiotic CPFX
reduced the expression of HSPs (Figure 6). Another
report showed that metronidazole decreased HSP72 and
HSP25 in the colonic mucosa[37]. Furthermore, comparing
the expression of HSPs in GF mice and SPF mice, GF
mice appeared to express less HSP105 and HSP70 mRNA
though the significant differences were shown only in
those of HSP105 in the liver and small intestine (data
not shown). These results suggested that the intestinal
microflora induces the expression of HSP105 and 70
mRNA in the gut and liver.
Though many studies have not examined the HSPs in
the liver, bacteria-derived substances including LPS[43] are
transported to the liver by the portal vein, and therefore,
affect the expression of liver HSPs. It may be possible that
this change of expression in the liver is caused by the LPS
from the bacteria in the intestine. Reduced expression of
HSPs in GF or antibiotic-treated mice reflects decreased
inflammation in the intestinal tract burdened by intestinal
bacteria. The incidence of liver tumors has been reported
to be higher in conventional mice than in GF mice
presumably because bacterial metabolism resulted in the
production of various mutagens[44]. Furthermore, GF mice
are generally expected to live longer than SPF mice[35]. The
expression levels of HSPs in the intestines and/or liver,
therefore, may correspond to the level of inflammation
produced in the intestinal tract. Certainly, we observed
that HSP105 and 70 gene expression changed in the gene
chip analysis together with cytokine-related molecules,
especially interferon alpha-related molecules.
The expression of HSPs changed by JTX depended
clearly on the intestinal microflora because the change
was not observed in GF mice. Also, because the induction
of HSPs by SA was not affected by JTX administration,
JTX did not decrease directly the expression of HSPs in
intestinal epithelial cells. Therefore, this study addresses
the possibility that a change of intestinal bacteria by JTX
caused the change of HSPs expression in the intestine and
liver. Likewise, JTX may change other gene expression
via intestinal microflora leading to a change of the host
immune state. A recent study has suggested that only single
bacteria can direct the maturation of the host immune
system[45].
The meaning of the change of the intestinal microflora is not clear in this study because these were the
observations in normal mice. Our previous study showed
that the change of the intestinal flora is very important in
the perturbation model[9]. In that, we partially excised the
mouse liver and induced elevations of serum ammonia.
This elevation was suppressed by JTX. Because the liver
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function was not improved with JTX, we evaluated the
intestinal microflora. The change of the microflora after
partial hepatectomy was minimized with JTX and this
change was speculated to be the main reason of the
suppressed serum ammonia elevation. Follow-up human
studies are desirable to confirm this phenomenon with
herbal products.
This study did not identify the active compound(s)
responsible for the observed modulation of intestinal
microflora. Various major ingredients, many of which
are saccharide-containing compounds, isolated from
herbs have been known to be usable (hydrolyzed) for
very limited bacterial species and allow such bacteria to
grow selectively[46-48]. Therefore, JTX may contain such
ingredients responsible for the selective growth of specific
bacterial strains. Further, several polysaccharides have been
identified from JTX as immuno-modulating compounds
mainly functioning in the digestive tracts though the
mechanism of action has not been elucidated[49,50].
To investigate whether polysaccharides in the JTX
are responsible to regulate HSPs gene expression, we
fractionated JTX into polysaccharide-enriched and
polysaccharide-poor fractions by ethanol precipitation.
IQI mice were administered with each fraction of JTX
orally for 2 wk and the change of expression of HSPs
was investigated by gene chip analysis. Unexpectedly,
both fractions did not decrease HSP105 or HSP70
mRNA levels (data not shown). Though the reason for
this is not clear, two possibilities are considerable. Firstly,
active compound(s) may have been lost or inactivated
during the fractionation of JTX. For example, because
polysaccharide-poor fractions contained ethanol, volatile
ingredients may be lost through freeze-dry process to
obtain powder extracts. Secondly, collaboration of multiple
actions by different compounds may be necessary to exert
the observed effect[51]. Further and extensive investigation,
in any case, is necessary for the clarification of the active
component(s) and the mechanism(s) of action of JTX.
In conclusion, this study indicates that the administration of JTX changes the intestinal microflora and, as a
result, changes expression levels of HSP105 and HSP70
in the liver and intestine. The expression levels of HSPs in
these organs may correspond to the level of inflammation
produced in the intestinal tract and JTX plays a role to
reduce the inflammation. We propose the novel mechanism
of multi-herbal products, i.e. altered gene expression as
result of altered intestinal microflora.
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Abstract
AIM: T��������������������������������������
o investigate the effect of selective �������
Cyclooxygenase-2 (COX-2) inhibitor 4-[5-(4-Chloro-phenyl)-3(trifluoromethyl)-1H-pyrazol-1-yl] benzenesulfonamide
(SC-236), on the cholecystokinin (CCK)-octapeptideinduced acute pancreatitis (AP) in rats.
METHODS: W i s tar rat wei ghing 2 40 g to 260 g
were divided into three groups. (1) Normal DMSO�
�����
treated group, (2) SC-236
������� at
�������������������
4 mg/kg���������
treated group;
�������
SC-236���������������������������
systemically administered via the intravenous
(i.v.) catheter, followed by 75 µg����
/���
kg� ����������������
CCK�������������
octapeptide�
subcutaneously three times, after 1, 3 and 5 h. This
whole procedure was repeated for 5 d.� (3)
�������������
Dimethyl
���������
sulfoxide (DMSO) treated group: an identical protocol
was used in this group as in the �������
SC-236�������������
cohort
������������
(see ���
2.
above). Repeated CCK��������������������������������
octapeptide��������������������
treatment resulted
in a typical experimentally induced pancreatitis in the
Wistar rats.
RESULTS: SC-236 improved the severity of CCKoctapeptide-induced AP as measured by laboratory
criteria [the pancreatic weight/body weight (����
p.��
w/
b.��������������������������������������������������
w) ratio, the level of serum amylase and lipase].
The �������
SC-236���������
��������
treated ���������������������
group showed minimal �����������
histologic�
evidence of pancreatitis and a significant reduction in�
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myeloperoxidase activity.� �������
SC-236 ���������������
also increased �����
heat
shock protein (HSP)-60 and HSP7�����������
2����������
compared with
���������
the
DMSO���������
-treated group��������
�������������
in the ������������������������
CCK-octapeptide-induced
AP and also reduced the pancreatic levels of COX-2.
Furthermore, SC-236 reduced proinflammatory cytokine
synthesis and inhibited NF-κB activation compared with
the DMSO���������
-treated �������������
group��������
in the CCK-octapeptide-induced
������������������������
AP.
CONCLUSION: Our results suggested that COX-2
plays pivotal role in the development of AP and COX-2
inhibitors may play a beneficial role in preventing AP.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is characterized by local pancreatic
inf lammation as well as a systemic inf lammator y
1,2�]
response [����
. Histologically, �����������������������
AP���������������������
is characterized by
interstitial edema, vacuolization, inflammation, and acinar
3,4�]
cell necrosis [����
. A widely used model to study these
responses is ���������������������������������������������
AP�������������������������������������������
induced in rats and mice by high doses of
cholecystokinin (CCK) or its analogue, cerulein[��5�]. CCK is a
major physiologic regulator of digestive enzyme secretion
by the pancreatic acinar cell; however, supraphysiological
doses of CCK (in excess of those that stimulate maximal
secretion of digestive enzymes) can cause injury to the
pancreas, causing pancreatitis that mimics many features of
5-8�]
the human disease[����
. However, the factors that determine
the development and severity of pancreatitis are not fully
understood.
Cyclooxygenase (COX), a key enzyme in the synthesis
of prostaglandins (PGs) from arachidonic acid, exists in
two isoforms: COX-1 and COX-2. Cyclooxygenase-1 is
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constitutively expressed in all tissues and regulates the
actions of PGs, whereas COX-2 is induced in immune
cells and other tissues following diverse stimuli, such as
mitogens, proinflammatory cytokines, growth factors, and
tumor promoters[��9�]. COX-2 also regulates PGs, which are
10�]
important in many reproductive processes[���
. Recently, it
was reported that COX-2 is a crucial and central mediator
11�]
in the development and severity of acute pancreatitis[���
.
Expression of COX-2, the inducible form of the COX
enzyme, is normally undetectable in pancreatic acinar
11�]
11,���
12]
cells[���
. However, COX-2 is markedly induced in ��
AP[������
.�
COX-2 expression is regulated, in part, by NF-κB, certain
mitogens, and the proinflammatory cytokines ������������
interleukin
(�������
IL�����
)����
-1, �������������������������������������
IL-6, and tumor
���������������������������
necrosis factor (����
TNF�) [9,13] .�
COX-2 inhibitors, a group of specific nonsteroidal antiinflammatory drugs (NSAIDS), are widely used as antiinflammatory agents and as analgesia for various disorders.
Selective blockage of COX-2 using pharmacologic agents
reduces PG production and ovulation both in vivo and
1��
4]
. Selective COX-2 inhibitors are used for
in vitro in the rat[���
the treatment of inflammation and pain with the advantage
of having fewer upper gastrointestinal adverse effects
compared to traditional nonsteroidal anti-inflammatory
1��
5]
drugs[���
.
The aim of the present study was to investigate the
potential effects of ������������������������������
SC-236������������������������
on the severity of CCK�
octapeptide�������������
-induced AP. Moreover,
��������������������������������
we wished to evaluate
whether �������������������������������������
SC-236 ������������������������������
can inhibit the pancreatic NF-κB DNA
binding activity and proinflammatory cytokine synthesis
during CCK����������������������������������������������
octapeptide����������������������������������
-induced AP. Additionally, we set
out to investigate the potential effects of ���������������
SC-236���������
and CCK�
octapeptide�����������������������������������������
on pancreatic HSP60 and HSP7������������
2�����������
synthesis.

MATERIALS AND METHODS
Materials
Avidin-peroxidase and 2'-AZINO-bis (3-ethylbenzithiazoline-6-sulfonic acid) tablets substrate and CCK-8 were
purchased from Sigma (St. Louis, MO, USA). Anti-HSP60,
anti-HSP72 and anti-COX-2 antibodies were purchased
from Stressgen (British Columbia, Canada). Anti-rat
TNF-α,����������
anti-rat IL-1
����β and anti-rat IL-6 antibodies were
purchased from R&D Systems (Minneapolis, MN, USA).
SC-236 and SC-58125 were obtained from Calbiochem (La
Jolla, CA).
Animal models
Male Wistar rats weighing 240-260 g were used. The
animals were kept at a constant room temperature of
25℃ with a 12 h light-dark cycle, and allowed free access
to water and standard laboratory foodstuff. The rats
were fasted for 16 h before the induction of AP. In each
experimental group 6-10 rats were used. The experiments
performed in this study were approved by the Animal Care
Committee of the Wonkwang �����������
U����������
niversity.
CCK-octapeptide-induced pancreatitis
CCK octapeptide (75 µ g/kg) or vehicle control was
administered to Male Wistar rats weighing 240-260 g
subcutaneously three times, at 1, 3, and 5 h as previously
1��
6]
described[���
. This whole procedure was repeated for 5 d.
The animals were sacrificed by exsanguinations through
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the abdominal aorta 12 h after the last CCK-octapeptide
injection and the blood and pancreas were harvested for
measurements. The pancreas was quickly removed, cleaned
from fat and lymph node, weighed, and frozen at -70℃
until use. Rats were treated in accordance with the current
law and the NIH Guide for Care and Use of Laboratory
Animals.
SC-236 administration
SC-236-treated group, 4 mg/kg SC-236 was systemically
administrated via the intravenous (i.v.) catheter, followed
by 75 µg/kg CCK-octapeptide subcutaneously three times,
after 1, 3, and 5 h. This whole procedure was repeated
for 5 d. Due to the extremely poor solubility in aqueous
solvents, the SC-236 was dissolved in dimethyl sulfoxide
(DMSO) for systemic administration. The animals were
sacrificed by exsanguinations through the abdominal aorta
12 h after the last CCK-octapeptide injection and the
blood and pancreas were harvested for measurements.
Pancreatic weight/body weight ratio (p.w/b.w)
This ratio was utilized to evaluate the degree of pancreatic
edema.
Western blotting for HSP60, HSP72 and COX-2
Western blot analysis of pancreatic HSP60, HSP72 and
COX-2 was performed from the cytosolic fraction of the
pancreas homogenates. Thirty micrograms of protein
were loaded per lane. Samples were electrophoresed on a
10% SDS-PAGE according to the method of Laemmli[17].
The gels were either stained with Coomassie brilliant
blue (to demonstrate equal loading of proteins for
Western blot analysis) or transferred to a nitrocellulose
membrane for 2 h at 300 mA. Membranes were blocked
in 5% non-fat dry milk for 1 h and incubated with antiHSP60, anti-HSP72 and anti-COX-2 antibodies. After
washing in PBS-Tween-20 three times, the blot was
incubated with secondary antibody for 30 min and the
antibody-specific proteins were visualized by the enhanced
chemiluminesence detection system according to the
recommended procedure (Amersham Corp. Newark, NJ).
Enzyme-linked immunosorbent assay (ELISA)
ELISA for� TNF���� α , IL-1 and IL-6 (R&D Systems,
Minneapolis, MN, USA) was carried out in duplicate in
96-well plates (Nunc, Denmark) coated with each of 100
µL aliquots of anti-rat IL-6, IL-1 and TNF-α monoclonal
antibodies at 1.0 µ g/mL in PBS at pH 7.4 and was
incubated overnight at 4℃. The plates were washed in
PBS containing 0.05% Tween-20 (Sigma, St. Louis, MO,
USA) and blocked with PBS containing 1% BSA, 5%
sucrose and 0.05% NaN3 for 1 h. After additional washes,
standards were added and incubated at 37℃ for 2 h. After
2 h incubation at 37℃, the wells were washed and then
each of 0.2 µg/mL of biotinylated anti-rat TNF-α, IL-1
and IL-6 were added and again incubated at 37℃ for 2 h.
After the wells were washed, avidin-peroxidase was added
and plates were incubated for 20 min at 37℃. Wells were
again washed and ABTS substrate was added. Color
development was measured at 405 nm using an automated
microplate ELISA reader. A standard curve was run on
www.wjgnet.com
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each assay plate using recombinant TNF-α, IL-1�����
����
and �����
IL-6
in serial dilutions.
Measures of serum amylase and lipase
Arterial blood samples for determinations of serum
amylase and lipase were obtained 12 h after pancreatitis
induction. Rats were anesthetized with intraperitoneal
injection of ketamine (80 mg/kg) and xylazine (4 mg/kg).
After anesthetization, bloods were withdrawn from the
heart into syringes. Serum amylase was measured by using
ADIVA 1650 (BAYER, USA). Serum lipase was measured
by using a Cobas-mira (Roche, USA).
EMSA for NF-kB
Nuclear extracts were prepared as described by Dyer and
1��
8]
Herzog[���
. Reaction mixtures (25 µL, pH 7.5) contained
7.5-10 µg of nuclear protein, ���������
5 �������
mmol/L� ������
Tris, �����������
100 mmol/L
NaCl, 1 mmol/L dithiothreitol, 1 mmol/L EDTA, 4%
(vol/vol) glycerol, and 0.08 mg/���������������
mL salmon
������������
sperm DNA.
The oligonucleotide probe [5'-AGT TGA GGG GAC TTT
CCC AGG C-3' (Promega, Madison, WI)] containing the
32
kB binding motif was end-labeled with [γ- P]ATP using
T4 polynucleotide kinase and purified over two successive
1-����������������������������������������������
mL��������������������������������������������
G-50 columns (Amersham Pharmacia Biotech). The
����
probe (1 × 10 6 counts/min) was added to the reaction
mixture, and the binding reaction was allowed to proceed
for 20 min at room temperature. DNA-protein complexes
were resolved in a 6% nondenaturing polyacrylamide gel in
buffer containing 22.5 mmol/L Tris, 22.5 mmol/L boric
acid, and 0.5 mmol/L EDTA, pH 8.3, at 140 V for 2-3 h.
Gels were dried and exposed to Kodak Bio Max MR films
at -70℃. NF-kB bands from films were quantitated by
using a Hewlett-Packard Scanjet 4100 scanner and a Scion
image-analysis program.
Myeloperoxidase estimation
Neutrophil sequestration in pancreas was quantified by
11����
,���
12�]
measuring tissue myeloperoxidase
������������������������������
(�������������
MPO����������
)���������
activity [������
.
Tissue�������������������������������������
������������������������������������
samples were thawed, homogenized in ����������
20 mmol/L
phosphate buffer (pH 7.4), and centrifuged (10 000 × g,�
10 min, 4℃), and the resulting pellet was resuspended in
50 mmol/L phosphate buffer (pH 6.0) containing� �����
0.5%
hexadecyltrimethylammonium bromide (Sigma). The
suspension was subjected to four cycles of freezing and
thawing and was further disrupted by sonication (40 s).
The sample was then centrifuged (10 000 × g, 5 min, 4℃),
and the supernatant used for the MPO assay. The reaction
mixture consisted of the supernatant, 1.6 mmol/L�
tetramethylbenzidine (Sigma), 80 mmol/L sodium
phosphate buffer (pH 5.4), and 0.3 mmol/L hydrogen
peroxide. This mixture was incubated at 37℃ for 110 s,
the reaction was terminated with 2 mol/L H2SO4, and the�
absorbance was measured at 450 nm. This absorbance was
then corrected for the DNA content of the tissue sample
(fold increase over control).
Histological examination
The entire pancreas of at least ���������������������������
5��������������������������
rats���������������������
�������������������������
from each treatment
group was examined and semiquantitated based on
necrosis, vacuolization, inflammation, and edema by a
www.wjgnet.com
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pathologist who was blinded to the treatment. Using a
previously described method by Schmidt et al. The entire
sections (a minimum of 100 fields) were examined for each
sample and scored on a scale of 0-3 (0 being normal and 3
being severe) based on the number of acinar cell necrosis
and the presence of vacuolization, interstitial edema,
and interstitial inflammation and to what extent these
characteristics affected the organ. These characteristics
include the presence of acinar-cell ghosts, vacuolization
and swelling of the acinar cells, and/or the destruction of
the histoarchitecture of whole or parts of the acini.
Statistical analysis
Results were expressed as means ± SE. The significance
of changes was evaluated using student's t ������������������
test. Differences
between the experimental groups were evaluated by using
analysis of variance. Values of P < 0.05 were accepted as
statistically significant.

RESULTS
The p.w/b.w, serum amylase and amylase activity
It has been shown that p.w/b.w is increased in CCKoctapeptide-induced pancreatitis in rats[16]. To assess the
effect of SC-236 on p.w/b.w during CCK octapeptideinduced AP pancreatic weight was divided by the body
weight of the rat. As shown in Figure 1A, SC-236
significantly decreased p.w/b.w compared with DMSOtreated group (2.912 ± 0.13 vs 5.3 ± 0.19) (P < 0.05).
Levels of serum amylase and lipase are most commonly
obtained as biochemical markers of pancreatic disease,
particularly in AP. Amylase activity in serum has been used
for many years for the evaluation of patients with acute
abdominal pain and suspected pancreatic disorders[19,20].
Elevation of pancreatic lipase levels in plasma or serum
is often considered to be the most sensitive and specific
marker of AP [21] . As shown in Figure 1B, C, SC-236
significantly decreased the levels of serum amylase and
lipase in the CCK-octapeptide-induced AP compared with
DMSO.
Effect of SC-236 on HSP60, HSP72 and COX-2 expression
in CCK octapeptide-induced AP
It was reported that the preinduction of HSP expression
has a protective effect against cerulein-induced pancreatitis
in rats or choline-deficient ethionine-supplemented diet
model pancreatitis in mice [16,22]. Next we investigated
the expression of pancreatic HSP60 and HSP72 in
CCK octapeptide-induced AP. As shown in Figure 2A
and B, SC-236 increased the expression of pancreatic
HSP60 and HSP72 compared with the DMSO-treated
group. Furthermore, we also examined the expression
of COX-2. In the accordance with previous reports, as
shown in Figure 2C, COX-2 is markedly induced with
AP[11,12]. SC-236 resulted in a decrease in pancreatic COX-2
expression in CCK-octapeptide-induced AP (Figure 2C).
Effect of SC-236 on TNF-α , IL-1 and IL-6 secretion in CCK
octapeptide -induced AP
TNF- α , IL-1 and IL-6 production were increased in
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Figure 1 Effects of SC-236 pretreatment on the (A) pancreatic weight/body
weight ratio (p.w./b.w.), (B) serum amylase activity and (C) serum lipase activity
during CCK-octapeptide-induced AP. Groups were treated as indicated in the
study protocol. Mean ± SE for 6 animals are shown. a,c,eP < 0.05 vs saline-treated
group.
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Figure 3 Effect of SC-236 on TNF-a (A), IL-1b (B) and IL-6 (C) secretion in CCKoctapeptide-induced AP. Rats were treated as indicated in the study protocol.
Mean ± SE for 5 animals are shown. a,c,eP < 0.05 vs the saline-treated group.
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Figure 2 Effect of SC-236 on HSP60, HSP72 and COX-2 expression in CCKoctapeptide-induced AP. The figure depicts representative Western blots of protein
lysates (30 mg/lane) from the pancreas of rats, showing the expression of HSP60
(A), HSP72 (B) and COX-2 (C).

serum during CCK octapeptide-induced AP [23-25] . We
examined whether SC-236 reduces production of several

pro-inflammatory cytokines such as TNF- α ,� IL-1�����
���������
and
IL-6���������������������������������������������
. SC-236 pretreatment decreased the level of ����
TNF-α
(52.7 ± 6.43 pg/m����
L���
)��,� ������������
IL-1 (125 ± ����������������
13.7 pg/m�������
L������
)�����
and �����
IL-6
production (180
�������
± ���������������������������������
13 pg/m��������������������������
L�������������������������
) during CCK-octapeptideinduced AP (Fig����
ure� ���
3��
).
Effect of SC-236 on NF-κ B activation in CCK octapeptideinduced AP
It was reported that NF- κ B activation was important
for the production of cytokines such as ����
TNF- α , IL-1
�����
www.wjgnet.com
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Figure 4 SC-236 inhibits NF-κB activation in CCK-octapeptide-induced AP.
Protein extracts were prepared from pancreas harvested at 3 h after last injection
into animals with DMSO, CCK-octapeptide, or SC-236 with CCK-octapeptide.
Extracts were assayed for NF-κB binding activity by EMSA as described in the
Materials and Methods.

and IL-6 [26]. We examined whether SC-236 inhibits the
activation of NF�-κB during CCK octapeptide-induced AP.
As shown in Fig����
ure 4���������
����������
, SC-236 �����������������������
significantly inhibits ���
NF-κB
activation.
Effect of SC-236 on Neutrophil Sequestration CCK octapeptide-induced AP
As an additional quantitative assessment of the severity of
the inflammatory response, we measured MPO activity,
an indicator of neutrophil sequestration in AP. As shown
in Figure 5, MPO activity was suppressed after the CCK
octapeptide injection when SC-236 was applied.
Histological examination
The next step taken to determine whether SC-236����������
����������������
protects
against the progression and severity of pancreatitis was
histological examination of the pancreas. Histologic
sections from representative pancreas are shown in Figure
6������������������������������������������������
A. Control animals showed healthy non-edematous
acinar cells (left panel), whereas treatment with CCK�
octapeptide�������������������������������������������������
resulted in marked necrosis, vacuolization, and
inflammatory cell sequestration (middle panel). Treatment
with SC-236����������������������������������������������
����������������������������������������������������
(right panel) attenuated the severity of the
pancreatitis as noted by decreased interstitial edema and
reduced polymorphonuclear granulocyte sequestration.
To assess these changes in a semiquantitative fashion,
histologic slides of the pancreatic tissues were scored as
described in the Materials and Methods section. Treatment
with �������������������������������������������������
SC-236 significantly
������������������������������������������
reduced the severity of the
pancreatitis, as noted by decreases in pancreatic edema,
inflammation, vacuolization, and necrosis (Fig��������
ure� ����
6���
B).

DISCUSSION
Recently it was reported that COX-2 is a crucial and
central mediator in the development and severity of acute
11����
,12]
pancreatitis [������
. In this study, we sought to determine
whether selective COX-2 inhibitor SC-236 could
ameliorate CCK octapeptide-induced AP. We found that
www.wjgnet.com
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Figure 5 MPO activity was measured in the pancreas 12 h after completion of the
CCK-octapeptide injections and in saline-injected control (CON) mice. Data are
expressed as MPO activity. aP < 0.05 vs the saline-treated group.

SC-236 ameliorated CCK-induced AP. These results
suggest that COX-2 is a crucial and central mediator
in the development and severity of acute pancreatitis.
Cyclooxygenases as the key enzymes of prostaglandin
synthesis have an important role in the regulation of
inflammation. COX-2 may also have other important
proinflammatory effects that do not involve prostanoid
synthesis[27]. Much is known regarding the proinflammatory
role of COX-2 in a variety of acute and chronic inflammatory conditions including asthma, arthritis, and the
1��
0]
inflammatory bowel diseases[���
.
Selective COX-2 inhibitors and NSAIDs have also
been tested for their therapeutic efficacy when combined
with chemotherapeutic drugs or radiation[28]. A number of
in vitr o studies showed that these ag ents can act
synergistically, additively, or supra-additively when
combined with some chemotherapeutic agents[29].
Previous report indicated that selective COX-2
inhibitor significantly enhanced tumor response to
radiation, determined either by tumor growth delay or
tumor cure compared with other COX-2 inhibitors [30].
In the accordance with others reports, p����������������
�����������������
revious reports
indicated that the selective COX-2 inhibitor, SC-58125��,�
decreased inflammation and NF-κB activation in cerulein11����
,12]
induced ��
AP [������
. In the accordance with these papers,
our data have shown that SC-236 also ameliorated CCKinduced AP.
The heat shock proteins (HSPs) play a universal role
in the maintenance of cellular homeostasis[26]. They are
expressed constitutively and/or at elevated levels upon
the exposure of cells to a variety of stress conditions in
every organ, including the pancreas[3��1�]. It has been shown
that the pre-induction of HSP expression has a protective
effect against cerulein-induced pancreatitis in rats or in
the choline-deficient ethionine-supplemented diet model
of pancreatitis in mice[22]. Whereas many diseases result in
increased levels of HSPs, Strowski et al[32] demonstrated
that cerulein-induced pancreatitis reduces the levels of
pancreatic HSPs. This observation even suggests that the
low levels of pancreatic HSPs might be involved in the
development of CCK octapeptide-induced pancreatitis.
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Figure 6 Effects of the SC-236 on pancreatic inflammatory changes following AP. A: Representative HE-stained sections of pancreas in control rats not given CCKoctapeptide (left panel), in rats given CCK-octapeptide (middle panel), and in rats given SC-236 (right panel). Original magnification × 200; B: Histologic sections of
pancreata harvested 12 h after injections of saline (CON), CCK-octapeptide alone, or SC-236-treated groups were scored from 0 (normal) to 3 (severe) for edema,
inflammation, vacuolization, and necrosis as described in Materials and Methods. aP < 0.05 vs the saline-treated group.

Moreover, an increasing body of evidence from experimental animal studies has documented an essential role
of HSPs in the prevention of ����
AP��. �������������������
In accordance with
Strowski et al[32], we have shown that supramaximal doses
of CCK octapeptide reduce the levels of HSP60 and
HSP72. However, this decrease was recover����������
�����������������
ed by the
administration of the SC-236.
TNF-α and IL-1β are thought to mediate the systemic
effects of pancreatitis such as fever, hypotension, and
shock[14]. Serum levels of TNF-α and IL-1β were used
to evaluate the systemic cytokine response. TNF-α has
been shown to be an important initiator of the local and
systemic damage occurring in AP[33]. Additionally, serum
levels of TNF- α have been found to correlate with

severity of AP in humans[23]. IL-1 has been shown to be a
significant cytokine for the development of AP. Inhibition
of cytokine production has been proposed to decrease the
severity of acute pancreatitis[24,25]. In contrast to the findings
of Micbele et al (2004), our data demonstrated that SC-236
reduced TNF- α , IL-1 and IL-6 production on CCK
octapeptide-induced AP in rats. There are several different
experimental factors between the studies of Slogoff MI
et al[19] and our studies including the animals, COX-2 inhibitors and cytokine detection time. SC-236 pretreatment
reduced the examined laborator y and biochemical
parameters in the CCK octapeptide-induced AP in rats.
In conclusion, this study showed that SC-236 pretreatment ameliorated the severity of CCK octapeptidewww.wjgnet.com
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induced AP in rats. In agreement with others, we have
demonstrated that SC-236 increased the synthesis of
HSP60 and HSP72, and decreased expression of COX-2
and reduced TNF-α, IL-1 and IL-6 production in CCK
octapeptide-induced AP in rats. Additionally SC-236
pretreatment ameliorated many of the examined laboratory
and biochemical parameters of the disease. Our findings
suggest that SC-236 may be a beneficial target of acute
pancreatitis.
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expressed in SW480 cells, but no expression of E2A was
observed in all the five cell lines.
CONCLUSION: Immunoglobulin A1 is original ly
expressed and V(D)J recombination machine is also
present in non-lymphoid cells, suggesting that V(D)J
recombination machine mediates the assembly of
immunoglobulin A1 in non-lymphoid cells as in prelymphocytes.
© 2007 The WJG Press. All rights reserved.

Abstract
AIM: To investigate the expression of SNC73, a transcript of the immunoglobulin α-1 gene (IgA1-H chain), in
human epithelia-derived tumor cells.
METHODS: Total RNAs and cell lysates were prepared
from five different human epithelial cell lines derived
from lung, stomach, liver, skin, and breast, respectively.
RT-PCR and immunoblot analysis of these five cell
lines were done. Both RT-PCR and immunochemistry
were used to detect the expression of SNC73 in these
cell lines. We also examined the expression of SNC73
in normal epithelial cells of colon mucosa by in situ
hybridization. RT-PCR and immunoblot analysis were
used to determine whether the recombination activating
gene1/2 (RAG1 and RAG2) is present. The expression
of three immunoglobulin transcription factors, EBF,
E2A and Pax5, and the heavy chain of IgA1 and two
types of light chains of immunoglobulin (κ and λ) in the
aforementioned cell lines were analyzed by RT-PCR and
immunochemistry, respectively. All the RT-PCR products
were analyzed by sequencing.
RESULTS: The results of RT-PCR and immunochemistry
showed that both mRNA and protein of SNC73 were
expressed in five human epithelia-derived cancer cell
lines. These data were further confirmed in the normal
epithelial cells of colon mucosa by in situ hybridization.
Also, the heavy chain of IgA1 and κ light chain were
detected in these cells, but no λ light chain was observed. Both RAG1 and RAG2 were expressed in these
human epithelia-derived cancer cell lines and the
sequence was identical to that expressed in pre-B and
pre-T cells. In addition to RAG1 and RAG2, the mRNA
in one of the immunoglobulin transcription factors, EBF,
was also detected in these cell lines, and Pax5 was only

Key words: SNC73; Immunoglobulin A1; Epithelial cancer
cells; Recombination activating gene1/2; Immunoglobulin
transcription factor
Geng LY, Shi ZZ, Dong Q, Cai XH, Zhang YM, Cao W, Peng
JP, Fang YM, Zheng L, Zheng S. Expression of SNC73,
a transcript of the immunoglobulin α-1 gene, in human
epithelial carcinomas. World J Gastroenterol 2007; 13(16):
2305-2311
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INTRODUCTION
To search new molecular biomarkers related to colorectal
cancer (CRC), 46 cDNA clones expressed in lower levels
in CRC tissues were obtained by subtractive hybridization
in Cancer Institute, Zhejiang University. By homology
alignment with Genebank data using BLAST, the
sequences of 32 cDNA clones share high homologies
with immunoglobulins[1]. SNC73 is one of the 32 cDNA
clones. Sequence analysis revealed that the full-length
SNC73 cDNA is 1651 bp with an open reading frame of
1152 bp encoding an immunoglobulin α-1 molecule of
494 amino acid residues (Genebank: AF067420). The 142
amino acid residues at the N-terminal region possess high
similarities with the variable regions of immunoglobulins,
which contain a 20-amino acid residue signal peptide, and
the 352 amino acids at the C-terminus are completely
identical to the constant region of an IgA1 heavy chain
(Genebank: AAC82528.1) [2]. The SNC73 gene can be
mapped to human chromosome 14q32 by fluorescence
in-situ hybridization. Interestingly, immunoglobulin heavychain genes are also located on this chromosome locus.
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All these results suggest that SNC73 is actually the heavy
chain of IgA1 (IgHα-1).
The traditional immunological theory believes that
immunoglobulins are synthesized and secreted only
by B lymphocytes. Also, IgA, originally expressed in
lymphocytes, is transported into epithelial cells, passages
through the epithelium and enters the intestinal lumen.
Interestingly, recent studies[3-5], however, also suggested
that immunoglobulins are originally expressed in nonlymphoid cells. Kimoto[3] demonstrated that transcripts of
Ig genes are present in four non-lymphoid tumor cell lines.
Recently, Qiu et al[4] reported that epithelial cancer secretes
IgG, which supports that tumor-derived IgG functions as
a growth factor of epithelial cancer including carcinoma
of the breast, colon, liver, lung cell lines as well as some
normal tissues. Hu et al[5] found that the Tx gene, isolated
from mRNA of the nasopharyngeal carcinoma cell line,
CNE2, shares a high similarity with the constant region of
the Ig light chain, the Kappa chain, suggesting that the Tx
gene might be the Kappa chain.
All these results suggest that the heavy-chain or lightchain proteins of immunoglobulins might be expressed
in non-lymphoid cells. However, there is no evidence that
the entire IgA1 is expressed in epithelial cells or in cancer
cells. Neither the elements of the V(D)J recombination
of epithelial cells nor the recombination mechanisms
have been explored so far. Here, we report that SNC73
is originally expressed in human epithelia-derived cancer
cells and normal colon mucosa. We therefore examined
the expression of the heavy chain of IgA-1 and two
types of light chains, showing that both heavy chain of
IgA1 and κ light chain are present in epithelia-derived
tumor cells, but no λ light chain was observed. We also
examined the expression of components of V(D)J
recombination machine, showing that RAG1, RAG2 and
EBF are expressed in all five epithelia-derived tumor cell
lines, Pax5 was only expressed in SW480 cells, but no
expression of E2A was observed. These findings show
that immunoglobulin A1 is originally expressed and the
V(D)J recombination machine is also present in nonlymphocytes, thus the V(D)J recombination machine
mediates the maturation of immunoglobulin A1 in nonlymphocytes as in pre-lymphocytes.

MATERIALS AND METHODS
Cell culture
Cell lines including LOVO, SW480 (both colorectal
carcinoma), Hela (cervical cancer), Bcap-37 (breast cancer),
SMMC-7721 (human hepatoma) were cultured in RPMI
1640 supplemented with 10% fetal bovine serum and
100 μ /mL of penicillin/streptomycin at 37℃ in a
humidified atmosphere containing 95% O2 and 5% CO2.
Antibodies
SNC73 polyclonal antibody was prepared in our laboratory.
Antibodies against other proteins were obtained from
commercial sources. Antibodies against RAG1, RAG2, and
IgA1 were obtained from Santa Cruz. Antibodies against
cytokeratin and IgH α 1 were purchased from Fuzhou
Maixin.
www.wjgnet.com
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Table 1 Primers for PCR of SNC73, RAG1, RAG2, EBF, E2A,
and PAX5
Primers for PCR of SNC73:
Upstream primer: 5’-CTTCCCGCTGAGCCTCTGCA-3’
Downstream primer: 5’-AGCGGTCGATGGTCTTCTG-3’
Primer for RT of RAG1:
5’-CTGAGAATGCAGACCCGGCA-3’
Primers for PCR of RAG1:
Upstream primer: 5’-GACATCTCAACACTTTGGCCAG-3’
Downstream primer: 5’-CGGCCAGGAAGTAGCTCTC-3’
Primers for PCR of RAG2:
Upstream primer: 5’-TACCTGGTTTAGCGGCAAAG-3’
Downstream primer: 5’-CTGGCTTCAGGAACATCTCC-3’
Primers for PCR of EBF:
Upstream primer: 5’-ACCCACGTGACATGCGGAG-3’
Downstream primer: 5’-CACATAGGAGGAACAATCATGCC-3’
Primer for RT of E2A:
5’-CATACCTTTCACATGTGCC-3’
Primers for PCR of E2A:
Upstream primer: 5’-GAATGAACCAGCCGCAGAGG-3’
Downstream primer: 5’-AGGCCACTGTGACGTTCCTG-3’
Primers for PCR of Pax5:
Upstream primer: 5’-GACCAGCAGGACAGGACATG-3’
Downstream primer: 5’-TCCAAGGGTCAGTGACGGTC-3’

Total RNA preparation
Total RNA was extracted from different cell lines with
Trizol according to the manufacturer’s instructions (Life
Technologies, Inc) and treated with DNaseⅠ.
RT-PCR
For RT-PCR analysis, 2 μg of total RNAs was reverse
transcribed by M-MLV-RT (Promega) using oligo (dT)15
primer or gene-specific down-stream primers. The primers
used for reverse transcriptions and PCR are shown in
Table 1. PCR amplifications were performed for 40 cycles
under the following conditions: denaturing at 94℃ for 10 s,
annealing at 58℃ for 20 s, and extension at 72℃ for 80 s.
In situ hybridization
Cancer tissue and adjacent normal tissue were fixed
in 4% polyformaldehyde within 30 min after removal
from patients. Fixed samples were then embedded
in paraffin, from which sections were prepared with
special care to avoid RNA degradation. RNA probe
was prepared by in vitro transcription of SNC73 cDNA
and labeled with digoxingenin. In brief, after treatment
with proteinase K and DNase I at 37℃ for 15 min,
sections were pre-hybridized at 42℃ for 90 min in a
pre-hybridization solution (4 × SSC, 50% formamide,
and 0.5 mg/mL ssDNA), followed by hybridization
in hybridization solution (4 × SSC, 50% formamide,
10 mg/mL ssDNA, 10% Dextron, and digoxin-labeled
RNA probe) at 42℃ for 4-6 h. After hybridization, sections
were washed sequentially 5 times with PBS, twice with 2
× SSC, twice with 1 × SSC at 68℃, and once with buffer
I (100 μmol/L Tris-HCl, pH 7.5, 150 mmol/L NaCl) at
22℃. Sections were incubated with alkaline phosphataseconjugated anti-digoxin antibody for another 2 h at 22℃.
The reactions were finally developed by addition of nitro
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LoVo: CRC cells
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HeLa: Cervical cancer cells
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LoVo: CRC cells

SW480: CRC cells

HeLa: Cervical cancer cells

SMC7721: Liver cancer cells

Bcap37: Breast cancer cells

Negative control

C

blue tetrazolium (NBT) and 5-bromo-4 chloro-3-indolyl
phosphate (BCIP).
Immunohistochemistry
Sections were incubated with fresh 3% hydrogen peroxide
in methanol for 15 min to abolish the endogenous
peroxidase activities, and then washed with PBS. Normal
goat serum was used to eliminate the background before
the sections were incubated with primary antibody for

2 h at room temperature. After appropriate washing, the
sections were incubated with the secondary antibody at
room temperature for 15 min. The sections were then
treated with a streptavidin-HRP complex for 15 min
and developed with 3, 3’-diaminobenzidine (DBA) and
H 2O 2. Finally, the sections were lightly counterstained
with hematoxylin. Negative control was performed by
substituting the primary antibodies with pre-immune
rabbit serum.

www.wjgnet.com

2308

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

April 28, 2007

Volume 13

  Number 16

D

LoVo: CRC cells

SW480: CRC cells

HeLa: Cervical cancer cells

SMC7721: Liver cancer cells

Bcap37: Breast cancer cells

Negative control

LoVo: CRC cells

SW480: CRC cells

HeLa: Cervical cancer cells

SMC7721: Liver cancer cells

Bcap37: Breast cancer cells

Negative control

E

Figure 1 Original expression of SNC73 in human epithelial-derived tumor cell lines. (A) RT-PCR showing the expression of SNC73 in five cell lines, M: DL2000 Marker,
1. LoVo, 2. SW480, 3. HeLa, 4. SMC7721, 5. Bcap37. (B, C, D and E) immunohistochemistry showing the expression of SNC73 protein, of IgHa1. of Igk. and of Igl,
respectively.

RESULTS
SNC73 (IgHα 1) was expressed in human epithelia-derived
cancer cell lines
To identify whether SNC73 was originally expressed in
non-lymphoid cells, we used RT-PCR and immunohistochemistry to examine the mRNA and protein of SNC73
in five cultured human epithelia-derived cancer cell lines
(including two colorectal cancer cell lines, LoVo and
SW480, one liver cancer cell line, SMC7721, one breast
cancer cell line, Bcap37, and one cervical cancer cell line,
HeLa). In order to eliminate the possible contamination

www.wjgnet.com

of genomic DNA, the primers specific for SNC73 were
designed in two exons separated by a 214 nt intron, the
RT-PCR products from SNC73 should be 971 nucleotides.
The results showed that both mRNA and protein of
SNC73 were expressed in all the five cancer cell lines
(Figure1A and B), and the sequencing results demonstrated
that the sequence of mRNA was identical to that of
SNC73 (Genebank: AF067420) (data not shown).
Since we have previously shown that SNC73 is the
heavy chain of IgA1, we examined the heavy chain protein
of IgA1 in these five cell lines by immunohistochemistry.
Meanwhile, the proteins of immunoglobulin kappa and
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Figure 2 Expression of SNC73 mRNA in the
epithelial cells of colon mucosa. A, C: In situ
hybridization of SNC73 mRNA in the normal
colon mucosa and colon carcinoma by antisense SNC73 RNA probe, respectively; B, D:
In situ hybridization of SNC73 mRNA in the
normal colon mucosa and colon carcinoma
by SNC73 sense RNA probe, respectively, as
negative control; E: Expression of cytokeratin
(Rhodamine-labeled) in epithelial cells by
immunohistochemistry; F: Expression of
IgHa1 (FITC-labeled) was expressed in
epithelial cells by immunohistochemistry; G:
The merger of (E) and (F) × 200.

G

Lambda light-chains were also analyzed by immunohistochemistry. Both the heavy chain protein of IgA1 and the
κ light-chain of immunoglobulin were expressed in all the
five cancer cell lines (Figure 1C and D). In contrast, the
Lambda light-chain of immunoglobulin was not detected
(Figure1 E).
SNC73 (IgHα 1) was expressed in human normal epithelial
cells
To further confirm that SNC73 is expressed in human
epithelial cells, we examined the mRNA expression of
SNC73 in normal colon mucosa and colon carcinoma by
in situ hybridization. Blue positive signals representing the
SNC73 mRNA were predominately detected in epithelial
cells of normal colorectal mucosa. Faint, if any, positive
signal was detected in normal lamina propria, muscular

mucosa, or adventitial tissues (Figure 2A). Positive signals,
which were also distributed in colorectal carcinoma (Figure
2C), appeared to be significantly weaker in most neoplastic
cells as compared to those detected in normal epithelial
cells. As negative controls in both normal and cancerous
tissues, no positive signal was detected by hybridizing with
SNC73 sense RNA probe (Figure 2B and D). To further
confirm that the observed SNC73 expressed in colon
mucosa is indeed the epithelial cells, we examined the
cytokeratin and IgHα1 in human normal colon mucosa by
double labeled-fluorescent staining immunohistochemistry.
Cytokeratin is the specific marker for epithelial cells.
IgHα1 and cytokeratin were co-expressed in epithelial cells
(Figure 2E-G). These results suggest that SNC73 mRNA
was expressed in both human normal epithelial cells and
cancer cells, and its abundance was reduced in cells of
colorectal carcinoma.
www.wjgnet.com
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Figure 3 The V(D)J
recombination machine
is present in human
epithelia-derived tumor
cell lines. A-E: RTPCR analysis of RAG1,
R A G 2 , E B F, E 2 A ,
Pax5 in five cell lines.
M: DL2000 Marker, 1.
LoVo, 2. SW480, 3.
HeLa, 4. SMC7721, 5.
Bcap37; F: Immunoblot
showing the expression
of RAG1 and RAG2 in
five cell lines.
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V(D)J recombination machine was present in human
epithelia-derived cancer cell lines
V(D)J recombination is a process by which immunoglobulin and TCR are assembled in pre-B cells and
pre-T cells. Since RAG1 and RAG2 proteins form a
complex to nick the DNA 5’ of the heptamer and thus
generate the coding end, they play a critical role in V(D)J
recombination. To substantiate the results of SNC73
expressed in human epithelial cells, we examined the
transcripts and proteins of recombination activating genes,
RAG-1 and RAG-2, by RT-PCR and immunoblot in five
human epithelia-derived cancer cell lines expressing IgHα1
(SNC73). Interestingly, both mRNA and protein of RAG-1
and RAG-2 were observed in all the five cell lines although
the expression levels were different in these cell lines (Figure
3A, B and F). The sizes of RT-PCR products from RAG1
and RAG2 were 509 bp and 493 bp, respectively. The
sequences of mRNA and the molecular weight of proteins
(RAG-1: 118 kDa, RAG-2: 58 kDa) were identical to those
of RAG expressed in pre-B and pre-T cells.
In addition to RAG1 and RAG2, we also examined
three transcription factors of immunoglobulins, EBF
(early B cell factor), E2A and Pax5 by RT-PCR in the
aforementioned cell lines and found that EBF transcript
was present in all five cell lines, the RT-PCR products
were 1165 bp, Pax5 transcript was expressed only in
SW480, the band of 1152 bp. However, no E2A transcript
was detected at all (Figure 3C-E). Sequencing results
showed that the sequences of EBF and Pax5 expressed
in epithelia-derived tumor cells were identical to those of
EBF and Pax5 expressed in pre-B and pre-T cells (data not
shown).
www.wjgnet.com

These results sug gest that the entire IgA1 could
be expressed in human epithelial cells, and V(D)J
recombination might also be involved in its production like
that in lymphocytes.

DISCUSSION
We have shown that both mRNA and protein of SNC73
are expressed in human epithelia-derived tumor cells.
These results were confirmed by in situ hybridization and
double-fluorescent staining of human colon mucosa. The
proteins of immunoglobulin A1 heavy chain (IgHα 1),
Ig κ , and Igλ were analyzed in five cancer cell lines by
immunohistochemistry, showing that IgHα1 and Igκ were
expressed in all five cancer cell lines, except for Igλ. These
findings suggest that the entire IgA1 is expressed in human
epithelial cells and support our previous hypothesis that
immunoglobulin A1 might be expressed in non-lymphoid
cells[2].
V(D)J recombination is a process by which immunoglobulin and TCR are assembled in pre-B and pre-T
cells, and is only present in lymphocytes. Its two major
components, RAG1 and RAG2, are only expressed
in pre-B and pre-T cells. Our findings reported here,
however, suggest that the V(D)J recombination machine is
present in epithelia-derived tumor cells, similar to previous
findings in the murine central nervous system[6]. In addition
to RAG1 and RAG2, the immunoglobulin transcription
factor EBF was expressed in all five epithelial-derived
cell lines and Pax5 was only expressed in SW480 cells
in this study, suggesting that the mechanism of V(D)J

Geng LY� et al. IgA expression in human epithelium

recombination in these epithelia-derived tumor cell lines
is slightly different. It was reported that co-expression of
EBF/RAG and E2A/RAG in non-lymphoid cells induces
Lambda light chain recombination and Kappa light chain
recombination, respectively[7]. However, in the present
study, all the five cell lines expressed endogenous EBF and
RAG expressed the Kappa light chain but not the Lambda
light chain. This discrepancy may be due to the functional
difference between the endogenous EBF/RAG and coexpressed EBF/RAG.
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Abstract
AIM: Anti-Saccharomyces cerevisiae antibodies (ASCA),
anti-nuclear associated anti-neutrophil antibodies
(NANA) and antibodies to exocrine pancreas (PAB), are
serological tools for discriminating Crohn’s disease (CrD)
and ulcerative colitis (UC). Like CrD, coeliac disease (CoD)
is an inflammatory bowel disease (IBD) associated with
(auto) antibodies. Performing a multicenter study we
primarily aimed to determine the performance of ASCA,
NANA and PAB tests for IBD diagnosis in children and
adults, and secondarily to evaluate the prevalence of
these markers in CoD.
METHODS: Sera of 109 patients with CrD, 78 with
UC, 45 with CoD and 50 healthy blood donors were
retrospectively included. ASCA, NANA and PAB were
detected by indirect immunofluorescence (IIF).
RESULTS: ASCA+/NANA- profile displayed a positive
predictive value of 94.2% for CrD. Detection of ASCA was
correlated with a more severe clinical profile of CrD and
treatment of the disease did not influence their serum
levels. ASCA positivity was found in 37.9% of active CoD.
www.wjgnet.com

PAB were found in 36.7% CrD and 13.3% CoD patients
and were not correlated with clinical features of CrD,
except with an early onset of the disease. Fifteen CrD
patients were ASCA negative and PAB positive.
CONCLUSION: ASCA and PAB detected by IIF are
specific markers for CrD although their presence does
not rule out a possible active CoD. The combination of
ASCA, NANA and PAB tests improves the sensitivity of
immunological markers for CrD. Repeating ASCA, NANA,
and PAB testing during the course of CrD has no clinical
value.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Combined measurement of anti-Saccharomyces cerevisiae
antibodies (ASCA) and perinuclear anti-neutrophil
cytoplasmic auto-antibodies (pANCA) has been widely
described as valuable serological tools for differential
diagnosis between Crohn’s disease (CrD) and ulcerative
colitis (UC), especially for indeterminate colitis (IC)[1-3].
ASCA are directed against Saccharomyces cerevisiae wall
oligomannosidic epitopes while pANCA observed during
UC recognize a nuclear membrane antigen of 50 kDa
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and are so called “NANA” for anti-Nuclear Associated
Neutrophil Antibodies [4] . These immunological tests
permit us to distinguish two different serologic profiles:
(1) “ASCA+/NANA-” which correlates with CrD and (2)
“ASCA-/NANA+”, associated to UC. Similarly, antibodies
to pancreatic juice and the exocrine pancreas (PAB)
have also been proposed as serologic markers for CrD.
However, theses antibodies have a low sensitivity and are
found in only 27%-40% of patients with CrD[5,6].
CrD and UC are inflammatory bowel diseases (IBD)
characterized by a chronic inflammation of the gut mucosa
in which environmental factors play an important role,
a chronic diarrhoea and the presence of distinct (auto)
antibodies. Even though coeliac disease (CoD) displays
similar characteristics, only two teams have studied the
prevalence of serological markers for IBD in CoD[7,8].
In the current study we primarily assessed the performance of ASCA, NANA and PAB in a population of
IBD and secondly we evaluated their prevalence in CoD
patients. We analysed the correlation between ASCA and/
or PAB seropositivities and: (1) clinical features and (2)
therapeutic parameters in the CrD population. Our study
is the first cross-sectional multicenter study analysing a
cohort of patients and healthy individuals, composed of
adults and children and avoiding biases of recruitment by
including patients from seven different centers.

MATERIALS AND METHODS
Patients
Patients suffering from CrD, UC, or CoD and healthy
blood donors (HBD) were selected retrospectively for this
multicenter study. All samples have been collected from
gastroenterology, internal medicine or pediatric units of 6
University Hospitals in France (CHU of Marseilles, Paris,
Montpellier, Strasbourg, Lyon, and Dijon) and one in
Luxemburg (CH of Luxembourg). Children and adults of
both sexes were included. Clinical informations have been
collected from medical charts establishing a patient profile.
The diagnosis of CrD and UC was made using previously
described criteria[9,10]. The activity of the Crohn’s disease
was evaluated according to the Crohn’s Disease Activity
Index (CDAI) or Best Index for the adult population and
according to the Pediatric Crohn’s disease activity index
(PCDAI) for the children population. A CDAI > 150 or
a PCDAI > 30 defined an active disease, while a CDAI
≤ 150 or a PCDAI ≤ 10 defined a quiescent disease.
Some of the patients of the CrD group had suffered from
pancreatitis, defined as abdominal pain associated with an
increased value of amylasemia (> 3 × N) and/or lipasemia
(> 3 × N).
All patients suffering from CoD fulfilled the following
diagnostic criteria: 1- presence of sub-total villous atrophy
at duodenal biopsy, 2- clinical remission on a gluten-free
diet, 3- detection of auto-antibodies associated with CoD
(Antiendomysium and/or anti-tissular transglutaminase
antibodies, antigliadin antibodies) in their serum at the
time of diagnosis. They were divided into two subgroups
according to clinical, histological and serological
parameters of disease activity at the time of sampling: 1active disease, 2- remitting disease. After serum separation,
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Figure 1 Detection by IIF of (A) ASCA on smears of Saccharomyces cerevisiae,
(B) NANA on ethanol-fixed human neutrophils and (C) PAB on human pancreas
(× 400). IIF: indirect immunofluorescence; ASCA: anti-Saccharomyces cerevisiae
antibodies; NANA: anti-Nuclear Associated Neutrophil Antibodies; PAB: antipancreatic antibodies.

blood samples were stored at -80℃ until further analysis.
ASCA Indirect Immunofluorescence
ASCA IgA and IgG were detected by indirect immunofluorescence (IIF) using a commercially available detection
kit (Euroimmun, Germany). Sera diluted in phosphate
buffer (1:500 for IgG and 1:50 for IgA) were incubated
for 30 min on slides with smears of Saccharomyces cerevisiae.
After a washing step, fluorescein-conjugated g oat
anti-human IgG or IgA detected ASCA IgG and IgA
respectively (Figure 1A).
NANA (also called x-ANCA or atypical pANCA) indirect
Immunofluorescence
ANCA were determined by IIF using ethanol-fixed human
neutrophil slides home-prepared [11] or commercially
available (Inova Diagnostics, San Diego, CA/EuroImmun,
Ger many), depending on the laboratory. Sera were
incubated at a 1/40 dilution for 30 min , washed and
incubated with fluorescein-labelled antihuman IgG
immunoglobulin (Inova Diagnostics/Bio-Rad Marnesla-Coquette, France). For perinuclear (pANCA) staining,
myeloperoxydase (MPO) antig enic specificity of
antibodies was examined by ELISA (Inova Diagnostics,
San Diego, CA/EuroImmun, Germany). Interference
by antinuclear antibodies, which may mimic the pANCA
pattern, was ruled out by using formalin fixation. Sera
reactivities displaying the pANCA pattern and associated
with (1) negative anti-MPO ELISA, (2) negative pattern
using for malin fixation, and (3) perinuclear pattern
using methanol fixation, determined the NANA pattern
associated with IBD (Figure 1B).
Auto-antibodies to exocrine pancreas Indirect
Immunofluorescence
Sections of human pancreas (blood group O) (Fluotest,
Angers, France) were used for detection of auto-antibodies
to pancreas (PAB) by indirect immunofluorescence. The
sections were incubated for 40 min in a moist chamber at
20℃ with 50 µL serum samples [diluted 1: 10 in phosphate
buffered saline (PBS)]. After washing with PBS, sections
www.wjgnet.com
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Table 1 ASCA detected in CrD and UC patient groups and
HBD: frequency of IgA and/or IgG isotype
ASCA + isotype
IgA and IgG
IgA and not IgG
IgG and not IgA

CrD (n = 54) UC (n = 4)
22
1
23
2
9
1

HBD (n = 2)
1
0
1

HBD (n = 50)

Figure 2 Detection of ASCA and NANA in CrD and UC patient groups and HBD.
ASCA: anti-Saccharomyces cerevisiae antibodies; NANA: anti-Nuclear Associated
Neutrophil Antibodies; CrD: Crohn’s disease; UC: ulcerative colitis; HBD: healthy
blood donors.
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ASCA: anti-Saccharomyces cerevisiae antibodies; CrD: Crohn’s disease; HBD:
healthy blood donors.
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Figure 3 Detection of ASCA and NANA in CoD. Data obtained for patients with
an active (AcoD) or a remitting (RcoD) form of the disease are represented.
ASCA: anti-Saccharomyces cerevisiae antibodies; NANA: anti-Nuclear associated
neutrophil antibodies; CoD: coeliac disease.

were incubated with polyvalent fluorescein conjugated
donkey antihuman immunoglobulin (Bio-Rad Laboratories,
Hercules, CA, USA) for 30 min (Figure 1C).
Statistical analysis
Sensitivity was measured as the probability of a positive
ASCA in a patient with CrD; specificity was measured as
the probability of a negative ASCA in a patient with UC
or in HBD. The positive predictive value (PPV) was the
probability of having CrD and a positive ASCA while the
negative predictive value was the probability of having
UC or being HBD and a negative ASCA. Comparison
of different groups was done using the chi-square test or
Fisher’s exact test when appropriate. Data were analysed
using GraphPad Prism® version 3 (GraphPad software,
San Diego, CA, USA) and the threshold for statistical
significance was set at P = 0.05.

RESULTS
One hundred and nine patients with CrD, 78 patients
with UC, 45 patients with CoD (29 active disease
and 16 remitting disease) and 50 HBD were selected
retrospectively for this study. Among the CrD group, 14
www.wjgnet.com

children (under 15 years) and 95 adults were included [mean
age: 31 years (9-67)] with a sex ratio of 1 man for every 1.4
woman. The mean CrD duration at the sample time was 7.5
years (1-30).
Serologic profile ASCA+/NANA- detected by IIF displayed
a positive predictive value of 94.2% for CrD diagnosis
According to data widely described for ELISA-detected
ASCA, ASCA IgA and/or ASCA IgG were significantly
more frequent in CrD (49.5%) compared with UC
(5.1%) or HBD (4%) (P < 0.001, Figure 2). Conversely,
NANA were found with a statistically higher frequency
in patients suffering from UC (71.8%) compared to
CrD patients (11%) and HBD (0%) (P < 0.001, Figure
2). Serologic profiles of ASCA+/NANA- displayed the
following performances for CrD diagnosis: sensitivity:
46.2%, specificity: 97.6%, positive predictive value:
94.2% and negative predictive value: 68.7%. Within the
CrD population under scrutiny, 14/109 patients were in
childhood at the time of sampling. Among these children,
10/14 displayed IgA or IgG or IgA and IgG ASCA (71.4%
versus 46.3% in the adult group, P < 0.05). In both adult
and child groups, both IgA and IgG isotypes of ASCA
were associated with IBD (Table 1).
ASCA were found by IIF in 37.9% of active CoD
We analysed the presence of ASCA in the serum of 45
patients suffering from CoD. Among them, 29 displayed
an active form of the disease and 16 a remitting form. In
11 CoD patients (24.5%), we detected ASCA by IIF (Figure
3), significantly more than in HBD (P < 0.01). Both IgA
and IgG isotypes were represented: 7 patients had ASCA
IgA and ASCA IgG, 1 had only ASCA IgA and 3 had
only ASCA IgG. We found NANA in the serum of only 1
patient suffering from CoD. Interestingly, all the patients
who were found positive for ASCA suffered from an
active form of the CoD (37.9% versus 0% under gluten free
diet, P < 0.01). Within the CoD population, 28/45 patients
were under 15 years and among these children, 5 were
ASCA positive (17.8% versus 35.3% in the adult group, P <
0.05).
Detection of ASCA by IIF was correlated with a more
severe clinical profile of CrD characterised by an early
onset and the presence of anal complications
In our CrD cohort, we did not find any correlation
between ASCA positivity and clinical features such as
disease activity or disease location (small bowel versus
colon) (Table 2). Similarly, no correlation between presence
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Table 2 Study of the correlation between clinical features of
CrD and detection of ASCA

NS: no statistically significant difference; CrD: Crohn’s disease; ASCA: anti
Saccharomyces cerevisiae antibodies. The total number of patients is different in
each clinical feature because patients with one or two unknown items were
nevertheless included.

Table 3 Study of the correlation between therapeutic
modalities of CrD and detection of ASCA
Treatment of CrD
patients
Medical treatment
Corticosteroids
Immunosuppressive
Drugs (IS)
Corticosteroids + IS
Other treatment
No treatment
Surgical treatment
Presence
Absence

27
19

Number of positive
P
patients for ASCA (%)
NS
15 (55)
8 (42)

18
25
11

10 (55)
9 (36)
5 (45)

21
79

11 (52)
40 (51)

Number of patients

NS

NS: no statistically significant difference; CrD: Crohn’s disease; ASCA: antiSaccharomyces cerevisiae antibodies. The total number of patients is different in
each clinical feature because patients with one or two unknown items were
nevertheless included.

of ASCA and diagnosis of extra-intestinal manifestations
of CrD such as pancreatitis, liver diseases, cutaneous,
rheumatologic or ocular involvement was found (Table 2).
Conversely, we showed that patients under 20 years at
the time of CrD diagnosis exhibited a higher frequency
of serum ASCA (P < 0.001) than patients who were
diagnosed at an older age (Table 2). We also found that
anal complications of CrD such as perianal abscess,
anal fissure and anal fistula are statistically (P < 0.001)
associated with detection of ASCA by IIF (Table 2).
Treatment of CrD did not influence serum levels of ASCA
Next, we analysed the influence of CrD therapy on
ASCA expression in the serum. None of the medical
(cor ticosteroids, immunosuppressive dr ugs, antiTNF, 5-aminosalicylic acid, enteral feeding) or surgical
treatments significantly altered the prevalence of ASCA
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Disease activity
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Quiescent
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10 (34)
Active
71
40 (56)
Disease location
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Small bowel
17
11 (65)
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28
10 (36)
Small bowel and colon
49
25 (51)
Anal complications
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63
22 (35)
Extra intestinal manifestations
NS
Presence (except pancreatitis) 45
19 (42)
Pancreatitis
14
6 (43)
Absence
45
23 (51)
Clinical features of CrD
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Figure 4 Detection of PAB in CrD (with or without pancreatitis), UC and CoD (active
or remitting form) patient groups and HBD. PAB: anti-pancreatic antibodies; CrD:
Crohn’s disease; UC: ulcerative colitis; CoD: coeliac disease; HBD: healthy blood
donors.

in our CrD cohort. Specifically, we did not observe a
statistically significant difference in serum ASCA levels
between treated and not treated patients (Table 3).
PAB are found in 36.7% of CrD patients and 13.3% of CoD
patients
We studied the prevalence of PAB in CrD, UC, CoD
patients and HBD. PABs were present in 36.7% of CrD
sera, compared with 2% in HBD, 7.7% in UC and 13.3%
in CoD (Figure 4). Sensitivity, specificity, predictive
positive value and negative predictive value of PAB for
CrD diagnosis were respectively: 36.7%, 94.5%, 85.1%
and 63.7%. Focusing on CrD patients suffering from
pancreatitis (n = 14), we detected PAB positivity in 50%
of cases (versus 38.8% in the CrD population without
pancreatitis, P > 0.05), demonstrating that PAB did
not arise more often in patients with CrD and acute
pancreatitis than in CrD patients without pancreatitis.
Of note is the PAB positivity in 15 patients who suffered
from CrD and displayed negative ASCA profile. In CoD
patients, PAB were found in both active and remitting
forms of the disease (16% versus 8%, NS) (Figure 4).
PAB detection was not correlated with clinical features of
CrD except an early onset of the disease
In our study, PAB detection did not increase with either
disease activity or disease location but was correlated
with an early onset of the disease (P < 0.05) (Table 4).
Occurrence of anal or extra-intestinal manifestations
of CrD did not affect antibody prevalence in the sera.
Moreover, neither medical nor surgical treatment of CrD
patients influenced PAB serum levels (Table 4).

DISCUSSION
In the present study, we assessed the clinical value of
ASCA, NANA and PAB tests for the diagnosis of IBD
and CoD, both characterised by gut inflammation, chronic
diarrhoea and the presence of distinct auto-antibodies.
This is the first study in which the perfor mance of
ASCA detected by indirect immunofluorescence have
been tested in a cohort of patients issued from different
medical centers and composed of adults and children.
www.wjgnet.com
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Table 4 Study of the correlation between clinical features and
therapeutic modalities of CrD and detection of PAB
Clinical features
of CrD

Number
of patients

Age at diagnosis
≤ 20 yr
47
> 20 yr
58
Disease activity
Quiescent
29
Active
71
Disease location
Small bowel
17
Colon
28
Small bowel and colon 49
Anal complications
Presence
31
Absence
63
Extra intestinal manifestations
Presence (except
45
pancreatitis)
Pancreatitis
14
Absence
45
Medical treatment
Corticosteroids
27
Immunosuppressive
19
drugs (IS)
Corticosteroids + IS
18
Other treatment
25
No treatment
11
Surgical treatment
Presence
21
Absence
79

Number of patients
positive for PAB (%)

P
0.028

25 (53)
18 (31)
NS
14 (48)
27 (38)
NS
6 (35)
14 (50)
19 (39)
NS
17 (55)
22 (35)
NS
16 (36)
7 (50)
21 (47)
NS
8 (30)
8 (42)
10 (55)
12 (48)
5 (45)
NS
7 (33)
35 (44)

NS: No statistically significant difference; CrD: Crohn’s disease; PAB: Antipancreatic antibodies. The total number of patients is different in each clinical
feature because patients with one or two unknown items were nevertheless
included.

The results reveal that (1) the ASCA+/NANA- serologic
profile, detected by IIF, provides a PPV of 94.2% for
CrD diagnosis and (2) detection of ASCA by IIF was
correlated with a more severe clinical profile of CrD,
as suggested by an age of onset under 20 years and the
presence of anal complications. Moreover, serum levels of
ASCA were not influenced by any treatment of CrD. PAB
detection, positive in 36.7% CrD, was not correlated with
clinical features of CrD except with an age of onset under
20 years. Concerning the CoD cohort, we describe an
unexpectedly high percentage (37.9%) of ASCA positivity
by IIF in the active but not the remitting form of CoD.
In accordance with other studies using home-made
or commercially available ELISA methods, we found
that detection of circulating ASCA by IIF, even though
it was associated with NANA test, has a poor sensitivity
for CrD diagnosis[1,2,12]. Therefore, the use of a smear of
Saccharomyces cerevisiae as a source of native antigens for IIF
did not allow us to increase the sensitivity of the test when
compared to ELISA technique.
The ASCA testing displays a good positive predictive
value (94.2%)[3]. Israeli et al[13], recently showed that ASCA
and pANCA precede the clinical diagnosis of IBD. We
have no data concerning this parameter but it would be
of great interest to follow-up the 2 HBD that were found
ASCA-positive.
ASCA specificity is also very good (97.5%) and should
www.wjgnet.com
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be increased up to > 99% by combination of IIF and
ELISA as suggested by Klebl et al [14]. However, many
studies have recently shown that patients suffering from
diseases other than CrD have a higher frequency of ASCA
seropositivity than the general population. For example,
adults with Behcet disease, ankylosing spondylitis or
primary biliary cirrhosis as well as children with cystic
fibrosis can display circulating ASCA [15-19]. Moreover,
two teams have described a high prevalence of ASCA in
patients with CoD[7,8]. We confirm here these data: 11/45
(24.5%) coeliac patients had circulating ASCA of both
IgG and IgA isotypes. We show that this seropositivity
is linked to the active phase of the disease since none of
the patients with a remitting form of CoD was ASCApositive. We can postulate that this seropositivity is linked
to common physiopathological features in CrD and CoD,
such as (1) inflammation of small intestine mucosa and/or
(2) loss of oral tolerance of alimentary antigen(s) and/or
(3) alteration of gut permeability. Nevertheless, several
studies showed that the ASCA test was a stable marker of
CrD and was not a second phenomenon due to increased
intestinal permeability[20,21]. It would be of great interest to
assess whether the ASCA-positive CoD patients became
negative under a gluten-free diet. It is worth noting that
bread, a major source of gluten in France, is also a great
source of Saccharomyces cerevisiae.
For the first time, we have analysed sera from both
children and adults. We included 42 children (14 CrD and
28 CoD) and observed that CrD patients under 15 years
displayed more often ASCA than adults. This was not
true for CoD patients. Therefore, the ASCA test is of
great interest for CrD young patients. We can argue that
in children, IBD are more severe than in adults and that
ASCA are correlated with disease severity. This correlation
is described in the literature[22-25] and is in accordance with
our results showing an increased frequency of ASCA in
patients who (1) were under 20 years at the time of CrD
diagnosis and/or (2) suffered from anal complications.
These two parameters are in favour of a severe CrD. Early
onset Crohn’s disease may reflect a subgroup of patients
characterized by a particular sensitivity to modifications
of the intestinal flora associated to an immaturity of the
mucosa-associated immune system. These parameters
could be associated to an immunization, like for a
pathogen, against Saccharomyces cerevisiae instead of the
induction of a tolerance state. Amre DK and colleagues
have recently shown that infection-related exposures seem
to enhance risk for CD in children[26]. Moreover ASCA
have been described to be correlated to the presence
of NOD2/CARD15 mutations implicated in IBD and
this genetic predisposition favours early-onset IBD
development[27,28].
Several studies have suggested that ASCA expression
is significantly associated with ileal CrD[1,23,29,30]. However,
in accordance with the findings of Saibeni et al[31], we did
not observe any correlation between ASCA positivity and
location of the disease.
In our study, we also tested pancreatic antibodies
that have been reported in patients with IBD, without
any correlation with clinical characteristics of the disease
such as involvement of intestine, previous surgical
interventions, drug therapy or disease activity[6,32]. These
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antibodies recognise a large macromolecular trypsinesensitive protein in pancreatic secretion[33]. Even though
their specificity for CD is high (94.5%), their sensitivity
(36.7%) is too low to be used in clinical practice. Moreover,
we show that PAB autoreactivity against pancreas is not
correlated with occurrence of pancreatitis during CrD. We
propose that PAB detection is interesting for documenting
a CrD diagnosis in clinically highly CrD suspected patients
without circulating ASCA. Nevertheless, Lawrance et al[34]
showed that (1) the PAB test is more sensitive in Chinese
than Caucasian patients with CrD and (2) the combination
of PAB, pANCA and ASCA testing improved the
differentiation between UC and CrD, particularly in
isolated colonic disease, when compared to pANCA and
ASCA test used individually. Our study is in agreement
with these findings: 15 patients suffering from CrD were
negative for ASCA but displayed PAB positivity.
In conclusion, ASCA and PAB are specific markers
for CrD but their presence in the serum does not allow
us to eliminate a diagnosis of CoD. The combination
of the three antibodies and the detection of both IgG
and IgA isotypes for ASCA improve the sensitivity
of immunological markers for CrD diagnosis. Finally,
observed correlations between ASCA positivity and clinical
features of CrD lead to the conclusion that repeating
ASCA, NANA, and PAB detection during the clinical
course of the disease has no clinical value.
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Abstract
AIM: To enrich putative hepatic progenitors from the
developing human fetal liver using CD34 as a marker.
METHODS: Aborted fetuses of 13-20 wk were used for
the isolation of liver cells. The cells were labeled with anti
CD34; a marker used for isolating progenitor population
and the cells were sorted using magnetic cell sorting.
The positive fractions of cells were assessed for specific
hepatic markers. Further, these cells were cultured
in vitro for long term investigation.
RESULTS: Flow cytometric and immunocytochemical
analysis for alphafetoprotein (AFP) showed that the
majority of the enriched CD34 positive cells were positive
for AFP. Furthermore, these enriched cells proliferated in
the long term and maintained hepatic characteristics in
in vitro culture.
CONCLUSION: The study shows that aborted human
fetal liver is a potential source for isolation of hepatic
progenitors for clinical applications. The study also
demonstrates that CD34 can be a good marker for the
enrichment of progenitor populations.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
A shortage of donors for liver transplantation means that
hepatocyte transplantation has been explored as a useful
bridge or alternative therapy for the treatment of various
liver diseases. Hepatocyte transplantation has become a
conceptually appealing alternative to liver transplantation in
patients suffering from fulminant and chronic liver failure.
The potential of hepatocyte transplantation for supporting
an actively injured liver by providing metabolic support
has been suggested[1,2]. The scarcity of human donor livers
and the absence of proliferation in cultured hepatocytes
are major limiting factors for the success of hepatocyte
therapy. Hepatic progenitors are highly expandable
in vitro/in vivo. Studies in rodents have demonstrated
the presence of bipotential stem cell/progenitors using
different phenotypic markers[3]. These cells are capable
of extensive proliferation and subsequent differentiation
into biliary ductal cells and hepatocytes. The developing
liver progenitor population has been demonstrated to
be high and they differentiate from the common cell
compartment, the hepatoblasts [4]. Furthermore, these
cells reconstituted bile duct and hepatocyte structures
following transplantation into retrosine treated liver [5].
Human fetal liver offers important sources for the
hepatic progenitor for the clinical application. At 5 wk
of gestation, hematopoiesis starts to shift from the
yolk sac to the fetal liver [6]. The fetal liver is the main
site of hematopoiesis in the fetus until development of
the bone marrow. The first trimester human fetal liver
contains the full hierarchy of several primitive progenitors
detectable by their functional end points. These include
hepatic and hematopoietic stem cells (HSCs)[7-9]. During
this gestational period, hepatic cells express hepatocyte
markers, for example, albumin, alphafetoprotein (AFP), 1
microglobulin, glycogen, glucose-6-phosphatase (G-6-P)
and biliar y markers; for example, gamma glutamyl
transpeptidase (GGT), dipeptidyl peptidase Ⅳ (DPPIV),
cytokeratin (CK)-19 and Das-1-monoclonal antibodyreactive antigen[10,11]. Human hepatoblasts express these
markers throughout the second trimester (20-24 wk),
despite significant developments of the fetal liver, which
offers opportunities to isolate and study large numbers of
progenitor cells. We have previously reported on the use
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of human fetal hepatocytes for the treatment of fulminant
hepatic failure patients [12] . The isolation of hepatic
progenitor cells from the developing liver can be ideal
because of their morphological and functional attributes.
Several investigators have isolated hepatic progenitor cells
from human fetal liver and demonstrated their ability
to proliferate greatly; and although these progenitor
cells proliferated for several months they retained their
karyotypes[4].
In several studies hematopoietic markers like CD34,
Thy-1, and c-kit, mRNA for the flt-3 receptor, although
restricted to hematopoietic stem cells, have been used for
the identification/isolation of hepatic progenitors. These
cells were characterized by the presence of hepatic markers
like AFP, albumin, liver specific cytokeratins (CK-18,
CK-19) and liver transcription factors. Hepatic stem cells
were enriched using certain physical methods like counter
flow elutriation and also by using certain stem cell specific
markers. The enrichment of fetal liver stem/progenitor
cells was first reported by Reid et al [5], using panning
and fluorescence activated cell sorting methods with
monoclonal antibodies, reacting with cell surface proteins
and expressed on oval cells and bile duct epithelial cells.
Fetal liver cells have been sorted by Suzuki et al[13] for those
that are positive for expression of 6 α (CD49f) integrin
and β1 (CD29) integrin, which are known to be present
on hepatocytic cells but not on hematopoietic cells, and
negative for CD45 and Ter119, which are specific markers
for hematopoietic cells. Interestingly, cells showing the
greatest enrichment for liver progenitor cells in a colony
forming assay were negative for c-kit, which is a positive
sorting marker for hematopoietic stem cells and is also
detected in liver 'oval cells'. Strain and colleagues have
used CD34 for the positive selection of hepatic stem cells
to enrich for human liver stem-like progenitor cells that
can differentiate in culture into biliary epithelial cells[14].
Recently, Fiegel et al[15] used CK-18 (hepatic marker) and
Thy-1 (hematopoietic marker) for enrichment of potential
hepatic progenitor population from developing rat liver.
In the present study, hepatic progenitors were sorted
using anti-CD34 by magnet activated cell sorting and were
cultured for more than a month.

MATERIALS AND METHODS
Isolation of human fetal hepatocytes
Human fetal liver (FL) tissues were obtained from
aborted fetuses at 13-20 wk gestation in accordance
with the Institute’s ethical guidelines. The fetuses were
collected within 2 h of abortion. Single cell suspension
was prepared from the liver by the two-step collagenase
perfusion method and the cells were passed through a 70
μ-nylon mesh. The viability of the cells was assessed by
the Trypan blue dye exclusion test. All the donors had
been serologically screened for syphilis, toxoplasmosis,
rubella, hepatitis B and C, human immunodeficiency virus
1, cytomegalovirus, parvovirus, and herpes simplex types 1
and 2.
CD34 labeling and magnetic cell sorting
Isolated human fetal liver cells were suspended in 1 mL
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of PBS with 5 mmol/L EDTA and labeled with anti
CD34 magnetic labeled beads. CD34+ hepatic cells were
separated by magnetic cell sorting (MACS) using the
human direct CD34-progenitor kit (Miltenyi Biotech;
Germany) according to the manufacturer’s instructions.
The flow-through fraction was used as a source of CD34cells. The enriched cells were analyzed for AFP (hepatic
lineage marker) and CD45 (leukocyte lineage marker) using
CD34PE/AFP FITC and CD45 PE on Flowcytometer
(FACS Caliber Becton & Dickinson USA). To assess the
nonspecific binding appropriate isotype controls were
included.
Culture conditions
Enriched CD34+ positive cells were cultured for a long
term duration in a serum free medium. Two million cells
were seeded on collagen typeⅠ(Sigma Co.) coated 6
well plates (Nunclon). The medium DMEM (Sigma) was
supplemented with 50 mg/L L-glutamine (Sigma Co.),
50 mg/L essential amino acids, penicillin, streptomycin,
amphotericin B (Hi Media) and 10% heat inactivated fetal
bovine serum (Gibco BRL), 50 ng/mL hepatocyte growth
factor (HGF) (Sigma Co.), 20 ng/mL of epidermal growth
factor (Gibco) and 10 ng/mL basic fibroblast growth
factor (bFGF). Non-adherent cells were removed after 24 h
and subsequently the medium was changed daily for 3 d.
Cultured cells were analyzed for liver specific genes on the
following days of culture: d 0, 7, 14, 21, 28 and 35. Cells
were trypsinized with trypsin-EDTA diluted 1:10 in PBS
for 5-7 min at 37℃ on each occasion. For sub passaging,
near-confluent cultures were split 1:3 using half-strength
trypsin-EDTA for 6-10 min at 37℃.
Cytospins and immunocytochemistry
The trypsinized cells were collected by washing with
phosphate-buffered saline. Smears were prepared using
cytospin (Shandon) on glass slides. The smears were fixed
with methanol at -20℃ for 5 min and acetone at 4℃
for 15 s. The smears were washed with PBS and blocked
with 1% bovine serum albumin (Sigma Co.) in PBS for
one hour at room temperature, cells were incubated with
mouse anti human-AFP (Santa Cruz) diluted 1:100 (in
PBS) at 4℃ for two hours and then stained with FITC
conjugated rabbit anti mouse secondary antibody, diluted
1:1000 in PBS at 4℃ for 30 min. After the incubation
the cells were washed with PBS twice and the cells were
analyzed under fluorescence and visible light.
Immunostaining was evaluated by fluorescence microscopy
For each slide, four randomly chosen areas were analyzed.
The total cell number and the number of positive cells
were assessed. For morphologic analysis the cells were split
into two categories: small cells were round shaped cells
with one nucleus and a small rim of cytoplasm. Large cells
showed irregular cell shape with a prominent cytoplasm.
For each area the total number of cells and the number
of small cells were counted. The ratio of positive to total
cells and the ratio of small to total cells were calculated as
percentages.
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Table 1 List of primer sequences used in the study
Gene ID Primer sequence

Product
size

AFP

Sense TGCAGCCAAAGTGAAGAGGGAAGA
216 bp
Antisense CATAGCGAGCAGCCCAAAGAAAGAAA
Albumin Sense TGCTTGAATGTGCTGATGACAGGG
161 bp
Antisense AAGGCAAGTCAGCAGGCATCTCATC
CK-18
Sense ATGGGCGAGCAGAACCGGAA
326 bp
Antisense CCATGAGCCGCTGGTACTCC

Figure 1 Sorted cells stained with FITC labeled anti human AFP antibody and
observed under fluorescent (Zeiss) microscope (× 400). Cells were observed to be
positive for AFP and a thin rim of cytoplasm with a big nucleus.

AFP estimation in the CD34+ sorted cells
Four million cells from each group were spun at 3000 rpm
and 3 mL of 0.2% Triton x-100 was added to the pellet.
Cells were lysed by freezing and thawing three times, and
then the lysate was spun at 15 000 r/min for 45 min at
4℃. The supernatant was used for the estimation of AFP
(Figure 1). 20 μL of the supernatant was used for AFP
activity using ELISA in accordance with the protocol
provided in the kit (Pathozyme).
Gene expression analysis
Total RNA was extracted from CD34+ sorted cultured
cells using Trizol (Invitrogen Life technology). Liver
specific transcripts were analyzed using complementary
DNA, which was amplified later for 35 cycles using primer
pair specific for AFP, albumin and CK-18. PCR products
were separated in 1.5% agarose gel and visualized under
UV light. Primer pairs used in the study are listed in Table 1.
Flow cytometry and statistical analysis of cell number
Flowcytometer analysis was done with freshly isolated
or cultured cells. Cell number was assessed by using flow
cytometer (BD). Mean values and standard deviations (SD)
of cell numbers were calculated. Statistical analysis was
performed using the two way Anova.

RESULTS
Cell viability
The viability of isolated cells ranged from 85%-94%.
Primary cell isolation yield increased with increases in
gestation (13-20 wk) from 39 ± 2.3 × 106 to 90 ± 3.4 ×
106. There was no loss in the viability following magnetic
cell sorting; viability ranged from 85%-90%.
Percentage CD 34 positive cells
Analysis of enriched CD34 positive cells showed two
populations of cells CD34+/CD45+ and CD34+/CD45-.
The majority of cells were CD34+/CD45-, and the CD
45 marker was used to exclude for lymphoid and myeloid
lineage cells. The data revealed that CD34+/CD45+ (CD34
and CD45 positive cells) were 5.5% + 0.56% in group-Ⅰ,

Table 2 Enrichment of Hepatic progenitor cells using antiCD34 by MACS
Gestation Total cell yield
(wk)
13-15
39 + 2.3 × 106
16-18
65 + 2.9 × 106
19-20
90 + 3.4 × 106

% of CD34+/CD45+

% of CD34+/CD45-

5.5 + 0.56
4.8 + 0.72
4.5 + 0.82

4.1 + 0.82
4.2 + 0.9
3.9 + 0.8

Each data was a representative of three replicates. The numbers of samples
within individuals are six and three replicates in each set were done.

Table 3 AFP activities in anti-CD34 sorted cells
Group
Ⅰ
Ⅱ
Ⅲ

AFP before sorting
(ng/mg protein)

AFP after sorting
(ng/mg protein)

Folds increase

835 + 16
554 + 15
384 + 13

4336 + 12
2557 + 14
1572 + 15

5.2 + 1.2
4.9 + 1.3
4.5 + 1.2

Each data was a representative of three replicates. The number of samples
within individuals are six and three replicates in each set were done.

4.8% + 0.72% in group-Ⅱ and 4.5% + 0.73% in groupⅢ. Whereas CD34+/CD45- (CD45 negative cells) ranged
from 4.1% + 0.82% in group I, 4.2% + 0.9% in group Ⅱ
and 3.9% + 0.8% in group-Ⅲ, CD 45 + cells ranged from
0.3% to 0.5% (Table 2).
Alphafetoprotein immunostaining
Of the enriched cells, when analyzed after staining
with AFP, more than 70% ± 1.5% were observed to be
positive for AFP and had a thin rim of cytoplasm with a
big nucleus (Figure 1). AFP estimation in CD34 positive
enriched cells increased four to five fold in comparison
with non-enriched cells. (Table 3, Figure 2).
Cell number and morphology in vitro culture
Culture of the CD34 positive cells showed increasing
numbers with a significant rise in cell count from 7.4 ±
1.3 × 106/plate at d 0 (Figure 3A and B) to 8.6 ± 1.4 ×
106/plate at d 35 of culture (Figure 3C). The cells, which
were negative for CD34 when cultured, showed a decrease
in cell number from 7.6 ± 0.9 × 106 cells at d 0 to 2.7 ±
0.08 × 106 cells at d 35. At d 28, two populations of cells
were found in cultures of CD34+ cells. Cell numbers of
cultured CD34+ cells increased significantly (P < 0.05)
after d 7 when compared with the numbers of cultured
CD34- cells (Figure 4).
www.wjgnet.com
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Figure 2 The graph shown is representative of the three independent
experiments. The activity was expressed in μg/mg protein.
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Figure 4 Culture of CD34+ sorted primary cells.
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Figure 5 Gene expression analysis in different days of cultures of hepatic
progenitors.

B

cultured cells were further analyzed for the expression of
liver specific mRNA transcript from d 0 to d 35 of culture
(Figure 5). AFP and CK-18 expression was observed in
the sorted culture cells, which revealed that these cells were
capable of differentiating into hepatic and biliary lineages,
suggesting the cellular bipotency of progenitor cells.
Expression of albumin was noted only after 8 d of culture,
indicating that the cells were in the process of maturation.
Culture d 35

C

Figure 3 A: The sorted cells on d 0 of culture. Cells were cultured in the long
term. The cells are showing intact morphology (× 400); B: The cultured cells on
14th d. The cells are showing intact morphology (× 400); C: The cultured cells on
35th d. The cells are showing intact morphology (× 400).

Gene expression analysis
To confirm that the sorted cells were of hepatic lineage,
www.wjgnet.com

DISCUSSION
Fetal liver cell isolation
In our study, we found that cells enriched by haematopoietic
stem cell marker CD34 expressed hepatocyte specific
markers, but the majority of these cells were negative for
leukocyte markers CD45. In the present study we have used
two markers, AFP (hepatic marker) and CD45 (common
leukocyte marker) in order to identify the CD34 positive
cells of hepatic lineage. The flowcytometric analysis data
showed two populations of cells CD34+/CD45+ and
CD34+/CD45-. The majority of cells were CD34+/
CD45- and the CD 45 marker was used to exclude the cells
of lymphoid and myeloid lineage.
Functional markers
In the present study CD34+ positive cells were separated
by MACS from human fetal liver cells. The data generated
by magnetic cell sorting of progenitor cell population
using CD34 marker increased AFP activity up to four

Nyamath P� et al . Isolation of hepatic progenitors from human fetal liver

to five fold in enriched cells when compared with the
non sorted cells. As AFP is a marker for proliferation,
increases in the AFP activity in the enriched population
demonstrates that sorted cells have higher proliferation
than the unsorted cells. Our findings also correlate with
those of Craig et al and Strain et al[14] who sorted hepatic
progenitor cell population by labeling the cells with antiCD34. The present study also revealed that the AFP
activity of the cells before and after sorting with CD34
was more in groupⅠ. This indicates that both CD34
in combination with AFP are good markers to enrich
hepatic progenitors. Sorted cells were cultured to study
the proliferative activity of the cells. There were increases
in cell numbers. This shows that the cells negative for
CD34 were matured cells and had low proliferative rates.
The sorted CD34 positive cells in cultures showed very
high proliferative rates, which indicates that the sorted
cells are immature, progenitor cells. The AFP activity
indicates that these cells belong to the hepatic lineage. The
gene expression analysis in cultures on different days was
carried out to study the hepatic markers, AFP, albumin and
CK-18. The data reveal that the sorted CD34 positive cells
showed AFP expression till 35 d of culture, which shows
that the cells are in proliferative states even for 35 d. There
was no expression of albumin on d 0, as the sorted cells
are immature. With increases over time the expression of
albumin started as the cells underwent maturation. The
CK-18 expression further confirms that the cells are of
epithelial lineage. The culture study revealed that the CD34
positive cells were able to proliferate and differentiate into
cells of hepatic lineage.
In conclusion, the above study reveals that CD34 is a
good marker for enrichment of hepatic progenitor cells
from human fetal livers. This was confirmed by the liver
specific marker, AFP which increased after sorting, as
CD34 sorting leads to the enrichment of the progenitor
population. The expression of hepatic markers in cultured
cells concludes that the cells were able to proliferate and
differentiate for several days.
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Abstract
AIM: To observe the inhibition of hepatitis B virus (HBV)
replication and expression by combination of siRNA and
lamivudine in HepG2.2.15 cells.
METHODS: Re c o m b i n a n t p l a s m i d p s i l - H B V wa s
constructed and transfected into HepG2.2.15 cells. The
transfected cells were cultured in lamivudine-containing
medium (0.05 μmol/L) and harvested at 48, 72 and 96 h.
The concentration of HBeAg and HBsAg was determined
using ELISA. HBV DNA replication was examined by realtime PCR and the level of HBV mRNA was measured by
RT-PCR.
RESULTS: In HepG2.2.15 cells treated with combination
of siRNA and lamivudine, the secretion of HBeAg and
HBsAg into the supernatant was found to be inhibited
by 91.80% and 82.40% (2.89 ± 0.48 vs 11.73 ± 0.38,
P < 0.05; 4.59 ± 0.57 vs 16.25 ± 0.48, P < 0.05) at
96 h, respectively; the number of HBV DNA copies within
culture medium was also significantly decreased at
96 h (1.04 ± 0.26 vs 8.35 ± 0.33, P < 0.05). Moreover,
mRNA concentration in HepG2.2.15 cells treated with
combination of siRNA and lamivudine was obviously
lower compared to those treated either with siRNA or
lamivudine (19.44 ± 0.17 vs 33.27 ± 0.21 or 79.9 ± 0.13,
P < 0.05).
CONCLUSION: Combination of siRNA and lamivudine is
more effective in inhibiting HBV replication as compared to
the single use of siRNA or lamivudine in HepG2.2.15 cells.
www.wjgnet.com
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INTRODUCTION
Chronic HBV infection is one of the most severe
infectious diseases in humans. More than 400 million
people worldwide suffer from chronic HBV infection and
the infected individuals are at high risk of developing liver
cirrhosis and hepatocellular carcinoma[1]. Current efforts
to treat HBV infection have only limited success. Only
20% of the patients benefit from anti-HBV therapy with
recombinant interferon and nucleotide analogues such as
lamivudine[2-5]. Thus, there is an urgent need to develop
more effective strategies to combat HBV infection.
RNA interference (RNAi) is a cellular progress in
which double-stranded RNA of 21-23 nt induces the posttranscriptional gene silencing of homologous mRNA[6-10].
Based on the important role on the reverse transcription
step in HBV replication [11-15], several researches have
demonstrated that RNAi could suppress the replication
of HBV through silencing the expression of the viral
genes and provide a new method against chronic HBV
infection [16-19] . Considering that lamivudine has been
a leading drug which is highly effective in inhibiting
HBV DNA synthesis[20] and RNAi is a newly discovered
antiviral mechanism[6,7], we hypothesize that combination
of siRNA and lamivudine may exhibit greater inhibitory
effect on HBV replication. To address this question, we
systemically measured the anti-HBV effect of siRNA
combined with lamivudine on HepG2.2.15 cells at HBeAg,
HBsAg, DNA and mRNA levels. Our findings suggested
that combination of siRNA and lamivudine exerted a
pronounced inhibition of HBV replication.

MATERIALS AND METHODS
Materials
Dulbecco’s modified Eagle’s medium (DMEM) and G418
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Figure 1 Electrophoresis analysis of digestion using SalⅠ/PstⅠ. Lane 1: psilHBV/SalⅠ; lane 2: psil-HBV/PstⅠ; lane 3: psil-HBV.

were purchased from GIBCO BRL (USA). HepG2.2.15
cells were maintained in our laboratory. Plasmid psi/U6
was supplied by Wuhan JS Biotech (China). All PCR
primers were synthesized by Shanghai Boya Biological
Company (China). Trizol, M-MLV reverse transcriptase,
Lipofection 2000 reagents were purchased from Invitrogen
Company (USA). Restriction enzymes were purchased
from Bejing New England Biolab (China).
Construction of plasmid psil-HBV
HBV siRNA expression plasmid was generated by
inserting a 21-nt specific sequence encoding corresponding
siRNA into BamHⅠ-HindⅢ sites of plasmid psil/U6 as
previously described[21] and further analyzed by BLAST
to ensure that it does not has sequence homology with
human genome sequence. The oligonucleotide pairs used
to coding for the same strand of siRNA were as follows:
5’-GATCCGCACTTCCGGAAACTGTTTCAAGACG
ACAGTAGTTTCCGGAAGTGTTTTTTGTCGACA-3’
(sense) and 3’-GCGTGAAGGCCTTTGATGACAA
AGTTCTGCTGTCATCAAAGGCCTTCACAAAAA
ACAGCTGTTCGA-5’ (antisense). The recombinant
plasmid, named as psil-HBV, was transformed into E. coli
strain DH5α and identified by restricted endonuclease
digestion and DNA sequence analysis. Construction and
identification of an irrelevant control plasmid HK were
essentially the same as described above.
Cell culture and transfection
HepG2.2.15 cells were cultured in DMEM supplemented
with 100 mL/L fetal calf ser um (FCS), 100 U/mL
penicillin, 100 μ g/mL streptomycin and 200 μ g/mL
G418 and incubated at 37℃ in a humidified atmosphere
containing 50 mL/L CO2 in air. Cells were cultured in
6-well plates until they were 60%-70% confluence 24 h
prior to transfection. Transfection was performed using
Lipofection 2000 reagent and psil/HBV complex at
2.5:1 ratio following the manufacturer’s instructions. The
transfected cells were cultured in lamivudine-containing
medium (0.5 μmol/L) and harvested at 48 h, 72 h and 96 h
for further analysis. All experiments were performed in
triplicate and divided into five groups.
Quantitative assay of HBeAg and HBsAg
The levels of HBeAg and HBsAg in culture supernatants
were measured using ELISA kits (SA Biotech, Shanghai,

Quantitative assay of HBV DNA
HBV DNA was extracted from the culture medium and
examined by real-time PCR using HBV diagnostic kit (PG
Biotech, Shenzhen, China) at 48, 72 and 96 h according to
the manufacturer’s protocol.
Assay of HBV mRNA
Total RNA of the transfected cells was isolated with Trizol
reagent and reverse transcribed into cDNA with 200 U of
M-MLV reverse transcriptase at 48, 72 and 96 h.
Samples were amplified through 30 cycles, each
amplification cycle consisting of denaturation at 94℃
for 15 s, primer annealing at 52℃ for 30 s, and extension
at 72℃ for 30 s. Cycles were preceded by incubation
at 94℃ for 3 min to ensure full denaturation of the
target gene and were followed by an extra incubation
at 72℃ for 10 min to ensure full extension of the
products. Primers for PCR were as follows: HBV, 5’
-ACCTCTGCCTAATCATCTC-3’ (forward) and 5’
-GTAAGACAGGAAATGT GAAAC-3’ (reverse); and
GAPDH 5’-GTCGGTGTGAACGGATTT-3’ (forward)
and 5’-ACTCCACGACGTACTCAGC-3’ (reverse). The
PCR amplification product was analyzed by 1.2% agarose
gel electrophoresis.
Statistical analysis
Data were expressed as mean ± SD. Data were compared
using F-test and one-way Anova. All statistical analyses
were performed using the SPSS 12.0 software. P < 0.05
was considered statistically significant.

RESULTS
Identification of recombinant plasmid psil-HBV
The PstⅠsite in the plasmid psil-HBV was replaced by
SalⅠsite that we designed in the inserted DNA sequence.
The fragment digested by SalⅠwas about 400 bp in size
(Figure 1). The DNA sequence analysis of positive clones
confirmed the results as expected.
Inhibition of HBeAg and HBsAg in cultured HepG2.2.15
cells
The concentrations of HBeAg and HBsAg in the culture
supernatant were measured at 48, 72 and 96 h by ELISA.
As is shown in Figure 2 and Table 1, there was no
significant inhibition on the expression of HBeAg and
HBsAg at 48 and 72 h; an obvious inhibition (P < 0.05)
was, however, observed at 96 h, with the reduction in levels
of HBsAg and HBeAg by 91.8% and 82.4%, respectively,
in the supernatant of cells treated with combined siRNA
and lamivudine as compared to the single use of siRNA or
lamivudine.
Inhibition of HBV DNA replication in cultured HepG2.2.15
cells
The level of HBV DNA was examined by real-time PCR.
This approach can detect HBV DNA in the range of
www.wjgnet.com
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Table 1 Concentration of HBeAg and HBsAg in HepG2.2.15 cells detected by ELISA

Group

HBeAg
72 h

48 h

siRNA
LAM
siRNA+LAM
HK
psi/U6

6.54 ± 0.30 (15.43)
6.80 ± 0.22 (10.48)
6.01 ± 0.42 (25.52)
7.25 ± 0.27 (0)
7.35 ± 0.34

6.23 ± 0.27 (55.78)
10.02 ± 0.45 (15.20)
8.40 ± 0.20(32.55)
11.06 ± 0.21 (0)
11.44 ± 0.17

96 h

HBsAg
72 h

48 h
a

4.90 ± 0.29 (70.92)
9.53 ± 0.44 (22.85)a
2.89 ± 0.48 (91.8)a,c
10.92 ± 0.33 (0)
11.73 ± 0.38

6.94 ± 0.14 (13.88)
7.10 ± 0.19 (11.03)
6.47 ± 0.27 (22.24)
7.52 ± 0.18 (0)
7.72 ± 0.22

96 h

14.00 ± 0.64 (15.06)
14.39 ± 0.45 (12.38)
11.26 ± 0.77 (34.62)
15.93 ± 0.44(0)
16.11 ± 0.41

7.68 ± 0.70 (60.57)a
11.93 ± 0.36(30.53)a
4.59 ± 0.57(82.40)a,c
15.43 ± 0.47 (0)
16.25 ± 0.48

15
10

siRNA
LAM
siRNA + LAM
HK
psil/U6

5
0

48

72

96

t /h

HBsAg (S/N)

B

siRNA
LAM
siRNA + LAM
HK
psi/U6

20
10
0

48

72

t /h

Group

48 h

72 h

96 h

siRNA
LAM
siRNA + LAM
HK
psil/U6

7.02 ± 0.33 (7.63)
6.03 ± 0.41 (20.66)
5.60 ± 0.37 (26.32)
7.50 ± 0.33 (0)
7.60 ± 031

5.69 ± 0.18 (31.86)
5.19 ± 0.18 (37.84)
4.72 ± 0.21 (43.47)
8.26 ± 0.20 (0)
8.35 ± 0.33

3.10 ± 0.27 (65.48)a
2.40 ± 0.33 (73.27)a
1.04 ± 026 (88.42)a,c
8.65 ± 0.21 (0)
8.98 ± 0.33

The inhibitory ratio is shown in bracket. aP < 0.05 vs HK or psi/U6 group; cP
< 0.05 vs siRNA or LAM group.

96
120

Figure 2 Decrease in the concentration of HBeAg and HBsAg in HepG2.2.15
cells. A: Reduction of HBeAg level; B: Reduction of HBsAg level (S/N: sample to
negative ratio).
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Table 2 Real-time PCR detection of the level of HBV DNA in
HepG2.2.15 cells
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The inhibitory ratio is shown in bracket. aP < 0.05 vs HK or psi/U6 group; cP < 0.05 vs siRNA or LAM group.
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Figure 4 Reduction of mRNA level in HepG2.2.15 cells.
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Figure 3 Inhibition of HBV DNA replication in HepG2.2.15 cells.

104 to 108 copies. As shown in Figure 3 and Table 2, the
copies of viral DNA in cells treated with siRNA combined
with lamivudine reduced by 88.42% at 96 h (P < 0.05)
compared to controls. The inhibitory effect was much
higher than that obtained with single use of siRNA or
lamivudine.
Inhibition of HBV mRNA expression in cultured HepG2.2.15
cells
The level of HBV mRNA was examined by RT-PCR. The
results revealed that the use of siRNA combined with
lamivudine yielded the greatest reduction by 80.56% at 96 h
compared to either siRNA or lamivudine alone (Figure 4).

DISCUSSION
RNAi regulates gene expression via a unique mechanism
www.wjgnet.com

by degradation of target mRNA in a sequence-specific
manner[6,9]. There has been considerable reports on the
use of RANi to inhibit viral replication, such as HCV,
HIV and poliovirus, etc[22-24]. Although synthetic or vectorbased siRNA has been shown to efficiently suppress HBV
replication [16-19], the possibility of the combination of
siRNA and lamivudine to inhibit HBV replication has not
been systemically studied. In this paper, we showed that
the use of siRNA combined with lamivudine markedly
reduced RNA level in HepG2.2.15 cells. Furthermore,
the results indicated that combination of siRNA and
lamivudine exhibited a stronger anti-HBV effect than the
single use siRNA or Lamivudine.
During HBV replication, HBV genome shows a
rapid mutation due to the high rate of replication and
the lack of proofreading by reverse transcription[3]. Thus,
drug resistant mutations appeared upon completing of
antiviral therapy with lamivudine, which concentrated on
the inhibition of reverse transcriptase activity[4]. During
RNAi process, siRNA first recognizes and degrades the
corresponding sequence of viral RNA, consequently,
depleting template for reverse transcription. Decreased
synthesis of HBV DNA then further influences the lifecycle of viral genome, especially in transcription and
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translation, thereby resulting in the overall inhibition
of viral replication. In addition, the numerous potential
targets for RNAi along HBV genome make it possible to
target conserved regions, limiting the viral ability to create
escape mutations. The ability of siRNAs to reduce the
level of viral transcripts and proteins even in the absence
of active viral replication makes it a good candidate as an
assistant therapy to lamivudine, which acts only on the
replication-competent HBV.
Although the development of a more effective antiHBV therapy is still a challenge, our findings provide
solid evidence for the feasibility of a cocktail treatment,
which may enhance anti-HBV efficacy and overcome the
shortcomings of current therapy. Therefore, this new
method which combined gene therapy and chemotherapy
opens a new avenue for treating chronic HBV infection.
The precise mechanism by which combination of siRNA
and lamivudine exerts more inhibitory efficacy on HBV
replication needs to be clarified in further studies.
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Abstract
AIM: To evaluate the efficacy of adalimumab induction
therapy in patients with ulcerative colitis who previously
responded to infliximab and then lost response or
became intolerant.
METHODS: Ten patients with ulcerative colitis were
enrolled in a 4-wk open-label trial. The patients received
a loading dose of 160 mg adalimumab at wk 0 followed
by 80 mg at wk 2. The primary efficacy measure was
clinical improvement at wk 4, as defined by a decrease
in clinical activity index (CAI) of more than 4.
RESULTS: Four of 10 patients (40%) benefited from
subsequent adalimumab therapy; one patient achieved
remission (CAI < 4) and 3 had clinical improvement
at wk 4. 6 patients had no response (60%); 2 of 6
(33.3%) subsequently underwent colectomy. This was
accompanied by a decrease in median CRP concentration
from 16.8 mg/mL at baseline to 3.85 mg/mL at wk 4,
excluding two patients who underwent colectomy after
two infusions of adalimumab. Among the 6 patients with
severe colitis (CAI > 12) at baseline, none achieved
remission and only one patient had clinical improvement
at wk 4.
CONCLUSION: The small advantage of adalimumab
in patients with mild to moderate ulcerative colitis and
lost response or intolerance to infliximab needs to
be confirmed in randomised, double-blind, placebocontrolled trials.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Tumor necrosis factor (TNF) is a key proinflammatory
cytokine in the pathogenesis of inflammatory bowel
disease[1]. Although the implication of TNF in ulcerative
colitis remains debated, this cytokine is found in increased
concentrations in the blood, colonic tissue, and stools of
patients with ulcerative colitis[2-4]. In addition, infliximab, a
chimeric monoclonal antibody to TNF, has shown efficacy
in inducing and maintaining response and remission in
patients with moderate to severe ulcerative colitis in two
large randomised placebo-controlled trials[5]. However,
infliximab is immunogenic and repeated administration
can result in the development of antibodies to infliximab
that lead to infusion reactions, loss of efficacy, and delayed
hypersensitivity reactions[6-8].
The development of an attenuated response or
intolerance over time is a significant problem in inflammatory bowel disease patients treated with infliximab
therapy. Two anti-TNF agents which might be less
immunogenic [9], namely adalimumab and certolizumab
(a PEGylated humanized Fab’ fragment to TNF), have
proven efficacy in the treatment of Crohn’s disease
refractory to standard medical therapy with corticosteroids
or immunomodulatory agents[10-15].
Adalimumab is a recombinant human IgG1 human
monoclonal antibody that binds with high affinity and
specificity to human soluble TNF but not to lymphotoxin.
Recently, four uncontrolled trials[16-19] and a 4-wk randomised placebo-controlled trial named GAIN (Gauging
Adalimumab Efficacy in Infliximab Non-Responders)[20]
have demonstrated that adalimumab therapy was effective in
inducing and maintaining remission in patients with active
Crohn’s disease who had previously responded to infliximab
and then lost response or became intolerant. The efficacy
of adalimumab in patients with ulcerative colitis who had
primary failure to infliximab remains unknown.
We conducted a 4-wk open-label trial to assess the
efficacy of subcutaneous administration of adalimumab
as induction therapy in patients with ulcerative colitis who
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had an attenuated response to infliximab or had become
intolerant to infliximab therapy.

MATERIALS AND METHODS
Selection of patients
Eligible patients were males or females who were at least
18 years of age. Patients with ulcerative colitis who had
previously responded to infliximab and then lost response
or became intolerant were prospectively included. Loss
of response to infliximab was defined as the presence of
symptoms or evidence of disease activity as judged by
their treating physician despite an increase of infliximab
dosing to 10 mg/kg or a decrease in interval to 4 wk
between infliximab infusions. Patients were classified
as intolerant to infliximab if they had a history of
discontinuation of infliximab as a result of a significant
acute (reaction occurring during or within 24 h of an
infliximab infusion) or delayed (reaction occurring more
than 24 h after an infliximab infusion) infusion reaction.
The diagnosis of ulcerative colitis was made at least 3 mo
earlier using radiological, endoscopical, or histological
evidence. Extent of disease was defined as left-sided if the
disease was distal to the splenic flexure and as extensive if
the disease extended proximal to the splenic flexure. The
disease activity was assessed using the ulcerative colitis
clinical activity index (CAI). This index incorporates eight
items: stool frequency, blood in stools, general well being,
abdominal pain, fever, extra-intestinal manifestations,
sedimentation rate and haemoglobin[21]. Scores range from
0-32. A score of more than 12 on this index represents
severe disease. A total score of 4-12 represents mild
to moderate activity of colitis. A score of less than 4
represents quiescent ulcerative colitis.
Patients were ineligible if they had a serious infection,
history of previously untreated tuberculosis or concurrent
tuberculosis, previous history of demyelinating disease
or malignancy (other than basal cell carcinoma of the
skin), bowel resection within 4 wk of starting the study
medication, symptomatic obstructive strictures, colostomy
or ileostomy, history of drug or alcohol abuse, or poorly
controlled medical conditions. Pregnant and lactating
women were also excluded. All patients had a negative
PPD skin test prior to starting adalimumab.
All patients gave consent and the protocol was
approved by the Institutional Review Board at each center.
Concomitant medications
Concur rent therapies, including stable doses of
5-aminosalicylates, cor ticosteroids, azathioprine,
6-mercaptopurine, and methotrexate were permitted. All
these agents were continued at a stable dose through wk 4.
Study design
This open-label study was performed at two centers in
France (University Hospitals of Nancy and Grenoble).
The phar macist prepared 1.0 mL vials containing
40 mg/0.8 mL adalimumab. Injections of adalimumab
were administered subcutaneously in the abdomen by
medical staff at an on-site facility, and patients were
monitored for 2 h following administration for adverse
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reactions. Given the results of the CLASSIC-Ⅰ trial
showing that only adalimumab 160/80 mg is superior to
placebo for induction of remission in patients’ moderate
to severe Crohn’s disease[10], all patients who were eligible
received at wk 0 a loading dose of 160 mg adalimumab
subcutaneously followed by an 80-mg dose at wk 2.
Patients were followed through wk 4.
Efficacy and safety evaluations
Patients were assessed at wk 0 and 4. At each visit, the
CAI score was calculated, and blood samples were taken
for measurement of plasma concentrations of C-reactive
protein (CRP), as well as for haematological, biochemical
and liver function assessments.
Outcomes and statistical analyses
The primar y outcome measure of the trial was the
presence of clinical improvement by wk 4, as defined
by decrease in the CAI score of more than 4. The
proportion of patients who achieved remission to therapy
at wk 4 as measured by a CAI score of less than 4, and
changes in median CRP concentrations were examined as
secondary outcome measures. Information regarding the
Inflammatory Bowel Disease Questionnaire (IBDQ) and
antibody to adalimumab was not collected.
The intention to treat (ITT) population included all
patients who received at least one dose of study treatment.
All patients were included in the safety analysis. Due
to small sample size and the lack of placebo controls,
statistical analysis was limited to descriptive statistics.

RESULTS
Characteristics of the patients
Between April 2006 and October 2006, a total of 10 adult
patients were screened and were treated with adalimumab.
Thus, the ITT population consists of 10 patients. The
baseline characteristics of the patients are shown in Table
1. Eight adult males (80%) were included in this study.
The median age of our population was 39 (range, 24-61)
years, and the median duration of disease was 4.5 (range,
3-11) years at baseline. Seven patients (70%) had extensive
disease. Of the patients, 6 patients (60%) had severe
ulcerative colitis at the time of adalimumab therapy, and
4 (30%) had mild to moderate disease. The median CRP
concentration was 16.8 mg/L at baseline. All patients
had been previously treated with corticosteroids and
azathioprine. The median number of previous infliximab
infusions was 8.2 (range, 6-13). Seven patients (70%)
were receiving at least one immunomodulator at the time
of adalimumab therapy; 6 patients were on concurrent
azathioprine, and one patient was on concur rent
subcutaneous methotrexate. Six of the 10 patients (60%)
experienced a loss of response to infliximab that led
to discontinuation of such treatment, the remaining 4
patients became intolerant to infliximab therapy.
Efficacy
All patients received two infusions of adalimumab and
were followed through wk 4. All patients were able
to tolerate adalimumab, including 4 who previously
www.wjgnet.com
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Table 1 Baseline characteristics of the 10 patients
Patient
No.
1
2
3
4
5
6
7
8
9
10

Age Sex
Disease
Disease Current Indication of Infliximab Prior medications
Disease
CRP
Concurrent
(yr) (M/F) duration (yr) extent somoker adalimumab infusions (n )
severity
concentration (mg/L) medications
60
M
3
E
No
LR
6
5-ASA, steroid, AZA
Severe
12.0
None
57
M
7
LS
No
I
7
5-ASA, steroid, AZA
Mild-moderate
0.8
AZA
29
F
8
LS
Yes
I
9
Steroid, AZA
Mild-moderate
19.3
AZA
42
M
3
E
No
LR
8
5-ASA, steroid, AZA
Mild-moderate
14.3
None
24
M
4
E
No
LR
13
Steroid, AZA, MTX
Mild-moderate
10.7
MTX
29
F
3
E
No
LR
7
5-ASA, Steroid, AZA, MTX Severe
14.2
5-ASA
36
M
11
LS
No
I
6
Steroid, AZA, MTX
Severe
32.0
AZA
61
M
5
E
No
LR
10
Steroid, AZA, MTX, CSA Severe
55.0
AZA
25
M
5
E
No
I
7
Steroid, AZA, MTX, CSA Severe
40.0
AZA
45
M
4
E
No
LR
9
Steroid, AZA
Severe
24.0
AZA

E: extensive; LS�����������������
:����������������
left-sided; LR: loss of response to infliximab; I: intolerance to infliximab; AZA��: azathioprine; MTX: Methotrexate; 5-ASA: 5-aminosalycilates;
CSA: cyclosporine.

Therapy/Response
Response rates in all patients (n = 10):
Remission
Clinical improvement
No response1
Response rates in severe colitis (n = 6):
Remission
Clinical improvement
No response1

n (%)
1/10 (10)
3/10 (30)
6/10 (60)
0
1/6 (16.6)
5/6 (83.3)

1

2 patients underwent colectomy.

Median CRP concentration (mg/L)

18

Table 2 Clinical efficacy (ITT population)

14

10

6
2
0

wk 0

wk 4

Figure 1 Median CRP concentration at each visit.

experienced acute or delayed hypersensitivity reactions
with infliximab. One patient achieved remission (10%)
after adalimumab treatment, 3 patients (30%) had clinical
improvement, and 6 patients (60%) had no response (Table
2). Two of the 6 non-responders subsequently underwent
total coloproctectomy after wk 2.
The median CRP value fell rapidly within the first
month from 16.8 mg/L (range, 0.8-55) on study entry
to 3.85 mg/L (range, 0.7-26) at wk 4, excluding two
patients who underwent colectomy after two infusions of
adalimumab (Figure 1).
The following baseline characteristics were broadly
similar between patients who responded to therapy
and those who had no response: age, disease duration,
number of previous infliximab infusions, and concurrent
medications. Notably, the percentage of subjects receiving
concomitant azathioprine or methotrexate was similar at
baseline (7 of 10, 70%) and in patients who had response
at wk 4 (3 of 4, 75%).
Interestingly, response rate was lower in patients with
extensive disease compared to left-sided ulcerative colitis
(16.6% vs 50%, respectively). Two of 4 (50%) patients with
prior intolerance to infliximab had clinical improvement
or complete response (remission) at wk 4, while 2 of 6
(33.3%) patients with prior loss of response to infliximab
had clinical improvement at wk 4. Among the 6 patients
with severe ulcerative colitis as defined by CAI score >
12, adalimumab therapy resulted in remission in none
of the patients, clinical improvement in only one patient
(16.6%), and no response in the 5 remaining patients
www.wjgnet.com

(83.3%). Baseline plasma CRP concentration was lower
in responders than in nonresponders (median 16.8 mg/L,
range 0.8-24 vs median 23.1 mg/L, range 10.7-55,
respectively).
Safety
Adverse events were reported for two patients (20%),
but none of these events led to patient withdrawal. One
patient developed fungal dermatitis treated with specific
medication and with a favourable outcome, and one
patient experienced mild cutaneous rash of spontaneous
favourable outcome. Both were judged as possibly drugrelated adverse events by the investigators. None of the
patients experienced serious adverse events. There were
no clinically significant changes in laboratory values
(haematological, biochemical and liver function tests)
during the study.

DISCUSSION
Recently, a large Phase Ⅲ, double-blind, placebo-controlled
trial, named GAIN, showed that adalimumab was more
effective than placebo for induction of remission in
patients with moderate to severe Crohn’s disease who had
primary failure to infliximab therapy[20].
In contrast, no data were available on the efficacy of
adalimumab therapy in patients with ulcerative colitis and
lost response or intolerance to infliximab. Our results
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suggest that adalimumab may be effective as induction
therapy in some patients with ulcerative colitis who
previously responded to infliximab and then became
intolerant or lost response. In our study, 40% of the
patients benefited from subsequent adalimumab therapy.
The clinical efficacy of adalimumab was accompanied by a
decrease in plasma CRP concentrations at wk 4, illustrating
the potential benefit of adalimumab use in patients with
ulcerative colitis who have primary failure to infliximab
therapy. However, these results are counterbalanced
by the low remission rate (10%) and the high rate of
nonresponders (60%). In addition, these data should be
interpreted with caution due to small sample size and the
lack of placebo controls.
Patients who develop antibodies to biologic agents
have a greater likelihood of acute and delayed infusion
reactions, and a higher likelihood that long-term therapy
will be compromised by eventual loss of response to
an individual agent [6-8]. In our study, loss of response
or intolerance to infliximab may have been regained by
the introduction of a different biologic agent, such as
adalimumab.
Patients with severe ulcerative colitis (i.e., high CAI
score, high plasma CRP concentration, and/or extensive
colitis) may be less likely to respond to adalimumab
therapy, compared to those with mild or moderate
disease. Furthermore, the percentage of patients who
had clinical response at wk 4 was higher in patients with
prior intolerance to infliximab (50%) than in patients
with prior loss of response to infliximab (33.3%). These
results indicate that subsequent adalimumab therapy
might be more efficacious for patients who became
intolerant to infliximab than for those with prior loss of
response to infliximab. Finally, the percentage of subjects
receiving concomitant azathioprine or methotrexate was
similar at baseline (70%) and in patients who had clinical
improvement or remission at wk 4 (75%). Thus, the
concomitant immunosuppressive therapy does not seem
to influence the clinical efficacy of adalimumab in this
population. However, our study was underpowered to
examine factors that predict patient response.
One question remains open: does adalimumab
induction therapy reduce surgeries in this population? It
should be noted that in this study, two patients underwent
surgery before the end of the study, after receiving two
infusions of adalimumab at wk 0 and 2. Moreover, two
of the 6 nonresponders (patients 7 and 9) underwent
colectomy after the end of the study, in November 2006
and December 2006, respectively. A longer duration of
follow-up may thus be required to assess the long-term
efficacy of subsequent adalimumab therapy in patients
with loss of response or intolerance to infliximab.
Furthermore, we did not analyse changes from baseline
in IBDQ scores. Finally, efficacy of adalimumab in
obtaining steroid-free remission could not be evaluated
because none of the patients were treated with concurrent
corticosteroids at baseline.
Importantly, none of the patients experienced intolerance to adalimumab that led to discontinuation of
the drug, including 4 who previously experienced acute
or delayed hypersensitivity reactions with infliximab.
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Adalimumab therapy was generally well tolerated. Two
patients developed cutaneous complications of favourable
outcome. None of these adverse events led to patient
withdrawal. No patients developed serious infections,
malignancies, demyelinating disorders, drug-induced lupus,
or died. However, this study was underpowered to detect
these rare events. Trials of longer duration are required
to evaluate the safety profile of adalimumab therapy in
this population. Immunogenicity, i.e., occurrence of antiadalimumab antibodies, was not evaluated in this study.
In conclusion, these results do not support the
widespread use of adalimumab in the management of
ulcerative colitis with intolerance or lost response to
infliximab. A randomized controlled trial is necessary
to further investigate the efficacy of adalimumab in
patients with ulcerative colitis who had primary failure to
infliximab.
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for 100 enterocytes 27.5 (6.7-62.5) vs 10.8 (3-33.3), P =
0.02] due to a higher number of CD8+ CD3+ IELs.
CONCLUSION: In H pylori negative FD patients, the
phenotypic characterization of IELs suggests that we
cannot exclude a role of IELs in FD.
© 2007 The WJG Press. All rights reserved.
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Abstract
AIM: To quantify the intraepithelial lymphocytes (IELs)
and to document the membrane expression of CD4,
CD8, TCRγδ and adhesion and/or activation-associated
molecules (CD103, CD28, CD44, CD69, HLA-DR, CD95/
Fas) in the duodenal mucosa of patients with functional
dyspepsia (FD) in order to provide arguments for an
immunological process in FD.
METHODS: Twenty-six FD patients according to Rome
Ⅱ criteria (20 were H pylori negative) were studied
and compared to 12 healthy adults. IELs were isolated
from five duodenal biopsy samples, then quantified by
microscopy and flow cytometry while the membrane
phenotypes were determined by cytofluorometry.
RESULTS: Duodenal histological examination was
normal. In H pylori negative patients, the number of
IELs was not different from that in healthy controls.
Median percentage expression of CD4, CD8, or TCRγδ
and CD103, CD44, CD28, CD69 on CD3+ IELs, among
the adhesion/activation associated molecules tested,
was not different from that in healthy controls. In
contrast, the median percentage expression of CD95/
Fas [22 (9-65) vs 45 (19-88), P = 0.03] and HLADR expressing CD3+ IELs [4 (0-30) vs 13 (4-42), P =
0.04] was significantly lower in the H pylori negative FD
group than in healthy controls, respectively. The number
of IELs was significantly greater in H pylori positive
FD patients than in healthy controls [median ratio

INTRODUCTION
Functional dyspepsia (FD) is one of the most common
functional gastrointestinal disorders in adults. This clinical
syndrome is characterized by chronic or recurrent pain
or discomfort centered in the upper abdomen without
a cause that is identifiable by conventional diagnostic
means[1]. Several mechanisms have been already proposed
to explain its symptoms: a delayed gastric emptying found
in about 40% of the patients, an impaired proximal gastric
accommodation to meals promoting either proximal
gastric distension during food intake and/or an early
migration of the components of the meal distending the
antrum[2,3], a gastric hypersensitivity with a decreased pain
threshold during distension that may account for early
and/or delayed dyspeptic symptoms in about 40% of the
patients[4,5]. However, a poor correlation exists between
these findings and symptoms. The pathophysiology of FD
is probably multifactorial and not completely understood.
In irritable bowel syndrome (IBS), recent findings have
pointed out the possible role of an immune dysfunction in
the onset of symptoms: a low grade mucosal inflammatory
process, undetectable with conventional mucosal histology,
exists, particularly in post-infectious IBS[6,7]. An immune
activation with the release of several mediators, including
cytokines, nitric oxide, histamine and protease which
interfere with the function of enteric nerves, has been
www.wjgnet.com
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observed in the intestinal mucosa of IBS patients [8] .
Moreover, immune-mediated activation of mastocytes and
macrophages in contact with pain-sensitive endings seems
to be involved in the development of hypersensitivity in
experimental models of visceral pain[9]. As symptoms of
IBS and FD often overlap with time, we could speculate
that an immune dysfunction may be also involved in the
onset of FD in adults.
One of the key clinical features in FD is that symptoms
are often meal-related, being either induced or exacerbated
by food [10]. The intestinal mucosal barrier consists of
intestinal epithelial cells and intestinal intraepithelial
lymphocytes (IELs). By their strategic location, IELs are
likely to be important in the preservation of mucosal
integrity including maintenance of oral tolerance to both
particulate and soluble antigens[11-14] and the vast majority
of IELs are of T-cell type and more than 70% are CD4-/
CD8+ T-cells[15-17].
The present study was carried out to investigate
changes in number and phenotype of single cell isolated
duodenal IELs, especially phenotypic markers of the IEL
activation process, by cytofluorometry, in symptomatic FD
patients compared with healthy control adults.

MATERIALS AND METHODS
Subjects
This prospective study concer ned 26 consecutive
dyspeptic patients, 22 women and 4 men, median age of
44 years (range: 18-69) referred to the Gastroenterology
Department of the Rouen University Hospital for
upper gastrointestinal endoscopy over a one year period
of time. Median duration of symptoms was 4 years
(range: 1-35 years). No patient had any history of postinfectious FD. Patients were assessed independently by
two gastroenterologists in order to confirm the diagnosis
of FD according to Rome Ⅱ criteria and to look for the
following exclusion criteria to participate in the study:
(1) predominant symptoms of gastro-esophageal disease
(heartburn and/or acid regurgitation), (2) associated
abdominal pain and transit disturbances suggestive of
irritable bowel syndrome according to Rome Ⅱ criteria, (3)
documented immunodeficiency state and medical history
of inflammatory bowel disease, (4) clinical history of
lactose intolerance, (5) consumption of non-steroidal antiinflammatory drugs within two weeks before the study.
In order to exclude a celiac disease leading to symptoms
mimicking FD, both anti-gliadin and anti-transglutaminase
serum antibodies were systematically dosed and normal in
all patients.
In eligible dyspeptic patients, research of H pylori was
systematically performed both by histological examination
of two antral biopsies and by C13 urea breath test. Twenty
patients were H pylori negative dyspeptics (both tests
negative). In the remaining 6 patients (H pylori positive
patients), both histological examination of antral biopsies
and C13 urea breath test led to the diagnosis of H pylori
infection. The control group consisted of 12 healthy non
obese adult volunteers, 9 women and 3 men, median age
of 42 years (range 19-76 years). None of them took nonsteroidal anti-inflammatory drugs for at least two weeks
www.wjgnet.com
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prior to the study and all were H pylori-negative.
All patients and healthy volunteers received oral
and then written information before inclusion. The
study was approved by the local Ethical Committee of
the Rouen University Hospital (CCPPRB of HauteNormandie, France). Written consent was obtained from
all participants.
Endoscopic duodenal and antral sampling
An upper gastrointestinal endoscopy was performed in all
patients and healthy controls. Seven samples were taken
in the duodenum, two for conventional histology and
five from different sites in the second duodenum for IEL
phenotype analysis. Two additional antral biopsy samples
were obtained for H pylori detection. Duodenal biopsy
specimens for IEL phenotype analysis were placed in
calcium and magnesium free Hanks' balanced salt solution
(Eurobio, Les Ulis, France) supplemented with antibiotics
(penicillin: 100 U/mL, streptomycin: 100 µg/mL) and 4%
(vol/vol) fetal calf serum before processed within the first
6 hours following endoscopy.
Flow cytometric membrane characterization of duodenal
IELs
Duodenal biopsy samples were treated with 1 mmol/L
dithiothreitol (DTT), (Sigma, Saint-Louis, Missouri, USA)
for 30 min at 37℃, and 1 mmol/L EDTA for 45 min
with continuous agitation at 37℃ to remove the epithelial
layer. Single cell suspensions were pelleted from the
supernatant, and washed once with phosphate buffered
saline (PBS) containing 0.5% bovine serum albumin
(BSA) and 0.02% sodium azide (1200 r/min, 10 min, at
room temperature). For quantitative analysis, duodenal
IELs were microscopically counted in a haemocytometer
with their number expressed per 100 epithelial cells. IEL
viability checked by trypan-blue exclusion was over 95%
in all experiments and the stability of IEL over times was
constant from one patient to another. As DTT/EDTA
treatment has been previously reported to cause loss of
[18]
β7 integrin expression , lymphocytes collected from the
supernatant before this treatment were used for CD103
labelling. The following mouse monoclonal antibodies
(Mab) used in this study are shown in Table 1.
Ten microlitres of each Mab stock solution was added
to 100 µL of cell suspension (approximately 105 cells),
then incubated at room temperature for 30 min in the
dark before washing once with PBS, 0.5% BSA and 0.02%
sodium azide. Flow cytofluorometry data were acquired
in a flow cytometer (FACScalibur, Becton-Dickinson)
and listmode files were analyzed using the Cell-Quest
software (version 3.3, Becton-Dickinson). Cell suspensions
were initially visualized in the forward scatter/side scatter
(FSC/SSC) profile. Irrelevant isotype-matched control
Mab (FITC-labelled IgG1 and PE-labelled IgG2, Becton
Dickinson) was used to exclude non-specific binding and
to determine the optimal setting of fluorescence quadrants.
A gate was drawn around the CD3+ population and used
thereafter, excluding most epithelial cells and debris from
analysis.
FACScan settings were routinely standardized with
beads (Calibrite, Becton Dickinson). Results were obtained
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Specificity

Isotype

Label

Source

SK7

CD3

IgG1

PE

SK7/SK1/
2D1/SK3

CD3/CD8/
CD45/CD4

IgG1/IgG1/
IgG1/IgG1

FITC/PE/
Per CP/APC

Ber-ACT8

CD103 (aE
subunit of
the aEb7
integrin)
CD28

IgG1

FITC

IgG1

FITC

BectonDickinson, Le
Pont de Claix,
France
BectonDickinson, Le
Pont de Claix,
France
BectonDickinson, Le
Pont de Claix,
France
BectonDickinson, Le
Pont de Claix,
France
BectonDickinson, Le
Pont de Claix,
France
BectonDickinson, Le
Pont de Claix,
France
BectonDickinson, Le
Pont de Claix,
France
Dako,
Glostrup,
Denmark
Immunotech,
Marseille,
France

G44-26,

CD44

IgG2b

FITC

11F2

TCR-gd

IgG1

FITC

L78

CD69

IgG1

FITC

CR3/43

HLA-DR

IgG1

FITC

UB2

CD95/Fas

IgG1

FITC

as percentages of total CD3+ lymphocytes and absolute
cell counts deter mined using calibrated fluorescent
beads (FlowCount fluorospheres, Coulter Immunotech,
Marseille, France).
Statistical analysis
Variance comparisons between groups were performed
using the “non-parametric” Mann-W hitney test.
Significance was expressed as P values, and P < 0.05 was
considered statistically significant.

RESULTS
Duodenal histology
The weight of biopsy specimens was not different
between those obtained in dyspeptic patients and healthy
controls (data not shown, P > 0.05). Duodenal specimens
were considered normal after conventional histological
examination in all patients, whatever H pylori status. All
healthy controls exhibited also normal duodenal histology.
Number and membrane phenotypes of duodenal IELs
The number of IELs did not differ between H pylori
negative dyspeptic patients and control subjects, when
this number was expressed as the median ratio for 100
enterocytes determined microscopically [12.5% (2.5-50)
vs 10.8% (3-33.3), P > 0.05] or as a median absolute
number of CD3+ IELs using cytofluorometry [122.4 ×
103 (190.2 × 103 - 509 × 103) vs 53.6 × 103 (7.5 × 103 - 756.6
× 103, P > 0.05)]. At variance, duodenal IEL counts were
significantly higher (P = 0.02) in H pylori positive patients

60
Number of duodenal IEL/
100 intestinal epithelial cells

Clone

CD28.2

a

70

Table 1 Monoclonal antibodies used in this study

50
40
30
20
10
  0
Healthy controls

H pylori

negative dyspeptic
patients

H pylori

positive dyspeptic
patients

Figure 1 Box- and -wiskers plots of duodenal IEL counts expressed as number
of IELs per 100 duodenal epithelial cells (Ec) in healthy controls, H pylori negative
and positive dyspeptic patients. aP < 0.05 for H pylori positive vs controls.

than in healthy controls, when they were determined
microscopically as the median ratio for 100 enterocytes
[27.5 (6.7-62.5)] or as a median absolute number using
flow cytometry [468.3 × 10 3 (275 × 10 3 -630 × 10 3 )]
(Figure 1).
Median percentages of CD3+ lymphocytes in H pylori
negative dyspeptic patients and healthy controls were
96% (84%-99%) and 93% (80%-96%) respectively (P >
0.05). Neither the percentages of CD3+, CD4+, CD8+
and CD3+ TCRγδ IELs nor the percentages of CD103,
CD44, CD28 or CD69 expressing CD3+ IELs differed
between H pylori negative dyspeptic patients and healthy
controls. However, H pylori positive dyspeptic patients
exhibited increased percentages of CD8 expressing
CD3+ IELs compared with healthy controls[88%
(76%-94%) vs 77% (54%-87%), respectively, P = 0.01]
(Table 2).
The median percentages of CD95/Fas [22% (9%-65%)
vs 45% (19%-88%), P = 0.009] (Figure 2) and HLA-DR
expressing CD3+ IELs [4% (0%-30%) vs 13% (4%-42%),
P = 0.04] (Figure 3) were significantly lower in the H pylori
negative FD group than in healthy controls respectively.

DISCUSSION
While FD is highly prevalent in the general population,
very little is known about the immunopathology of the
disease and its underlying mechanisms. In order to check
for a possible immune mediated mechanism, by analogy
with recent findings in irritable bowel syndrome[7], our
study was conducted to quantify and characterize duodenal
IELs (particularly membrane expression of adhesion or
activation-associated molecules) both in H pylori negative
and positive dyspeptic patients by comparison with
healthy controls. The results of this study suggest that
in FD, besides motor or sensory dysfunctions previously
demonstrated, duodenal mucosal immune changes
exist. In a series of H pylori negative patients with FD
defined according to Rome Ⅱ criteria, CD95/Fas and
HLA-DR, two activation markers, were expressed by a
significantly smaller percentage of duodenal CD3+ IELs
www.wjgnet.com
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Table 2 Immunophenotype of duodenal intraepithelial lymphocytes in H pylori negative (Hp -) and positive (Hp +) dyspeptic patients
and healthy control adults
IEL

Hp- dyspeptic
patients (n = 20)
Median %
(range %)

CD3+

93 (80-98)

Healthy control
adults (n = 12)
Median %
(range %)

Hp+ dyspeptic
patients (n = 6)
Median %
(range %)
94.5 (89-99)

P

96 (84-99)

a,c,e

P > 0.5

CD3+ CD4+

8 (3-34)

8 (3-15)

10 (2-22)

a,c,e

CD3+ CD8+

78 (58-96)

86 (75-87)

77 (53-87)

a,c

CD3+ TCRgd+

22 (1-36)

10 (10-30)

24 (8-60)

CD3+ CD103+

91 (58-96)

81 (75-87)

90 (80-99)

a,c,e

CD3+ CD44+

95 (50-99)

94 (84-100)

94 (65-100)

a,c,e

CD3+ CD28+

2 (1-11)

5 (1-10)

7 (1-9)

CD3+ CD69+

97 (68-100)

99 (96-100)

96 (91-98)

P > 0.5

P > 0.5
P < 0.01
a,c,e
P > 0.5
b

P > 0.5
P > 0.5

a,c,e

P > 0.5

a,c,e

P > 0.5

P > 0.5, Hp- vs control; cP > 0.5, Hp- vs Hp+; eP > 0.5, Hp+ vs control; bP < 0.01, Hp+ vs control.

a

90

40

80

35
b
HLA-DR expressing
CD3+ IEL (%)

Fas expressing
CD3+ IEL (%)

70
60
50
40
30

30
25
20
15
10

20

  5

10

  0

H pylori

  0

H pylori

negative dyspeptic
patients

Healthy controls

Figure 2 Box- and -wiskers plots of percentages of Fas expressing CD3+
duodenal IELs in healthy controls and H pylori negative dyspeptic patients. bP <
0.01 vs controls.

compared with healthy controls, whereas the number
of duodenal IELs was similar in patients with FD and
healthy controls. In healthy controls, individual ratios of
CD95/Fas expressing CD3+ IEL demonstrated a large
range of variations (19%-88%) consistent with other
reports[19,20]. Fas/FasL interaction seems closely related to
the lymphocyte activation process and the expression of
CD95/Fas by intestinal IELs supports the hypothesis that
intestinal IELs are activated cells[21-23]. Fas-FasL system has
been shown to mediate intestinal lymphocyte apoptosis
not only in normal intestine where antigenic challenge
continuously activates IELs [20,24-26] but also in some
pathological conditions such as celiac disease[27]. Lower
ratios of CD95/Fas and HLA-DR-expressing duodenal
IELs in dyspeptic patients may reflect the presence of an
altered population of primed lymphocytes[28]. With respect
to the small sample of patients and due to the inclusion
criteria, comparisons of immunopathologic parameters
www.wjgnet.com

a

negative dyspeptic
patients

Healthy controls

Figure 3 Box- and -wiskers plots of percentages of HLA-DR expressing CD3+
duodenal IELs in healthy controls and H pylori negative dyspeptic patients. aP <
0.05 vs controls.

in relation to age, mode of onset, length of history, or
predominant symptoms were not performed in the present
study.
Duodenal IEL counts, determined either microscopically or by flow cytometric counting for CD3+ cells, did
not differ between H pylori negative dyspeptic patients and
healthy controls. In these two groups, values were very
close to those previously reported by others, i.e. 10-20
IELs per 100 villous enterocytes[29-33]. Recent studies have
shown that the upper limit of IEL number in the proximal
small intestine is 25 IELs/100 epithelial cells [34,35]. In
the absence of villus architectural changes, an increased
number of IELs can be related to reactions to intraluminal
antigens such as H pylori[35] and is considered as the result
of an immune response analogous to the response to
gluten in patients with celiac disease[36-38]. This is confirmed
in our study with the demonstration that H pylori positive
patients had higher IEL counts than healthy controls and
H pylori negative patients. This quantitative difference
in the number of IELs between our two sub-groups of
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dyspeptic patients is an indirect argument to validate that
the patients considered in this study as H pylori negative
dyspeptics were really negative. Indeed, this negative status
can be discussed as we did not perform H pylori serology
(including CagA status) in all patients.
We have confirmed that, like in healthy controls,
duodenal IELs in dyspeptic patients are predominant
CD3+ CD8+ lymphocytes (> 70% of small bowel
IELs)[39-41]. According to a previous study, a significant
difference was seen in patients with H pylori gastritis who
had an increased of CD8+ CD3+ IEL counts compared
with healthy controls[42]. The distribution of CD3+ CD4+
IELs was not different between dyspeptic patients and
healthy controls. TCR-γδ CD3+ lymphocytes have been
investigated because of their potential role in immunemediated hypersensitivity via recognition of a variety
of both non peptidic and peptidic antigens without
requirement for antigen processing/presentation [12] .
The median TCR-γδ+ CD3+ percentages are similar to
those of normal gut[30,40-44]. Adhesion molecules CD44
and CD103 have also been investigated since they are
recognized as co-stimulatory molecules which may regulate
interactions between IELs and epithelial cells [45,46]. No
difference in their membrane expression was observed
between IELs from dyspeptic patients and healthy
subjects. In this study, CD44, which belongs to a family
of proteins involved in T cell activation and lymphocyte
homing to the gut was expressed by the majority of
CD3+ IELs as previously reported [13,19,47], and CD103,
which is up-regulated in epithelial T lymphocytes and
contributes to binding and/or signaling between IELs and
epithelial cells was also expressed by most IELs, which is
in agreement with previous reports[13,41,48]. Ratios of CD3+
IELs expressing the co-stimulation molecule CD28 were
low in both dyspeptic and healthy individuals, which is
in agreement with previous reports on freshly isolated
small intestinal IELs [13,19,49,50]. As reported in previous
studies, most CD3+ IEL expressed CD69, suggesting a
"quasi-activated" phenotype in both dyspeptic and healthy
adults[13,46,48,51]. Nevertheless, in our study, we could not
exclude that differences between duodenal IELs from
dyspeptic patients and healthy controls could be partly due
to an uncontrolled diet in order to prevent the onset of
symptoms following ingestion of some specific nutrients
by FD patients. Indeed, the immune responsiveness
following oral administration of an antigen is dosedependent, and depending on dose feeding could lead to
clonal anergy or clonal deletion[52]. Shut-down effects of
antigen-activated IEL migration to the antigen-sensitized
mucosa could alter the population of these antigenreactive T-cells in the mucosa[53].
Considering the small number of investigated patients
and the great scattering of individual values for the two
activation markers found to be altered, our findings
warrant future studies to determine whether H pylori
negative functional dyspepsia is, at least partly, immunemediated and to ascertain a role of IELs in FD.
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Abstract
AIM: To evaluate the impact of chemoradiation administered pre- or postoperatively on prognosis in females
following R0 extended resection with sphincterpreserving total mesorectal excision (TME) for locally
advanced rectal cancer and to assess the association
between chemoradiation and intra- and postoperative
variables.
METHODS: Twenty-one females were treated for
locally advanced but preoperatively assessed as
primarily resectable rectal cancer involving reproductive
organs. Anterior resection with TME and excision of
internal genitalia was combined with neo- or adjuvant
chemoradiation. Two-year disease-free survival analysis
was performed with the Kaplan-Meier method and logrank test. The association between chemoradiation and
other variables was evaluated with the Fisher’s exact test
and Mann-Whitney test.
R E S U LT S : S u r v i va l ra t e d e c r e a s e d i n a n a e m i c
females (51.5% vs 57.4%), in patients older than 60
years (41.8% vs 66.7%) with poorly differentiated
cancers (50.0% vs 55.6%) and tumors located ≤ 7
cm from the anal verge (42.9% vs 68.1%) but with
the lack of importance. Patients with negative lymph
nodes and women chemoradiated preoperatively had
significantly favourable prognosis (85.7% vs 35.7%; P

= 0.03 and 80.0% vs 27.3%; P = 0.01, respectively).
Preoperative chemoradiation compared to adjuvant
radiochemotherapy was not significantly associated with
the duration of surgery, incidence of intraoperative bowel
perforation and blood loss ≥ 1 L, rate of postoperative
bladder and anorectal dysfunction, and minimal distal
resection margin. It significantly influenced minimal
radial margin (mean 4.2 mm vs 1.1 mm; P < 0.01).
CONCLUSION: Despite involving internal genitalia,
long-term disease-free survival and sphincter
preservation may be achieved with combined-modality
therapy for females with T4 locally advanced rectal
carcinoma. Neoadjuvant chemoradiation does not
compromise functional results and may significantly
improve oncological outcomes probably due to enhanced
radial clearance.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Since the introduction of total mesorectal excision
(TME) by Heald et al [1] , an optimal local control for
rectal cancer and improved patient survival have been
achieved comparing with traditional resection. In contrast,
patients with locally advanced primarily unresectable
tumors have a dismal prognosis. They require combinedmodality therapy because of significant benefit from
radiation, chemotherapy or both[2]. Neoadjuvant combined
radiochemotherapy can increase sphincter preservation
to 27%-64% and R0 resectability rate to 73%-90%,
www.wjgnet.com
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which results in long-term disease-free survival in up to
73% patients[3-5]. For patients with locally advanced but
primarily resectable rectal cancer more individual approach
is postulated[6].
The aim of our study was to evaluate the impact
of clinico-pathological factors and chemoradiation
administered pre- or postoperatively on prognosis in
females following R0 extended resection with sphincterpreserving TME for primarily resectable locally advanced
rectal cancer and to assess the association between
chemoradiation protocol and intra- and postoperative
variables.

MATERIALS AND METHODS
Patients
From January 1997 to December 2003, twenty-one
female patients with histologically confirmed rectal cancer
involving internal reproductive organs were operated on
with curative intent (R0) and entered the study. The mean
age of patients was 61.52 ± 6.49 years, median 63 (range,
47-73) years. Preoperative staging diagnosed T4 lesion
infiltrating female internal genitalia in all cases. Neither
involvement of other organs nor fixation to the pelvic
wall was shown. Thus, tumors were assessed as locally
advanced but primarily resectable. The mean tumor site
was 7.90 ± 1.70 cm from the anal verge, median 7 cm
(range, 5-12 cm). All females were treated with combinedmodality therapy: radiation, chemotherapy and extended
surgery. Table 1 summarises the main characteristics of
patients, tumors and chemoradiation.
Surgery
Multivisceral excisions with curative intent were done by
a multidisciplinary team of surgeons and gynaecologists.
All operations were performed or closely supervised by
the senior authors: the consultant of surgical oncology
(J.F.) and the consultant of gynaecological oncology
(Professor J.K.). All resection margins were postoperatively
stated as microscopically free of cancer by pathological
examination. All patients underwent anterior resection of
the rectum with sphincter preservation strictly according to
the total mesorectal excision method. Sharp dissection of
pelvic fascia was performed carefully under direct vision
down to the pelvic floor. Because of cancer involvement,
the internal female reproductive organs were removed
with the rectum in one tissue block. In eighteen females
hysterectomy with bilateral salpingo-oophorectomy
was performed. Three women underwent an additional
excision of posterior vaginal wall. Straight end to end
bowel reconstruction was performed using double-stapling
technique. In order to prevent the anastomosis proximal
diversion was used. Defunctioning transversostomy was
closed after 12-24 wk.
Chemoradiation
For ten patients neoadjuvant 50.4 Gy irradiation (25
× 1.8 Gy + 5.4 Gy boost) and two five-day cycles of
chemotherapy with 5-fluorouracil (325 mg/m 2 ) and
folinic acid (20 mg/m2) by intravenous bolus injection
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Table 1 Baseline characteristics of patients, tumors, treatment
and survival
Parameter
Age ≤ 60 yr
> 60 yr
Tumor site > 7 cm
≤ 7 cm
Differentation grade
Well/moderate
Poor
Anemia: absent
present
Lymph node-status: (-)
(+)
Chemoradiation
Preoperative
Postoperative

n (%)

Survival rate (%)

P

9 (42.8)
12 (57.2)
15 (71.4)
6 (28.6)

66.7
41.8
68.1
42.9

NS

12 (57.2)
9 (42.8)
18 (85.7)
3 (14.3)
7 (33.3)
14 (66.7)

55.6
50.0
57.4
51.5
85.7
35.7

10 (47.6)
11 (52.4)

80.0
27.3

NS
NS

NS
< 0.05

< 0.05

NS: not significant.

were administered, followed by surgery after 4-6 wk
and postoperative four cycles of chemotherapy. In
the remaining eleven females a standard adjuvant
radiochemotherapy (5-fluorouracil/folinic acid- based
systemic treatment in six five-day courses added to 50.4 Gy
radiation) was given. Impact of chemoradiation protocol
on survival and its association with intra- and postoperative
variables (surgery duration, blood loss, bowel perforation,
bladder disturbances, anorectal dysfunction, minimal distal
and radial margin) were analysed.
Follow-up
The mean follow-up duration was 20.6 (range, 9-34) mo.
It was scheduled every three months during the first
postoperative year and every six months thereafter. Physical
examination, blood tests, serum markers, barium enema,
gynaecological examination, endoscopy, chest radiograph
and abdominal ultrasound were done. In every supposition
of cancer recurrence more precise investigation using
endorectal sonography, CT-scanning or radioisotope
imaging was performed. Besides chemoradiation impact of
patient’s age, tumor site, differentiation grade, lymph nodestatus and presence of anaemia on survival was evaluated.
Statistical analysis
The data were analysed using software StatSoft Inc,
STATISTICA for Windows ver. 5.5 A, Tulsa, OK,
USA. For considered range of parameters, median and
mean values with standard deviation were calculated.
To examine the impact of individual factors on longterm outcome, two-year disease-free survival analysis was
performed. Females not alive due to any cause and alive
with any evidence of local recurrence or distant metastases
were defined as not disease-free survivors. Survival was
estimated by the Kaplan-Meier method. Differences
between curves were analysed with log-rank test (CoxMantel). To compare nominal variables Fisher’s exact
test was performed, for continuous variables the MannWithney U-test was used. Probability level of 0.05 was
accepted as a significance limit.
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Table 2 Impact of chemoradiation on intra- and postoperative
variables
Parameter
Preoperative Postoperative
P
Surgery duration
155 min
137 min
NS
Intraoperative blood loss ≥ 1 L
1
1
NS
Intraoperative bowel perforation
Absent
Absent
Postoperative bladder disturbances
3
2
NS
Postoperative anorectal dysfunction
6
5
NS
Minimal distal clearance
10.6 mm
9.5 mm NS
Minimal radial clearance
4.2 mm
1.1 mm < 0.01
NS: not significant.

RESULTS
Survival analysis
There was no postoperative death. Twenty-four months
after resection eleven females were still alive without
any evidence of cancer recurrence, two-year disease-free
survival rate was 53%. Survival was enhanced in women at
the age of less than or equal to 60 years and non-anaemic
patients with well or moderately differentiated tumors
sited above 7 cm from the anal verge, but with a lack of
importance. Significantly poorer survival was noticed in
females with lymph node metastases (log-rank, P = 0.03038)
(Figure 1). Prognosis was significantly favourable for
patients treated with preoperative chemoradiation (log-rank,
P = 0.01231) (Figure 2). There were seven node-positive
patients in each group according to chemoradiation
protocol. Survival analysis is shown in Table 2.
Chemoradiation and intra- and postoperative variables
Chemoradiation schedule did not significantly influence
the volume of intraoperative blood loss, incidence of
intraoperative bowel perforation, rate of postoperative
bladder disturbances, incidence of postoperative
anorectal dysfunction and surgery duration: mean 155
(range, 106-187) min vs mean 137 (range, 98-182) min.
Postoperative chemoradiation was related to decreased
minimal distal clearance: mean 9.5 (range, 9.1-33.9) mm
vs mean 10.6 (range, 9.2-36.7) mm but with the lack of
importance. Preoperative chemoradiation was associated

Figure 2 Association between chemoradiation and survival (P < 0.05 ) (log-rank
test). Preoperative RT-CHT: patients treated with preoperative chemoradiation;
postoperative RT-CHT: patients treated with postoperative chemoradiation.

with significantly enhanced minimal radial clearance: mean
4.2 (range, 3.6-7.2) mm vs mean 1.1 (range, 0.9-1.4) mm
(Mann-Withney, P < 0.01).

DISCUSSION
Adjacent organ involvement is present in 10% rectal
cancers and in 50%-57% of them fixation is caused by
cancer infiltration[7,8]. For females with primarily resectable
tumor involving internal genitalia the key factor to avoid
oncological relapse is microscopically free R0 multivisceral
excision [9,10]. Our findings are in accordance to recent
studies, suggesting that aggressive approach and close
surgico-gynaecological co-operation can provide sphincter
preservation and excellent pelvic control resulting in
improved long-term survival with acceptable risk of
0%-7.5% postoperative mortality and 12.5%-50.0%
morbidity (mostly wound healing complications)[11-14].
Lymph node involvement is an unquestionable
indicator of poor outcome. For node-positive patients fiveyear overall survival, two-year overall survival and diseasefree survival rates are decreased to 25%, 43% and 33%,
compared to 75%, 94% and 67% for patients with negative
nodes, respectively [12-14]. We did not notice significant
prognostic value of other clinical and pathological
parameters, possibly due to the relatively small sample
size. In contradiction to our results, negative predictive
significance of blood loss ≥ 1 L, patient’s age > 62-64
years, increased CEA serum level, poor differentiation and
the presence of anaemia before treatment have been found
in other studies[14-17].
The only other factor significantly related to survival
in our study was chemoradiation protocol. In spite of R0
resection chemoradiation given before surgery influenced
favourable prognosis with a high level of statistical
importance. Due to preoperative irradiation, the complete
pathological response of resectable cancer in up to 20%
www.wjgnet.com
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patients can be achieved, tumor may downsize in 64%
cases, incidence of local recurrence may be reduced to 4%,
69% patients with lymph node metastases may be rendered
node-negative, and finally, overall long-term and diseasefree survival rates may be enhanced to 75% and 83%,
respectively[18-20]. Moreover, the addition of preoperative
chemotherapy independently increases tumor response
improving survival[3,21,22]. Results of comparisons of neoand adjuvant therapy are discrepant. A Swedish review of
over 40 000 patients reported that preoperative schedule
is more effective for survival benefit[23]. In contrast, in the
Uppsala trial decreased risk of local relapse was noticed
for the preoperative arm but five-year survival was not
significantly improved[24]. However, this study evaluated
short-course hypofractionated preoperative irradiation
without concurrent chemotherapy. Results from the
recent controlled randomised German trial suggest that
neoadjuvant radiochemotherapy is related with less toxicity,
does not produce higher postoperative morbidity and is
better for local control than adjuvant chemoradiation but
in fact does not significantly affect overall survival[25,26].
The reason for the important prognostic value of the
chemoradiation protocol in our study may be its association
with the extent of resection margins. When feasible,
striving for 2 cm distal resection margin is advocated
because of intramural tumor spread possibility. However,
it does not exceed 1 cm for 90% rectal cancers[27]. Zhao
et al[27] have reported maximum 12 mm distal intramural
spread and 36 mm distal mesorectal spread. Thus, some
authors claim that TME with a distal margin ≤ 1 cm does
not seem to compromise oncological outcome, especially
if resection follows combined-modality therapy[28]. In our
patients, preoperative chemoradiation was not significantly
related to distal margin probably due to the analysis only
of the females selected for sphincter-saving resection.
Importance of circumferential clearance for rectal cancer
was firstly emphasised twenty years ago by Quirke et
al[29]. Recently, during total mesorectal excision removal
of radial margin at a minimum of 1 mm[30], 2 mm[31] and
3 mm[32] is postulated for adequate local control. In our
series radiochemotherapy protocol was strongly associated
with radial clearance and seven females not chemoradiated
before surgery measured their circumferential margin ≤
1 mm. The extent of resection margins for effective local
control remains a matter of debate. However, our findings
are supported by others, who noticed that the radial
margin of ≤ 1 mm should be considered inadequate and
positive[33]. Results of our study suggest, similarly to some
others[34], that the main role of neoadjuvant combinedmodality therapy for primarily resectable rectal cancer is
not to enhance the distal margin but to increase the radial
clearance and therefore improve local control and longterm survival.
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Abstract
AIM: To delineate the mechanisms of renal vasoconstriction in hepatorenal syndrome (HRS), we investigated
the expression of typeⅠinositol 1, 4, 5-triphosphate
receptors (IP 3RⅠ) of kidney in mice with fulminant
hepatic failure (FHF).
METHODS: FHF was induced by lipopolysaccharide
(LPS) in D-galactosamine (GalN) sensitized BALB/c
mice. There were 20 mice in normal saline (NS)-treated
group, 20 mice in LPS-treated group, 20 mice in GalNtreated group, and 60 mice in GalN/LPS-treated group
(FHF group). Liver and kidney tissues were obtained at
2, 6, and 9 h after administration. The liver and kidney
specimens were stained with hematoxylin-eosin for
studying morphological changes under light microscope.
The expression of IP 3RⅠin kidney tissue was tested
by immunohistochemistry, Western blot and reverse
transcription (RT)-PCR.
RESULTS: Kidney tissues were morphologically normal
at all time points in all groups. IP3RⅠproteins were found
localized in the plasma region of glomerular mesangial
cells (GMC) and vascular smooth muscle cells (VSMC)
in kidney by immunohistochemical staining. In kidney
of mice with FHF at 6 h and 9 h IP3RⅠstaining was upregulated. Results from Western blot demonstrated
consistent and significant increment of IP3RⅠexpression
in mice with FHF at 6 h and 9 h (t = 3.16, P < 0.05; t
= 5.43, P < 0.01). Furthermore, we evaluated IP3RⅠ
mRNA expression by RT-PCR and observed marked upregulation of IP3RⅠmRNA in FHF samples at 2 h, 6 h
and 9 h compared to controls (t = 2.97, P < 0.05; t = 4.42,
P < 0.01; t = 3.81, P < 0.01).
CONCLUSION: The expression of IP 3 RⅠprotein
increased in GMC and renal VSMC of mice with FHF,
possibly caused by up-regulation of IP3RⅠmRNA.
www.wjgnet.com
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INTRODUCTION
Patients with fulminant hepatic failure (FHF) are at high
risk for the serious complication of hepatorenal syndrome
(HRS), which is an important cause of death[1]. HRS is
a functional renal failure secondary to the liver failure
itself[2,3]. Renal failure will recover when there is recovery
of liver function, and in the absence of a spontaneous
hepatic recovery, liver transplantation will reverse the
HRS. Until now, its precise pathogenesis is not clear.
It is considered generally that the decrement of renal
plasma flow (RPF) caused by renal vasocontraction is a
key factor[4]. Multiple mechanisms are involved in renal
vasoconstriction. Cell contraction is closely related to
changes of intracellular calcium ([Ca2+] i) signaling. The
inositol 1, 4, 5-trisphosphate receptors (IP 3Rs) is the
primary cytosolic target for the initiation of [Ca 2+] i.
Many cell types, often nonexcitable, including glomerular
mesangial cells (GMC) and renal vascular smooth muscle
cells (VSMC), depend on this pathway to couple external
signals to intracellular Ca 2+ release [5] . IP 3 Rs not only
triggers the release of calcium from intracellular stores but
also opens plasma membrane calcium channels[6,7]. This is
thought to be a crucial step in allowing the cell to contract
to some agonists. Many factors can affect the level of
IP3Rs expression[8,9]. Is there a relationship between the
changes in IP3Rs expression level and HRS progression in
FHF? In order to explore the potential mechanisms, we
conducted a series of studies on IP3RⅠexpression in the
kidney of mice with FHF.

MATERIALS AND METHODS
Materials
BALB/c mice were provided by Laboratory Animal
Center in China Medical University. D-galactosamine
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(GalN) and lipopolysaccharide (LPS) were obtained from
Sigma. Polyclonal antibody of IP3RⅠwas purchased from
US biological. BCIP/NBT liquid substrste system was
purchased from Sigma. RT-PCR kit was purchased from
TskaRa.
Mouse models of FHF
One hundred and twenty six-week-old male BALB/c
mice were divided into 4 groups: 20 mice in NS-treated
group, 20 mice in LPS-treated group, 20 mice in GalNtreated group, and 60 mice in GalN/LPS-treated group (20
mice at 2, 6, 9 h, respectively). Mice with FHF were given
an intraperitoneal injection of D-galactosamine (GalN,
800 mg/kg body weight), followed by lipopolysaccharide
(LPS, 10 mg/kg body weight)[10]. In control groups, mice
were given an intraperitoneal injection of GalN (800
mg/kg body weight), LPS (10 mg/kg body weight), NS
(similar volume to GalN and LPS), respectively. Liver and
kidney tissues were fixed for histopathologic analysis and
immunohistochemistry under light microscopy. Frozen
specimens were stored for quantitative analysis of IP3RⅠ
by Western blot and RT-PCR .
Immunohistochemistry for IP3RⅠ
Sections were indirectly immunolabeled with an ABC kit
according to the manufacturer's instructions. Sections
were deparaffined, blocked with normal goat serum for
30 min, and incubated with primary antibody (rabbit antimouse IP3RⅠdiluted in phosphate-buffered saline (PBS)
1:100) for 12 h in a humidified chamber at 4℃. These
sections were then rinsed thrice for 10 min in PBS, and
the secondary antibody (goat anti-rabbit IgG diluted
1:100 in PBS) was applied for 2 h at room temperature.
Sections were rinsed in PBS and then in distilled water.
Fresh peroxidase reaction mixture containing equal
amounts of 0.02% hydrogen peroxide in H2O and 0.1%
diaminobenzidine in PBS were prepared. We chose four
fields of vision at random, and analyzed the optical density
using the “multi-system color/RGB monitor” computer
image processing system.
Western blot for IP3RⅠ
Total protein of kidney tissues were extracted in lysis
buffer (50 mmol/L Tris-HCl (pH 7.2), 150 mmol/L
NaCl, 1% Triton X-100, 1 mmol/L EDTA, 1 mmol/L
PMSF, and 5 mg/mL each of aprotinin and leupeptin).
Protein concentrations were determined by BCA protein
assay and equal amounts of protein were run on a 6%
SDS-PAGE gel, and transferred to PVDF membrane.
The PVDF membrane was then blocked with 5% nonfat
dry milk for 2 h. After being blocked, PVDF membrane
was immunoblotted with the primary antibody (IP3RⅠ
antibody) for 2 h. The membrane was washed three times
with TBS to remove unbound primary antibody. Then
the membrane was incubated with horseradish peroxidase
(HRP)-conjugated goat-anti-rabbit IgG for 2 h, washed
three times with TTBS to remove unbound secondary
antibody, and incubated with BCIP/NBT liquid substrate
reagent for 5 min, the reaction was stopped by H 2O.
β-actin was used for internal control, and 230KD bands of
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IP3R I and 45KD bands of β-actin were quantitated using
a densitometer (model GS-700, Bio-Rad Laboratories).
Band volumes were calculated with the ratio of IP3RⅠto
β-actin bands.
RT-PCR for IP3RⅠmRNA
Total RNA was extracted using TRIzol following
manufacturers' protocol. RNA concentrations were
determined by UV analysis and diluted to 100 ng/ µ L
with DEPC water. RNA was incubated at 30℃ for
10 min followed by 42℃ for 30 min and 99℃ for 5 min
for reverse transcription (RT). cDNA underwent 35
cycles of PCR (94℃ for 30 s, 55℃ for 30 s, and 72℃
for 1 min). The sense and antisense primers used were
5'-GGTTTCATCTGCAAGCTAATAAAA -3’ and 5'-A
ATGCTTTCATGGAATACTCGGTC -3’, respectively.
After PCR, 5 µL sample was run on the gel and a PCR
amplified product of 525 bp was observed under an
ultraviolet illuminator. GAPDH was used for internal
control. The sense and antisense primers of GAPDH
were 5’-GACAACTTTGGCATCGTGGA-3’ and 5'-AT
GCAGGGATGATGTTCTGG-3’. A PCR product of
133 bp was observed, 525 bp bands of IP3RⅠand 133 bp
bands of GAPDH were quantitated using a densitometer.
Band volumes were calculated with the ratio of IP3RⅠto
GAPDH bands.
Statistical analysis
Software SPSS 11.0 was used in statistical analysis. Each
parameter was expressed as mean ± SE, and compared
using Student's t-test. P < 0.05 was considered statistically
significant.

RESULTS
GalN/LPS induced FHF models
Administration of LPS (10 mg/kg body weight) and GalN
(800 mg/kg body weight) can induce FHF. Nine hours
after GalN/LPS administration, the mortality of mice
reached 60%. Liver tissues stained with hematoxylin-eosin
presented severe hemorrhage and hepatic necrosis in 2, 6
and 9 h FHF groups. Kidney tissues were morphologically
normal at all time points in all groups. Therefore, we
concluded that the animal models of FHF were established
successfully.
Expression of IP3RⅠprotein with immunohistochemistry
IP3RⅠproteins were localized to plasma region of GMC
and renal VSMC. IP3RⅠprotein expressed at low levels
in 3 control groups. There was no difference between 2 h
FHF group and 3 control groups. IP3RⅠ-staining was upregulated in 6 h, 9 h FHF groups. The maximal effect was
seen at 9 h (Figure 1).
Western blot for IP3RⅠprotein expression
In order to quantify the changes of IP3RⅠprotein, we
carried out Western blot analysis for IP 3 RⅠprotein
expression. An antibody raised to the C terminus of the
mouse IP 3RⅠrecognized a 230-kDa polypeptide. The
expression of the IP 3RⅠprotein was similar among 3
www.wjgnet.com
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Figure 1 Kidney immunohisto-chemical staining for IP3RⅠ× 400. A: NS-treated group; B: LPS-treated group; C: GalN-treated group; D: 2hGalN/
LPS-treated group; E: 6hGalN/LPS-treated group; F: 9hGalN/LPS-treated group.
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Figure 2 Western blot analysis for IP3RⅠprotein in kidney. A: NS-treated group;
B: LPS-treated group; C: GalN-treated group; D: 2hGalN/LPS-treated group; E:
6hGalN/LPS-treated group; F: 9hGalN/LPS-treated group.

control groups. There was no difference between 2 h FHF
group and 3 control groups. The expression of the IP3RⅠ
protein increased to 167% ± 4% by 6 h, 196% ± 5% by 9 h
with respect to control values (t = 3.16, P < 0.05; t = 5.43,
P < 0.01).The maximal effect was seen at 9 h, which is
identical to the result by immunohistochemistry (Figure 2).
RT- PCR for the expression of the IP3R I mRNA
To deter mine if the effects of increment of the
IP3RⅠprotein expression are caused by an increment of
www.wjgnet.com

new protein synthesis, we evaluated possible regulation
at the mRNA level of IP 3 RⅠ. Quantitative analysis
demonstrated an increase to 155% ± 12% of control
IP 3 RⅠmRNA expression as early as 2h FHF, and it
remained increased at 9 h FHF (173% ± 10%) (t = 2.97,
P < 0.05; t = 3.81, P < 0.01). The maximal effect was seen
at 6 h, and IP 3RⅠmRNA expression was increased to
192% ± 4% of control values (t = 4.42, P < 0.01). Thus,
the increment in mRNA for the IP 3 RⅠpreceded the
increment in protein (Figure 3).

DISCUSSION
HRS is a common complication in patients with FHF
and end stage cirrhosis. HRS develops in approximately
55% of all patients with FHF[11]. There are only functional
changes and relatively few histological changes in the
kidneys. The pathogenesis of HRS involves in the
development of hyperdynamic circulation, lowering of
renal perfusion pressure, the activation of sympathetic
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Figure 3 RT-PCR for the expression of IP3RⅠmRNA. A: NS-treated group; B:
LPS-treated group; C: GalN-treated group; D: 2hGalN/LPS-treated group; E:
6hGalN/LPS-treated group; F: 9hGalN/LPS-treated group.

nervous system, and increased synthesis of a variety of
vasoactive mediators, which renders the kidneys more
susceptible to decrease in perfusion pressure. Patients
with HRS have an obvious reduction in renal blood flow
and the glomerular filtration rate (GFR). The hallmark
of HRS is renal vasoconstriction. Multiple mechanisms
may be involved in renal vasoconstriction [12] . The
circulating concentrations of many vasoconstrictors
including endothelin and angiotensin II were markedly
high in HRS [13,14] . These mediators can cause renal
vasoconstriction, but more importantly they can also
decrease the glomerular capillary ultrafiltration coefficient
(Kf), thus causing a decline of GFR over and above that
caused by renal vasoconstriction alone. As it is known,
contraction of renal VSMC can result in a reduction in
renal blood flow, while contraction of GMC can lower the
filtration fraction and glomerular Kf[15]. Both GMC and
renal VSMC are sensitive to vasoconstrictor. As a result,
GFR was decreased obviously in HRS. Both endothelin
and angiotensin Ⅱ were important renal vasoconstrictors
that stimulate IP3-mediated [Ca2+] i mobilization via the
IP3Rs, followed by release of stored intracellular Ca2+ and
Ca2+ entry through plasma membrane channels[16]. IP3Rs
are the intracellular Ca2+ release channels that play a key
role in Ca2+ signal in cells[17]. Cell contraction is closely
connected with changes in intracellular Ca2+ concentration.
IP 3Rs is localized to endoplasmic reticulum . There is
also evidence suggesting the presence of functional
IP3Rs on the plasma membrane[18]. IP3Rs contains four
independent ligand binding sites that are cooperative with
respect to calcium channel opening [19]. In mammalian
cells, there are at least three isoforms of the IP3R derived
from three distinct genes. IP3RⅠis predominant in the
GMC and renal VSMC, but absent in other renal cells[20].
Therefore, our study focused on IP 3RⅠas a candidate
protein that may facilitate intracellular Ca2+ release. The
level of IP3RⅠexpression can be affected by many factors
such as some cytokines. There might be a relationship
between the changes in IP3RⅠexpression level and renal
vasoconstriction in HRS. Theoretically, changes in IP3RI
expression level are linked to regulation of functional [Ca2+]
i stores and [Ca2+] i concentration. Wang JY et al[21] had
discovered the up-regulation of expression of IP3RⅠon
rat glomerular and afferent arterioles in a model of liver
cirrhosis by immunohistochemical method[21]. Does IP3R
Ⅰof kidney also increase in mice with FHF? In order to
explore the possible pathogenesis of HRS, we examined
the expression level of IP3RⅠof kidney in mice with FHF
by immunohistochemistry, Western blot and RT-PCR.
Our study shows that IP3RⅠprotein was localized to

the plasma region of GMC and renal VAMC, which is
consistent with previous studies. IP3RⅠexpressed at low
levels in control groups. There was no differrence between
NS-treated group, LPS-treated group and GalN-treated
group. Its expression level was still low in 2 h FHF, while
increased obviously in 6 h and 9 h FHF. This phenomenon
was testified by Western blot quantitative analysis. The
results from Western blot showed that the expression of
the IP3RⅠprotein increased to 167% ± 4% by 6 h, and
196% ± 5% by 9 h with respect to control values. The
maximal effect was seen at 9 h, and IP 3RⅠexpression
was increased to 196% ± 5% of control values. In order
to elucidate the reason of increased protein expression
of IP 3RⅠ, we evaluated the expression level of IP 3R
ⅠmRNA of kidney in mice with FHF by RT-PCR. We
concluded that increased protein expression of IP3R I is
caused by increased synthesis of the new IP3RⅠprotein as
an increase in mRNA levels was found in mice with FHF
at 2 h, 6 h and 9 h. Up-regulation of the IP3RⅠmRNA
was demonstrated as early as 2 h FHF. The maximal effect
192% ± 4% of control values was seen at 6 h. There was
mild decrement at 9 h in contrast to the level at 6 h, but
it was still higher than control values. Our result that the
increment in mRNA for IP3RⅠprecedes the increment in
protein is consistent with the time sequence of increased
mRNA levels prior to occurrence of increased protein
levels. Our finding demonstrates that up-regulation of
IP3RⅠmRNA levels can be explained by the increase in
transcription of the IP3RⅠgene. Our observation also
indicates that factors that can not directly induce Ca2+
flux may also regulate [Ca2+] i concentration by affecting
IP 3RⅠexpression. Increased IP 3RⅠprotein expression
provided more ligand binding sites for IP3 that is more
beneficial to [Ca2+] i release. Consequently, kidney became
more sensitive to agonists that stimulate IP3-mediated [Ca2+]
i mobilization via the IP3RⅠ. Overexpression of IP3RⅠ
may lead to modulatory influences on renal blood flow
and GFR. Interaction between IP3RⅠup-regulation and
agonists may enhance the contracting ability of GMC and
VSMC to vasoconstrictors. Overexpression of IP3RⅠmay
be an important factor in contributing to HRS progression.

REFERENCES
1
2
3

4
5
6

7

Gerbes AL, Gülberg V. Renal impairment in liver diseases.
Praxis (Bern 1994) 2006; 95: 1535-1538
Sural S, Sharma RK, Gupta A, Sharma AP, Gulati S. Acute
renal failure associated with liver disease in India: etiology
and outcome. Ren Fail 2000; 22: 623-634
Rivera-Huizar S, Rincón-Sánchez AR, Covarrubias-Pinedo
A, Islas-Carbajal MC, Gabriel-Ortíz G, Pedraza-Chaverrí J,
Alvarez-Rodríguez A, Meza-García E, Armendáriz-Borunda J.
Renal dysfunction as a consequence of acute liver damage by
bile duct ligation in cirrhotic rats. Exp Toxicol Pathol 2006; 58:
185-195
Demirtaş S, Can M, Yarpuzlu A. Hepatorenal syndrome. Clin
Chem Lab Med 2006; 44: 379-386
Woodcock EA, Matkovich SJ. Ins(1,4,5)P3 receptors and
inositol phosphates in the heart-evolutionary artefacts or
active signal transducers? Pharmacol Ther 2005; 107: 240-251
Yao YM, Hu SJ, Huang YW, Yang CH, Sun J, Zhu ZH, Wu
T. Effects of tumor necrosis factor alpha on expression of
phospholamban and intracellular calcium in cardiomyocytes.
Zhongguo Yixue Kexueyuan Xuebao 2005; 27: 767-771
Dellis O, Dedos SG, Tovey SC, Taufiq-Ur-Rahman SJ, Taylor
www.wjgnet.com

2348

8

9
10
11

12
13

14

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

CW. Ca2+ entry through plasma membrane IP 3 receptors.
Science 2006; 313: 229-233
McGowan TA, Sharma K. Regulation of inositol 1, 4,
5-trisphosphate receptors by transforming growth factor-beta:
implications for vascular dysfunction in diabetes. Kidney Int
Suppl 2000; 77: S99-S103
Krizanova O, Kvetnansky R, Jurkovicova D. Effect of two
distinct stressors on gene expression of the type 1 IP3 receptors.
Gen Physiol Biophys 2005; 24: 237-246
LV SA, SONG HL, WANG JY, et al. Blood brain barrier
permeability in acute liver necrosis of mice. Shijie Huaren
Xiaohua Zazhi 2004; 12: 1346-1348
Ytrebø LM, Sen S, Rose C, Davies NA, Nedredal GI, Fuskevaag
OM, Ten Have GA, Prinzen FW, Williams R, Deutz NE, Jalan
R, Revhaug A. Systemic and regional hemodynamics in pigs
with acute liver failure and the effect of albumin dialysis. Scand
J Gastroenterol 2006; 41: 1350-1360
Moore K. Renal failure in acute liver failure. Eur J Gastroenterol
Hepatol 1999; 11: 967-975
Anand R, Harry D, Holt S, Milner P, Dashwood M, Goodier
D, Jarmulowicz M, Moore K. Endothelin is an important
determinant of renal function in a rat model of acute liver and
renal failure. Gut 2002; 50: 111-117
Zaza S, Bonny O, Liaudet L. Hepatorenal syndrome in
patients with liver cirrhosis. Nephrol Ther 2005; 1: 174-182

15

16
17
18
19

20

21

April 28, 2007

  Number 16

Kuo HT, Shin SJ, Kuo MC, Chen HC. Effects of specific
endothelin-1 receptor antagonists on proliferation and
fibronectin production of glomerular mesangial cells
stimulated with Angiotensin II. Kaohsiung J Med Sci 2006; 22:
371-376
Zhu Z, Arendshorst WJ. Angiotensin II-receptor stimulation
of cytosolic calcium concentration in cultured renal resistance
arterioles. Am J Physiol 1996; 271: F1239-F1247
White C, McGeown JG. Inositol 1,4,5-trisphosphate receptors
modulate Ca2+ sparks and Ca2+ store content in vas deferens
myocytes. Am J Physiol Cell Physiol 2003; 285: C195-C204
Taylor CW, Dellis O. Plasma membrane IP3 receptors. Biochem
Soc Trans 2006; 34: 910-912
Hamada K, Miyata T, Mayanagi K, Hirota J, Mikoshiba
K. Two-state conformational changes in inositol 1,4,5-trisphosphate receptor regulated by calcium. J Biol Chem 2002;
277: 21115-21118
Monkawa T, Hayashi M, Miyawaki A, Sugiyama T,
Yamamoto-Hino M, Hasegawa M, Furuichi T, Mikoshiba K,
Saruta T. Localization of inositol 1,4,5-trisphosphate receptors
in the rat kidney. Kidney Int 1998; 53: 296-301
Wang JY, Liu HY, Liu P. Expression of type I inositol 1,
4, 5-triphosphate receptor on rat glomerular and afferent
arterioles in a model of liver cirrhosis. Zhonghua Ganzangbing
Zazhi 2004; 12: 609-611
S- Editor Wang J

www.wjgnet.com

Volume 13

L- Editor Ma JY E- Editor Chen GJ

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

World J Gastroenterol 2007 April 28; 13(16): 2349-2351
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

RAPID COMMUNICATION

H pylori seroprevalence in patients with lung cancer
Katayoon Najafizadeh, Sayeed Falah Tafti, Masoud Shiehmorteza, Masoud Saloor, Masoud Jamali
Katayoon Najafizadeh, Sayeed Falah tafti, Masoud
Shiehmorteza, Masoud Saloor, Masoud Jamali, Department of
Respiratory Medicine, National Research Institute of Tuberculosis
and Lung Diseases, Tehran 19556, Iran
Correspondence to: Katayoon Najafizadeh, Department of
Respiratory Medicine, National Research Institute of Tuberculosis
and Lung Diseases, Dr. Masih Daneshvari Hospital, Darabad,
Tehran 19556, Iran. katynajafi@nritld.ac.ir
Telephone: +98-21-20109419 Fax: +98-21-20109966
Received: 2007-01-30
Accepted: 2007-03-01

Abstract
AIM: To assess H pylori seroprevalence in lung cancer
and determine whether there is a potential association
between lung cancer and H pylori infection.
METHODS: T h e s t u d y w a s c o n d u c t e d o n f o r t y
consecutive patients with lung cancer, confirmed by
pathology (32 men, 8 women; mean age 55.50 ± 11.91
years, range 16-77 years). Forty healthy subjects (25
men, 15 women; mean age 43.08 ± 12.60 years, range
20-79 years) from the patients’ family members were
matched to each case subject on the basis of age and
socioeconomic status. H pylori infection was detected
with a commercially available immunoglobulin G (IgG)
enzyme-linked immunosorbent assay (Trinity kit, Biotech
co., USA), previously validated in adults (86% sensitivity,
96% specificity) against a gold standard of culture and
histology.
RESULTS: H pylori seropositivity was present in
52.5% of patients with lung cancer in comparison to
45.0% of healthy control subjects. Although H pylori
seropositivity was more frequent in lung cancer patients
than in controls, the difference did not reach statistical
significance (OR = 1.35, 95% CI = 0.56-3.25; P = 0.65).
In addition, there was no significant difference between
cases and controls in terms of gastrointestinal symptoms.
CONCLUSION: The earlier described association
between H pylori infection and lung cancer was not
supported in this study. Further studies with larger
sample sizes should be undertaken to assess the
frequency of H pylori infection in patients with lung
cancer and their potential association.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Lung cancer remains the leading cause of cancer death,
both in the United States and worldwide even though an
extensive list of risk factors has been well-characterized[1,2].
Without the development of efficacious primary prevention, the number of people diagnosed with lung cancer
is expected to double in the next 50 years[3]. Its high mortality rate results from both a high incidence rate and a low
survival rate, with only 15.0% of US lung cancer patients
surviving 5 years after diagnosis[4,5].
The combination of exposure to new etiologic agents
and an increasing lifespan make lung cancer a scourge of
the 20th century. Identification of numerous exposures
that are causally associated with lung cancer is critical in
developing new preventive strategies. By reducing the
population’s exposure or interrupting the pathogenic chain
leading to the development of lung cancer, we would
expect to reduce the population’s risk and subsequently the
global burden of its mortality.
Recently a number of studies have reported an association between H pylori infection and a variety of extra
digestive disorders such as respiratory diseases. Moreover,
lung cancer in peptic ulcer patients has been found to be
2-3 times more prevalent than in healthy subjects[6-8].
These findings led to the hypothesis that: “H pylori
might be associated with lung cancer and play a role in
developing the disease”. Because of the conflicting reported results, we have performed this study to investigate the H pylori seroprevalence in lung cancer patients and
their potential association.

MATERIALS AND METHODS
Subjects
The study was conducted on forty consecutive patients
with lung cancer, confirmed by pathology. The patients
were selected from the outpatient clinic of Dr Masih
Daneshvari Hospital, Tehran, Iran. Forty healthy subjects
from the patients’ family members were matched to
each case subject on the basis of age. We used family
members to control for socioeconomic status. The study
was approved by the local ethics committee and informed
www.wjgnet.com
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Table 1 Mean (SD) characteristics of the study cases and
controls
Variables

Cases
(n = 40)
32/8
55.50 (11.91)
1.37 (0.74)

Sex (M/F)
Age (yr)
H pylori IgG level (U/mL)
H pylori serology2
Positive for IgG antibodies to H pylori 21 (52.5)
Negative for IgG antibodies to H pylori 13 (32.5)

1

Controls
P
(n = 40)
25/15
0.03
43.08 (12.60) > 0.05
1.07 (0.44) > 0.05
0.65
18 (45.0)
17 (42.5)

All P values are for 2-tailed t tests. 2Six case subjects and 5 control subjects
had borderline results and were excluded from the study.
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Table 2 Frequency of gastrointestinal symptoms in patients and
normal controls
Symptoms
Epigasteric pain
Heartburn
Bloating

Cases
(n = 40)
8/40
10/40
11/40

Controls
(n = 40)
10/40
9/40
8/40

P
NS
NS
NS

NS: not significant.

1

consent was obtained from each participant.
Measurements
H pylori infection was detected with a commercially available
immunoglobulin G (IgG) enzyme-linked immunosorbent
assay (Trinity kit, Biotech Co., USA), previously validated
in adults (86% sensitivity, 96% specificity) against a gold
standard of culture and histology.
All serum samples from case and control subjects were
coded, and assessed, in a blinded fashion, in the laboratory
centre of the hospital. Briefly, serum samples were diluted
1:20, and 10-µL aliquots were plated. Plates were coated
with purified H pylori group specific antigens. Next, a
1:1000 dilution of anti-human IgG monoclonal antibodies
conjugated to alkaline phosphatase was applied. A
1-mg/mL solution of p-nitrophenylphosphate was used as
a substrate, and absorbance was read at 450 nm. The result
for each serum sample was expressed as the ratio of the
optical density value of the sample to the threshold value
and was expressed in ELISA units.
As determined by a previous validation study, serum
samples with an ELISA unit of greater than 1.10 U/mL,
between 0.90-1.10 and less than 0.90 were considered
positive, borderline and negative, respectively.
Borderline results were omitted from further analysis. All
the subjects were questioned on educational level, number
of person living in the same household, gastrointestinal
symptoms, and history of respiratory diseases and proven
peptic ulcer disease.
Statistical analysis
All data were expressed as mean ± SD. Parameter differences between groups were evaluated using Student’s
t-test for continuous variables and a chi-square test for
proportions. The relationship between variables was
analyzed by the Pearson correlation coefficient. The
analyses were preformed using SPSS software (SPSS 13.0
for Windows).
A review of previous literature suggests that the
prevalence of H pylori infection is about 44.9% in the
general population[7]. Estimations from power calculations
predicted that 40 cases and 40 controls would have 80%
power to detect a minimal OR of 3.60 between the two
groups, at α (two-sided) = 0.05.

RESULTS
From March 2003 to December 2003, 40 consecutive
www.wjgnet.com

patients with lung cancer were included in this study.
Patients consisted of 32 men and 8 women with a mean
age of 55.50. The control group consisted of 25 men and
15 women with a mean age of 43.08 (Table 1).
There were no significant differences between groups
in terms of distribution of age, socioeconomic statue,
educational level and number of people living in the same
household (P < 0.05).
Because 6 case subjects and 5 control subjects had
borderline results when tested for IgG antibodies to
H pylori, they were excluded from the study, which left 34
case subjects and 35 control subjects in the analysis.
The values for H pylori IgG serum level in the case
and control groups were 1.37 ± 0.74 U/mL and 1.07 ±
0.44 U/mL, respectively (P > 0.05). H pylori seropositivity
was present in 52.5% of patients with lung cancer in
comparison to 45.0% of healthy control subjects. Although
H pylori seropositivity was more frequent in lung cancer
patients than in controls, the difference did not reach
statistical significance (OR = 1.35, 95% CI = 0.56 – 3.25;
P = 0.65). In addition, there was no significant difference
between cases and controls in terms of gastrointestinal
symptoms (Table 2).

DISCUSSION
We examined the hypothesis that “H pylori seroprevalence
is associated with lung cancer”. The H pylori seroprevalence
in our patients with lung cancer did not differ significantly
from that of our healthy subjects.
Our results were in accordance with those of Philippou
and colleagues[8] which compared 55 men and 17 women
who had lung cancer with an age and gender-matched
control group of 68 healthy subjects. No significant
difference in H pylori seroprevalence between the two groups
was observed in their study (61.1% vs 55.9%, P = 0.23).
In contrast to our results, in 2000, Gocyk et al[9] published
a preliminary report comparing 50 Polish patients who had
lung cancer with 100 healthy subjects. They demonstrated a
significantly higher H pylori seroprevalence among patients
with lung cancer in comparison with healthy subjects
(89.5% vs 64% respectively, P < 0.05). Lung cancer patients
were characterized by a significant increase of gastrin
concentration in both serum and bronchoalveolar lavage
(BAL). They also demonstrated that m-RNA expression
for gastrin and its receptor, as well as for cyclooxygenase
(COX)-2, is enhanced in the tumor tissue.
Similarly, Ece et al[10] pointed out an association between
H pylori infection and the risk of lung cancer. By comparing
43 patients with non-small cell carcinoma of the lung and 28
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healthy controls selected from the patients’ family members,
they found that H pylori seroprevalence was statistically
higher in cancer patients than in the control group (93%
vs 42%, P < 0.05). Moreover, both VacA and CagA
seropositivity was higher in lung cancer patients. However,
only VacA was statistically significant (81% vs 42%, P < 0.05).
It is important to note that the prevalence of H pylori
infection in healthy subjects reported in this study is much
lower than the prevalence expected in the population in
which the study was carried out (42% vs 77.5%-90%)[11-13].
Consequently, the observed difference in the prevalence
of H pylori infection between lung cancer cases and
controls-perhaps given the manner of selection-may have
not necessarily been the result of higher prevalence of
H pylori infection in cases, but rather of lower prevalence
in controls that was expected.
Furthermore, the association between H pylori infection
and lung cancer that was observed in these studies could
be due to another factor strongly correlated with H pylori
infection. For example, H pylori infection is closely linked
to chronic bronchitis, and it is possible that a factor linked
to chronic bronchitis is the true cause of the association
observed[12,13].
The mechanism underlying an association between
H pylori and lung cancer is uncertain. It has been suggested
that H pylori might indirectly induce increased mucosal cell
proliferation of bronchial epithelium by the enhancement
of gastrin and its receptor expression, as well as cyclooxygenase (COX)-2, in the tumor tissue.
Evidence for or against this hypothesis is limited and
studies have shown conflicting results[14-16].
Finally, it must be noted that the findings have not
been entirely consistent with other data, although it would
not completely rule out the hypothesis.
Lung cancer tends to be more common in the developed
countries, particularly in North America and Europe and
less common in the developing countries[15]. On the other
hand, the prevalence of H pylori infection is much higher in
developing countries[16].
Our study has had some limitations. First, we should
have used a larger sample size to detect a lower effect size
and to avoid a Type Ⅱ error. Secondly, we did not perform
a stratified analysis according to the smoking status of
the subjects to remove the potential confounding effect
of smoking. Despite the strong evidences of cigarette
smoking as a causal factor of developing lung cancer, the
association of H pylori infection and smoking has not yet
been clear and recent studies provide conflicting results.
(The prevalence of H pylori infection in smokers has been
reported variously as low[17], normal[18], and high[19].)
In conclusion, interpreting the meaning of the reported
epidemiological association between H pylori infection and
lung cancer on the basis of available data, which rest only
on case-control studies with relatively small sample size, is
difficult.
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Further different types of studies with larger sample
sizes are required to confirm that chronic H pylori infection
is a risk factor for lung cancer and to clarify the underlying
mechanisms.
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Abstract
AIM: To o b s e r v e c h a n g e s o f m i t o c h o n d r i a a n d
investigate the effect of ethanol on mitochondrial permeability transition pore (PTP), mitochondrial membrane
p o t e n t i a l ( M M P, ΔΨm ) a nd int ra c e l lula r c a lc ium
concentration in hepatocytes by establishing an animal
model of alcoholic liver disease (ALD).
METHODS: Fo u r ty a d u l t m a l e W i s t a r ra t s w e re
randomly divided into two groups, the model group
(20) was administered alcohol intragastrically plus an
Oliver oil diet to establish an ALD model, and the control
group (20) was given an equal amount of normal saline.
The ultramicrostructural changes of mitochondria were
observed under electron microscopy. Mitochondria of
liver was extracted, and patency of PTP, mitochondrial
membrane potential (ΔΨm), mitochondrial mass and
intracellular calcium concentration of isolated hepacytes
were detected by flow cytometry using rhodamine123
(Rh123), Nonyl-Acridine Orange and calcium fluorescent
probe Fluo-3/AM, respectively.
RESULTS: Membrane and cristae were broken or
disappeared in mitochondria in different shapes under
electron microscopy. Some mitochondria showed U
shape or megamitochondrion. In the model group, liver
mitochondria PTP was broken, and mitochondria swelled,
the absorbance at 450 nm, A540 decreased (0.0136 ±
0.0025 vs 0.0321 ± 0.0013, model vs control, P < 0.01);
mitochondria transmembrane potential (239.4638 ±
12.7263 vs 377.5850 ± 16.8119, P < 0.01) was lowered;
mitochondrial mass (17.4350 ± 1.9880 vs 31.6738 ±
2+
3.4930, P < 0.01); and [Ca ]i was increased in liver cells
(7.0020 ± 0.5008 vs 10.2050 ± 0.4701, P < 0.01).
www.wjgnet.com

CONCLUSION: Chronic alcohol intake might lead
to broken mitochondria PTP, decreased mitochondria
membrane potential and injury, and elevated intracellular
2+
Ca production. Ethanol-induced chondriosome injury
may be an important mechanism of alcoholic diseases.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Alcohol abuse used to be a principal factor for the cause
of serious liver disease in western countries. In China the
incidence of alcoholic liver disease (ALD) has increased.
Alcohol abuse has been considered the second leading
cause of hepatic lesion after virus hepatitis. The accurate
mechanism of ethanol-induced hepatic cells injury is
still not completely clear. Some researchers found that
ethanol could activate lipid peroxidation, leading to liver
injury. Since the mitochondrion is one of the fundamental
parts of reactive oxygen species (ROS) formation, we
investigated mitochondrial changes in ALD in order to
prove the correlation between mitochondrion injury and
hepatocytes apoptosis induced by ethanol and reveal
the role of ethanol-induced mitochondrion injury in the
pathogenesis of ALD, hoping that by this study we could
improve the prevention and treatment of ALD.

MATERIALS AND METHODS
Materials
Healthy male Wistar rats, weighing 150 ± 5 g，were
purchased from the Experimental Animal Center
of Shandong University. Olive oil (unsaturated fatty
acid content > 90%) was a product of Algemesi Co.,
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Spain. Erguotou (a liquor of 60°) was a product of
Beijing Hongxing Erguotou Alcohol Factory. HEPES,
Rhodamin123 and Fluo-3/AM were purchased from
Sigma Co., USA. DMEM was obtained from GIBCO.
FBS was purchased from Hangzhou Sijiqing. NAO was
obtained from GENMED.
Animals and protocol
Forty adult Wistar rats (4 wk old), weighing (150 ± 5) g,
were fed in separate cages with 5 in each. After feeding
normally for a week, these rats were randomly divided into
two groups. Twenty were given intragastric alcohol as the
ALD model group whose food was composed of ethanol
46% (intragastric administration twice a day at an eighthour interval), protein 18%, carbohydrate 12%, fat 14%
(mainly olive oil, unsaturated fatty acid 9%) by energy as
well as vitamin complex and essential minerals at the same
time. In the first four weeks, the rats were lavaged with
30% ethanol (4 g/kg per day), 40% ethanol (5 g/kg per
day) in the following four weeks, 50% ethanol (6 g/kg per
day ) from wk 9 to 12. Another twenty rats in the control
group were given an equal volume of normal saline and
the composition of food was the same as the model group
until the end of the 12th wk.
Preparation and observation of samples under electron
microscopy
Liver tissue (1 mm3) from the right lobe of the liver near
the porta hepatis was removed and pre-fixed for 2 h at
4℃ in 4% paraformaldehyde solution with 0.1 mol/L
phosphate buffer (pH 7.3) and 2.5% glutaraldehyde. The
tissue was then rinsed in the same buffer and post-fixed in
1% osmium tetroxide in 0.1 mol/L phosphate buffer (pH
7.3). Post-fixation was followed by dehydration in ethanol,
embedding in Epon 812 and polymerization. Tissues
were cut using an LKB 2088 ultramicrotome, stained with
1% uranyl acetate and lead citrate, and examined under a
transmission electron microscope (JEM-2000 EXII, 80
KV, Japan).
Patency of mitochondrial PTP
Isolation and purification of mitochondria: Approximately 5 g of the liver harvested from sacrificed rats was
homogenized in a ten-fold volume of isolation buffer
(0.33 mmol/L sucrose, 0.025 mmol/L EDTA). After
filtering with double-ply gauze to remove tissue dregs,
the liver homogenate was centrifuged for 10 min at 800
× g. The supernatant was further centrifuged for 10
min at 8200 × g. The second supernatant was discarded
and the sediment was resuspended with washing buffer
(0.33 mmol/L sucrose). The suspension obtained was
centrifuged for another 10 min at 8200 × g to get the
purified mitochondria.
Detection of mitochondrial PTP opening: The purified
mitochondria were diluted to 0.3 mg/mL with test solution
(230 mmol manicol, 70 mmol sucrose, 3 mmol Hepes, pH
7.4). The absorbance of mitochondria was detected at 570
nm using an ultraviolet spectrophotometer at 20℃ to find
the state of mitochondrial PTP opening.
Isolation and purification of hepatocytes
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Hepatocytes were isolated with the procedure of in situ
two-step perfusion of Seglen[1]. After anesthetizing with
pentobarbital sodium, the abdominal cavity of the rats was
opened from the middle abdominal wall. Plastic duct was
inserted into the portal vein after exposure. The livers were
perfused first with Ca2+- and Mg2+- free D-Hanks solution
for 20 min (20-40 mL/min) at 37℃ to remove blood and
Ca2+ in the liver, and next with 0.01% (w/v) collagenase
solution at 37℃ when the fluid flowed from the inferior
vena cava became clear. The membrane of gently fully
digested liver was removed with curved forceps, then
gently the hepatocytes and sinusoid endothelial cells
were dispersed in Dulbecco's modified Eagle's medium.
After filtering through 200-screen mesh to remove cell
aggregates and tissue fibers, the cell suspension was
washed thrice in DMEM/H with low-speed centrifugation
(50 × g, 5 min × 3) to obtain purified hepatocytes.
Detection of mitochondrial membrane potential of
hepatocytes
Rh123 powder was prepared with methanol stored at
-20℃ as a 1 g/L solution. The storing solution was
diluted to 5 mg/L with PBS when used. After incubating
in Rhodamin123 (final concentration 2.5 mg/L) for
1 h at 37℃, hepatocytes (1 × 106) were washed thrice in
preheating PBS. After resuspending in 300 μL PBS, filtered
through 200-screen mesh, 104 cells were measured with
flow cytometry using the CellQuest software (maximum
absorbing wave length 590 nm, excitation wave length
488 nm).
Detection of mitochondrial mass
After incubated in 1 mL NAO staining solution at 37℃
for 20 min, the hepatocytes (1 × 106) were centrifuged at
300 × g for 5 min. The precooling GENMED preserving
fluid was added into the supernatant, mixed with cell
granulations and analyzed with flow cytometry using the
CellQuest software (maximum absorbing wave length 519
nm, and excitation wave length 495 nm).
Detection of intracellular calcium concentration
After incubating in 1 mL Fluo-3/AM (5 μmol/L) at 37℃
for 40 min, the hepatocytes (1 × 106) were washed 3 times
with PBS, resuspended in 300 μL PBS and filtered through
a 200-screen mesh, and 10 4 cells were collected and
detected with flow cytometry using the CellQuest software
(maximum absorbing wave length 506 nm, and excitation
wave length 490 nm).
Statistical analysis
All values were expressed as mean ± SD and analyzed
with the SPSS Version. All experiments were repeated
at least three times. P < 0.05 was considered statistically
significant.

RESULTS
Ultrastructural changes of hepatocyte mitochondria under
electron microscopy
There were rich organelles with lots of ribosomes,
endoplasmic reticulum, mitochondria and few lipid
www.wjgnet.com
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Table 1 Absorbance comparison of liver mitochondria in two groups of rats
1

2

3

4

5

6

7

8

c± s

Control
Model

0.0305
0.0167

0.0304
0.0169

0.0331
0.0161

0.0334
0.0123

0.032
0.0119

0.0314
0.012

0.0325
0.0113

0.0336
0.0116

0.0136 ± 0.0025
0.0321 ± 0.0013b
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Figure 2 Mitochondrial membrane potential detected by flow cytometry.

droplets in hepatocytes in the control group under
electron microscopy. Nuclei of hepatocytes were round
with clear membranes and well-distributed nuclear
chromatin. The perinuclear cisterna and nucleopore were
clear (Figure 1A).
Many lipid droplets with equal size and electron
density and chromaffin lipid droplets could be seen in
the model group. The endoplasmic reticulum became
swollen. The membrane was ruptured and cristae were
broken or disappeared in the mitochondria resulting in
different shapes, and the electron density of their ground
www.wjgnet.com
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Figure 3 Mitochondria mass detected by flow cytometry.
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Figure 1 Mitochondria
appearance under
electron microscope (EM
× 6000); A: Mitochondria
in normal group; B:
Mitochondria in model
group. M: mitochondria,
G: glycogen, N nucleus,
ER: endoplasmic
reticulum, LD: lipid
droplet. The long arrow
shows abnormally
distributed chromatin in
nuclei, the short one
is megamitochondrion
and the arrow head is
U-type mitochondria.

A

180

P < 0.01 vs control group.

MFI

b

Groups

substance decreased. Some mitochondria were U-type or
megamitochondrion. The glycometabolism was abnormal,
and glycogen increased with various densities. Many
myelin figures of metabolites and few lysosomes could
be observed. Nuclear material presented irregular profiles
with a pseudo-inclusion body found within. Nuclear
chromatin was abnormal in distribution and occasionally
gathered at the perimeter. The number of plasmocytes
increased (Figure 1B).
We had established the ALD model successfully,
and confirmed our viewpoint that alcohol could cause
structural and morphological damage in mitochondria.
Patency of PTP in hepatocytes mitochondria
The results of A540 detected in model group (0.0136 ±
0.0025) are obviously lower than in the control group
(0.0321 ± 0.0013), P < 0.01, which demonstrated that
the PTP in liver mitochondria of rats were opened in the
model group (Table 1).
The data indicated that ethanol could increase
mitochondria membrane per meability, resulting in
mitochondria swelling and damage.
Mitochondrial membrane potential of hepatocytes detected by Rh123
The mean fluorescence intensity (MFI) of Rh123 in
the model group was 239.464% ± 12.726% while in
the control group was 377.585% ± 16.812%, which
demonstrated that the mitochondrial membrane potential
( Δψ m) in the model group decreased evidently with a
statistically significant difference (P < 0.01) (Figure 2).
Changes of liver mitochondria mass
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Figure 4 Intracellular calcium concentrations in hepatocytes detected by flow
cytometry.

The MFI of diphosphatidyl glycerol in the model group
was 31.6738% ± 3.4930% while the control group was
17.4350% ± 1.9882%, P < 0.01 (Figure 3).
Intracellular calcium concentration in hepatocytes
The MFI of Fluo-3/AM in the model group was 7.0020%
± 0.5008% while the control group was 10.2050% ±
0.4701%, which demonstrated that the intracellular calcium
concentration in hepatocytes in the model group increased
evidently with a statistically significant difference (P < 0.01)
(Figure 4).

DISCUSSION
Excessive alcohol consumption can result in multiple organ
injury, of which alcoholic liver disease (ALD) is the most
common. With economic development and improvement
of living conditions of the people, the incidence of liver
diseases caused by alcohol abuse has been increasing in
China, although its pathogenesis remains obscure. In the
past, most researches about ALD focused on oxidative
stress, cytokines unbalance, level alteration of proteins and
genes and so on. Recently, more attention has been on the
function of mitochondria in the pathogenesis of ALD, but
the mode of mitochondrial damage has not been clarified.
In our study, we presented data showing structure and
function damage, membrane permeability transition as well
as membrane potential alteration of mitochondria, hoping
to reveal the correlation between mitochondrial damage
and the early stage of ALD.
Figure and structure alteration of liver mitochondria
induced by ethanol
Mitochondria have long been known to be very important
organelles of the eukaryocyte. They produce ATP to
supply energy directly for life activity of the mammal
cells. Moreover, mitochondria are considered the key
organelle in the initiation of apoptosis since mitochondrial
disintegration not only leads to a loss of their function but
also causes the release of proapoptotic factors. Emerging
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evidence suggests that mitochondrial dysfunction caused
by oxidative stress is an early event that plays an important
role in the pathogenesis of ethanol induced apoptosis.
In this study, we found that the mitochondria of the
model group were obviously damaged, and membrane
and cristae were broken or disappeared under electron
microscopy. We also observed U-form mitochondria
(deformed mitochondria) in different sizes and megamitochondria. In hepatocytes, there are some myelin figures,
chromatins distribute abnormally and some can be edgegathering, indicating the existence of apoptosis. All of
these further confirmed the damage in the structure and
function of mitochondria. Meanwhile, the structural and
functional damage of mitochondria play a very important
role in accelerating hepatocyte aging and apoptosis induced
by ethanol.
Mitochondria PTP opening influenced by ethanol
In recent years, the knowledge of apoptosis has shifted
g radually from the mode of nucleolus-central to
mitochondria-central adjustment[2]. In apoptosis, the basic
change in mitochondria is mitochondrial permeability
transition (MPT) and decreased transmembrane potential
and other transformation of apoptosis, leading finally to
cell apoptosis.
PTP is a nonselective passage with a high conductance
which stretches across the outer and inner membrane
of mitochondria. Physiologically, the diameter of PPT is
0.2-0.3 µm, large enough to allow micromolecule solute
to pass[3]. By the effect of Ca2+, ADP, ATP and so on,
PTP switches alternately. This condition may play a role in
material exchange between mitochondria and cytoplasm.
But pathologically, the opening diameter is obviously large
(1.8-2.6 µm) so that the solute smaller than 1.5 kDa can
pass through PPT to the cytoplasm, causing mitochondrial
swelling and transmembrane potential disappearance [4].
PTP opening has a self-enlarging phenomenon that after
reveiving the death signal, can perform positive feedback in
the same cell. It means that once PTP maintains opening,
it will no longer depend on the previous stimulant signal,
and the cell will die irreversibly. Our experiment indicated
that long-term alcohol abuse of ethanol can make PTP
open, the mechanism is possibly because in hepatocytes,
anti-oxidation materials such as materials containing
sulfydryl are reduced, and/or lipid peroxidation intensifies,
causing injury to the mitochondrial membrane. Thus, the
permeability of the membrane increases, mitochondria
swell, and finally the mitochondria are injured.
Relationship between ethanol and mitochondria
transmembrane potential
The permeability of the mitochondrial outer membrane is
comparatively large, material smaller than 15 kDa can pass
through it freely, so substances of the outer compartment
of the mitochondria are similar to cytoplasm. The
permeability of the mitochondrial inner membrane is
small enough to allow the solute smaller than 1.5 kDa
to pass through. Oxadative phosphorylation to supply
energy takes place in mitochondria. In this process, energy
produced by the tricarboxylic acid cycle is transmitted to
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electrons, which shuttles along respiratory enzymes of
the inner mitochondrial membrane, thus manifesting the
generation of ATP. The proton pump is localized on the
inner membrane, it pumps protons from groundmass to
the intermembrane in order to form the transmembrane
potential between outer and inner membrane of the
mitochondria Δψ m [5]. When protons return, they pass
energy to ADP and Pi to generate ATP. So Δψm plays
a crucial role in keeping the function of mitochondria.
Further studies of apoptosis indicate that there is
mitochondrial polarization and Δψm disruption in injured
cells induced by apoptosis repulsion, moreover these
changes take place before alteration due to apoptosis in
cells. All of these indicate that Δψm alteration is the early
stage of apoptosis[6].
In our experiment, we measured mitochondrial
transmembrane potential (Δψm) changes during culture
using Rhodamine123 (specific fluorescence mark)
staining and flow cytometry. Results reveal that long-term
alcohol consumption can cause transmembrane potential
significantly lower than the control group, indicating that
mitochondrial depolarization and Δψm alteration must be
an early-onset, and even a crucial event in the cell death
induced by ethanol.
Mechanism of mitochondrial quality degression induced
by ethanol
The mitochondrial quality is the amount of all the intracellular mitochondria and their content, and it is an
important index of mitochondrial injury. Nonyl-Acridine
Orange (NAO) is fluorescent can bind specifically
to unoxidizable phospholipids. The inner membrane
of mitochondria, and the fluorescence intensity is
proportional to the quality of phospholipids in the
mitochondrial inner membrane [7]. In our experiment,
we used NAO flow cytometry to measure the quality of
ALD mitochondria. The biological values are to show
the quantity of mitochondria with normal respiratory
efficiency, and to indicate the degree of injury to the
mitochondria. The results show that mitochondrial quality
of the model group is obviously lower than that of the
control group. This indicates that in the process of ALD,
the mitochondrial quality is lowered.
Effect of Ca2+ in hepatocyte apoptosis and ALD injury
Physiologically, hepatocytes are surrounded with a high
concentration of Ca2+, and the concentration difference
between outer and inner cell is 3-4 orders of magnitudes.
Distribution of Ca2+ is uneven intracellularly, the content
of Ca 2+ is higher in mitochondria and endoplasmic
reticulum than in cytoplasm and caryon[8]. Such a concentration gradient between organelle and cytoplasm is a
precondition that Ca2+ can be an intracellular messenger.
Slow accumulation of Ca2+ in mitochondria causes over-
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loading of Ca 2+ so as to make PTP open, leading to a
prompt decrease of the membrane potential ( Δψ m),
swelling of mitochondria, and finally apoptosis[9].
In our study, we found that the Ca2+ level of the model
group is significantly higher than that of the control group.
It indicates that Ca2+ plays an important role in the process
of ALD. The Ca 2+ signal may induce mitochondrial
damage through several possible ways as follows: (1) the
elevation of Ca2+ density in hepatocytes makes PTP open,
causing Ca2+ to transfer from cytoplasm to mitochondria.
This damage is reversible; (2) the over-loading of Ca2+ in
mitochondria maintains PTP open, leading to a decrease
of Δψm, swelling of mitochondria, and finally apoptosis.
So our study indicats that the Ca2+ signal transduction
system plays an crucial role in the pathogenesis of ALD.
In summary, our study demonstrates that in the
process of hepatocyte injur y, ethanol metabolism
induce mitochondrial membrane depolarization and
permeability changes in cultured hepatocytes. It indicates
that mitochondrial damage must be of pathophysiological
importance in the process of ALD. The pathway is
possibly Ca2+ transferring from cytoplasm to mitochondria,
increasing mitochondrial per meability, decreasing
mitochondrial membrane potential, finally leading to
hepatocyte injury.
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Abstract
AIM: To investigate the features of various bloodborne virus infections and co-infection in intravenous
drug users (IDUs), and to examine the correlation of T
lymphocyte subsets with virus co-infection.
METHODS: Four hundred and six IDUs without any
clinical manifestation of hepatitis and 102 healthy
persons were enrolled in this study. HBV-DNA and
HCV-RNA were detected by fluorescence quantitative
PCR. HBsAg, HBeAg, anti-HBc, anti-HCV, HDV-Ag,
anti-HGV, anti-HIV, and HCMV-IgM were assayed by
enzyme-linked immunosorbent assay (ELISA) and
immunochromatographic tests. The levels of Th1 and
Th2 cytokines were measured by ELISA and radioactive
immune assay (RIA). The T lymphocyte subpopulation
was detected by using fluorescence immunoassay. The
similar indices taken from the healthy persons served as
controls.
RESULTS: The viral infection rate among IDUs was
36.45% for HBV, 69.7% for HCV, 47.3% for HIV, 2.22%
for HDV, 1.97% for HGV, and 3.45% for HCMV. The coinfection rate of blood-borne virus was detected in 255
of 406 (62.81%) IDUs. More than 80% (161/192) of
subjects infected with HIV were co-infected with the
other viruses, such as HBV, HCV. In contrast, among
the controls, the infection rate was 17.65% for HBV
and 0% for the other viruses. Our investigation showed
that there was a profound decrease in the proportion of
CD4/CD8 and the percentage of CD3 and CD4, but not
in the percentage of CD8. The levels of PHA-induced
cytokines (IFN-γ and IL-4) and serum IL-2 were obviously
decreased in IDUs. On the other hand, the level of

serum IL-4 was increased. The level of IFN-γ and the
percentage of CD4 were continuously decreased when
the IDUs were infected with HIV or HIV co-infection.
IDUs with HIV and HBV co-infection was 15.1% (29/192).
Of those 29 IDU with HIV and HBV co-infection, 51.72%
(15/29) and 37.93% (11/29) were HBV-DNA-positive and
HBeAg-positive, respectively. But, among IDUs without
HIV infection, only 1.68% (2/119) of cases were HBVDNA-positive.
CONCLUSION: HCV, HBV and HIV infections are
common in this population of IDU, leading to a high
incidence of impaired Th1 cytokine levels and CD4
lymphocyte. IDUs with HIV and HBV/HCV co-infection
have lower expression of Th1 cytokine with enhancement
of the Th2 response. HIV may be causing HBV replication
by decreasing Th1 function.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Opioids addiction exists throughout the world and is a
major global public health and social problem. Intravenous
drug users (IDUs) represent a special subgroup of the
population who often share contaminated needles for
intravenous drug injection. Opiate use is known to alter
cell-mediated immunity and humoral immunity, and
impairs the activity of natural killer cells. Therefore, the
drugs injected into the body, by modulating the immune
response, may lead to immune tolerance to pathogens
and entry of the pathogens into the host [1] . In IDU,
an adequate level of information on the interaction of
blood-borne virus co-infection and the alteration of T
lymphocyte subsets has not been available so far, although
a few epidemiological studies and immune function studies
have reported in addicts in China. In the present study, we
conducted the epidemiological survey of HBV, HCV, HIV,
www.wjgnet.com
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and HGV and examined the association of the virus coinfection with Th lymphocyte response in IDU.

MATERIALS AND METHODS
Study population
In this study, 508 serum samples, including samples from
406 IDUs (heroin addicts, 383 males and 23 females, mean
age 32.4 years, range 17-61 years) who had a history of
drug use (0.1-0.5 g/d) for 1-18 years and 102 controls (64
males and 38 females; mean age 30.5 years, range 18-58
years) in Southwestern China, were examined. All subjects
had no clinical manifestation of hepatitis. One hundred
and ninety-nine cases had shared needles with other drug
users. Informed consent for inclusion in this study was
obtained from each individual. The blood samples were
collected from 2002 to 2003 and sera were stored at -40℃
or below until use.
Viral marker detection
Samples were detected for markers of virus infection
(HBsAg, HBeAg, anti-HBc, anti-HCV, HDV-Ag, antiHGV and HCMV-IgM) by enzyme-linked immunosorbent
assay kit (ELISA, Kehua and Bosai, China). Ser um
samples were also tested for HCV-RNA and HBV-DNA
by fluorescence quantitative polymerase chain reaction
(FQ-PCR Technologies, China). Samples were detected for
HIV1/HIV2 infection markers by immunochromatographic
test kits (Abbott, USA).
Assay for PHA-induced cytokines and serum cytokines
Peripheral blood mononuclear cells (PBMCs) were isolated
from 3 mL of fresh heparinized blood samples obtained
from each subject by Ficoll centrifugation. The PBMCs
were suspended in RPMI 1640 (PHA-M added to 20
6
μg/mL) and were placed in culture plates at 1 × 10 cells
per well for proliferation and cytokine assays. Supernatants
were removed after 60-h incubation to determine IFN-γ
and IL-4. The levels of IFN-γ and IL-4 were determined
by commercial ELISA kit (ELISA, Jingmei, Guangzhou).
The serum levels of IL-2 and IL-4 were determined
by radioactive immune assay (RIA, 3V Co., China). All
commercial kits were used following the manufacturer’s
instructions.
Assay for T lymphocyte subsets
T lymphocyte subsets were detected by means of fluorescence immunoassay. CD-specific mAb and FTTC-conjugated goat anti-mouse IgG were purchased from Huamei
Biotechnical Company of Zhengzhou, China.
Statistical analysis
The results were analyzed by using Student’s t-test and
Chi-square test, as appropriate. P < 0.05 was considered
statistically significant.

RESULTS
Prevalence and co-infection of blood-borne viruses
Among 406 IDUs, 283 (69.7%) were anti-HCV-positive;
www.wjgnet.com
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among these 283 anti-HCV-positive cases, 55 (19.43%)
were positive for HCV-RNA (2.98 × 10 5 - 2.25 × 10 8
copies/L). Of 406 IDUs, 148 (36.45%) suffered from
HBV infection (anti-HBc-positive); of these 148 cases, 12
(8.11%) and 17 (11.49%) had detectable serum HBeAg and
HBV-DNA (4.59 × 106 - 5 × 1010 copies/L), respectively.
Out of 406 IDUs, 192 (47.3%) suffered from HIV
infection (anti-HIV-1/2-positive). The rate of HDV, HGV
and HCMV seroprevalence was lower than that of HCV/
HIV/HBV. The rate of virus co-infection was very high
(62.81%, 255/406). In IDUs without infection markers,
serum HCV-RNA or HBV-DNA could not be detected.
Anti-HCV was not associated with HCV-RNA. Bloodborne virus seropositivity among IDUs was associated
with needle sharing. Among 102 controls, HBV infection
rate was 17.65%, but no other blood-borne viruses were
detected (Table 1).
Cytokine levels and T lymphocyte subsets
The percentage of CD3/CD4 and the proportion of
CD4/CD8 were obviously lower in IDUs (HIV-negative)
than in healthy controls (P < 0.01). The levels of PHAinduced IFN- γ and IL-4 were lower in IDUs than in
healthy controls. The level of serum IL-2 was lower, but
IL-4 was higher (Table 2).
Co-infection of HIV and HBV
IDUs with HIV and HBV co-infection were 15.1% (29/192).
Twenty-four (5.91%) patients were HBsAg-positive and
12 of these (50%) had detectable HBeAg as a marker
for HBV replication. Serum HBV-DNA was detected in
17 of the 24 HBsAg-positive patients (70.83%), with a
mean concentration of 4.59 × 106 - 5 × 1010 copies/L.
Serological markers of HBV infection in all IDUs
according to the relation to HIV-infection are shown in
Table 3. Among 29 IDUs with HIV-infection, 15 (51.72%)
were HBV-DNA-positive and 11 (37.93%) were HBeAgpositive. But, among IDUs without HIV infection, only
1.68% (2/119) cases were HBV-DNA-positive.
Co-infection and T lymphocyte subsets
Among 192 subjects with HIV infections, 29 (15.1%)
and 154 (80.21%) were co-infected with HBV and HCV,
respectively. In IDUs, HIV infection and co-existence of
HBV/HCV infection were related to the decreased level
of PHA-induced IFN-γ and CD3/CD4 percentage. But
higher virus load was not correlated with lower IFN-γ
level. Serum cytokines showed no significant difference
between HIV-infected IDUs and not-HIV-infected
IDUs. The IFN-γ level and CD4 percentage showed no
significant difference between virus gene-positive IDUs
and virus gene-negative IDUs (Tables 4 and 5).

DISCUSSION
Drug abuse has spread quickly since reemerging as a
national problem in the world in the late 1970s. Addiction
spread like a plague, especially heroin abuse. One major
drug-related problem is the spread of HIV and HCV,
causing a major social and economic damage in many
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Table 1 Prevalence of HBV, HCV, HIV, HDV, HGV and HCMV in IDU and controls
Group
IDU
Control

HBsAg
24 (5.91)a
1 (0.98)

Anti-HBc
148 (36.45)b
18 (17.65)

HBeAg
12 (3.96)
2 (1.96)

Anti-HCV
283 (69.7)b
0 (0)

Anti-HIV
192 (47.3)b
0 (0)

HDV-Ag
9 (2.22)
0 (0)

Anti-HGV
8 (1.97)
0 (0)

HCMV-IgM
14 (3.45)
0 (0)

a

P < 0.05, bP < 0.01 vs control.

Table 2 CD percentages and cytokine level in IDU and controls (mean ± SD )
Group
IDU
Control

n
214
102

CD3 (%)

CD4 (%)
b

57.96 ± 4.42
66.50 ± 9.42

CD8 (%)
b

41.63 ± 4.0
44.90 ± 8.56

29.19 ± 2.67
30.10 ± 6.89

PHA-induced cytokine
IFN-γ (ng/L)
286.9 ± 45.79b
785.3 ± 213

PHA-induced cytokine
IL-4 (ng/L)
20.86 ± 1.54a
28.90 ± 10.8

Serum cytokine
IL-2 (μg/L)
1.74 ± 1.34b
3.80 ± 1.59

Serum cytokine
IL-4 (μg/L)
9.36 ± 5.48b
0.78 ± 0.33

a

P < 0.05, bP < 0.01 vs control.

Table 3 Correlation of HBV activity and HIV infection
Group
HIV-positive
HIV-negative
b

b

HBV-DNA-positive
15
2

HBV-DNA-negative
14
117

HBeAg-positive
11
1

b

HBeAg-negative
18
118

HBsAg-positive
17
7

b

HBsAg-negative
12
112

P < 0.01 vs HIV-negative.

Table 4 CD percentages and cytokine level in IDU with HIV and HBV co-infection (mean ± SD)
Group
Negative1
HBV infection
HIV infection
HIV+HBV-DNAHIV+HBV-DNA+

n
40
29
27
30
15

CD3 (%)
56.80 ± 4.42
58.85 ± 4.13
54.27 ± 4.23b
53.95 ± 3.77b
53.68 ± 4.41a

CD4 (%)
41.90 ± 4.16
41.57 ± 4.21
39.49 ± 3.47a
39.36 ± 2.86b
39.22 ± 3.53a

CD8 (%)
29.08 ± 2.85
29.16 ± 2.65
28.98 ± 3.11
28.91 ± 2.35
28.67 ± 3.14

CD4/CD8
1.44 ± 0.13
1.43 ± 0.14
1.36 ± 0.15b
1.36 ± 0.13b
1.37 ± 0.15b

IFN-γ (ng/L)
288.01 ± 40.03
289.82 ± 42.56
265.43 ± 38.71a
263.57 ± 43.65a
262.83 ± 38.74a

IL-4 (ng/L)
20.76 ± 1.87
20.94 ± 1.33
20.23 ± 1.34
20.84 ± 1.56
20.61 ± 1.49

IFN-γ (ng/L)
288.01 ± 40.03
282.86 ± 54.77
265.43 ± 38.71a
261.59 ± 43.68a
263.57 ± 43.65a

IL-4 (ng/L)
20.76 ± 1.87
20.88 ± 1.42
20.23 ± 1.34
20.46 ± 1.38
20.84 ± 1.56

a

P < 0.05, bP < 0.01 vs negative cases. 1Viral infection markers were not discovered in IDU.

Table 5 CD percentages and cytokine level in IDU with HIV and HCV co-infection (mean ± SD)
Group
Negative1
HCV infection
HIV infection
HIV+HCV-RNAHIV+HCV-RNA+

n
40
45
27
40
25

CD3 (%)
56.80 ± 4.42
58.23 ± 4.70
54.27 ± 4.23b
54.02 ± 3.66b
53.82 ± 3.15b

CD4 (%)
41.9 ± 4.16
41.42 ± 3.65
39.49 ± 3.47a
39.29 ± 2.91b
39.51 ± 2.91*

CD8 (%)
29.08 ± 2.85
29.33 ± 2.52
28.98 ± 3.11
28.81 ± 2.42
28.58 ± 2.53

CD4/CD8
1.44 ± 0.13
1.41 ± 0.12
1.36 ± 0.15b
1.36 ± 0.13b
1.38 ± 0.13b

a

P < 0.05, bP < 0.01 vs negative cases. 1Viral infection markers were not discovered in IDU.

countries. Opioids use is known to alter the function of
immune system, incretion system, and nervous system.
IDUs represent a special subgroup of the population who
often share contaminated needles for intravenous drugs
injection. The rate of blood-borne pathogens infection
in IDUs was considerably higher than in the non-IDU
population. Repeated co-infection with different viruses
probably is common in IDU [1]. HBV, HCV, HIV and
HGV share transmission routes. The viruses enter the
host by drug use through injection and blood transfusion.
Drug abuse has led to many problems, in particular HIV/

AIDS, HCV and sexual transmission diseases in China.
Heroin addicts have an increased susceptibility to a variety
of infectious diseases, and alterations in a wide variety
of immune parameters also have been reported among
them[2].
Our data showed that the viral infection rates among
IDUs were 36.45% for HBV, 69.7% for HCV, 47.3% for
HIV, 2.22% for HDV, 1.97% for HGV, and 3.45% for
HCMV. In contrast, among the controls, the infection rates
were 17.65 % for HBV and 0% for the other viruses. A
higher percentage (69.7%/47.3%) of HCV/HIV infection
www.wjgnet.com
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was observed. Only 45 (11.08%) of the subjects had no
blood-borne virus infection, whereas 361 (88.92%) were
infected with one or more than one viruses. These results
are in agreement with the findings reported recently[3].
Specific antiviral immunity includes two effectors
mechanisms: cellular immune response and humoral
immune responses. In general, effectors CD4 and CD8 T
cell responses subside as the virus infection is resolved,
but antibody production can last for several months to
years. Viruses are small, obligate intracellular parasites
which cause infection by invading cells of the body
and replication within them. Cell-mediated immune
response plays a very important role in the resistance and
prophylaxis in viral infection. In IDU, a profound decrease
in the proportion of CD4/CD8 and the percentage of
CD3 and CD4, but not in the percentage of CD8 has
been observed. The present study also confirmed the
observation of other scholars that drug abuse suppresses
immune function and disturbs T lymphocyte regulation.
Other studies also suggested that morphine attenuated
the mitogen-induced lymphocyte proliferation in a dosedependent manner. In addition, morphine inhibited
proliferation of PHA-IL-2 activation of naive mice
thymocytes in a dose-dependent manner in vitr o [4] .
Morphine-mediated effects on the immune system operate
through central processes[5]. Opiates behave like cytokines,
modulating the immune response by interaction with
their receptors in the central nervous system and in the
periphery. Potential mechanisms by which central opiates
modulate peripheral immune functions may involve both
the hypothalamic-pituitary-adrenal (HPA) axis and the
autonomic nervous system. The HPA axis is necessarily
involved in all opioid-mediated immunosuppressive effects.
There are opioid receptors on cells of the immune system.
These results provide evidence for the local and systemic
activity of opioids on immunocompetence and immune
homeostasis[6].
CD4+ Th lymphocyte plays an important role in the
immune response against intracellular viral, bacterial, and
parasitic pathogens. It is known that the subsets of Th
cell could be distinguished by the pattern of cytokine
co-expression. Th1 cells produce IFN- γ , TNF- β and
IL-2, and Th2 cells produce IL-4, IL-5 and IL-10. IFN-γ
and IL-2 are cytokines that play important roles in the
development of CD4+/CD8+ lymphocyte activity and
cellular immune response, such as enhancing activities
of cytotoxic T lymphocytes (CTL), NK and Th1. IL-4
inhibited the production of Th1 cells, modulated humoral
immunity, and resulted in immune pathologic diseases[7,8].
The advances in the knowledge on Th1 and Th2 cells
revealed that Th1 cells produce cytokines that stimulate
the proliferation of CTL. Th2 cells produce cytokines
that are responsible for the activation of the humoral
immune response in healthy people. The Th1 and Th2
subtypes are stable and represent significant function
differences between two sets of Th cells. Clerici and
Shearer[9] presented a hypothesis, “the Th1 → Th2 switch
hypothesis”, whereby Th1 cell activity declines and Th2
activity increases in HIV-infected people.
Our investigation showed that the levels of PHAinduced IFN- γ , IL-4 and serum IL-2 were obviously
www.wjgnet.com
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decreased in IDUs, but the levels of serum IL-4 were
increased (P < 0.01). IDUs have the imbalance of Th1 and
Th2. Virus entry into blood might also be facilitated due
to the dysfunction of the T lymphocyte subpopulation
in IDU. Conflicting results, both decreased induced-IL-4
and increased serum IL-4, have been detected concerning
the altered immune function in IDUs. There are other
pathogens (parasites, fungi, viruses) infections, and
modulation of surface markers on T cells[10,11]. Divaricating
results, in part, may be due to the specific mechanisms
responsible for opiate-induced changes in the immune
system being undefined.
The prevalence of HBV in patients infected with
HCV is common in chronic hepatitis, hepatocirrhosis
and hepatocellular carcinoma[12]. According to different
routes of transmission, 10%-15% of the HBV-infected
patients presented with detectable antibodies against
hepatitis C. Among 406 IDUs, HBV/HCV co-infection
rate was 27.83% (113/406). There are reports on the
changes of viral behavior and accelerated progression
to more advanced liver disease after the co-infection of
several viruses in IDU, but there is good understanding
of the critical roles of these viruses, of whether the
phenomenon of interference among viruses exists, and
of how to evaluate the pathogenesis of the viruses.
Gilson et al[13] believed that the co-infection of HCV and
HBV could increase the expression of anti-HBs and
DNA polymerase. They proposed that co-infection of
both HCV and HBV in IDU might augment the level
of HBV replication and aggravate the damage to the
liver. But our reports concerning co-infection of HCV
and HBV yielded different results and no significant
correlation was observed between HBV-DNA and HCV
infection. The discrepancy might be due to the small
number of our samples (17 HBV-DNA-positive cases).
We can hypothesize that this may be important in the
presence of an additional infection of the body with,
for example, parasite or fungi infection[10]. However, part
of the difference was likely due to the immune system
dysfunction.
Heroin abusers are a high-risk group for the
development of HIV, HCV and HBV infection. According
to different routes of transmission, 64%-77% of the
HIV-infected patients present with detectable antibodies
against hepatitis C and 10%-21% are positive for anti-HBc
antibodies[14]. Co-infection with HIV and hepatotropic
viruses causes complex interactions. The results from our
study indicate that more than 80% (161/192) of subjects
infected with HIV were co-infected with HBV/HCV
(15.1% with HBV, and 80.21% with HCV). Chung et al[15]
reported the prevalence of chronic HBV infection varies
between the risk groups for transmission of HIV (21% for
homosexuals, 14% for heterosexuals, 7% for drug addicts,
and 14% for hemophiliacs). HIV-induced impairment of
the cell-mediated immunity causes higher replication of
hepatotropic viruses. Additionally, HBV leads to enhanced
transcription of HIV through an NF-κB element in the
long terminal repeat of HIV[16]. Our data showed that
among 29 IDUs with HIV-infection, 51.72% (15/29)
were HBV-DNA-positive and 37.93% (11/29) were
HBeAg-positive, whereas only 1.68% (2/119) of the IDU
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without HIV infection were HBV-DNA-positive. These
observations confirm previous reports of increased viral
replication of hepatotropic virus in immunocompromised
patients.
The prevalence of hepatitis C in HIV-infected patients
is strongly related to the parenteral route of infection,
and therefore drug addicts present the highest rate of coinfection. The problem of co-infection of HCV and HIV
will become more relevant. The permanent state of chronic
immu-ne dysfunction related to the persistent hepatitis C
virus favors transcription of HIV in infected cells and causes
a more rapid destruction of Th lymphocytes. HIV-induced
impairment of the cell-mediated immunity causes higher
HCV replication. Recent studies have shown significantly
higher HCV-RNA levels in HIV-positive patients than
in HIV-negative controls[17,18]. In contrast, no correlation
between anti-HIV and HCV-RNA was observed in our
study. We can hypothesize that this may be asymptomatic,
additional co-infection and immune status of IDU.
Bias in cytokine responses has been proposed as a
contributing mechanism to pathogenesis in persistent
HIV or HCV infections. Lee’s et al[19] demonstrated that
HCV and HIV co-infection affected cytokine mRNA
levels in PBMC, but did not shift the Th1/Th2 balance.
Rodrigues et al[20] suggested the balance favorable to Th2
was associated with the presence of HIV and parasite coinfection. Eyster et al[21] showed, in a group of hemophiliacs,
a negative correlation between CD4 count and HCV-RNA
levels. In the IDUs studied here, reduced CD4 percentage
and induced-IFN-γ in the HIV as well as in the HIV coinfection group were associated with a significantly reduced Th1 function compared to the negative group. But
a reduced Th1 function in the HIV as well as in the HIV
co-infection group was not associated with HBV-DNA/
HCV-RNA. Becker[22] suggested that asymptomatic HIV
co-infection importantly alters the HCV-specific cytokine
response towards a greater production of pro-inflammatory
type 1 cytokines. Moreover, the antiviral activity of type 1
cytokines may be modified by an increased production of
type 2 cytokines in the CD30 subset. The altered cytokine
pattern may contribute to the adverse natural course of
hepatitis C in HIV co-infection. Therefore, in IDUs, the
balance of Th lymphocyte subsets was upset, and this was
especially true for HIV infection and co-infection.
In conclusion, our study demonstrates that the prevalence of HCV, HIV and HBV infection and co-infection
is high in IDU. The infection inversely accelerates the
disturbance of Th function. IDUs with HIV and HBV/
HCV co-infection have lower expression of Th1 cytokine
without enhancement of the Th2 response. HIV infection
leads to a high incidence of impaired Th1 cytokine levels.
Larger trials are needed to study appropriate prevention
and treatment strategies. Blood-borne virus prevention
schemes include blood bank safety programmes, and immunization of high-risk groups.
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Abstract
AIM: To investigate the expression of selenoprotein
P mRNA (SePmRNA) in tissues of normal liver, liver
cirrhosis and hepatocellular carcinoma (HCC), and its
relationship with HCC occurrence and development.
METHODS: The expression of SePmRNA in tissues of
normal liver, liver cirrhosis and HCC were detected by
in situ hybridization using a cDNA probe.
RESULTS: The enzyme digesting products of PBluescriptHuman Selenoprotein P
were evaluated by electrophoresis. The
positive expression of SePmRNA was found in the tissues
of normal liver, liver cirrhosis and HCC. The expression
of SeP mRNA was found in hepatic interstitial substance,
especially in endothelial cells and lymphocytes of
vasculature. The positive rate of SePmRNA in normal
liver tissue was 84.6% (11/13) and the positive signals
appeared in the nucleus and cytoplasm, mostly in the
nucleolus, and the staining granules were larger in the
nucleolus and around the nucleus. The positive rate
of SePmRNA in liver cirrhosis tissue was 45.0% (9/20)
and the positive signals were mainly in the nucleolus
and cytoplasm, being less around the nucleus and inner
nucleus than that in normal liver tissue. The positive rate
of SePmRNA in HCC tissue was 30.0% (9/30) and the
positive signals were in the cytoplasm, but less in the
nucleus.
CONCLUSION: SePmRNA expression in the tissues of
normal liver and HCC is significantly different (84.6% vs
30.0%, P = 0.003), suggesting that SeP might play a
role in the occurrence and development of HCC.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
The trace element selenium (Se) is an essential human
nutrient[1]. The relationship between Se and cancers has
attracted attention of scholars. There is strong evidence
that the Se deficiency can result in certain malignant
tumors. It has been proved that the occurrence of some
cancers, such as prostate cancer, colon cancer, lung cancer
and HCC, can be decreased by administration of selenium
as a dietary supplement. Se has been shown to prevent
cancers directly[2,3], especially liver and stomach cancers. It
can resist and relieve the carcinogenesis of the mutagen
and carcinogen. Se also can block the precancerous lesions.
Se plays its biological role as the form of selenoproteins.
Se incorporates into protein in the forms of the rare amino
acids selenocysteine (Sec) and selenomethionine (SeMet)
in vivo. Sec is an active form of Se in selenoproteins
and has impor tant biological functions. The ter m
“selenoprotein” is restricted to the proteins containing Sec.
Selenoprotein P (SeP) is unique in its highest Se content,
it contains 8 or 10 Sec residues in its polypeptide chain[4].
Almost all the tissues contain SeP. In recent years, many
studies have confirmed that SeP is related to various
malignant tumors. Eighteen kinds of selenoproteins
including SeP have been found to have biological
functions. The relationship between SeP and future risk of
cancers has become the hot spot of studies in recent years.
However, the expression of SeP in HCC tissues is rarely
known. For this reason, plasmid PBluescript-Human Selenoprotein P
from Georgia University in America was set into the SeP
cDNA probe to detect the expression of SePmRNA in
the tissues of normal liver, liver cirrhosis and HCC in this
trial, and to investigate the relationship between SeP and
the occurrence and the development of HCC so that to
provide new ideas for the treatment and prevention of
HCC.

MATERIALS AND METHODS
Subjects
Thirty biopsy tissues of HCC patients (18 men and 12
www.wjgnet.com
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women, with a mean age of 56.9 years) including 16
with chronic viral hepatitis and 20 biopsy tissues of
liver cirrhosis patients (12 men and 8 women, with a
mean age of 53.6 years), including 13 with chronic viral
hepatitis, were collected from The First Affiliated Hospital
of the School of Medicine, Xi’an Jiaotong University
from January 1999 to January 2001. All the patients
were pathologically confirmed and none of them had
the history of chemotherapy or radiotherapy. Thirteen
liver tissues of healthy men (with a mean age 49.8 years)
who died accidentally were collected as controls at the
same period. All the specimens were fixed in 40 g/L
formaldehyde, embedded in paraffin, and cut into 3 μm
serial sections. HE staining was done to confirm the
pathological diagnosis once more.
Reagents
Plasmid named PBluescript-Human Selenoprotein P was kindly given
as a present by Georgia University in the USA. It has
6400 base pairs and was resistant to ampicillin. Its host
bacteria JM109 were from Huamei Shengwu Engineering
Company. A small amount of plasmid extraction kit and
gel extraction kit were obtained from Huashun Shengwu
Engineering Company. The restriction endonuclease SacI
and XhoI were purchased from Takara. Digoxin probe
labelling and detection kits were products of Boehringer
Mannheim Company in Germany.
Plasmid conversion and extraction
PBluescript-Human Selenoprotein P was eluted from the membrane with
20 μL pH8.0 Tris-HCl buffer for 30 min. The extraction
solution was added into the JM109 competent cells,
mixed slightly, ice bathed for 30 min, then heat shocked
(42℃) for 90 s, quickly transferred onto ice for 2 min, and
800 μL LB culture medium were added, incubated at 37℃
for 45 min, and centrifugated at 5000 r/min for 5 min. The
deposit and 100 μL supernatant were mixed absolutely,
and spread on the LB agarose plate containing ampicillin
(100 mg/L) at 37℃ overnight. One monoclonal colony
was randomly chosen, put into 5 mL of 10 g/L LB culture
medium containing ampicillin (100 mg/L), and vigorously
shaken (2000 r/min) at 37℃ overnight in an air bath to
make the absorbance (A) value of the liquid to 280. The
cultural product was centrifugated at 12  000 r/min for 30 s
three times to harvest the bacteria. The liquid was added to
extract the plasmid. The procedure for plasmid extraction
was performed according to the instructions of the lowdose plasmid extraction kit from Huashun. The 6 μ L
plasmid was diluted to 600 μL with sterilized pure water to
detect the A value at 260, 280 and 320 nm with pure water
as the control and the ratio of A 260 and A 280 so that
the quantity of the extracted plasmid could be calculated
and the efficiency of the purification could be analyzed.
Plasmid digestion, identification and extraction
PBluescript-Human Selenoprotein P was digested with endonuclease and
evaluated to ensure this trial could proceed smoothly. The
5 μL plasmid of SeP previously extracted was digested
with SacI and XhoI. The reaction system included 5 μL
plasmid, 1 μL SacI, 1 μL XhoI, 2 μL 10 × T buffer, 2 μL
www.wjgnet.com
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10 × BSA buffer and 9 μL sterilized water. The mixture
was incubated at 37℃ for 3h. Finally 10 μ L reaction
mixtures were used for 10 g/L agarose gel electrophoresis
for 45 min. The plasmid that was not digested served
as the control. The standard marker was DL2000 +
15 000 DNA marker. The result was registered by a gel
electrophoresis auto-analysis system. Then 500 μL liquid
containing bacteria was added to 5 mL LB culture medium,
and shaken (160 r/min) overnight in an air bath at 37℃.
When the mixture looked like heavy fog, the plasmid was
extracted according to the above-mentioned method. SacI
and XhoI were used to digest the plasmid. The only
difference was that the reaction mixture was enlarged to
50 μ L. All the reaction mixtures were used for 10 g/
L agarose gel electrophoresis for 45 min. Objective
fragments were cut. Finally, the gel extraction was
performed according to the instructions of the low-dose
gel extraction kit from Huashun. The objective DNA
fragments extracted above were further extracted to wipe
off impurity with phenol and chloroform, and deposited
in ethanol. The deposition was dissolved with 15 μ L
sterilized water. The procedure was performed according
to the methods for molecular biology experiments. The
objective DNA fragments were labeled with a digoxin
probe labelling kit according to the instructions from
Boehringer Mannheim Company in Germany.
In situ hybridization
All the specimens including tissues of HCC, liver cirrhosis,
and normal liver were sectioned into 3-μm slices serially.
The slides were treated with DEPC and polylysine,
dewaxed normally, put in water, and treated with 30 mL/L
H2O2 at room temperature for 10 min to inactivate the
endogenous peroxidase, and with 0.2 mol/L hydrochloric
acid to denature the proteins. Fresh diluted protease K
of 0.01 mol/L was put on the sections at 37℃ and was
kept for 5-15 min, washed with distilled water three times,
and washed again with 2 g/L glycine for 5 min. After a
while, it was washed with PBS for 5 min, fixed with 4 g/L
polymethanel and kept for 30 min, again washed with PBS
for 5 min, dehydrated with low to high gradient alcohol to
the degree of 100%. Then it was washed with DEPC, and
the digoxin labeled probe was boiled in 90-100℃ water and
kept for 10 min to denature the probe. After that, it was
taken out and immediately put into shattered ice and kept
for 10 min. After the sections became dry in the air, 20 μL
in situ hybridization solution containing digoxin-labelling
probe was put onto each sections. After that the protective
membrane was taken off, and a spare in situ hybridized
slide was placed onto the sections, and the hybridization
was continued in a wet box at 42℃ overnight, the sections
were then taken out and washed twice with 2 × SSC in
20-30℃ water for 5 min and with 1 × SSC preheated at
37℃ for 10 min. Then the blocking liquid was put on the
sections and kept at room temperature for 30 min to block
out the nonspecific antigen. After that anti-mouse digoxin
was put on the sections and kept at 42℃ for 2 h, washed
with BufferⅠthree times, each time for 5 min, then washed
with Buffer Ⅲ once for 10 s. NBT was used to show the
color. It was dehydrated with low to high gradient alcohol,
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Figure 1 Gel electrophoresis: PBluescript-Human Selenoprotein P
has 6.4 kb, SeP segment
about 2 kb and plasmid
carrier about 4.4 kb when
digested with SacI and
XhoI.
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made transparent with dimethylbenzene and sealed with
resin. Finally, the results were observed under an Olympus
light microscope. All the equipments and buffers used in
in situ hybridization must be treated with DEPC. In the
negative control, the hybridization solution was replaced
by reserve hybridization solution containing no SeP cDNA
probe. Blue granules in the cytoplasm and/or nucleus were
considered as positive staining.
Statistical analysis
The c2 test and partition of c2 method were performed to
compare the differences among the three groups. All the
data were analyzed with statistical software SPSS10.0 and
P < 0.05 was considered significant.

C

RESULTS
Preparation of DNA fragment
After the low-dose plasmid extraction, the strap of the
PBluescript-Human Selenoprotein P was between 5 kb and 7 kb in gel
electrophoresis. When digesting with SacI and XhoI, two
straps could be found in gel electrophoresis, one was the
strap of the SeP segment about 2 kb, the other was the
strap of the plasmid carrier about 4.4 kb. All the results
were consistent with the expected values (Figure 1).
Results of in situ hybridization
The positive expression of SePmRNA could be found in
tissues of normal liver, liver cirrhosis and HCC. In normal
liver tissues, the positive signals were found mainly in the
nucleus and cytoplasm, most significantly in the nucleolus,
and the stained granules were large in the nucleolus and
around the nucleus (Figure 2A). In the tissues of liver
cirrhosis, the positive signals were found mainly in the
nucleolus and cytoplasm, but less around the nucleus and
inner nucleus than that in normal liver tissues (Figure 2B).
In HCC tissues the positive signals were in the cytoplasm,
but less in the nucleus (Figure 2C). SePmRNA expression
could be observed in all 3 kinds of liver tissues, mainly in
vascular endothelial cells and lymphocytes of vasculature
(Figure 2D). Blue granules in the cytoplasm and/or
nucleus were regarded as positive. Negative controls
showed negative expression, and there was no blue granule
in either the cytoplasm or nucleus. The positive rate of
SePmRNA expression in tissues of normal liver, liver
cirrhosis and HCC were 84.6% (11/13), 45.0% (9/20) and

D

Figure 2 SePmRNA expressions in liver tissues. A: In normal liver tissues, the
positive signals were in nucleus and cytoplasm, mostly in nucleolus, and the
stained granules are large in nucleolus and around nucleus (ISH × 400); B: In liver
cirrhosis tissues, the positive signals were mainly in nucleolus and cytoplasma,
and the signals around nucleus and inner nucleus were less than in normal liver
tissues (ISH × 400); C: In HCC tissues, the positive signals were in the cytoplasm,
but less in nucleus. (ISH × 400); D: In hepatic interstitial substance, the positive
signals were in the matrix, mainly in vascular endothelial cells and lymphocytes of
vasculature (ISH × 400).

30.0% (9/30) respectively. SePmRNA expression in the
tissues above had significant difference (corrected c2 =
www.wjgnet.com

2366

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

Table 1 SePmRNA expression in liver tissues
Liver tissue

n

Normal liver
Liver cirrhosis
HCC

13
20
30

SePmRNA expression
(+)
(-)
11
9
9

2
11
21

Positive rate (%)
84.6
45
30.0a

P = 0.004, corrected c2 = 10.903 among three tissues; aP = 0.003, corrected c2 =
8.790 vs normal liver.

10.903, P = 0.004; Table1). Further analysis showed that
SePmRNA expression in the tissues of normal liver and
HCC had significant difference (84.6% vs 30.0%, corrected
2
c = 8.790, P = 0.003; Table 1). There was no significant
difference in SePmRNA expression in the tissues between
normal liver and liver cirrhosis (84.6% vs 45.0%, corrected
2
c = 3.653, P = 0.056; Table 1), and significant difference
between HCC and liver cirrhosis (30.0% vs 45.0%,
corrected c2 = 0.611, P = 0.434; Table 1).

DISCUSSION
Liver cancer is one of the most common cancers in
China[5]. It seriously endangers the people’s health. There
have been a number of studies on liver cancer, but there
is no great breakthrough. The molecular mechanism of
the occurrence and development of liver cancer is still
unknown. A number of epidemiological studies, animal
model systems and interventional trials have found that a
low dietary intake of Se is related to an increased risk of
liver cancer. There was inverse association between plasma
Se levels and the risk of HCC. Buljevac et al found that
the mean Se levels were significantly lower in the HCC
and liver cirrhosis cases than in the controls (p < 0.01).
Another study examined the association between plasma
Se levels and the risk of HCC among chronic carriers of
hepatitis B and/or C virus in a cohort of 7342 men in
Taiwan. Mean Se levels were significantly lower in HCC
cases than in the HBsAg-positive controls (p = 0.01).
Adjusted odds ratios of HCC for subjects in increasing
quintiles of plasma Se were 1.00, 0.52, 0.32, 0.19, and
0.62, respectively[6]. Many scholars analyzed the plasma Se
levels of people in Qidong County, Jiangsu Province of
China, where the incidence of HCC is highest in China.
They found the inverse relation between plasma Se levels
and the epidemic of HCC. A dietary supplement of Se
could reduce the incidence of HBV infection by 77.2%
and the precancerous lesions by 75.8%. An interventional
trail on 130 471 people with Se refined salt was made.
After a follow-up of 8 years, the incidence of HCC was
found reduced by 35.1% in the treatment group. But after
stopping the dietary supplement of Se, the incidence
would increase to the level of the placebo group. Young et
al[7] compared 226 kinds of epidemiological risk factors of
cancers, and concluded that Se supplement might reduce
the incidence of HCC[7]. Basic research indicated that Se
could selectively restrain and kill the HCC cells in vitro, but
had no influence on normal hepatocytes. Recent research
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has proven in human supplementation trials that Se should
be safe as SeMet supplementation but not as selenite[8].
Se is present in known human selenoproteins as the
amino acid Sec [9]. Sec represents the 21st amino acid and is
encoded by the UGA triplet in selenoprotein mRNA[10,11].
SeP is the quantitatively most important selenoprotein
in both rat and human plasma as it contains more than
50% of the total amount of plasma Se[4]. So there has
been great interest in the relationship between SeP and
HCC. SeP was first published in 1977, and many kinds
of cells could secrete SeP[12]. The SeP synthesized by the
liver is secreted into plasma[13,14]. It is also produced by the
astroglia, cerebellum granular cells and striated myocytes.
SeP is a kind of extracellular glycoprotein. The gene of
SeP has been cloned and sequenced[15]. In human plasma,
the SeP concentration is dependent on the dietary Se
status, cytokines[16], and is related to the risk of cancers.
Although studies on the mechanism showed that
Se suppresses tumors the research is few in cellular and
molecular levels. To get a better understanding of the
mechanism by which Se suppressed tumors, we chose
the newly found selenoprotein SeP to investigate its
relationship with HCC and the function of this protein
so as to provide new thoughts in the treatment of liver
cancer. Our experiment showed that there was positive
expression of SePmRNA in tissues of normal liver, liver
cirrhosis and HCC with positive rates of 84.6% (11/13),
45.0% (9/20) and 30.0% (9/30), respectively the difference
being significant (P < 0.05).
The premorbid level of SeP in plasma from patients
with cancer at different sites was compared by PerssonMoschos et al[17] with that from control subjects in a nested
case-control study. A total of 12 500 middle-aged men
was screened from 1974-1982 in Malmo, Sweden, and 400
cancer cases were identified during follow-up until the
end of 1988, and 302 plasma samples were available for
analysis of SeP. Two living controls per case of the same
screening day and age were chosen. The odds ratio for
overall cancer risk in the lowest quintile of SeP level was 5.2
compared with that in the highest (p = 0.01). In subgroups
of patients with digestive tract cancers, the odds ratios for
cancer risk in the lowest group was 3.4 compared with the
highest (p = 0.02). The selenoprotein levels in all cancer
cases were higher than that in controls in this study. Mork
et al[18] have analyzed the mRNA and protein expression,
and enzyme activity of SeP of a matched pairs of biopsies
of colorectal adenoma and adjacent normal mucosa from
11 patients. All colorectal adenomas revealed a marked
reduction of SeP mRNA, protein and enzyme activity
compared with adjacent tissues. Many other studies have
proven this result later[19]. Calvo et al[20] found the downregulation of SeP during the progression of prostate
cancer. All these results were consistent with our results.
SePmRNA expression could be observed in all 3 kinds
of liver tissues, mainly in vascular endothelial cells and
lymphocytes of vasculature. This finding was in agreement
with the previous reports that SeP was expressed in
the vessel endothelial cells. Previous research using
immunohistochemistry proved SeP was mainly in vessel
endothelial cells in mouse liver, kidney and brain. As SeP
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can combine with biomembrane, interstitial substance
might be its target. It was presumed that some fragments
of SeP might promote its combination with carbohydrate
on cell surface and in interstitial substance.
The positive expression of SePmRNA could be found
in tissues of HCC, liver cirrhosis and normal liver. In
normal liver tissues, the positive signals were found in the
nucleus, mostly in the nucleolus and around the nucleus.
In liver cirrhosis tissues, the positive signals were mainly
in the nucleolus. In HCC tissue, the positive signals were
in the cytoplasm. This result suggests that SeP mRNA
is secreted into the cytoplasm from the nucleus. The
characteristics of SePmRNA expression indicate that SeP
may be involved in liver carcinogenesis from normal liver
to liver cirrhosis and to HCC. The marked reduction of
SePmRNA in tissues of liver cirrhosis and HCC may be
attributed to the reduction in synthesizing the SePmRNA
after liver cell damage, or to inadequate Se intake to
synthesize the SePmRNA. The positive expression rate
of SePmRNA in HCC tissue was the lowest, which was
mainly in the cytoplasm but rarely in the nucleus. The
difference was significant. It is indicated that there might
be mutation or deletion of the SeP gene in HCC. Selenium
in HCC tissues is found obviously lower than that in
perifocal tissues by diamino-naphthalene fluorescence
analysis assay. In HCC cells, the activity of SeP promotor
can be repressed by IFN-γ, TNF-α, IL-1β and TGF-β1,
which lowered the expression level of SeP mRNA and
the production of SeP. Therefore, SeP mRNA deletion
might be caused by some cytokines in HCC tissues. SeP
is a Se-supplier protein accounting for 50% of blood
plasma selenium. The low SeP level in HCC tissues may
be due to not only lack of the selenium but also SeP gene
mutation or deletion. The positive expression signals of
SePmRNA in HCC tissues were in the cytoplasm possibly
due to the increased reactive or protective synthesis of
SePmRNA in the early stage of the carcinomatous change.
In this stage, a large amount of SePmRNA secreted to
the plasma from cells to confront the carcinomatous
change of the cells. This phenomenon indicates that the
reduction of SeP expression would be the early event
in the carcinomatous change of HCC. And because the
cancer is one of the genetic diseases, we can infer that
SeP may relieve the degree of the damage or adduction of
DNA in the nucleus because the level of drug metabolic
enzyme increased to detoxicate the carcinogen in vitro after
Se supplementation and that the most important role of
SeP is cyto-protection against oxidation[21,22]. SeP might act
as a scavenger that diminished oxygen-derived free radicals
in vivo to protect DNA in cells against oxidative toxicity
so as to escape averting to cancer cells. The deficiency of
SeP may enhance the susceptibility of DNA to oxidative
damage resulting from the reactive oxygen species (ROS)
and the damage from phospholipid peroxidation leading
to the deterioration of disease. Furthermore, SeP might
improve the immunity of bodies to build up the ability to
eliminate malignant cells because the level of IgG of the
patients was raised as SeP increased. Also the supplement
of Se could build up the immunity of humans.
On the whole, until now there has been no certain
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conclusion about the relation between SeP and cancers.
Though our results have preliminarily indicated SeP may
play an important role in the occurrence and development
of cancers, further studies are needed to explore the
detained mechanism in the future.
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Background

Se deficiency can result in certain malignant tumors. It has been proved that the
occurrence of some cancers can be decreased by administration of selenium as a
dietary supplement. Se plays its biological role as the form of selenoproteins. SeP
is the quantitatively most important selenoprotein. In recent years, many studies
have confirmed that SeP is related to various malignant tumors. However, the
expression of SeP in HCC tissues is rarely known. This paper tries to address the
expression of SePmRNA in the tissues of normal liver, liver cirrhosis and HCC,
and to investigate the relationship between SeP and the occurrence and the
development of HCC.

Research frontiers

A number of epidemiological studies, animal model systems and interventional
trials have found that a low dietary intake of Se is related to an increased risk of
liver cancer. There is inverse association between plasma Se levels and the risk
of HCC. Se is present in known human selenoproteins as the amino acid Sec.
SeP contains more than 50% of the total amount of plasma Se. The relationship
between SeP and future risk of cancers has become the hot spot of studies in
recent years.

Innovations and breakthroughs

Many scholars have analyzed the plasma Se levels of people in Qidong County,
Jiangsu Province of China, where the incidence of HCC is highest in China. They
found the inverse relation between plasma Se levels and the epidemic of HCC.
Dietary supplement of Se could reduce the incidence of HBV infection by 77.2%
and the precancerous lesions by 75.8%. This is the only study to compare the
expression of SePmRNA in the tissues of normal liver, liver cirrhosis and HCC.

Applications

Se plays its biological role as the form of selenoproteins, which has been proved
to be safe as SeMet supplementa-tion but not as selenite. The study of SeP mRNA
expression helps better understand the mechanism by which Se suppressed
tumors and the function of this protein,and provide new thoughts in the treatment
of liver cancer.

Terminology

The trace element selenium (Se) is an essential human nutrient. The term
“selenoprotein” is restricted to the proteins containing selenocysteine.
Selenoprotein P (SeP) is one of the 18 selenoproteins which have been found to
have biological functions.

Peer review

This manuscript addresses an important issue in development of hepatic diseases.
The study focuses on the expression of selenoprotein in normal liver, liver cirrhosis
and hepatocellular carcinoma. The human tissue samples were used to determine
the mRNA of selenoprotein P using in situ hybridization.
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Abstract
AIM: To investigate whether hypoxia inducible factor-1α
(HIF-1α) is linked to the protective effects of ischemic
preconditioning (IP) on sinusoidal endothelial cells
against ischemia/reperfusion injury.
METHODS: Sinusoidal endothelial cell lines ECV-304
were cultured and divided into four groups: control
group, cells were cultured in complete DMEM medium;
cold anoxia/warm reoxygenation (A/R) group, cells
were preserved in a 4℃ UW solution in a mixture of
95% N2 and 5% CO2 for 24 h; anoxia-preconditioning
(APC) group, cells were treated with 4 cycles of short
anoxia and reoxygenation before prolonged anoxiapreconditioning treatment; and anoxia-preconditioning
and hypoxia inducible factor-1α (HIF-1α) inhibitor
(I-HIF-1) group, cells were pretreated with 5 µm
of HIF-1α inhibitor NS398 in DMEM medium before
subjected to the same treatment as group APC. After
the anoxia treatment, each group was reoxygenated
in a mixture of 95% air and 5% CO2 incubator for 6 h.
Cytoprotections were evaluated by cell viabilities from
Trypan blue, lactate dehydrogenase (LDH) release rates,
and intracellular cell adhesion molecule-1 (ICAM-1)
expressions. Expressions of HIF-1α mRNA and HIF-1α
protein from each group were determined by the RT-PCR
method and Western blotting, respectively.
RESULTS: I s c h e m i a p r e c o n d i t i o n i n g i n c r e a s e d
cell viability, and reduced LDH release and ICAM-1
expressions. Ischemia preconditioning also upregulated
the HIF-1α mRNA level and HIF-1α protein expression.
However, all of these changes were reversed by HIF-1α
inhibitor NS398.

CONCLUSION: Ischemia preconditioning effectively
inhibited cold hypoxia/warm reoxygenation injury to
endothelial cells, and the authors showed for the first
time HIF-1α is causally linked to the protective effects of
ischemic preconditioning on endothelial cells.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Cold ischemia/warm reperfusion injury has been well
demonstrated that this process results in inevitable
pathophysiology in clinical organ transplantation, and
contributes to diverse serious post-transplantation
complications such as chronic dysfunction or primary
non-function of transplantations, and increase the rate
of acute organ repellence[1,2]. The injury comes from cold
ischemia during organ preservation, also from subsequent
reperfusion[2]. At the cellular level, both hepatocytes and
sinusoidal endothelial cells were damaged. However,
recent studies indicated that sinusoidal endothelial cells are
more vulnerable and damaged prior to hepatocyte during
ischemia/reperfusion [3-5]. This endothelial dysfunction,
at least in coronary endothelial cells, is not a transient
phenomenon, perhaps persisting several months after
reperfusion [6,7] . Therefore, reducing the damage to
endothelial cells caused by ischemia/reperfusion is pivotal
to maintain the normal function of grafts.
Ischemic preconditioning (IP) is a novel and potent
protective approach that effectively prevents ischemia
and reperfusion injury, and is already applied in liver
transplantation in the animal model [8,9] . However,
the underlying mechanisms remain unclear. Hypoxia
inducible factor-1 (HIF-1) is a transcriptional factor.
It responds to low oxygen conditions and acts as a
master regulator of gene expression. Genes regulated by
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HIF-1 provide protection to cells through augmenting
tissue oxygen supply or increasing tolerance to severe
oxygen deprivation[10]. It was shown that HIF-1 played
an important role in protecting brain against ischemia
injury[11]. Thus we hypothesize that HIF-1 is involved in the
potent protective effects of IP on sinusoidal endothelial
cells. In the present study, we used ECV304 sinusoidal
endothelial cells as a model to imitate cold ischemia/
reperfusion process of clinical organ transplantation,
and we indicated that, for the first time, HIF-1 is causally
linked to the protective effects of IP on sinusoidal
endothelial cells, suggesting a potential clinical application
in the future.

MATERIALS AND METHODS
Cell culture and experimental grouping
ECV 304 endothelial cells obtained from Shanghai
Institute for Biological Sciences were maintained in
complete DMEM medium containing 10% fetal bovine
serum in a humidified atmosphere of 5% CO2 at 37℃.
The cultured medium was replaced by fresh medium every
three days. After further synchronization in complete
DMEM medium for 12 h, cells were divided into four
groups: control group, cells were further cultured in
complete DMEM medium in a mixture of 95% N2 and
5% CO 2 incubator for 24 h at 37℃; A/R group, cells
were preserved in a 4℃ UW solution (Du Pont Pharma,
Canada) in a mixture of 95% N2 and 5% CO2 for 24 h;
APC group, cells were followed by 4 cycles of 15 min of
anoxia and 15 min of reoxygenation treatment before
subjecting to the prolonged anoxia-preconditioning
treatment as A/R group; and AP + HIF-1 α inhibitor
group (I-HIF), cells were cultured in DMEM medium with
0.1 mmol/L HIF-1α inhibitor NS398 (Jingmei Ltd., China)
before subjecting to anoxia-preconditioning treatment as
the AP group. Before cold anoxia storage, expressions of
HIF-1 mRNA and HIF-1α protein from each group were
determined by RT-PCR and western blotting, respectively.
After anoxia treatment each group was reoxygenated in a
mixture of 95% air and 5% CO2 incubator for 6 h. Cell
viability was evaluated by Trypan blue dye absorbance rate
and lactic dehydrogenase (LDH) release rate, respectively.
Intracellular cell adhesion molecule (ICAM-1) expressions
were detected by flow cytometer.
Cell viability by Trypan blue dye exclusion assay and
detection of LDH level
Deter mination of Tr ypan blue dye absorbing rate
(TBDAR): cells from each group were trypsinized using an
0.25% Trypsin solution, then were adjusted to 106 cells/
mL single cell suspension. After adding nine drops of the
suspension into a cuvette, 1 drop of 0.4% Trypan blue
dye solution was added into each group. Samples from
each group were mixed thoroughly before transferring
immediately to the edge of the hemocytometer chamber.
The number of stained cell and total cell number was
counted within 3 min. The cells viability percentage was
obtained by the following mathematical equation: TBDAR
= (SC/TC) × 100, where SC is the stained cell number,
www.wjgnet.com
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and TC is the total cell number.
Determination of lactate dehydrogenase (LDH) level:
upper serum from each group was taken, and determined
by Automatic Biochemistry Analyzer CL-2000 (Shimatsuna,
Japan).
Flow cytometric analysis on ICAM-1 expressions
Aliquots of cell suspensions of 1.8 mL at a density of
2.2 × 105 cells/dish in complete medium were placed in a
3.5 mm dish. Each group was trypsinized using an 0.25%
Trypsin solution, followed by washing twice and collecting
with phosphate buffered saline (PBS). After disposing the
upper serum after centrifuging at 2000 r/min for 10 min,
samples from each group were exposed to 5 μL FITCconjugated murine anti-human ICAM-1 obtained from
Santa Cruz, USA. (Cat. No. sc-107) for 30 min at room
temperature evading sunlights. The samples were washed
twice with PBS to be free from staining solutions. After
centrifuging and discarding the upper serum, the final
samples were fixed by 1 mL of 0.5% paraformaldehyde.
Lumps of the cells were removed using a 40 μm nylon
mesh. Green (FITC) fluorescence was collected through
a 530 nm band filter using a Coulter Epics Elite Flow
Cytometer (Miami, FL), and at least 10 000 cells were
measured each time.
Measurement of HIF-1α mRNA expression by RT-PCR
Total RNA was extracted by one step rapid use of Trizol
reagent (Invitrogen, USA. Cat. No. 15596-026), 1 μg of
total RNA was used for reverse transcription in an RTPCR volume of 50 μL using RT-PCR superscriptTM Ⅲ
kits from Invitrogen, USA. (Cat. No. 12574-018). PCR
increased HIF-1 α illumination with GAPDH as the
internal reference. For HIF-1α, upstream primer 5'-CCT
GCA CTC AAT CAA GAA GTT GC-3' and downstream
primer 5'-TTC CTG CTC TGT TTG GTG AGG CT-3'
were used, and the PCR product was 620 bp. PCR
conditions were as follows: predenaturation for 5 min at
94℃; 27 cycles for 1 min at 94℃, 1 min at 64℃, and 1 min
at 72℃; and finally 10 min at 72℃. Upstream GAPDH
primer 5'-TGG GGA AGG TGA AGG TCG GA-3'
and downstream GAPDH primer 5'-GGG ATC TCG
CTG CTC GAA GA-3' were employed, and the PCR
product was 235 bp. After 2% agarose gel electrophoresis,
PCR products were observed and photographed under
ultraviolet. Results were analyzed by scoring optical
density scanning using the Gel Doc2000 digital imaging
system, and the ratio between HIF-1α and GAPDH was
calculated.
Analysis on protein expression of HIF-1α by Western
blotting
Cells were washed twice with PBS, and lysed in RIPA
buffer on ice for 20 min. After centrifuging at 12 000 × g
for 20 min, upper serum was collected and the protein
level was analyzed by the Lowry method. The reaction
solution was analyzed on a discontinuous 7.5% SDS/
polyacrylamide gel eletrophoresis (SDS-PAGE) system by
30 μg/hole. After transferring proteins to polyvinylidene
difluoride (PVDF) membrane by electroblotting (220
V for 2 h), the PVDF membrane was blocked at 37℃
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for 1 h in Tris-buffered saline (TBS) plus 0.3% bovine
serum albumin (TBS-BSA). Then the membrane was
incubated with 1:1000 dilution of murine anti-human
HIF-1α antibody obtained from Santa Cruz, USA (Cat.
No. sc-13515) at 4℃ overnight. After washing with TBS,
1:2000 dilution of alkaline phosphatase labeled goat antimouse IgG obtained from Santa Cruz, USA (Cat. No.
sc-2302) was added and further incubated at 37℃ for 0.5 h.
Detection was performed by alkaline phosphatase system
coloration.
Statistics analyses
All results were expressed as mean value ± standard
deviation. Group measurements were assessed by one-way
Anova examination. Ratio calculations were carried out by
2
c . And P < 0.05 was considered statistically significant.

RESULTS
Cell viability and LDH activities
There was high upregulation of TBDAR and LDH level in
the A/R treatment group, when compared to the control,

the P value is less than 0.01, suggesting a significant
damage to ECV 304 endothelial cells by A/R treatment. In
APC group, TBDAR and LDH levels were reduced (P <
0.05) when compared to the A/R group. But in the I-HIF
group, by using HIF-1α inhibitor, both TBDAR and LDH
levels were reversed, the P value is less than 0.05 when
compared to the A/R group, indicating a reduced damage
to cells. All three groups, A/R, APC and I-HIF showed
higher TRDAR and LDH levels (P < 0.01), suggesting AP
had no complete protective effects on endothelial cells
(Figure 1).
ICAM-1 expression
Flurescence results demonstrated ICAM-1 expression was
at a low level of 14% ± 2.3% in control, and up-regulated
up to 53% ± 7.6% (P < 0.01). After intervention by
anoxia preconditioning, the rate decreased again (P < 0.05)
compared to the A/R group. In the I-HIF group, ICAM-1
expression rose to 39% ± 7.1% (P < 0.05) compared to
APC, and no significance was found when compared
to A/R group, suggesting a reverse effect of HIF-1 α
inhibitor NS398 (Figure 2).
Expression of 620bp HIF-1α mRNA
The length of PCR products was 620 bp for HIF-1 α
mRNA and 235 bp for GAPDH as an internal reference.
In each column, two bands were seen. The results showed
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Figure 4 Expression of HIF-1α 120 kDa protein. Column 1: control group; column
2: A/R group; column 3: APC group; column 4: AP + HIF-1α inhibitor group.

that after the anoxia-preconditioning treatment, the level
of 620 bp HIF-1α mRNA was highly increased (P < 0.05),
whereas the cell group pretreated with HIF-1α inhibitor
NS398 which highly inhibited 620 bp HIF-1 α mRNA
(Figure 3).
Expression level of HIF-1α protein
Normal endothelial cells have certain HIF-1α mRNA, but
the protein expression is either undetectable or extremely
rare. After the anoxia-preconditioning treatment, the level
of 120 kDa protein expression was highly increased (P
< 0.05), while the cell group was pretreated with HIF1α inhibitor NS398 which greatly inhibited the 120 kDa
protein expression (Figure 4).

DISCUSSION
Many studies have indicated that during cold ischemia/
reperfusion, endothelial cells are susceptible to cell
swelling, detachment from their matrix, necrosis, and
apoptosis [12,13] . Further more, sinusoidal endothelial
damage was highly associated with microcirculatory failure
following cold ischemia/reperfusion [14]. Adhesion of
granulocyte endothelial cells, manifested as intracellular
cell adhesion molecule expression such as ICAM-1, play a
key role in this process[15]. In addition, activated endothelial
cells act as antigen presenting cells, which increase the
acute organ repellence rate[1]. In our study, we confirmed
that endothelial cells were severely damaged after 24 h
of cold hypoxia storage and 6h of warm reoxygenization
demonstrated by the significant increase of the Trypan
blue dye absorbing rate, release of LDH, and upregulation
of ICAM-1 expression. These results showed a severe
endothelial cell damage caused by ischemia/reperfusion
injury, which were consistent with previous studies.
Ischemia preconditioning, defined as a short period of
ischemia and reperfusion prior to a prolonged ischemic
insult, is a novel and potent method of avoiding ischemia/
reperfusion injury. It was first discovered in research of
cardial IP treatment on dogs [16], and already proved in
rodents and larger mammals such as pigs[4,17]. Our results
demonstrated an IP reduced Trypan blue dye absorbing
rate, LDH release level, and inhibited ICAM-1 expression
after 24 h of cold hypoxia storage and 6h of war m
reoxygenization. These data strongly showed that anoxia
preconditioning treatment can protect ECV304 endothelial
cells. To further investigate the underlying mechanism, we
examined the expression of HIF-1 α mRNA and protein
expression with or without HIF-1 α inhibitor NS398.
HIF-1 is a nuclear transcriptional factor related to
tolerance on ischemia anoxia. It is composed of α and
www.wjgnet.com
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β subunits. Although HIF-1 DNA and mRNA and β
proteins exist in normal cells, HIF-1α proteins are not
detectable. When chronic anoxia occurs, HIF-1α proteins
are highly increased and then combine with HIF-1 β
protein forming active heterogeneous HIF-1 dimer [18].
The dimers regulate the transcription of the proliferation
gene expression of many important cells. These proteins
are either capable of improving oxygen supplies for
ischemic tissues or to decrease cell cytometabolism in
order to alleviate oxygen shortage to reach homeostasis,
therefore they increase the tolerance and adaptability to
ischemia[10]. It was reported several key genes involved
in maintenance of endothelial cells and responsible for
endothelium-dependent vasodilation, were regulated by
HIF-1 inculding inducible NO synthase( iNOS), vascular
endothelial growth factor(VEGF), heme oxygenase-1[19].
Our results demonstrated that the protective effects of
IP were accompanied by increased HIF-1 mRNA and
protein expression. Thus increased HIF-1 expression level
may mediate the protective effects of IP by improving
microcirculatory function. Furthermore, using HIF-1α
inhibitor NS398, we found all protective effects caused
by IP were reversed. From this result, we can draw a
conclusion that HIF-1α is causally linked to the protective
effects of ischemic preconditioning on ECV-304
endothelial cells.
Recently several drugs or preservation solutions
were shown to precondition ischemia injury, termed as
“chemical preconditioning” [20,21]. But to date, there is no
agent in research that targets HIF-1α. Thus our study not
only provides a new mechanism by which IP exerts its
protective effects against ischemia/reperfusion injury, but
also provides a new drug target. New drugs based on this
target, used either alone or in combination with the abovementioned agents will further promote the effects of
chemical preconditioning in the future.

comments
Comments
Background

Cold ischemia/warm reperfusion injury frequently results in inevitable
pathophysiology in clinical organ transplantation, and diverse serious posttransplantation complications. Ischemic preconditioning (IP) is a novel and potent
protective approach that effectively prevents ischemia and reperfusion injury. But
the underlying mechanisms remain unclear.

Research frontiers

Recent studies indicated that sinusoidal endothelial cells are more vulnerable
and damaged prior to hepatocyte during ischemia/ reperfusion. So damage to
endothelial cells was pivotal in the process. Hypoxia inducible factor -1α (HIF1α) is a nucleus transcriptional factor and regulates transcriptions of many genes
related to tolerance on ischemia anoxia. The authors investigated whether IP has
protective effects on endothelial cells and the possible connection between the
effects and HIF-1α.

Innovations and breakthroughs

This is the first report to show that there is strong correlation between HIF-1α
upregulation and the protective effects of ischemia preconditioning on ECV-304
endothelial cells.

Applications

HIF-1α is expected as a new drug target and provides a potential use in clinical
organ transplantation.

Shi LB� et al. HIF-1α mediates protective effects of IP on endothelial cells

Peer review

This is an interesting and well-performed study, pointing to the potential clinical
application of HIF-1α.
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INTRODUCTION
Abstract
AIM: To summarize the experience in diagnosis,
management and prevention of iatrogenic bile duct
injury (IBDI).
METHODS: A total of 210 patients with bile duct injury
occurred during cholecystectomy admitted to Hunan
Provincial People’s Hospital from March 1990 to March
2006 were included in this study for retrospective
analysis.
RESULTS: There were 59.5% (103/173) of patients with
IBDI resulting from the wrong identification of the
anatomy of the Calot’s triangle during cholecystectomy.
The diagnosis of IBDI was made on the basis of clinical
features, diagnostic abdominocentesis and imaging
findings. Abdominal B ultrasonography (BUS) was the
most popular way for IBDI with a diagnostic rate of
84.6% (126/149). Magnetic resonance cholangiography
(MRC) could reveal the site of injury, the length of
injured bile duct and variation of bile duct tree with a
diagnostic rate 100% (45/45). According to the site of
injury, IBDI could be divided into six types. The most
common type (type 3) occurred in 76.7% (161/210) of
the patients and was treated with partial resection of
the common hepatic duct and common bile duct. One
hundred and seventy-six patients were followed up. The
mean follow-up time was 3.7 (range 0.25-10) years.
Good results were achieved in 87.5% (154/176) of the
patients.
CONCLUSION: The key to prevention of IBDI is to
follow the “identifying-cutting-identifying” principle
during cholecystectomy. Re-operation time and surgical
procedure are decided according to the type of IBDI.
© 2007 The WJG Press. All rights reserved.

Key words: Biliary injury; Iatrogenic diagnosis; Cholecystectomy; Adverse effects
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Bile duct injury (BDI) occurring during cholecystectomy
has been proposed as the most serious and important
cause of morbidity after this procedure[1-3]. Although the
reported incidence may be less than 0.7% [4,5], the true
incidence is unknown. It has been suggested that half of
all general surgeons may encounter bile duct injuries[6].
The diagnosis, management and prevention of iatrogenic
bile duct injuries (IBDI) remain a challenge for all general
surgeons. Between March 1990 and March 2006, 210
patients underwent surgery for IDBI in Hunan Provincial
People’s Hospital. No death occurred and a successful
long-term outcome was achieved in 87.5% of the patients.
The aim of this study was to retrospectively review the
clinical data of these patients, analyze the causes of IBDI
and introduce our experience in diagnosis, management
and prevention of IBDI.

MATERIALS AND METHODS
Patients
Two hundred and ten patients with IBDI with no cystic
duct stump leaks were included in this study. There were
64 males and 146 females at the age of 23-68 years (average
46.5 years). Cholecystolithiasis and gallbladder polyps were
the surgical indications. Iatrogenic injury was found in 48
patients at laparoscopic cholecystectomy (LC) and in 162
patients at open cholecytectomy (OC).
The causes of IBDI were identified in 173 patients
(82.4%). The most frequent cause was poor identification
of the anatomical features of the Calot triangle (59.5%),
followed by anatomical anomalism (12.7%), unspecified
technical mistake (11.0%), control of intraoperative
hemorrhage (8.1%), operation with blind confidence
(5.8%), retrograde cholecystectomy for safety (2.9%).
Type of BDI and complications
Bile duct injuries were grouped according to the Wu’s
classification[7] (Figure 1), the length of BDI, diameter of
injured bile duct (IBD) and factors leading to BDI (Table 1).
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Figure 1 Wu’s classification of
iatrogenic bile duct injuries.

Ⅰ

Ⅱ

Ⅲ

Ⅳ

Ⅴ

Ⅵ1

Ⅵ2

Ⅵ3

Table 1 Classification of iatrogenic bile duct injuries (n = 210)
Type
Ⅰ
Ⅱ
Ⅲ
Ⅳ
Ⅴ
Ⅵ1
Ⅵ2
Ⅵ3
Unidentified

n (%)
4 (1.9)
3 (1.4)
161 (76.7)
9 (4.3)
3 (1.4)
4 (1.9)
5 (2.4)
10 (4.8)
11 (5.2)

Length

n (%)

Diameter

n (%)

Factors

n (%)

< 3 cm
> 3 cm
Unidentified

63 (30.0)
132 (62.9)
15 (7.1)

> 3 mm
< 3 mm
Unidentified

189 (90.0)
12 (5.7)
9 (4.3)

Ligature
Scissors
Diathermy
Misapplied clips
Unidentified

3 (1.4)
156 (74.3)
46 (21.4)
1 (0.05)
5 (2.4)

TypeⅠinjuries originate from common bile duct
occluded by silk ligature or metallic clips. Type Ⅱ
injuries involve part of the confluence of the cystic duct,
common hepatic duct and common bile duct excised.
Type Ⅲ injuries involve part of the common bile duct and
common hepatic duct excised. Type Ⅳ injuries involve the
common bile duct and common hepatic duct including
the junction of the right and left hepatic ducts. Type Ⅴ
injuries include laceration or perforation of the right
hepatic duct.
The main postoperative complications associated with
BDI were secondary hepatobiliary stones in 28 patients
(13.3%), liver cirrhosis in 10 patients (4.8%), atrophy of
right posterior sector of the liver in 2 patients (0.1%) and
liver abscess in 2 patients (0.1%).
Diagnosis
Clinical manifestation: A total of 61 BDI patients
(29.0%) were diagnosed during cholecystectomy by the
presence of bile leaking in the operative field and a double
biliary stump. The remaining 149 patients (71.0%) were
diagnosed postoperatively. One hundred and six patients
(50.5%) were recognized in the early stage (within 3
mo after BDI). The main clinical manifestations were
abdominal pain in 83.0%, biliary fistula (bilious drainage
from an operatively placed drain or abdominal incision)
in 44.3%, peritonitis in 39.6%, abdominal shift dullness
in 29.2% and jaundice in 19.8% patients. Besides, bile was
found during diagnostic abdominocentesis in 36.8% of
patients in early postoperative stage. The other 43 patients
(20.5%) were recognized in the late postoperatively stage
(over 3 mo after BDI). The main clinical manifestations
were recurrent chill, fever, jaundice and abnormal liver
function tests.
Imaging: Imaging exzamination included BUS, CT,
magnetic resonance cholangiography (MRC), percutaneous
transhepatic cholangiog raphy (PTC), endoscopic

Table 2 Imaging examination in diagnosis of BDI
Imaging
BUS
CT
PTC
ERCP
ERCP + PTC
MRC
T tube cholangiography
Fistula cholangiography

n
149
124
20
53
7
45
28
20

Diagnosed injuries (%)
126 (84.6)
103 (83.1)
6 (30.0)
36 (67.9)
3 (42.9)
45 (100.0)
10 (35.7)
9 (45.0)

PTC: percutaneous transhepatic cholangiography; ERCP: endoscopic
retrograde cholangiopancreato-graphy; MRC: Magnetic resonance
cholangiography.

retrograde cholangiopancreato-graphy (ERCP), T tube
cholangiography, fistula, etc (Table 2). BUS could reveal
subhepatic fluid collection, proximal biliary tree dilatation
and disruption of continuity of the bile duct. CT scan
could display the dilated proximal biliary tree, the level and
length of BDI. ERCP could show small distal common
bile duct (CBD) or disruption of the CBD and lack of
visualization of the proximal biliary tree. PTC showed
intrahepatic bile duct dilatation, disruption or stenosis
of the bile duct. PTC + ERCP could reveal the level and
length of BDI. T tube cholangiography showed disruption
or real stenosis of the bile duct. Fistula cholangiography
displayed contrast agent entering intrahepatic bile duct,
stenosis of common hepatic duct. MRC could reveal
proximal bile duct dilatation of BDI, the level and length
of BDI and variation of bile duct tree. The BUS was the
most popular way for IBDI in this group with a diagnostic
rate of 84.6% (126/149). MRC checked had a diagnostic
rate of 100% (45/45).
R�����
epair
Before the patients were referred to our hospital, 13
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Figure 2 Hepatobiliary basin-jejunostomy with wrist band style ecstrophy anastomosis after BDI during cholecystectomy. 1: Posterior wall of anastomosis stoma;
2: hepatobiliary basin; 3: jejunal limb.

underwent right and/or left hepatic duct drainage
+ a b d o m i n a l d r a i n a g e , 1 0 r e c e i ve d e n d - t o - e n d
anastomosis over the T tube, 122 had Roux-en-Y
choledochojejunostomy, 3 had liver lobectomy and
1 had pancreatoduodenectomy. Technical errors in
choledochojejunostomy included ductal end not trimmed
properly and/or the scar of injured duct not eliminated,
anastomosis performed using a large needle and suture,
anastomosis stoma torsion and suture, Roux-en-Y loop
mesentery tension and Roux-en-Y loop jejuno- jejunum
reverse anastomosis, right posterior hepatic duct stayed
outside the anastomosis and missed anastomosis of even
Roux-en-Y loop, etc.
Technical errors in end-to-end anastomosis cases
also included improper trimming of ductal end, scar
not removed, anastomosis stoma torsion and suture, etc.
Among these cases, bile duct stents were placed in 5 cases
for more than 12 mo. Obstructive jaundice was observed 5
to 7 d after the stents were removed.
After the patients were referred to our hospital,
iatrogenic bile duct injuries were repaired with Roux-en-Y
hepaticojejunostomy (Table 3). Among these cases, Rouxen-Y jejunal limb drain was not placed in 46 patients.
When all the adhesions to the right upper quadrant
were sectioned, the jejunal limb was dissected. Hepatobiliary basin-jejunostomy with wrist band style ecstrophy
anastomosis was performed with interrupted 4/0 or 5/0
absorbable sutures (Figure 2). Liver resection of segment
Ⅳ base was done when the liver was overhanging the
upper ducts, allowing adequate exposure of the left duct.
To obtain a complete view of the confluence and/or
the isolated right and left hepatic ducts and to allow free
placement of the jejunal limb, liver parenchyma could be
removed. When the retractors were released, there was no
external compression over the jejunum. Partial injuries to
the side wall of the bile duct were repaired primarily with
T tube placement through a separate choledochotomy
when there was no evidence of ductal devascularization
and when the margins of the defect could be approximated
without tension. Injuries to isolated sectoral or segmental
ducts were repaired or drained into a Roux-en-Y limb of
jejunum. If isolated ducts were found and the distance
between them was appropriate (< 1 cm), a hepatobiliary
basin could be created by stitching the medial and lateral
borders of the right and left ducts. The bilioenteric
anastomosis was performed all around the circumference
www.wjgnet.com

Table 3 Repair of iatrogenic bile duct injuries (n = 210)
Type of repair

RHD injury repair + T tube drainage
Roux-en-Y hepaticojejunostomy
End-to-end anastomosis + T tube drainage
Releasing ligation + T tube drainage
RHD and/or LHD drainage to outside
Liver lobectomy + hepaticojejunostomy

Diagnosed Recognized Recognized
in late
in early
during
stage
stage
operation
(n = 61) (n = 106) (n = 43)
3
48
4

103

36
6

3
6
2

RHD: right hepatic duct; LHD: left hepatic duct.

of the hepatobiliary basin.
Follow-up and outcome
No perioperative death occurred in this series of patients.
Postoperative outcome after reconstruction was evaluated.
Longer-term follow-up was achieved through outpatient
visit, telephone review and referring surgeon liaison. The
long-term outcome was assessed by clinical symptoms and
liver function tests. Resolution of obstructive episode and/
or cholangitis was defined as good results. One hundred
and seventy six patients were followed up. The mean
time of follow-up was 3.7 (range 0.25-10) years. Good
result rate was 87.5% (154/176). Symptoms suggestive
of cholangitis developed in 3 patients within 12 mo, but
imaging failed to demonstrate any stricture. Two patients
underwent end-to-end anastomosis and T tube stent
for 1 year. The late complication was a recurrent biliary
structure and received Roux-en-Y hepaticojejunostomy 3
and 5 years after operation.

DISCUSSION
BDI is still a serious complication of cholecystectomy with
a long-term morbidity[8,9], reduced survival[10] and impaired
quality of life[11,12]. Although the reported incidence may
be less than 0.7%, the true incidence is unknown. Some
injuries remain unrecognized for many years, occasionally
coming to light only when the patient develops secondary
biliary cirrhosis[13]. Cholecystectomy is a kind of operation
full of danger [14] . It could be said, to some extent,
cholecystectomy is the surgeon’s tomb.
The causes of IBDI in this series were as many as
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ten kinds. Since the fundamental cause of BDI during
cholecystectomy is removal of gallbladder without
identifying the anatomy of the Calot’s triangle, identifying
common bile duct (CBD) and common hepatic duct (CHD)
before transacting cystic duct is the fundamental measure
to prevent IBDI. Three-step principle of “identifyingcutting-identifying” should be recommended during
cholecystectomy, namely, identifying CBD and CHD
before cutting the cystic duct and identifying the integrality
of CBD and CHD again after removal of the gall bladder.
Immediate recognition and correct repair of BDI have
long been believed to be associated with the best longterm results. In this series, BDI occurred in 15 patients
and was recognized during cholecystectomy and managed
correctly.
Several classifications of BDI have been proposed[15-17],
but none is accepted as a universal standard. Neither the
Strasberg et al[18] nor the Bismuth[19] classification clearly
describes one of the most serious injuries. An ideal
classification should not only consider the level of BDI,
but also take into account the length and diameter of
BDI as well as instruments leading to BDI and vascular
injury. Such classifications are useful for standardization
of outcome and prediction of prognosis. More important
is such classifications can not only differentiate the extent
of BDI, but also guide the surgical management of BDI.
The management of typeⅠinjuries is to release the tie
or clip with T tube placement and drainage, but type Ⅳ
injuries most probably need hepaticojejunostomy. The
correct management of BDI with the length beyond 3 cm
is hepaticojejunostomy. BDI caused by electrocoagulation
or electrotome, usually presents as scorched eschar in
the operation region, and is difficult to do end-to-end
anastomosis. With respect to the Wu’s classification, the
most common type was type Ⅲ injuries (81%), followed
by type Ⅳ injuries (4.76%) in our series. Attention should
be paid to type Ⅵ injuries (9%) they are associated with
aberrant right hepatic duct.
Recognition of BDI at the time of cholecystectomy
allows an opportunity for the surgeon to assess its
severity and the presence of any vascular injury. If bile
or a double biliary stump presents in the operative field
during cholecystectomy, BDI should be considered. A
total of 61 BDIs were diagnosed during cholecystectomy
in our series, among which 61 (100%) with bile leaking
and 58 (95%) with double biliary stump were found in the
operative field. As many as 149 cases (71.0%) of BDI were
not diagnosed during surgery in this series. BDI should be
considered when the following manifestations occurred
after cholecystectomy: presence of jaundice in the early
postoperative period, presence of peritonitis or bile from
abdominal centesis, patients with gradual distention of
their abdomen, imaging examination revealing intrahepatic
duct dilatation and unclear unclear extrahepatic duct.
The sign of peritonitis may not be obvious, because
biliary peritonitis is not typical in some patients taking
broad-spectrum antibiotics, whose clinical presentation can
be only abdominal distention. There were 18 cases (12.1%)
in our study and abdominal centesis was of diagnostic
value in these cases.
Late presentations include recurrent cholangitis
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and secondary biliary cirrhosis. Investigations usually
include abdominal ultrasonography and liver function
test. B ultrasonography is the most popular examination.
All postoperative patients in our series accepted this
examination, revealing interrupted ductal continuity, fluid
collections and mandate aspiration or drainage. CT scan
displayed dilated proximal biliary tree, level and length
of BDI. If ultrasonography and CT scan results are
equivocal in a symptomatic patient, magnetic resonance
cholangiopancreatography could be performed as its
sensitivity is higher than ultrasonography and CT scan
(100.0% vs 83.1%-84.6%). Following drainage of any
collection, contrast studies through the drains may be
useful in further elucidating the nature of any injury or
leak.
The repair time of BDI after remains controversial[20-22].
To determine the time of re-operation, the following items
should be noticed according to our experience. (1) The
proximal bile duct should be dilatated with its diameter
exceeding 8mm. (2) Chill, fever and jaundice are not
contraindications of operation. (3) Abscess presenting
around the injured bile duct is a contraindication of
operation.
Operative technique focuses on the site of proximal
IBD and takes corresponding operation procedure
according to the type of BDI. Patients with BDI are not
suitable for Roux-en-Y hepaticojejunostomy when the
diameter of proximal bile duct is less than 3 mm and endto-end anastomosis when the diameter of proximal bile
duct is longer than 3 cm. A transection or stricture of the
bile duct is repaired by hepaticojejunostomy (189 cases
in this series) to the biliary confluence with extension
into the left and/or right hepatic duct, with interrupted
4/0 or 5/0 absobebable sutures onto a 35 cm Roux-en-Y
limb of proximal jejunum. When hepaticojejunostomy
is performed, the following manoeuvres may be helpful
according to our experience. (1) The hepatic hilus great
triangle should be ascertained to downsize the area for
seeking the injured bile duct. (2) Cordlike tissue or tissue
with a sense of cyst near hepatic hilus usually clues on
the site of bile duct. (3) Ligamentum teres approach can
identify the left duct, and gallbladder bed approach can
identify the right duct[23]. Resecting liver parenchyma of
segments Ⅳ and Ⅴ helps to expose hepatic hilus bile
duct. (4) To achieve a wide hepatobiliary basin (1-3 cm),
we could section the anterior surface of the common
duct, directing it to the anterior surface of the left or/and
right duct. (5) Tension-free anastomosis can achieved
by obtaining an adequate free limb by preparing the
mesenterium, with preservation of the vascular arcades.
The jejunal limb should be in-phase with duodenum but
not with climb across duodenum. (6) Factors associated
with an improved outcome include the use of microinvasive absorbable sutures, single-layer anastomoses,
nonischemic mucosa-mucosa anastomosis and
debridement.

REFERENCES
1

Thomson BN, Parks RW, Madhavan KK, Wigmore SJ, Garden
OJ. Early specialist repair of biliary injury. Br J Surg 2006;

www.wjgnet.com

2378

2

3
4

5
6
7
8

9

10
11

ISSN 1007-9327

CN 14-1219/R

World J Gastroenterol

93: 216-220
Diamantis T, Tsigris C, Kiriakopoulos A, Papalambros E,
Bramis J, Michail P, Felekouras E, Griniatsos J, Rosenberg
T, Kalahanis N, Giannopoulos A, Bakoyiannis C, Bastounis
E. Bile duct injuries associated with laparoscopic and open
cholecystectomy: an 11-year experience in one institute. Surg
Today 2005; 35: 841-845
Flum DR, Dellinger EP, Cheadle A, Chan L, Koepsell T.
Intraoperative cholangiography and risk of common bile duct
injury during cholecystectomy. JAMA 2003; 289: 1639-1644
Richardson MC, Bell G, Fullarton GM. Incidence and nature
of bile duct injuries following laparoscopic cholecystectomy:
an audit of 5913 cases. West of Scotland Laparoscopic
Cholecystectomy Audit Group. Br J Surg 1996; 83: 1356-1360
Mercado MA, Chan C, Orozco H, Tielve M, Hinojosa CA.
Acute bile duct injury. The need for a high repair. Surg Endosc
2003; 17: 1351-1355
Francoeur JR, Wiseman K, Buczkowski AK, Chung SW,
Scudamore CH. Surgeons' anonymous response after bile duct
injury during cholecystectomy. Am J Surg 2003; 185: 468-475
Wu JS, Mao XH, Liao CH. Treatment of iatrogenic bile duct
trauma. Zhongguo Putong Waike Zazhi 2001; 10: 42-45
Mirza DF, Narsimhan KL, Ferraz Neto BH, Mayer AD,
McMaster P, Buckels JA. Bile duct injury following
laparoscopic cholecystectomy: referral pattern and
management. Br J Surg 1997; 84: 786-790
Zen Y, Harada K, Sasaki M, Tsuneyama K, Matsui K,
Haratake J, Sakisaka S, Maeyama S, Yamamoto K, Nakano M,
Shimamatsu K, Kage M, Kurose N, Uchiyama A, Kaizaki Y,
Toda G, Nakanuma Y. Are bile duct lesions of primary biliary
cirrhosis distinguishable from those of autoimmune hepatitis
and chronic viral hepatitis? Interobserver histological
agreement on trimmed bile ducts. J Gastroenterol 2005; 40: 164-170
Flum DR, Cheadle A, Prela C, Dellinger EP, Chan L. Bile
duct injury during cholecystectomy and survival in medicare
beneficiaries. JAMA 2003; 290: 2168-2173
Moore DE, Feurer ID, Holzman MD, Wudel LJ, Strickland
C, Gorden DL, Chari R, Wright JK, Pinson CW. Long-term
detrimental effect of bile duct injury on health-related quality

12

13
14
15

16

17

18
19
20
21
22

23

April 28, 2007

Volume 13

of life. Arch Surg 2004; 139: 476-481; discussion 481-482
Melton GB, Lillemoe KD, Cameron JL, Sauter PA, Coleman J,
Yeo CJ. Major bile duct injuries associated with laparoscopic
cholecystectomy: effect of surgical repair on quality of life.
Ann Surg 2002; 235: 888-895
Schmidt SC, Langrehr JM, Hintze RE, Neuhaus P. Long-term
results and risk factors influencing outcome of major bile duct
injuries following cholecystectomy. Br J Surg 2005; 92: 76-82
Yang JM. Cholecystectomy and bile duct injury. Zhongguo
Shiyong Waike Zazhi 1999; 19: 454-456
Stewart L, Robinson TN, Lee CM, Liu K, Whang K, Way
LW. Right hepatic artery injury associated with laparoscopic
bile duct injury: incidence, mechanism, and consequences. J
Gastrointest Surg 2004; 8: 523-530; discussion 530-531
Schmidt SC, Settmacher U, Langrehr JM, Neuhaus P.
Management and outcome of patients with combined
bile duct and hepatic arterial injuries after laparoscopic
cholecystectomy. Surgery 2004; 135: 613-618
Csendes A, Navarrete C, Burdiles P, Yarmuch J. Treatment
of common bile duct injuries during laparoscopic
cholecystectomy: endoscopic and surgical management. World
J Surg 2001; 25: 1346-1351
Strasberg SM, Hertl M, Soper NJ. An analysis of the problem
of biliary injury during laparoscopic cholecystectomy. J Am
Coll Surg 1995; 180: 101-125
Bismuth H. Postoperative strictures of the bile duct. In: The
Biliary Tract. Blumgart LH (editor). Edinburgh: Churchill
Livingstone, 1982: 209–218
Chaudhary A, Chandra A, Negi SS, Sachdev A. Reoperative
surgery for postcholecystectomy bile duct injuries. Dig Surg
2002; 19: 22-27
Connor S, Garden OJ. Bile duct injury in the era of
laparoscopic cholecystectomy. Br J Surg 2006; 93: 158-168
Moraca RJ, Lee FT, Ryan JA, Traverso LW. Long-term biliary
function after reconstruction of major bile duct injuries with
hepaticoduodenostomy or hepaticojejunostomy. Arch Surg
2002; 137: 889-893; discussion 893-894
Wu JS. Clinical cholelithiology. Changsha: Hunan Science &
Technology Press, 1998: 436-439
S- Editor Zhu LH L- Editor Wang XL

www.wjgnet.com

  Number 16

E- Editor Che YB

World J Gastroenterol 2007 April 28; 13(16): 2379-2380
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

CASE REPORT

An extremely rare case of delusional parasitosis in a chronic
hepatitis C patient during pegylated interferon alpha-2b and
ribavirin treatment
Geert Robaeys, Jozef De Bie, Marc Van Ranst, Frank Buntinx
Geert Robaeys, Department of Gastroenterology and Hepatology,
Ziekenhuis Oost Limburg, Genk, Belgium
Jozef De Bie, Department of Psychiatry, Ziekenhuis Oost
Limburg, Genk, Belgium
Marc Van Ranst, Laboratory of Clinical and Epidemiological
Virology, Department of Microbiology and Immunology, Rega
Institute and University Hospitals, Katholieke Universiteit
Leuven, Leuven, Belgium
Frank Buntinx, Department of General Practice, Katholieke
Universiteit Leuven, Leuven, Belgium and Department of General
Practice, Maastricht University, The Netherlands
Correspondence to: Dr. Geert Robaeys, Ziekenhuis Oost
Limburg, Department of Gastroenterology and Hepatology,
Schiepse Bos 6, B 3600 Genk, Belgium. geert.robaeys@zol.be
Telephone: +32-89-326505 Fax: +32-89-327916
Received: 2007-01-29
Accepted: 2007-03-01

Abstract
During treatment of chronic hepatitis C patients
with interferon and ribavirin, a lot of side effects are
described. Twenty-three percent to 44% of patients
develop depression. A minority of patients evolve to
psychosis. To the best of our knowledge, no cases of
psychogenic parasitosis occurring during interferon
therapy have been described in the literature. We present
a 49-year-old woman who developed a delusional
parasitosis during treatment with pegylated interferon
alpha-2b weekly and ribavirin. She complained of seeing
parasites and the larvae of fleas in her stools. This
could not be confirmed by any technical examination.
All the complaints disappeared after stopping pegylated
interferon alpha-2b and reappeared after restarting it.
She had a complete sustained viral response.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Delusional parasitosis is a psychotic condition in which
a person has the unshakeable and mistaken belief
(delusion) and/or aberrant perception (hallucination) of
being infested with parasites[1]. Since it is was originally
described in 1894 [2], it has been previously referred to
as der matophobia, parasitophobic neuroder matitis,
parasitophobia or entomorphobia[3].
The etiolog y and pathophysiolog y of delusional
parasitosis remain unknown. A decreased striatal dopamine
transporter (DAT) functioning (corresponding with an
increased extracellular dopamine-level) as an etiologic
condition for delusional parasitosis (primary and secondary
groups) is hypothesized. The DAT is a key regulator of the
dopamine-reuptake in the human brain (regulation of the
extracellular dopamine concentration). The disorder can
be classified into a primary delusional parasitosis group
without a detectable cause (so-called pure forms), and a
secondary delusional parasitosis group which is associated
with general organic conditions, psychiatric illnesses and
drugs (substance induced)[1].
Delusional parasitosis is often accompanied with a
refusal to seek psychiatric care. It is classically treated
with typical antipsychotic agents, the traditional choice is
pimozide. However, other treatment strategies have been
developed[4-6]. After discontinuation of the medication,
a complete and sustained remission can be observed
without the continued use of any psychopharmacologic
medication[7].

CASE REPORT
The diagnosis of chronic hepatitis C was made in a
49-year-old woman. She was probably infected after a
blood transfusion during a Caesarian section in 1989.
Besides this, there was no major past medical history. At
presentation, she had no complaints. Clinical examination
remained normal. Her total HCV-PCR level was 563 000
IU/mL. Genotyping showed an infection with genotype
3a. There were no viral co-infections with hepatitis A, B or
HIV.
Total bilirubin and alkaline phosphatases were within
the nor mal range, while aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and gammaGT (GGT) levels were elevated (respectively 197 IU/L
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293 IU/L and 65 IU/L; elevated values > 32, 31 and 36
IU/L). Serological tests (anti-mitochondrial antibodies,
anti-nuclear factors, ferritin, ceruloplasmin and alpha1antitrypsin) were within nor mal limits. The thyroid
function was normal. On liver biopsy, interphase hepatitis
and intralobular activity were discovered. She had
leucopenia, although blood marrow examination remained
negative for any of the classical causes.
Treatment with 120 μg pegylated interferon alpha-2b
weekly and 1000 mg ribavirin daily was started after which
she developed flu-like symptoms, loss of appetite, myalgia,
arthralgia, fever and weight loss. She also complained of
seeing parasites and the larvae of fleas in her stools. This
could not be confirmed neither by macroscopic nor by
microscopic examination or by stool culture. Colonoscopy
and radiological small bowel examination showed no
abnormalities. Even careful proctologic examination
revealed no abnormalities.
Because she developed significant leucopenia (500
neutrophils/mL) and thrombopenia, the treatment dose
was reduced to 80 μg pegylated interferon alpha-2b weekly.
Pegylated interferon alpha-2b was subsequently stopped.
All the complaints disappeared within 3 wk of the full
stop. Interferon treatment was started again at lower doses
and increased to 100 μg for five months. Parasitosis as
well as leucopenia reappeared. The treatment was stopped
again and the patient developed a sustained viral response.

DISCUSSION
Parasitosis is a psychiatric disease. Patients with parasitosis
have a firm belief of infestation with parasites[8]. Patients
have no obvious cognitive impairment. Somatic disorders
are absent.
The classification of delusions of parasitosis is complicated. It is primarily a monosymptomatic, hypochondriac
psychosis. It has been associated with schizophrenia,
obsessional states, bipolar disorder, depression, and anxiety
disorders. It occurs primarily in middle-aged or older white
women, although it has also been reported in other age
groups and in men[9]. The patients often have a persuasive,
yet idiosyncratic, logic medical history, and may be so
convincing that others in the family secondarily share the
delusion-a “folie à deux”[10].
The cause of delusions of parasitosis is unknown. It
appears to be related to a neurochemical pathology. This
concept is underlined due to its induction by psychoactive
agents such as amphetamines, alcohol, cocaine, and
methylphenidate and its coincidence with depression,
schizophrenia, social isolation, and sensory impairment[9].
The diagnosis and treatment of delusions or parasitosis
present a therapeutic challenge. Early identification and
management by interested specialist physicians are the key.
Two thirds of patients with classic psychogenic parasitosis
have a contestable belief in infestation. However, patients
resist suggestions that their condition is psychiatric rather
than physical and tend to refuse referrals for psychiatric
care. In 35% of the patients, the belief of infestation is
unshakeable.
To treat the condition, a physician must establish a
therapeutic alliance. To do this a doctor must listen to
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the patient’s somatic complaints and avoid subjective
judgments and confrontations. The patient’s sense of
isolation must be reduced. A co-ordinated activity can
(and often must) occur purely on a consultative basis
because patients refuse to see a psychiatrist. If a patient
accepts a referral, a face-to-face meeting with a psychiatrist
should occur. Referral is especially useful if other related
psychopathology is suspected [6]. In about half of the
patients, a full remission has been described during the
observation period or at follow up[9,11,12].
To our knowledge, this is the first case of psychogenic
parasitosis occurring during interferon therapy. Lending
weight to the relation between parasitosis and interferon
is the time relationship. The psychiatric symptoms of our
patient disappeared after stopping interferon and restarted
after rechallenge with the medication. This was not an
extreme form of parasitosis as the patient did not require
antipsychotic drugs and there was no fatal outcome. The
patient did not commit suicide or burn her furniture as
has been described in other settings. However, she used
some laxatives to get rid of the parasites like some patients
use pesticides to get rid of cutaneous parasites. Perhaps
because the medication was stopped very early due to
leucopoenia, the syndrome could not evolve further. Also
after administration of ciprofloxacin, which has also been
described to cause delusions[7], the remission remained
complete.
In conclusion, delusional parasitosis can occur after
pegylated interferon alpha-2b therapy in chronic hepatitis
C patients. After discontinuation of this medication, a
complete and sustained remission can be observed without
the use of any psychopharmacologic medication.

REFERENCES
1
2
3
4
5
6
7
8
9
10
11
12

Huber M, Kirchler E, Karner M, Pycha R. Delusional
parasitosis and the dopamine transporter. A new insight of
etiology? Med Hypotheses 2007; 68: 1351-1358
Musalek M, Bach M, Passweg V, Jaeger S. The position
of delusional parasitosis in psychiatric nosology and
classification. Psychopathology 1990; 23: 115-124
Aw DC, Thong JY, Chan HL. Delusional parasitosis: case
series of 8 patients and review of the literature. Ann Acad Med
Singapore 2004; 33: 89-94
Meehan WJ, Badreshia S, Mackley CL. Successful treatment of
delusions of parasitosis with olanzapine. Arch Dermatol 2006;
142: 352-355
Lorenzo CR, Koo J. Pimozide in dermatologic practice: a
comprehensive review. Am J Clin Dermatol 2004; 5: 339-349
Zanol K, Slaughter J, Hall R. An approach to the treatment of
psychogenic parasitosis. Int J Dermatol 1998; 37: 56-63
Steinert T, Studemund H. Acute delusional parasitosis under
treatment with ciprofloxacin. Pharmacopsychiatry 2006; 39:
159-160
Oruc L, Bell P. Multiple rape trauma followed by delusional
parasitosis. A case report from the Bosnian war. Schizophr Res
1995; 16: 173-174
Trabert W. 100 years of delusional parasitosis. Meta-analysis
of 1,223 case reports. Psychopathology 1995; 28: 238-246
Goddard J. Imaginary Insect or Mite Infestations. Infect Med
1998; 15: 168-170
Krishnan A, Koo J. Psyche, opioids, and itch: therapeutic
consequences. Dermatol Ther 2005; 18: 314-322
Slaughter JR, Zanol K, Rezvani H, Flax J. Psychogenic
parasitosis. A case series and literature review. Psychosomatics
1998; 39: 491-500
S- Editor Wang J

www.wjgnet.com

Volume 13

L- Editor Wang XL

E- Editor Che YB

World J Gastroenterol 2007 April 28; 13(16): 2381-2384
World Journal of Gastroenterology ISSN 1007-9327
© 2007 The WJG Press. All rights reserved.

PO Box 2345, Beijing 100023, China
www.wjgnet.com
wjg@wjgnet.com

CASE REPORT

Appendiceal mucocoeles and pseudomyxoma peritonei
Anupam Dixit, John HP Robertson, Satvinder S Mudan, Charles Akle
Anupam Dixit, John HP Robertson, Satvinder S Mudan,
Charles Akle, Colorectal Department, Third Floor, the London
Clinic, London W1G 6BW, United Kingdom
Correspondence to: Anupam Dixit, RMO, The London Clinic,
20 Devonshire Place, London W1G 6BW,
United Kingdom. dixitanupam@hotmail.com
Received: 2006-11-28 Accepted: 2007-01-25

peritonei, commonly referred to as ‘jelly belly’ [3] and
constitutes approximately 1% of all colorectal cancers in
the USA[4]. We describe two cases, the first an appendiceal
mucocoele, and the second a case of pseudomyxoma
peritonei, both of which illustrate the problem and finally
we discuss their management.

CASE REPORTS
Abstract
Mucocoele of the appendix occurs when obstruction of
the appendiceal lumen results in mucus accumulation
and consequent abnormal dilatation. The most important aetiology, from a surgical perspective, is either
mucinous cystadenoma or cystadenocarcinoma. In
the latter, a spontaneous or iatrogenic rupture of the
mucocoele can lead to mucinous intraperitoneal ascites,
a syndrome known as pseudomyxoma peritonei.
Optimal management of mucoceles is achieved through
accurate preoperative identification and subsequent
careful resection. We report two cases and subsequently
discuss the clinical presentation of mucocoeles, their
association with pseudomyxoma peritonei and an optimal
management of both conditions.
© 2007 The WJG Press. All rights reserved.
Key words: Appendix; Mucocele; Pseudomyxoma
peritonei; Surgical treatment
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INTRODUCTION
Mucocoele is a rare condition of the appendix, characterised by a cystic dilation of the lumen due to obstruction
and consequent accumulation of mucus. The reported
incidence is between 0.2% and 0.3% [1]. The condition
is more common in females (4:1) and in people older
than 50 years of age[2]. Aetiological factors range from
inflammatory to neoplastic and the treatment is empirically
directed towards the underlying pathology. Appropriate
management of neoplastic mucoceles is important to
prevent the development of mucinous intraperitoneal
ascites resulting in a syndrome called pseudomyxoma

Case 1
A 66-year-old gentleman presented with recurrent
attacks of left sided abdominal pain (mimicking classical
diverticulitis) over a period of twenty years. Constipation
seemed to be the main stimulus and the attacks settled
down with antibiotics and occasional laxatives. On this
occasion he presented with an acute exacerbation of pain
and nausea. His past history included hermaphroditism
with removal of primordial ovaries in childhood.
Computed tomography (CT) of the abdomen and pelvis
revealed a 4-centimeter, well-defined mucocoele of the
appendix. Colonoscopy showed inactive diverticular
disease in the sigmoid colon and a 4-millimeter fronded
polyp in the right colon close to the caecum. The caecum
was distorted because of the mass in the appendix and no
attempt was made to intubate it for fear of rupturing it.
Laparoscopic assisted right hemicolectomy was performed. Extreme care was taken to ensure the tumour was
not handled directly by laparoscopic instruments. There
was no sign of intra-abdominal fluid or lymphadenopathy.
Histolog y revealed gross appendiceal distension
(measuring 8.5 cm × 2.5 cm) with associated mucus. The
appendix base opened into a hemispherical chamber
distended with mucin (Figure 1). Histo-pathological
analysis showed a mucinous cystadenoma. Five lymph
nodes examined were free from the tumour. There was low
potential for local recurrence or pseudomyxoma peritonei.
The patient was discharged on the fourth post-operative
day after an uneventful recovery and remained asymptomatic in the following 9 mo.
Case 2
The second case depicts a more unfortunate patient
presenting with established pseudomyxoma peritonei.
A 57-year-old gentleman initially presented in a middle
eastern county with abdominal distension, lower limb
oedema and weight loss. He had a history of hypertension,
diabetes and hepatitis C with reported associated cirrhosis.
Despite nor mal blood results and an inconclusive
peritoneal aspiration, an abdominal CT scan suggested
pseudomyxoma. A diagnostic laparoscopy showed a large
amount of mucinous material and obtained samples
www.wjgnet.com
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Signs and symptoms
Abdominal pain, abdominal mass,
weight loss, nausea, vomiting,
acute appendicitis
Studies
CT
Ultrasound
Laparotomy/Laparoscopy
Diagnosis of mucocoele
Laparotomy

Non-perforated
Negative cytology
Negative margins
of resection
Negative appendiceal
lymph nodes

Perforated
Negative cytology
Negative margins
of resection
Negative appendiceal
lymph nodes

Perforated
Positive cytology
Negative margins
of resection
Negative appendiceal
lymph nodes

Perforated
Positive cytology
Positive margins
of resection
Negative appendiceal
lymph nodes

Perforated
Positive cytology
Positive margins
of resection
Positive appendiceal
lymph nodes

Appendectomy only

Appendectomy and
HIIC

Appendectomy/CRS/
HIIC and EPIC

Cecectomy/CRS/
HIIC and EPIC

Right colectomy/
CRS/HIIC and EPIC

No long-term
follow-up

Follow-up if
no HIIC performed

Long term
follow-up

Long term
follow-up

Long term
follow-up

Figure 1 Pathway for treatment of mucocele of appendix. CRS: cytoreductive surgery; EPIC: early postoperative intraperitoneal chemotherapy; HIIC: heated intraperitoneal
chemotherapy. Reprinted from Journal of American College of Surgeons Vol 202, Dhage-Ivatury S, Sugarbaker PH update on surgical approach to mucocele of the
appendix pages 680-684, with permission from American College of Surgeons.

confirmed the diagnosis of pseudomyxoma.
At laparotomy, 8-10 kg of a gelatinous tumour was
removed from his abdomen. Histo-pathological analysis
reconfirmed the diagnosis of pseudomyxoma peritonei.
Treatment with oral Tegafur-uracil (UFT) ensured a
symptom free status for six months. Subsequently he
developed abdominal distension, constipation and acid
regurgitation followed by left sided abdominal pain and
night sweats, and finally he was referred to our clinic.
We performed an abdominal CT scan, which showed
bulky abdominal disease with associated mediastinal
spread. In the superior mediastinum, a 3 cm mass was
displacing the trachea, with disease extending into the
retrocardiac region. Serumalbumin and haemoglobin
were low, and tumour markers including CEA, Ca125 and
CA19.9 were borderline elevated.
A decision for surgical debulking before administration
of systemic therapy was made. Pre-operatively, an ultrasound guided liver biopsy was undertaken to deter-mine
the extent of his cirrhosis. The scan showed a large complex mass occupying the upper abdomen. The ultrasound
guided hepatic biopsy showed normal architecture but
surprisingly revealed amyloidosis. Pulmonary function
tests were satisfactory. Once optimised, the patient underwent laparotomy. The findings included free mucin in the
pelvis and a small bowel studded with tumour deposits.
Moreover, the colon and stomach were encased as a single
mass.
Histology of peritoneum revealed tissue extensively
replaced by a deposit of mucinous adenocarcinoma.
www.wjgnet.com

Intestinal type malignant cells lining the mucin-filled spaces
were also seen.
Despite the administration of several cycles of systemic
oxaliplatin, leucovorin and 5-fluorouracil (FOLFOX 4TM),
a CT scan six months post surgery showed considerable
pseudomyxoma peritonei below the diaphragm. The right
paratracheal and retrocardial masses were seen in the
mediastinum and had no alteration in size.

DISCUSSION
Mucocoele of the appendix was recognized as a pathologic
entity by Rokitansky in 1842 and was formally named by
Feren in 1876[5]. Appendiceal mucoceles are uncommon
entities arising from a variety of different pathologic
processes, of which only a small subset are associated
with development of pseudomyxoma peritonei. The
pathological diagnosis determines further management[6].
There are four pathological entities described according
to the characteristics of the epithelium[2,3,6,7]. (1) Simple
or retention mucocoeles result from obstruction of the
appendiceal outflow. This is usually by a faecolith and
characterized by normal epithelium and mild luminal
dilatation up to 1 cm. (2) Mucoceles with hyperplastic
epithelium occur where luminal dilatation is also mild.
These constitute 5%-25% of mucocoeles. (3) Mucinous
adenoma/cystadenoma is the most common for m,
accounting for 63%-84% of cases. These exhibit mostly
epithelial villous adenomatous changes with some
degree of epithelial atypia. There is marked distention
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of the lumen up to 6 cm. (4) Malignant mucinous
cystadenocarcinomas, represent 11%-20% of cases. These
demonstrate glandular stromal invasion and/or presence
of epithelial cells in the peritoneal implants. The luminal
distention is usually severe.
Perforation results in dissemination of mucoid material
in the peritoneal cavity. This material may be acellular or
contain cells with varying degrees of dysplasia. Unlike
colorectal cancer, they are usually less aggressive and rarely
present with lymph node or liver metastasis[8]. Instead these
cells spread to the peritoneal surfaces with a propensity
to spare mobile portions of small bowel. Dispersion and
establishment of cystadenocarcinoma cells throughout the
abdomen lead to pseudomyxoma peritonei[1,9,10].
Clinical features
The clinical presentation of a mucocoele is varied and
usually nonspecific. Only 50% of patients are symptomatic
and it is an incidental finding in 50% at the time of
surgery [2,5,6,11] . In the patients who are symptomatic,
abdominal pain is most common followed by abdominal
mass, weight loss, nausea, vomiting and acute appendicitis
in decreasing order of frequency[11-13]. Rupture of a neoplastic appendiceal mucocele may present as appendicitis[14].
On the other hand, pseudomyxoma peritonei is associated with even more nonspecific symptoms. The most
frequent presentation is gradually increasing abdominal
circumference. Men may present with new onset hernia,
while women can develop an ovarian mass[15].
Diagnosis
Diagnosis of a mucocele is established either by abdominal CT scan or by ultrasound examination. CT scan
appearances of a mucocoele include a characteristic, well
encapsulated, round, thin walled cystic mass. Calcification
is seen in 50% of cases[12,16]. Enhancing nodules in the
mucocele wall are likely to suggest cystadenocarcinoma[17].
It is important to note that mucocoeles less than 2 cm are
rarely malignant[11].
Larger mucocoeles (6 cm or more) are associated
with cystadenoma or cystadenicarcinoma and a higher
perforation rate (20%)[18,19].
Ultrasonography usually shows a cystic, encapsulated
lesion, firmly attached to the caecum. Internal variable
echogenicity is related to the density of mucus. In some
patients, multiple echogenic layers along the dilated
appendix produce the appearance of “onion skin-like”
circles and are pathognomonic for mucocele[20,21].
Ascites is a non-specific CT scan finding in pseudomyxoma peritonei. Visceral scalloping, on the other
hand, is a diagnostic sign and distinguishes mucinous
from fluid ascites on CT. As the mucin producing cells
in pseudomyxoma peritonei are poorly adherent, they are
easily dislodged by peristaltic movement and adhere at
sites of relative stasis. The pouch of Douglas/rectovesical
pouch, right and left subphrenic spaces and surface of the
liver and spleen are the commonest sites involved[22].
Treatment
Right hemicolectomy has been the standard treatment
for mucinous and associated appendiceal malignancies[23].
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Gonzalez-Moreno et al[14] recently reviewed 501 patients
diagnosed with appendiceal epithelial neoplasm from
1983 to 2000. This study showed no survival advantage
with right hemicolectomy. The authors suggested the
following indications for right hemicolectomy: (1)
necessity to clear the primary tumour or achieve complete
cytoreduction, (2) lymph node involvement demonstrated
by histopathological examination of the appendiceal or
ileocolic lymph nodes, (3) a non-mucinous neoplasm
identified by histopathological examination.
Recent studies have suggested that an intact mucocoele
represents a benign process and does not result in
progression of the disease [10]. Rupture and dispersion
of mucus or epithelial cells into the peritoneal cavity is
more problematic and associated with a poorer prognosis.
Extreme care, while handling mucocele during surgery,
is imperative to prevent such occurrences. During excision of the mucocele, any mucinous fluid within the
abdomen should be carefully examined. If epithelial cells
are identified, a diagnosis of pseudomyxoma peritonei
syndrome or mucinous peritoneal carcinomatosis of
appendiceal origin is established [24]. It is advisable to
use a retrievable bag when the laparoscopic approach is
used[19,4,25]. Furthermore, it is probably safer to convert to
an open procedure if such mucoceles are visualized during
a laparo-scopic approach[26].
A novel approach to the intraoperative management of
patients with peritoneal seeding from a perforated epithelial appendiceal malignancy is recommended (Figure 1).
Pseudomyxoma peritonei
The main goal for treatment of this condition is prevention
of locoregional recurrence, rather than systemic disease.
Sugarbaker has suggested that a combination of surgery
and complete cytoreduction should be followed by
intraperitoneal rather than intravenous chemotherapy.
Systemic chemotherapy if beneficial is likely to have
a transient response [27] and is primarily recommended
for patients with extensive peritoneal disease and high
grade cystadenocarcinoma [8]. Chemotherapy should be
perioperative instead of neoadjuvant. Patient selection
should focus on those with negligible residual peritoneal
surface disease rather than systemic disease. Peritonectomies
are also more favorable than debulking. The recommended
chemotherapy regime includes mitomycin followed by five
days of post-operative fluorouracil[8]. It is important to refer
to a specialist centre early in the course of the disease[5, 28, 29].
I n c o n c l u s i o n , p a t i e n t s w i t h mu c o c o e l e s c a n
present with confusing symptoms and indeed may be
asymptomatic. Preoperative diagnosis greatly assists in
determining appropriate management and minimizing
both intra-operative and post-operative complications.
Pseudomyxoma is best dealt with in a specialist centre
where focus is on prevention of locoregional recurrence.
We believe that optimal mana-gement of this condition
can greatly prevent serious complications in many cases.
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Abstract
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract. In large GISTs, cystic degeneration, necrosis and
focal hemorrhage that occur inside the tumor can result
in gastrointestinal bleeding. We describe a case of a
74-year old male with GIST of the stomach accompanied
with a giant abscess that penetrated the gastric
lumen. The patient experienced undiagnosed fever for
two months prior to hospitalization. Gastrointestinal
endoscopy, X-ray series and computed tomography of
the patient’s abdomen revealed a gastric submucosal
tumor in the fornix, with a fistula to the gastric lumen
that was inundated with a great deal of pus. The mass
was diagnosed as a GIST from biopsy specimens. The
patient was treated by endoscopic drainage of the
abscess and intravenous administration of antibiotics.
Eventually, a partial gastrectomy was performed. He
was also administered Imanitib mesylate as adjuvant
therapy. He was followed up for 2 years and no
metastasis or recurrence was recognized at the followup examinations. This is the first report of a patient with
clearly diagnosed GIST with endoscopic evidence of an
abscess penetrating into the gastric lumen.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs), which arise
primarily in the gut wall, are mesenchymal neoplasms
closely related to the interstitial cells of Cajal. GISTs
typically carry gain-of-function mutations in genes
encoding the KIT receptor tyrosine kinase (CD117)
or platelet-derived growth factor receptor α , both of
which are involved in cell survival, development and
proliferation[1]. Although GISTs can arise at any location
in the gastrointestinal tract, they are found most often in
the stomach (60%-70%), followed by the small intestine
(20%-30%), colon and rectum (5%), and esophagus
(< 5%)[2-4].
Bacteria-induced abscess in the g astric wall is
extremely rare, and the diagnosis is often late. Prior to the
development of sufficient therapy, suppurative gastritis
often results in death, with a mortality rate reported
between 37% and 84%[5-7]. Here, we report an unusual case
of a patient with GIST of the stomach and a giant abscess
who experienced undiagnosed fever for two months prior
to hospitalization.

CASE REPORT
A 74 year old man presented with fever and abdominal
pain in the past two months. On examination, there was
fever (38.1℃) and minimal tenderness in the epigastrium,
but no jaundice or abnormal lymph node enlargement.
The patient was taking no medications and his past medical
history was unremarkable. Routine laboratory data on
admission showed a white blood cell count of 10 500/mm3,
C-reactive protein of 16.5 mg/dL and an erythrocyte
sedimentation rate of 65 mm/h. Other chemistry and liver
function tests were normal.
Gastrointestinal endoscopy revealed a g astric
submucosal tumor in the fornix, with a fistula to the
gastric lumen that was inundated with a great deal of
turbid, yellow fluid (Figure 1). The fluid was found to
contain abundant Streptococcus intermedius. Examination of
the upper gastrointestinal tract X-ray series that included
administration of amidotrizoic acid (Gastrografin® Nihon
Schering K.K. Osaka Japan) revealed a large cavity, about
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Figure 1 Endoscopic view of
a gastric submucosal tumor
in the fornix, with a fistula to
the gastric lumen. Within the
submucosal tumor was a great
deal of turbid, yellow fluid oozing
from the fistula.
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Figure 2 Upper gastrointestinal
tract X-ray revealing a large
cavity, about 7 cm × 8 cm,
penetrating into the gastric
lumen.
Figure 4 Photomicrographs of biopsy specimens from the fistula showing spindleshaped cells (A) (HE, × 200), immunohistochemical staining showing a diffuse
positive signal for KIT (B) (× 100), a diffuse positive signal for CD34 (C) (× 100),
and MIB-1 (D). The labeling index (L.I) was 18% (× 200).

R

Figure 3 Enhanced computed tomography (CT) scan
of the abdomen revealing
a large central cavity in
the tumor partially filled
with fluid, and an irregular
thickening of the gastric wall
in the posterior aspect of the
fundus extending into the left
subphrenic space.

7 cm × 8 cm, penetrating into the gastric lumen (Figure 2).
An enhanced computed tomography (CT) scan of the
abdomen revealed a large central cavity in the tumor that
was partially filled with fluid, and irregular thickening of the
gastric wall in the posterior aspect of the fundus (Figure 3).
No other visceral abnormalities were found.
Biopsy specimens taken from the fistula edge during
endoscopy resembled a gastric myogenic tumor composed
of spindle cells. Immunohistochemical staining for KIT
and CD34 was positive, whereas staining for α-smoothmuscle actin, desmin and S-100 protein was negative. The
labeling index (L.I) for MIB-1, determined by counting
positively stained nuclei among 1000 tumor cells, was
about 18% (Figure 4).
The mass was diagnosed as a GIST accompanied with
a giant abscess. The patient was treated by endoscopic
drainage of the abscess through the fistula and intravenous
administration of antibiotics. Subsequent to improvement
in his clinical condition and laboratory tests, a partial
gastrectomy (proximal partial gastrectomy) was performed
20 d after admission. Macroscopic examination revealed
a 10 cm × 12 cm × 7 cm submucosal, intramural tumor
protruding from the serosal surface (Figure 5). The cut
surfaces were grayish-white and showed a large amount
of central necrosis with a fistula to the gastric lumen. The
surgical margins were free of tumor.
www.wjgnet.com

Figure 5 Gross appearance of a 10 cm × 12 cm × 7 cm solid tumor with a large
amount of central necrosis and a fistula to the gastric lumen.

DISCUSSION
GISTs are the most common mesenchymal tumors of
the gastrointestinal tract [8]. In general, tumor size and
mitotic index are accepted as two independent prognostic
factors for diagnosis[9]. For GISTs, prognostic markers that
include size larger than 5 cm, mitotic rate > 5/50, highpower fields (HPF), tumor necrosis and a Ki-67 (MIB-1)
index ≥ 10% all are associated with malignancy and high
mortality[10,11]. For patients with large or mitotically active
gastric GISTs, a MIB-1 proliferative index ≥ 10% is
predictive of early recurrence and tumor-related death[12].
Whereas small GISTs (5 cm or less) can be treated by
wedge gastric resection, larger tumors may require subtotal
or total gastrectomy, including omentectomy. Metastatic
or unresectable GISTs are treated with Imanitib mesylate
(STI571), a small molecular tyrosine kinase inhibitor of
KIT, platelet-delivered growth factor receptor and BCRABL. The large size (> 5 cm) and high mitotic count of
the tumor in the present case classified it as a high risk.
Since cystic degeneration, necrosis and focal hemorrhage
generally predominate in larger tumor masses, we
hypothesize that the central cavity in this GIST could be
due to extensive necrosis.

Osada T� et al . GIST with giant abscess

Suppurative gastritis has generally been regarded as
a secondary phenomenon caused by the hematogenous
spread of bacteria from other infected organs or from
a local invasion of the gastric mucosa[13-15]. Alcoholism,
diabetes mellitus, decreased gastric acidity and immunosuppression have been reg arded as predisposing
factors[16,17]. Suppurative gastritis can be classified as diffuse
or localized. A gastric wall abscess is localized and less
common, and frequently involves the antrum or pylorus[13].
In order of frequency, Streptococci, Staphylococci, E. coli,
Haemophilus influenzae, Proteus and Closttridium are the most
common pathogens[18].
This particular case of gastric abscess also contained
Streptococcus inter medius. A combination therapy
that includes systemic administration of antibiotics and
endoscopic drainage of pus has been reported to be
an alternative to aggressive surgery[19,20]. Since no organ
besides the stomach presented any sign of infection, the
abscess in this case might have formed due to bacteria that
spread to the adjacent cavity via the fistula. Endoscopic
drainage of the abscess and administration of antibiotics
resulted in the clinical improvement of this patient. He
also was treated with Imanitib mesylate as adjuvant
therapy, and no metastasis or recurrence was recognized
during the 2-year follow-up period.
Few cases of submucosal tumor accompanied with
abscess formation have been reported [21-22]. Recently,
following endoscopic biopsy, a giant GIST with abscess
formation was reported[21]. This GIST was large (12 cm ×
13 cm in diameter) and accompanied with a closed abscess
that did not penetrate into the gastric lumen. In 1998,
Seidel et al [22] reported a gastric leiomyosarcoma with
abscess penetrating into the gastric lumen. This case of
submucosal tumor is more similar to our case because
spontaneous drainage of pus from the gastric abscess
to the lumen was observed endoscopically. Because no
immunohistochemical staining for KIT and CD34 was
carried out, the case could not clearly be diagnosed as
GIST. Hence, this is the first report of a patient with
clearly diagnosed GIST accompanied with endoscopic
evidence of an abscess penetrating into the gastric lumen.
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Abstract
Large type 1 cysts are prone to perforation. Furthermore,
insufficient drainage with subsequent abscess is a
frequent problem of large cysts. We report here a case of
a 19-year old man who was admitted to the hospital with
pain in the right upper quadrant and epigastric region.
An asymmetrical right upper quadrant enlargement
was detected on physical examination. Ultrasonography
and computerized tomography revealed a type 1 giant
hydatid cyst in the right hepatic lobe, measuring 16
cm in diameter. During operation, partial cystectomy
and drainage were done. The large dead space was
obliterated by the ‘sandwich’ method. Omentum
and gelatin sponges were used to fill the cavity. The
postoperative period was uneventful and the patient was
th
discharged on the 5 postoperative day.
© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Of all cysts in the liver, 50%-70% are caused by Echinococcus
granulosus. Most of these cysts are unique and settle in the
right lobe of the liver. Hydatid cysts may be asymptomatic,
or may cause abdominal pain, jaundice, or a visible
abdominal mass[1].
Patients affected by liver hydatid cysts from Echinococcus
granulosus are generally asymptomatic for a long time. They
usually seek medical care when their cysts have reached
a large size, and a large amount of liver parenchyma has
already been destroyed [2]. Because there is no reliable

www.wjgnet.com

pharmaceutical intervention, the recommended and most
effective treatment of hepatic hydatid cysts is surgery, the
primary goal of which is to resect the cysts without spilling
its contents[3]. Although percutaneous treatment is a firstline treatment for typeⅠand Ⅱ liver hydatid diseases,
surgery is advocated for unusual typeⅠand Ⅱ cases.
Large typeⅠcysts are prone to perforation. Furthermore,
insufficient drainage with subsequent abscess is a frequent
problem of large cysts.

CASE REPORT
A 19-year-old man was admitted to our hospital with pain
in the right upper quadrant and epigastric region beginning
1 mo earlier. Abdominal examination revealed remarkable
epigastric tenderness and an asymmetric right upper
quadrant enlargement. Results of laboratory tests were
normal except for an elevated alkaline phosphatase level
(111 IU/L; normal 40-100 IU/L). Ultrasonography and
computerized tomography (CT) scans of the abdomen
revealed a typeⅠgiant hydatid cyst in the right hepatic
lobe, measuring 16 cm in diameter (Figure 1). During
operation, the incision and operative field were carefully
isolated with abdominal packs soaked in 200 g/L saline.
The hydatid cyst was aspirated through its most prominent
part using a blunt spinal needle. The cavity was filled with
20% saline for 10 min, aspirated again, and then opened
through a vertical 10 cm incision. The contents in the
cyst were evacuated, and inspection of the cavity revealed
biliary communication that was sutured primarily. The large
dead space was eliminated using the “sandwich” method.
The cavity was eliminated manually by compressing the
surrounding healthy parenchyma from left to right toward
the cavity’s midline. While compression was maintained,
the cyst’s edges were sutured together using generous
mattress sutures passing through the fibrous capsule’s
cranial, anterior, and ventral aspects. Because the omentum
was not sufficient to completely fill the cavity, some dead
spaces in the liver were filled with gelatin sponge and
omentum. A prophylactic large-caliber passive tube drain
was placed in contact with the inferior liver surface. The
abdominal wall was closed in layers.
During the postoperative period, 100 cc of serous
fluid was measured from the abdominal drain. The drain
was withdrawn on the second postoperative day. The
postoperative period was uneventful, and the patient
was discharged on the fifth postoperative day. Control
abdominal CT was performed 3 mo after operation,
revealing a small residual cavity (Figure 2).
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Figure 1 Preoperative computed tomography scan showing large hydatid cysts of
the liver.

Figure 2 Three-month postoperative computed tomography scan showing the
residual defect.

DISCUSSION

may be used prior to suture[5]. We advocate this technique
for giant hydatid cysts irrespective of the type.

A variety of techniques have been recommended to
manage the residual cavity after cystectomy. Alternatives
include hepatic resection, pericystectomy, par tial
cystectomy combined with omentoplasty, suture
obliteration (capitonnage), introflexion, cystojejunostomy,
marsupialization, external drainage, and primary closure
after installation of saline solution[4]. The strong possibility
of a residual cavity after percutaneous treatment limits the
use of this form of therapy for large cysts. Therefore, the
sandwich technique was used for this patient. Losanoff
and coworkers [5] safely used this technique (which
preserves the liver parenchyma) in 8 patients to close
giant cyst cavities between 1993 and 2000. In this study,
there were no reports of sepsis, postoperative bile leak, or
other complications. Dead spaces were filled with pedicled
omentum. If omentum is not available, gelatin sponges
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and the resulting impairment in protease inactivation
and over-digestion of the mucosa may play a causative
role in IBD[18,19]. It may also contribute to the increased
intestinal permeability and the development of many other
autoimmune and allergic diseases such as multiple sclerosis,
typeⅠdiabetes, asthma, and atopic dermatitis, which
seem to be associated with improved hygiene condition
and reduced bacteria exposure[20]. Therefore, besides the
immune regulatory and toxic effect of gut bacteria on the
host, the role of gut bacteria in protease inactivation would
be another aspect that should be taken into consideration.
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TO THE EDITOR
Protein has been one of the main components of our diet,
and a large amount of digestive proteases is released into
the gut for their digestion. However, these proteases can
digest not only the proteins we eat, but also the structural
proteins built in our body. To protect against this damage,
our body has taken a variety of measures. For instance,
these digestive proteases are stored and secreted in the
form of zymogen and only activated in gut lumen[1]. These
luminal digestive proteases are further prevented from
direct contact with epithelial cells by the mucus layer that
is incessantly secreted by the goblet cells in gut mucosa[2].
In addition, large quantities of protease inhibitors are
produced in the body to inactivate the digestive proteases
that have entered the body [3]. Despite these measures,
the protection seems still weak and can be easily
compromised. For instance, studies have well shown that
pancreatic proteases play a critical role in mucosal damage
induced by hemorrhagic and endotoxic shock[4,5], ischemiareperfusion[6,7], stress[5], acute radiation[8], or agents such
as indomethacin [9], ibuprofen [10], or oleic acid [11]. Gut
damage can be greatly alleviated by inhibition of these
digestive proteases[4,6], ligation of the pancreatic duct[12,13],
or pancreatectomy[14]. Conversely, intraluminal injection of
trypsin aggravates the lesion of the mucosa[15]. Therefore,
a prompt inactivation of these digestive proteases may
play an important protective role against this digestive
damage. Under conventional condition, digestive proteases
are effectively inactivated at the lower intestine, which
depends on certain kinds of bacteria in the gut[16,17]. An
inhibition of gut bacteria by factors such as saccharin,
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Statistical data

Present as mean ± SD or mean ± SE.

Statistical expression

Express t test as t (in italics), F test as F (in italics), chi square test as χ2 (in
Greek), related coefficient as r (in italics), degree of freedom as γ (in Greek),
sample number as n (in italics), and probability as P (in italics).

Units

Use SI units. For example: body mass, m (B) = 78 kg; blood pressure,
p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose
concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA mass concentration,
p (CEA) = 8.6 24.5 µg/L; CO2 volume fraction, 50 mL/L CO2 not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and mass fraction,
8 ng/g, etc. Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format about how to accurately write common units and quantum
is at: http://www.wjgnet.com/wjg/help/15.doc
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Abbreviations

Standard abbreviations should be defined in the abstract and on first mention
in the text. In general, terms should not be abbreviated unless they are
used repeatedly and the abbreviation is helpful to the reader. Permissible
abbreviations are listed in Units, Symbols and Abbreviations: A Guide for
Biological and Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly used
abbreviations, such as DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC,
RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used
directly without further mention.

Italics

Quantities: t time or temperature, c concentration, A area, l length, m mass,
V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H pylori, E coli, etc.
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The language of a manuscript will be graded before sending for revision.
(1) Grade A: priority publishing; (2) Grade B: minor language polishing;
(3) Grade C: a great deal of language polishing; (4) Grade D: rejected. The
revised articles should be in grade B or grade A.
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